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NOTE TO READERS OF SWCR 

This final Site Wide Characterization Report is the product of several cycles of 
reviews and revisions, particularly concerning the methodologies used in the 
calculations of risks for the Preliminary Baseline Risk Assessment (PBRA) for the 
FEMP. The PBRA characterizes the current and potential threats to human health 
and the environment that may be posed by contaminants at the entire site. Many 
statistical and calculational methods, models, guidance documents, exposure 
scenarios, and pathways are utilized in deriving components of the site-wide 
risk. 
following the methodologies presented in the Risk Assessment Work Plan Addendum; 
however, differences in interpretation and application of the methodologies have 
resulted in departure from current EPA Region V guidance in some areas. The Site 
Wide Characterization Report fulfills the objective of providing a site-wide 
assessment of potential human health and environmental risks. As a result of 
discussions with, and additional guidance from EPA, the Operable Unit-specific 
Base1 ine Risk Assessments accompanying the Remedial Investigation reports for 
each OU will be prepared in accordance with the latest DOE/EPA agreements on risk 
assessment methodology. 

The PBRA was prepared in accordance with the Amended Consent Agreement . 

c 
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EXECUTIVE SUMMARY 

INTRODUCTION 
a 

The Femald Environmental Management Project (FEMP), formedy known as the Feed Materials 
production Center (FMPC), is a contractor-operated federal facility where pure uranium metals were 
produced for the U.S. Department of Energy (DOE) between 1951 and 1989. The FEMP is located on 
1050 acns in a ~ r a l  area of Hamilton and Butler counties approximately 18 miles northwest of 
Cincinnati, Ohio. 

On March 9, 1985, the U.S. Environmental Protection Agency (EPA) issued a Notice of 
Noncompliance to DOE identifying EPA's major concerns over potential environmental h p c t s  
associated with the FEW'S past and present operations. Between April 1985 and July 1986, 
conferences were held between DOE and EPA representatives to discuss the issues and to identify the 
steps DOE proposed to take to achieve and maintain environmental compliance. On July 18, 1986, a 
Federal Facility Compliance Agreement (FFCA) pertaining to environmental impacts associated with 
the FEMP was signed by DOE and EPA. The FFCA was entered into pursuant to Executive Order 
12088 (43FR47707) to ensure compliance with existing environmental statutes and implementing 
regulations such as the Clean Air Act, the Resource Conservation and Recovery Act (RCRA), and the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). In particular, 
the FFCA was intended to ensure that environmental impacts associated with past and present 
activities at the FEW are thoroughly investigated so that appropriate remedial response actions can be 
assessed and implemented. In response to the FFCA, a Remedial Investigation/Feasibility Study 
( W S )  was initiated pursuant to CERCLA, as amended by the Superfund Amendment and 
Reauthorization Act (SARA). All RWS activities are being conducted in conformance with EPA 
guidance. 

0 

The 1986 FFCA was amended by a Consent Agreement under Section 120 and 106(a) of CERCLA. 
The Consent Agreement was signed on April 9, 1990 and became effective on June 29, 1990. Under 
this agreement, the FEMP was divided into five operable units. This was done in order to allow the 
remedial action process to proceed to completion for the most well-defined or problematic areas at the 
FEMP while data collection and analysis continued for other areas. The Consent Agreement was itself 
amended in 1991 to revise the schedules for completing the RVFS for the five operable units. This 
Amended Consent Agreement was signed on September 20 and became effective on December 19, 
1991. The definitions of the operable units were revised and a Comprehensive Site-Wide Operable 
Unit was added. The revised definitions and that of the Comprehensive Site-Wide Operable Unit are: 

. ODerable Unit 1 - Waste Pits 1-6, the Clearwell, the Burn Pit, berms, liners, and 
associated contaminated soil within the operable unit boundary. 

Es-I 
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ODerable Unit 2 - the flyash piles, other South Field disposal areas, the lime sludge 
-ponds, the solid waste landfill, berms, liners, and associated contaminated soil within the 
operable unit boundary. 

0 ODerable Unit 3 - the production area and production associated facilities and equipment 
(includes all above- and below-grade improvements) including, but not limited to, a l l  
structures. equipment, utilities, drums. tanks, solid waste, waste, product, thorium, 
effluent lines, K-65 -fer line, wastewater treatment facilities, fire training facilities, 
scrap metal piles, feedstocks, and the coal pile. 

8 ODerable Unit 4 - Silos 1.2 .3 ,  and 4, benns, the decant tank system, and associated 
contaminated soil within the operable unit boundary. 

8 ODerable Unit 5 - perched and regional gmundwater, surface water, soils not associated 
with other operable units, sediments, flora, and fauna. 

ComDrehensive Site-Wide Ouerable Unit - an evaluation of the remedies selected for the 
five operable units, including removal actions, to ensure that they are protective of human 
health and the environment on a site-wide basis. A Site-Wide RVProjected Residual Risk 
Assessment will be developed after the records of decision (RODs) for Operable Units 1- 
5 are finalized. The Site-Wide RI will incorporate all data collected pursuant to the RIs 
for Operable Units 1-5, including removal actions, and summarize any data collected after 
finalization of the OU 1-5 RODS. The Projected Residual Risk Assessment will 
document all  risk anticipated to remain at the site following the implementation of the 
response actions embodied in the OU 1-5 RODs and the selected removal actions. If the 
Site-Wide RUProjected Residual Risk Assessment indicates that these remedies are 
protective of human health and the environment on a site-wide basis, a Site-Wide FS will 
not be required. If, however, the selected remedies are not found to be protective, a Site- 
Wide FS will be prepared to evaluate additional alternatives or modifications to selected 
alternatives for the reduction of risk and achievement of protectiveness. In the event that 
this FS report is necessary, a Proposed Plan which describes the selected remedial 
alternative would be developed and published. This would be followed by the submittal 
of a site-wide ROD. 

The Amended Consent Agreement also required preparation of this Site-Wide Characterization Report 
(SWCR). The purpose of the SWCR, is to provide: 

A one-time summary of all site data available as of December 1. 1991 

A Preliminary Baseline Risk Assessment (PBRA), which characterizes the cumnt and 
potential h a t s  to human health and the environment that may be posed by contaminants 
at the entire site, and 

The Leading Remedial Alternatives (LRAs) for the five operable units. 

Part I of the SWCR, Site Characterization, addresses the first objective. The PBRA is presented in 
Part 11, and Part 111, Feasibility Study Support, presents the LRAs and preliminary remediation goals 0 
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presented for primary constituents of concern at the site, and quantitative estimates of toxicity values 
are tabulated for all constituents of concern including the basis for quantitative toxicity estimates. 
Radionuclides, carcinogenic chemicals, and noncarcinogenic chemicals are addressed separately. The 
toxicity assessment includes identification of a number of uncertamh ’ ‘es inherent in the quantitative 
toxicity estimates. These are important considerations because these estimates are used to characterize 
the risks to human health from exposure estimates quantified in Section 3.0. 

0 

RISK CHARACIERIZATION 
The fourth portion of the risk assessment involves characterizing the risks associated with the exposure 
pathways selected in the exposure assessment. In this portion of the risk .assessment the methodology 
used to quantify the risks and hazard indices is described, the quantitative risk results are presented in 
tabular form or in figures by land use scenario and exposure medium, the contributions to uncertaiuties 
in the risks are identified and their impacts discussed, and the risk characterization is summarized. 
Section 5.5.4.1 summarks the risk characterization results, Section 5.5.4.2 uses the risk information 
generated in this risk assessment to determine the prehmmary site-wide reasonable maximum exposed 
(RME) individual and location, and Section 5.5.4.3 presents the risks calculated from background 
concentrations of site-related constituents of concern to provide perspective on both the methodology 
employed and the results obtained. 

Under current conditions (with access controls) the radiological Incremental Lifetime Cancer Risks 
(ILCRs) exceed 
radionuclides are about lo4 for the off-property farmer (either surface or groundwater use) and the 
trespassing child (external radiation exposures). Chemical ILCRs indicate that risks from chemical 
carcinogens exceed 
soil/waste. The ILCR calculated for the off-property farmer’s chemical exposures via groundwater is 
about 10”. ILCR’s associated with the use of beef and dairy products grown with Great Miami River 
water or grazed on-property are lo4 and 
property farmer using groundwater is 1500 (associated with intake of cadmium). The hazard indices 
of the off-property user of beef and dairy products produced using surface water from the Great Miami 
River and contaminated grazing land are 220 and 3 (associated with the intake of mercury), 
respectively. 

for every exposure medium except sediment. The highest ILCRS associated with 

for exposure pathways associated with surface water, groundwater, and 

respectively. The Hazard Index (HI) for the off- 

Under current conditions without access controls radiological ILCRs exceed for each exposure 
medium. The highest ILCRs for radionuclides in this scenario approach lo-* for external radiation 
exposure of the trespassing child, lV3 from using beef and dairy products from cattIe raised on 
property, lo-’ for aerial exposures to the off-property farmer, 
for the farmer using Great Miami River water and the off-property farmer using groundwater, 

for scavenging activities, and lo4 

0 
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respectively. The trespassing child scenario yields an ILCR of about IO', and an HI of 1.7 
(associated with intake of arsenic). 0 
Under future conditions, the radiological ILCRS exceed lom6 for all  media. The radiological risk to the 
on-property farmer from exposure pathways associated with air, groundwater, soil/waste, and external 
radiation exposure are 
hypothetical farmer using the Great Miami River is about 10' and the risk to an inhabitant of 
buildings and structures in the former production area is about lo-'. ILCRs from chemical carcinogens 
for the on-property farmer using groundwater and residing on contaminated soil/waste are 
approximately and lo-', respectively. Hazard indices for the on-property farmer using 
groundwater and residing on contaminated soil/waste are 120 (uranium) and 2400 (arsenic), 
respectively. The hazard index forsan off-property user of surface water from the Great Miami River 
is 1.0 (associated with intake of uranium). 

lo-', and lo-', respectively. The radiological lLCR for the 

SITE-WIDE RME 
The site-wide RME location is selected as the location which produces the greatest risks from all 
constituents, all sources, and all pathways. The information in Section 5.2 is used to determine this 
location for the current scenarios, and information in Section 5.3 is used to determine this location for 
the future scenarios. 0 
Current Site-wide RME Location 
The highest CERCLA risks for radionuclides under current land use conditions (with access controls) 
are associated with groundwater wells to the south of the property. The estimated risks to the 
hypothetical off-property adjacent farmer from radionuclides exceed 10' for well 2061. Risks to this 
receptor from chemical exposures exceed 
constituents are calculated to be 10 percent of these risks and extend to the east of the silos. Thus the 
adjacent off-property farmer using groundwater is the current preliminary site-wide RME individual. 
Due to prevailing weather patterns, the risks to this receptor (south of the FJMP) from air pathways 
are minor compared to those associated with groundwater use. 

for well 2094. Risks from exposures to airborne 

It is conceivable that the off-property farmer could use meat and dairy products from cattle raised on 
property. The presence of access controls limits additional risks to this hypothetical receptor from 
radionuclides to about 10' and from chemicals to about 

If access controls were removed, the Current RME individual would shift to the off-property user of 
beef and dary products grown on site. Without existing access controls, the estimated C E R U  risks 

to the current hypothetical off-property receptor could increase to about lo-' from grazing on Pit 5 
wastes. A closer examination of Pit 5 reveals that the d a c e  area of the exposed pit wastes is too 
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Silo 2. Other major radionuclides in Silos 1 and 2 include thorium isotopes and lead-210. The 
radium content of Silo 3 has been estimated at 15 to 23 curies, with 20 tons of uranium. The 1989 
WEMCO sampling indicated radium-226 concentrations at 467 to 6,435 pCi/g, thorium-230 at 21,010 
to 71,650 pCi/g. and total uranium at 738 to 4,554 mg/kg. Data from the FU/FS resampling of Silos 1 
and 2 available as of December 1, 1991, was limited to chemical analyses for Silo 2. The most 
abundant inorganic constituents relative to background included cobalt, lead, nickel, and selenium. 
Organic compounds were detected in levels ranging from 3 pg/lcg for 4-methyl-2-pentanone to 5000 
p@g of Amlor-1254. Semivolatile compounds detected in Silo 2 included fluoranthene and bis(2- 
ethylhexyl) phthalate. Silo 4 was never used and is empty. 

The 1988 sampling by DOE found a variety of radionuclides, inorganic chemicals, and volatile orgakc 
compounds in drums stored on-property. For example, drums sampled in Plants 6 and 8 contained 
43,000 pCi/g and 1200,OOO pCi/g u&um-238 respectively. Inorganic chemicals in drums included 
barium, chromium, mercury, and lead. Organic compounds detected in Plant 6 drums included l,l,l- 
trichloroethane, 2-hexanone, and acetone. 

Structures and equipment surveys found that the highest removable alpha was 46,300 disintegrations 
per minute @PM) in the special products plant. Two samples from the sump pump house had a 
maximum alpha fixed of 1 x 106 DPM. The highest removable beta-gamma was 808,000 DPM in a 
sample from the metal fabrication plant, and the maximum beta-gamma fixed of 8.57 x lo6 DPM was 
in a floor sample from the special products plant. 

. 0 
Air Quality 
A i r  quality and meteorology at the FEW have been extensively investigated in the past. Uranium and 
radon are the principal present-day airborne contaminants of concern, and are extensively monitored by 
WEMCO. The results of recent monitoring are the only data that reasonably represent present-day 
conditions. 1988 was the last full year of production at the FEMP, and emissions of radionuclides 
during 1989 and 1990 were substantially reduced. For example, uranium-238 emissions declined from 
35,400 microcuries in 1988 to 9,890 microcuries in 1989 and 1,080 microcuries in 1990. 
Corresponding reductions in concentrations of airborne uranium occurred at the 16 monitoring sites in 
and around the FEMP. For example, the average uranium concentration at Station AMs 2, located at 
the northeast corner of the FEMP, declined from 2,570 attocuries/m3 (1 amcuries = 1 x lo4 pCi) in 
1988 to 310 and 150 attoCuries/m3 in 1989 and 1990, respectively. The corresponding figures at AMS 
13, east of Ross, were 630.90, and 58 attoCuries/m3 in 1988, 1989 and 1990, respectively. Monitored 
concentrations of airborne radon declined from a 1988 annual average of 1.2 pCVQ at the FEMP 
fenceline to 0.74 pCi/Q in 1989 and 0.75 pCi/Q in 1990. However, on-property radon concentrations 
decreased by 90 percent and off-property concentrations, which were already near background, 
decreased by 50 percent after the placement of bentonite in Silos 1 and 2 in November 1991. 0 
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Surface Water and Sediments 
The major surface water features of concern 5 the FEMP are the Great Miami River, the receiving 
body for a National Pollutant Discharge Elimination System permitted discharge, Paddys Run, a small 
stream traversing the western border of the property, and the storm sewer outfall ditch, a major 
tributary to Paddys Run. The primiuy sources of information on water quality in these streams a~ the 
WEMCO environmental monitoring program and RI/FS investigations, which have focused on Uranium 
and other radionuclides. 

Both the WEMCO and RUFS data indicate that the FEW has had a measurable effect on total 
uranium concentmions in the Great Miami River. Upstream concentrations are typically about lpg/Q, 
while downstream concentrations are typically in the range of 2.0 to 3.0 pglQ. Other radionuclides are 
similar in concentration upstream and downstream from FEMP influence. Great Miami River 
sediments do not indicate any contribution of the FEMP to uranium concentrations, with levels of 
about 2 pCi/g both above and below the effluent discharge. Inorganic chemical concentrations are 
similar above and below the FEMP with cadmium and mercury infrequently exceeding water quality 
criteria, as measured by the U.S. Geological Survey at the New Baltimore station located about 2.9 
river miles downstream of the FEMP outfall. Calcium is the dominant cation in Great Miami River 
surface water, followed by magnesium, sodium, and potassium. Carbonate is the dominant anionic 
constituent, followed by sulfate, chloride, and nitrate. 

Recent environmental monitoring data collected by WEMCO indicate that the Paddys Run sampling 
point with the highest uranium concentrations on-property had an average of 76 pCi/Q, but off- 
property concentrations are less than 7 pCi/Q. Nonradioactive chemical concentrations in Paddys Run 
surface water are similar upstream and downstream from the northern boundary of the FEMP. 
Uranium concentrations in Paddys Run sediments adjacent to the confluence with the storm sewer 
outfall ditch have been reported at up to 62 pCi/g, but average less than 2.0. 

0 

The storm sewer outfall ditch is normally dry, but uranium concentrations in runoff from various 
drainages to Paddys Run have been recorded as high as several milligramslQ. Recent sampling of the 
stom sewer outfall ditch sediments found a maximum of about 17 @/g, although levels as high as 
214 pCi/g have been recorded in the past. Environmental monitoring data suggest that radionuclide 
levels in Paddys Run and storm sewer outfall ditch sediments have decreased since the construction of 
the storm water retention basins in 1986. Nonradiological constituents have not been detected at 
above background levels in these sediments. Similar data for the Great Miami River are unavailable. 

Ground water 
The major focus of groundwater investigations at the FEW has been on radionuclide contamination of 
the regional Great Miami Valley aquifer. Related studies have been conducted on the extensive zones 
of perched groundwater on and adjacent to the FEMP. The database on groundwater at the FEMP is 
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extensive, with major contributions from the WEMCO environmental monitoring program, RCRA 
groundwater sampling conducted by Dames and Moore, ASI/IT, and WEMCO, and FWFS 
investigations. The summary below combines observations from al l  three programs. 

Both radiological and nomdiological constituents have been detected in perched and regional aquifer 
groundwater. The highest Concentrations of uranium in perched groundwater and the regional aquifer 
were found in the production area A large area with total uranium concentrations greater than 1 mg/Q 
was observed in perched groundwater beneath the Plant 2L3, Plant 6, and Plant 8 areas. The highest 
average total uranium concentrations in the production area are 568 mg/Q in perched groundwater and 
0.071 mg/Q in the regional aquifer. Total uranium above background concentrations was also found in 
perched groundwater from the vicinity of the waste storage m a ,  the sewage treatment plant, the fire 
training area, the South Field, and other isolated areas with maximum average concentrations ranging 
from 0.1 17 to 11.5 mg/Q. Above background uranium concentrations were also found in samples 
from regional aquifer wells in the vicinity of the waste storage area, the South Plume, and along 
Paddys Run, with maximum average concentrations ranging from 0.062 to 0.58 muQ. Concentrations 
of uranium in the perched groundwater are generally greater than those shown in the regional aquifer 
groundwater. 

In addition to uranium isotopes, the other radiological constituents that have been recurrently detected 
in the perched groundwater at the FEMP include radium-226 and -228, strontium-90, technetium-99, 
thorium-228, -230, and -232, and total thorium. The locations of these detections are similar to those 
with elevated concentrations of total uranium. The highest concentrations of these constituents 
generally occurred in perched groundwater in the former production area. Only radium-228, thorium- 
228 and -230, and total thorium were detected in background perched groundwater samples. 
Groundwater in the regional aquifer in the waste storage area and the former production area does not 
contain as many radiological constituents as the perched groundwater. Only strontium-90, technetium- 
99, and thorium-228 and -230 were repeatedly detected in the waste storage area, and only radium-226 
was detected in the former production area. However, radium-226 and -228, strontium-90, technetium- 
99, and thorium-228 and -232 have been detected in the South Plume, and radium-226 and -228 and 
thorium-230 were detected in a few regional aquifer monitoring wells along Paddys Run. 

0 

Above background concentrations of a number of inorganic chemicals were found in perched 
groundwater in the waste storage area and the former production area. Aluminum, calcium, and 
manganese were found in perched groundwater from the vicinity of the sewage treatment plant and the 
fire training area, and sodium was found in Well 1447 located in the sewage treatment plant area. 
Above background concentrations of inorganics were also found in groundwater from the regional 
aquifer beneath the waste storage area and the former production area. With the exception of 
manganese, concentrations of these metals were generally not as high as those in the perched 
groundwater. In the former production area, above background concentrations of manganese in 0 
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regional aquifer groundwater ranged from 0.27 to 355 mg/Q, while they ranged from 0.205 to 1.93 
mg/O in the perched groundwater. Elevated concentrations of a number of inorganic chemicals were 
also found in the aquifer groundwater in the other areas, especially in an area extending from the 
South Field to south of the local industries along Paddys Run Road. 

Above background concentrations of ammonia, chloride, nitrate, phosphorus, sulfate, total Kjeldahl 
nitrogen (TKN), total organic halides (TOX), and total organic nitrogen (TON) were found in perched 
groundwater from the waste storage area and the former production area Cyanide was detected in a 
few wells at these two locations, ranging from 0.002 to 0.248 mg/Q. Above background 
concentrations of fluoride and total organic carbon (TOO were also found in perched groundwater 
from the waste storage afea and the former production area, respectively. Above background nitrate, 
ranging from 0.36 to 20 mg/Q, was found in perched groundwater from the vicinity of the sewage 
treatment plant and the South Field. Slightly elevated TKN, TOX, and TON were also found in Well 
1016 located in the vicinity of the Southfield. General chemical constituents with statistically elevated 
concentrations in the regional aquifer groundwater beneath the waste storage area and the production 
area were similar to those found in the perched groundwater in these areas. Concentrations of most 
constituents in the perched pundwater were generally higher than the concentrations in the aquifer 
groundwater. However, in the waste storage area, the maximum concentrations of phosphorus and 
sulfide from the aquifer were higher than those in the perched zone. As with metals, statistically 
elevated concentmtions of many general chemical constituents were also found in an area in the 
vicinity of the southern boundary of the FEW property extending to the south of the local industries 
along Paddys Run Road. 

A variety of volatile and semivolatile organic compounds were detected in perched groundwater and 
aquifer groundwater from the vicinity of the waste storage area, the production area, and the 
Southfield. A pesticide, heptachlor epoxide, was detected in Well 1324 in the production area at 0.058 
bg/Q. Three other pesticides, alpha-BHC, aldrin, and heptachlor, were detected in Well 2022, which is 
located in the waste pit area, with concentrations ranging from 0.07 to 0.11 pg/Q. Various volatile and 
semivolatile organic compounds were detected in perched groundwater from the vicinity of the sewage 
treatment plant and fire training area and in the aquifer groundwater from a area near and south of the 
local industries south of the FEW property. 

Surface Soils 
The primary sources of data on surface soils at the FEW are NLO and WEMCO environmental 
monitoring data, the CIS conducted by Weston, and RWS investigations. The environmental 
monitoring and CIS data are limited to radionuclides, particularly uranium, while the R4FS data 
include nonradioactive inorganic constituents and organic compounds. Since no DOE or U.S. EPA 
guidelines or standards have been established regarding background for uranium, U.S. EPA and DOE 
have agreed that clean-up activities for soils would begin at 35 pCi/g. 0 
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Annual sampling of surface soil by the WEMCO environmental monitoring program indicates that 
uranium concentrations decrease with distance from the center of the FEW. In 1990, the total 
uranium concentration at Station AMS 9.0.1 krn from the FEMP center, was 41 m g ,  compared to 
15 pCi/g at Ah4S 2, 1.1 km from the center. Off-property uranium concentrations ranged from 1.1 to 
7.2 pG/g at distances from 40 to 1.3 km from the FEMP center. 

A number of radionuclides were detected in on-property soil samples during the CIS. Most of the 
samples taken from the waste storage area contained above background levels of depleted uranium, 
with uranium-238 ranging from 2.5 to 3,490 pCi/g in the 0 to 18 inch depth range. Thorium-230 was 
detected in a l l  samples analyzed, mging from 0.1 to 972 @/g. Radium-226 was detected in about 
half the samples, at 0.4 to 51 pCi/g. Technetium-99 also occurred in half the waste pit samples, at 2.6 
to 1.540 pCi/g. Plutonium isotopes and cesium- 137 were detected in several samples from the waste 
storage area. Three soil samples from the inactive flyash pile contained above background 
concentrations of radium-226 (1.7 to 49 pCi/g), and one sample.contained thorium-230 (59 pCi/g), 
uranium-234 (82 pCi/g), -235 (1.9 pCi/g), and -238 (40 pCi/g). 

The ranges of uranium-234, -235 and -238 in samples from the South Field were 4.2 to 2,850 pCi/g, 
0.2 to 356 pCi/g, and 2 to 2,940 pCi/g, respectively. Other constituents detected included cesium-137 
(0.3 to 0.7 pCi/g), radium-226 (0.2 to 354 pCi/g), thorium-228 (0.1 to 129 pCi/g), thorium-230 (0.2 to 
2,330 pCi/g), and thorium-232 (0.1 to 130 pCi/g). 

The highest concentrations of uranium were consistently measured in samples taken in the vicinity of 
the former incinerator adjacent to the sewage treatment plant. Results of RI/FS surface soil sampling 
at the FEMP also showed isotopes of uranium, thorium, strontium-90 and technetium-99 present. The 
distribution of these isotopes in soils on and adjacent to the FEW is consistent with airborne 
emissions from the former incinerator, the production area and the waste storage areas. 

Total uranium was detected in al l  RIFS samples, ranging from 1.0 to 23,000 m a g .  The highest 
concentrations occurred adjacent to the former incinerator near the sewage treatment plant. Uranium- 
238 ranged from 0.7 to 25,670 pCi/g, with a mean of 105 pCi/g. The maximum was recorded near 
the former incinerator. Uranium-234 ranged from 0.7 to 13,262 pCi/g, with the highest concentration 
detected in the southwest quadrant of the former production area. Thorium isotopes were detected in 
nearly al l  samples, with ranges of 0.6 to 315 pCi/g, 0.7 to 7,901 pCi/g, and 0.6 to 283 pCi/gfor 
thorium-228, -230, and -232, respectively. The highest concentrations of thonum-228 and -232 were 
in the southwest quadrant of the former production area, while the highest thonum-230 was in the 
northeast quadrant. Radium-226 and -228 were detected approximately 85 percent of samples, ranging 
from 0.4 to 2,950 pCi/g radium-226 and 0.5 to 558 pCi/g radium-228. The highest concentration of 
radium-228 was in the northeast quadrant of the former production area. Cesium-I37 and strontium- 
90 was detected in about half the samples, with ranges of 0.2 to 14 pCi/g and 0.5 to 26.3 pCi/g, 
respectively. 
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Inorganic chemicals detected in all RUFS samples included aluminum, arsenic, barium, beryllium, 

concentrations of inorganics were generally found in the former production area with lower values for 
the remainder of the FEMP. Forty-seven volatile and semivolatile organics were detected, with PCBs 
detected in all samples as well as benzo(a)pyrene and methylene chloride. The highest conmtrations 
of organics were found in samples from the northeast quadrant of the former production area. 

- cadmium, calcium, cobalt, copper, iron, magnesium, nickel, vanadium, and zinc. The highest 

Subsurface Soils 
The primary sources of data on subsurface soils at the FEMP are the CIS and RUFS investigations. 
Both studies included analyses of radiological and chemical constituents from a number of locations 
on the FEMP, principally the waste storage area, the flyash piles and South Field, the solid waste 
landfill, and the former production area. 

The most abundant radionuclides in CIS samples from the waste pits, bum pit, and Clearwell were 
uranium and thorium isotopes, technetium-99, and radium-226. Mean uranium-234 and -238 
concentrations ranged from 135 and 106 pCi/g in the bum pit to 3,418 and 6,985 p a / g  in Waste Pit 6. 
Thorium-230, the most abundant thorium isotope, ranged from 27 pCi/g in Waste Pit 6 to 10,452 
pCi/g in Waste Pit 3. Average technetium-!& ranged from 1.3 pCi/g in Waste Pit 1 to 1,095 pCi/g in 
Waste Pit 5. Average radium-226 ranged from 2.1 pCi/g in the bum pit to 194 p a / g  in Waste Pit 3. 

Uranium and thorium isotopes, and radium-226 were consistently detected in RI/FS samples from the 
berms of Waste Pits 1 and 3, with the higher values in Waste Pit 1. The mean concentrations in the 
Pit 1 berm were 349 pCi/g uranium-234, 894 pCi/g uranium-238, 3,811 pCi/g thorium-230, and 649 
pCi/g radium-226. Concentrations in the Pit 3 were 10 to 100 times lower. 

Inorganic chemicals commonly detected in CIS samples from the waste pit area included aluminum 
(4.730-24.06 1 mg/kg), calcium (22,190-156,OOO m@g), iron (2,750-20.250 mg/kg), and magnesium 
(12,184-30.700 m a g )  throughout the waste pits and Clearwell. Average arsenic (1,052 and 530 
mg/kg), lead (232 and 158 mg/kg), sodium (2,800 and 5,417 mg/kg), and vanadium (870 and 2,700 
mg/kg).were among the higher concentration inorganic chemicals in Waste Pits 3 and 5. In RI/Fs 
samples, the Bum Pit had the highest concentrations of several inorganic constituents, including cobalt 
(40 mg/kg), copper (259 mg/kg), molybdenum (19.3 m a g ) ,  and zinc (505 mg/kg). 

A variety of organic compounds were detected in CIS samples from the waste pit area. For example, 
PCBs ranged from detection limits to 10 m@g, with Waste Pit 1 containing the highest 
concentrations. Chrysene ranged from detection limits to 180 mg/kg, with the highest concentration in 
Waste Pit 2, although the mean in Pit 2 was only 1.3 mg/kg. Phenanthrene ranged from detection 
limits to 370 mg/kg, again with the highest concentration in Pit 2. Fluoranthene ranged from detection 
limits to 460 mg/kg, with the maximum in Pit 2. Pyrene ranged up to 310 mg/kg in Pit 2. 0 
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RUFS samples from Waste Pit 1 contained chloroform at up to 0.33 mg/kg and tetrachloroethene at up 
to 0.21 m a g .  Aroclor-1254 was detected at 2.3 m a g  in the bum pit, and methylene chloride was 
detected in all samples from the Bum Pit. Other organic detections included 2-butanone, acetone, 
ethylbentene, toluene, and total xylenes. 

Radionuclides detected in CIS samples from the flyash piles and South Field include isotopes of 
uranium, thorium, and radium, and lead-210. The highest concentrations of uranium were in the 
inactive flyash pile, where uranium-238 ranged from 2.6 to 160 pWg, compared to maxima of 42 
pCi/g in the South Field and 18 pCi/g in the active flyash pile. The highest concentrations of thorium, 
radium, and lead-210 were in the South Field, with maxima of 101 pCVg thorium-232.46 pcl/g 
radium-226, and 28 pCi/g lead-210. 

RI/FS samples from the flyash piles contained detectable concentrations of several radionuclides 
slightly above background levels. Uranium-234 and -238 were present in the highest concentrations, 
with means of 3.4 pCi/g uranium-234 and 4.4 pCi/g uranium-238 in the active flyash pile and 6.0 
uranium-234 and 6.4 pCi/g uranium-238 in the inactive pile. 

Aluminum. calcium, iron and magnesium were found in concentrations exceeding 7,000 m a g  in CIS 
samples from the flyash piles and the South Field. Acetone, methylene chloride, and PCBs were the 
only organic compounds detected. In RI/FS samples, antimony, arsenic, lead, molybdenum, selenium 
and silver exceeded background levels in both flyash areas. The active flyash pile contained calcium 
and magnesium above 35,000 mgkg. Semivolatile organics were detected in higher levels (up to 
2,700 p@g) in the active flyash pile than in the inactive flyash pile (up to 310 pg/g). 

Uranium-238 was the most abundant radionuclide detected in CIS samples from the solid waste 
IandfilI, with a maximum concentration of 338 pCi/g and an average of 11.3 pCi/g. Thorium-230, the 
next most abundant radionuclide, had a mean concentrations of 3.2 pCi/g. Other radionuclides were 
near or below detection limits. Uranium-234 and -238 and thorium-228 were detected above 
background in RIPS samples from the solid waste landfill, with means of 6.9, 1.4, and 1.8 pCi/g, 
respectively. The upper 95 percent confidence limits for background uranium-234, -238, and thorium- 
228 were 2. I, 2.1, and 1.5 pCi/g. 

Aluminum, calcium, iron, and magnesium had the highest concentrations among inorganics in both 
CIS and RWS samples from the solid waste landfill, with values comparable to other locations on the 
FEW. A variety of organic compounds were detected, including acenapthene (1.3 to 28,000 mgkg), 
benzo(a)pyrene (0.1 to 7 mgkg), and pyrene (0.24 to 6.3 mgkg). Only a few organic chemicals were 
detected in RWS samples, including 1.1-dichloroethane (0.13 mg/kg), acetone (0.01-0.03 m a g ) ,  and 
methylene chloride (0.004-0.005 m a g ) .  0 
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Aluminum, calcium, iron and magnesium were the most abundant inorganic chemicals detected in CIS 
samples from the lime sludge ponds. Acetone, phthalates, and methylene chloride were detected in 
both ponds, at maximum concentrations of 0.15, 0.31, and 0.24 mgntg, respectively. 

Uranium isotopes, thorium-230 and radium-228 were the most abundant radionuclides detected in 
RUFS samples from brings in structures in the former production area. Uranium-234 and 238 ranged 
from 0.6 to 18,100 pCi/g and from 0.6 to 19,100 p a ,  respectively. Thorium-230 ranged from 0.6 to 
127 pCi/g, and radium-228 ranged from 0.5 to 170 pCi/g. Similarly to other areas of the FEMP, 
aluminum, calcium, iron,and magnesium were the most abundant inorganic chemicals in production 
area subsurface soils. Other common inorganics include barium (0.1 to 3,610 mg/kg), manganese (0.6- 
1300 mg/kg), potassium (204-2.470 m a g ) ,  and sodium (0.5-2.220 mg/kg). Other inorganics detected 
above I00 mgkg were lead (2.940 m a g )  and zinc (0.04-247 mgfltg). A variety of organic 
compounds were detected, including semivolatiles, volatiles, and P a s .  

Ecolom 
A number of investigations have been conducted to support site-specific ecological assessments at the 
FEW. These studies fall into three general categories: characterizations of habitats and species 
compositions, analyses of organisms for uptake of FEMP contaminants, and toxicity tests of FEMP 
effluent, soils, and sediments. a 
The major ecological characterization study at the FEMP was conducted by researchers from Miami 
University under contract to WEMCO. They described five major habitats at the FEMP: introduced 
grasslands, pine plantations, deciduous woodlands, a riparian zone along Paddys Run, and an area 
coincident with the inactive fly ash disposal area and Southfield. The latter habitat was considered 
separate because of its distinct flora and fauna compared to other areas at the FEW. Habitats at the 
FEW are generally comparable to those off-property. This study and several followup studies also 
examined possible stress effects on reproduction of American robins and the presence of a null allele 
for the enzyme glucose phosphate isomerase (GPI) in tree frogs collected from the FEW. American 
robin fledglings collected from the FEMP in 1987 and 1990 were lower in four of five growth 
parameters than off-property populations. However, fledglings collected in 1991 did not show this 
difference. These observations were attributed to the possible disappearance of physical stress 

associated with FEMP land management practices rather than to exposure to contaminants The GPI 
null allele was believed to be limited to FEW tree frog populations on the basis of the initial samples 
collected in 1986-87. However, extensive followup studies found that the allele was widely distributed 
and not associated with past or present FEMP operations. 

RI/FS characterization studies included wetlands delineation, macroinvertebrate surveys of the Great 
Miami River and Paddys Run, and surveys for threatened and endanged species. Wetlands on the 
FEW property were delineated following federal guidance, which defines wetlands by the presence of 
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hydrophytic plants, hydric soils, and wetlands hydrology. Wetlands at the FEMP meeting this 
definition are limited to a forested area of approximately 50 acres in the northern ma of the property 
and various drainages containing cattails. Paddys Run and the stom sewer outfall ditch, the two 
major surface water features on-property, do not meet the wetlands definition. 

0 

Benthic macroinvertebrate communities in the Great Miami River and Paddys Run were surveyed five 
times over two years to examine potential effects of the FEMP on aquatic communities. Communities 
above, adjacent to, and downstream from FEW influence were compared using Ohio EPA’s 
Invertebrate Community Index (ICI). Overall, the IC1 values for the Great Miami River suggest that 
the FEMP effluent discharge has minimal impact on the macroinvertebrate community. Results from 
Paddys Run are less clear, because the zone of potential FEW influence coincides with a section of 
the stream which is dry approximately six months of the year. The results are consistent with some 
degree of environmental stress, but it can not be determined whether this is due to effects of the 
FEMP or to the highly stressful physical environment of the stream. Observed concentrations of 
radionuclides and chemicals in Paddys Run are not consistent with those reported in the literature to be 
toxic to aquatic organisms. 

There is one federally listed endangered species, the Indiana bat (Mvotis sodalis), and one state-listed 
endangered species, the cave salamander (Ewcea lucifuna), whose ranges overlap the area of the 
FEMP. Detailed surveys were performed to determine whether these species and critical habitat for 
them were present at or in the vicinity of the FEMP. Indiana bats were captured approximately three 
miles east of the FEW but none were captured on-property. Cave salamanders were not found on- 

property. 

Uranium concentrations in grass and forage samples collected for routine environmental monitoring 
from 1985 to 1990 ranged from less than 0.01 to 5.6 pCi/g and typically declined sharply with 
distance from the center of the FEMP. Fluoride concentrations in these samples ranged from less than 
0.02 to 18 m@g and showed no relationship with distance from the FEW. These data suggest a 
gradual decline in average uranium and fluoride concentrations in forage over time. 

Produce samples had uranium concentrations less than the 0.6 pcS/g detection h i t  for RUFS data, 
discussed below. No consistent differences have been observed in produce uranium concentrations 
between samples collected adjacent to the F E W  and at reference locations greater than 16 km (10 
miles) from the facility. NLO and WEMCO have conducted radionuclide analyses of milk from cows 
grazing in the vicinity of the FEMP and from several reference sites. Typically, no differences have 
been observed between local and reference locations. 

4340 

Fish have been sampled from the Great Miami River upstream, adjacent to, and downstream from the 
FEW effluent discharge annually, starting in 1984. There were no consistent differences among the 
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three locations, although uranium concentrations in fish from the outfall and downstream stations were 
markedly higher than in those from the upstream station in 1988. Most of the fish uranium values 
reported by NLO and WEMCO were below the detection limit of 0.6 pCi/g for RVFS data. 

Concentrations of radionuclides and nonradioactive constituents in F E W  vegetation were measured in 
1987 and 1988, when the plant was stil l  in operation. Ninety-six samples of terrestrial vegetation and 
17 samples of wetland vegetation were analyzed for radionuclides. Ten samples, including two from a 
wetland site, were analyzed for selected inorganic and organic chemicals. Total isotopic uranium 
concentrations in terrestrial plants ranged from less than detection limits of 0.6 pCi/g to 35.5 pCi/g. 
Total isotopic uranium in wetland plants ranged from less than detection limits of 0.6 pCi/g to 31.3 
pCi/g. Cesium-137 ranged from less than detection Iimits (0.2 to 0.8 pCi/g) to 1.4 pcli/g in terrestrial 
plants and was not detected in wetland plants. Strontium-90 was detected in only seven terrestrial 
pIant samples and one wetland sample, with a range of derected concentrations, 0.6 to 0.9 pa/g, 
smaller than the range of detection limits, 0.5 to 1.5 pa/g. 

Aluminum, arsenic, barium, fluoride, sulfate, mercury and zinc were detected in vegetation from all 
five locations sampled. Fluoride concentrations in RWS samples were ten-fold higher than those in 
WEMCO environmental monitoring samples. The reason for this is unknown. Cadmium, lead, and 
vanadium were detected in several samples, but silver was not. The organic chemicals anthracene, 
butylbenzyl phthalate. chrysene, fluoranthene, phenanthrene, pyrene, 2-nitropheno1, PCBs, chlordane, 
and DDT were analyzed for but not detected in FEW vegetation. 

0 
W S  sampling also included agricultural crops and garden produce in the vicinity of the FEMP and at 
a reference area near Bmkville, Indiana. Uranium was detected at low concentrations in 
approximately a third of the samples from both the FEMP and reference areas, with no differences in 
concentrations between the two sites. Cesium-137 was detected only at a low concentration in one 
corn sample from Indiana, and strontium-90 was not detected in any sample. 

Eight mammal samples were collected from the FEW during 1987-1988 and analyzed for isotopic 
uranium, cesium-137, and strontium-90. One sample had detected uranium at 18.0 pCi/g. Cesium-137 
and strontium-90 were not detected in mammal samples. Four samples were analyzed for the same 
inorganic and organic chemicals as in vegetation, except fluoride and sulfate. Aluminum, barium, 
mercury, and zinc were the only nonradioactive chemicals detected in mammals. 

Fish and benthic macroinvertebrates were collected from the Great Miami River, Paddys Run, and a 
small pond on the FEW. Samples were analyzed for cesium-137, strontium-90, and isotopic uranium. 
Uranium was not detected in fish collected from the Great Miami River. Uranium was detected in 
three of ten samples from Paddys Run, at a maximum concentration of 3.7 pCi/g, and in one sample 
from the FEMP pond at 1.7 pCi/g. Uranium was detected in two of three macroinvertebrate samples 
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from the Great Miami River and in four of five Paddys Run samples, with a maximum of 6.5 pCi/g total 
isotopic uranium in these organisms. Cesium-137 and strontium-90 were not detected in any samples of 
aquatic organisms. 

0 
Acute and chronic aquatic toxicity tests were conducted on FEMP effluent five times over a two-year 
period following standard EPA protocols. Acute toxicity was never observed. Chronic toxicity was 
observed in three of five algal growth tests and in one of three daphnia tests. No correlation was 
observed between effluent toxicity and uranium concentrations or other effluent variables. The 
concentrations causing toxicity were at least eight times the maximum concentration of effluent which 
would be observed in the Great Miami River under worst-case conditions. Aqueous extracts of soils and 
sediments from the FEMP were tested for acute toxicity to aquatic organisms. No acute toxicity was 
observed. 

CHANGES RES ULTlNG FROM COMPLETED REMOVAL ACTIONS 
Two removal actions were completed as of December 1, 1991 for which monitoring data was available. I 

The addition of bentonite to Silos 1 and 2 was used to control the emission of radon. As described above 
in the air quality section, this action reduced on-property radon concentrations by 90 percent. 'Ihe 
average radon concentration at the four on-property monitor locations with the highest values declined 
from 12.2 pCi/Q in the month before bentonite installation to 1.2 pCi/P in the month after the installation. 
The off-property average at the four monitoring locations nearest to Silos 1 and 2 decreased from 1.2 
pCi/P to 0.6 pCi/O. 

As part of the Waste Pit 6 Removal Action, monitoring was performed prior to, during, and after the 
actual movement of exposed wastes to below the water cover. All sampling and monitoring results can 
be found in the Final Report, Removal Action for Exposed Materials at Pit 6, January 1992. As a result 
of this removal action, Waste Pit 6 will no longer be a significant source of particulate emissions. 

DATA VALIDATION 
Data validation is an after-the-fad, independent, systematic process of evaluating data and comparing it 
to preestablished criteria to provide confirmation that the data is of the technical quality necessary to 
meet the intended use, and to assure that a legally defensible "road map" can be established that traces 
the sample from the time it is collected in the field to the ultimate end use. The process of validation by 
trained and experienced personnel in the chemical and radiological fields is the fundamental basis for 
determining the quality and usefulness of data on which to support technical decisions. Validation 
reviews specific parameters associated with the data to determine whether it meets the data quality 
objectives (DQOs) stipulated. The quality objectives address five principal parameters: precision, 
accuracy, completeness, comparability and representativeness. To verify that these objectives are met, 
the validation process examines field measurements; sampling and handling 0 
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procedures; laboratory analysis and reporting; and evaluation of nonconformances and discrepancies in 
the data to determine compliance with appropriate and applicable procedures. Data qualifiers are assigned 
to the analytical data to alert the user of any nonconformances to quality assurance/quality control 
(QA/QC) requirements. 

The level of quality required depends on the intended use of the data, which in turn dictates the 
appropriate level or extent of validation. As described in the RVFS Quality Assurance Project Plan, the 
FEMP RIBS Data Validation Plan classifies data into one of five analytical support levels (Ash) :  

0 ASLI (aual itative] - Applies to field screening or analysis using portable instruments. 
Results are often not compound-specific and not quantitative, but are available in real 
time. 

0 ASL Il (semi-auantitative) - includes both field and laboratory analyses using either more 
sophisticated portable analytical field instruments or controlled laboratory procedures. 
Results are defendable as approximations of the true values of measured analytes. 

0 ASL III (auantitative) - includes all analyses performed in an off-site laboratory which 
may or may not use EPA Contract Laboratory (CLP) procedures, providing quantitative 
results within the limits of the laboratory quality assurance plan. Actual defendability of 
data is uncertain due to the absence of supporting raw data to determine actual 
compliance with established QA/QC requirements. 

0 ASL IV (auantitative) - EPA CLP routine analytical services. All analyses are performed 
at an off-site analytical laboratory approved to perform analyses under the EPA Contract 
Laboratory Program using specified CLP protocols. This level is characterized by 
rigorous QA/QC procedures and documentation. The majority of the chemical analyses 
performed for compounds on the HSL were performed under the 1988 EPA CLP 
Statement of Work. 

0 ASL V (auantitative) - analysis by non-standard methods. All analyses are performed 
at an off-site laboratory which may or may not be a CLP laboratory. Standard methods 
are those which have been accepted and/or published by EPA. Radiological and 
dioxin/furan analyses fall into this category. Other data collected for ASL or N are 
sometimes assigned instead to ASL V because of method modifications or departures 
noted during reviews. Data derived from non-standard methods are subject to the same 
QA/QC requirements as ASL III data and require additional internal validation of the 
metbod by the laboratory. 
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After the data validation process, a technical evaluation is performed by OU personnel to assess its 
technical usefulness for their specific needs. As of March 20, 1992, a total of 7,262 samples had been 
submitted to the laboratory for analysis and validation had been completed for 3,503 chemical analyses 
(i.e. volatiles, semi-volatiles, metals, etc.), and 5,678 radiological samples. 
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PART 11 SUMMARY 

INTRODUCTION 
In accordance with the requirements of the Amended Consent Agreement, dated September 20, 1991, 
between the U.S. Environmental Protection Agency @PA) and the U.S. Department.of Energy 
(DOE), a Preliminary Baseline Risk Assessment (PBRA) has been prepared for the Fernald 
Environmental Management Project (FEMP) (formerly the Feed Materials Production Center 
FMPC]). This risk assessment fulfills the requirement for a PBRA for the entire FEMP site as 
specified in Section X, Paragraph I, of the Amended Consent Agreement. The role of the PBRA in 
the Remedial Investigation Feasibility Study (RI/FS) at the FEMP is discussed in greater detail in 
Section 2.0 of the RI/FS Risk Assessment Work Plan Addendum (DOE 1992a). The PBRA has been 
performed in accordance with the requirements specified in the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA) and in the Amended Consent 
Agreement and the methodologies presented in the Addendum. 

The primary objective of this risk assessment is to present the site-wide risks for current and potential 
future exposure scenarios under baseline conditions. The PBRA characterizes the current and 
potential future threats to human health and the environment that may be posed by all constituents and 
all exposure pathways from the FEMP site. Baseline conditions are those conditions that prevail if no 
further action is taken at the site; however, the PBRA is performed taking into account the benefits of 
removal actions that were fully implemented as of December 1, 1991. The PBRA is based on all data 
pertaining to the FEW available as of December 1, 1991. It is not the intent of this document to 
provide the validated data necessary for deciding among alternative remedial actions or for choosing 
remedial action versus no action. The validated data and risk analyses required for these decisions 
will be provided in the operable unit-specific RI and FS reports. The status of the data validation 
effort, which was ongoing when preparation of the SWCR began, is provided in Part I, Section 4.3 

0 

The PBRA includes in Section 6.0 an assessment of the ecological impads of the F E W  and is 
supplemented by a National Environmental Policy Act (NEPA) analysis of the environmental 
consequences of the no-action alternative. The ecological assessment is included in the PBRA to 
satisfy the requirement in EPA risk assessment guidance for an environmenh assessment. The NEPA 
analysis supplements the PBRA in order to satisfy the requirement of DOE Order 5400.4 to integrate 
NEPA and CERCLA compliance. 

DATA EVALUATION AND SELECTION OF CONSTITUE NTS OF CONCERN 
The first portion of the risk assessment involves compilation and evaluation of data that characterize 
the site and the selection of constituents of c o n m .  In this portion of the risk assessment the sources 0 

ES-18 



4 3 4 n  
FEMPSWCR4 FINAL 

Marcb 1993 

of data that characterize the site are summarized, the methods for evaluating analytical results are 
described: and the selection of constituents of concern is defined. 
The description of the sources of data that characterize the site includes consideration of those data 
that characterize the FEW property and site-influenced environmental media, and those data used to 
characterize background levels that are not attributable to the site. The presentation of the 
methodology for evaluating data includes a summary of statistical approaches used to compare site- 
related data to background data, determine distributions of data, and summarize the distributions with 
statistical parameters. The selection of constituents of concern is presented and is based on the 
statistical data evaluation methods described and additional nonstatistical considerations from EPA risk 
assessment guidance. 

Selected constituents of concern are presented in summary form in Section 2.0 by waste area and 
environmental medium. Statistical summary parameters presented include background upper tolerance 
limit values, and mean and upper confidence level site-related values. 

EXPOSURE ASSESSMENT 
The second portion of the risk assessment involves assessing potential exposures to selected 
constituents of concern that could impact potential human receptors. In this portion of the risk 
assessment the exposure setting is characterized, potential exposure pathways are fo~&ulated and 
selected for complete quantitative evaluation, and potential exposures are quantified for the selected 
site-specific exposure pathways. 

0 
The characterization of the exposure setting includes description of the physical setting and definition 
of potentially exposed receptors and land use assumptions employed to quantify potential exposures. 
The exposure pathway selection process begins with the development of all reasonable quantifiable 
exposure pathways by medium, land use type, and potentially exposed receptor. Each pathway that is 
quantitatively evaluated is described in detail and the basis for selecting or excluding each pathway for 
quantitative assessment is presented. The presentation of exposure quantification for the selected 
pathways and receptors includes the methods used to estimate receptor exposure point concentrations, 
including consideration of methods for estimating concentrations by using transport models. 
Estimated constituent exposure point concentrations and exposure parameter values are presented for 
each pathway quantitatively evaluated in the risk assessment. A discussion of contributions to 
uncertainty in the quantification of exposures appears at the end of Section 3.0 

TOXICIT?' ASSESSMENT 
The third portion of the risk assessment involves assessing the toxicity or health impact of the 
constituents of concern selected in Section 2.0. The toxicity assessment presents available information 
on the health effects of constituents of concern. Detailed assessments of toxicity information are 0 
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presented for primary ‘constituents of concern at the site, and quantitative estimates of toxicity values 
are tabulated for all constituents of mncern including the basis for quantitative toxicity estimates. 
Radionuclides, carcinogenic chemicals, and noncarcinogenic chemicals are addressed separately. The 
toxicity assessment includes identification of a number of uncertainties inherent in the quantitative 
toxicity estimates. These are important considerations because these estimates are used to characterize 
the risks to human health from exposure estimates quantified in Sedion 3.0. 

RISK CHARACIERIZATION 
The fourth portion of the risk assessment involves characterizing the risks associated with the 
exposure pathways selected in the exposure assessment. In this portion of the risk assessment the 
methodology used to quantify the risks and hazard indices is described, the quantitative risk results 
are presented in tabular form or in figures by land use scenario and exposure medium, the 
contributions to uncertainties in the risks are identified and their impacts discussed, and the risk 
characterization is summarized. Section 5.5.4.1 summarizes the risk characterization results, Section 
5.5.4.2 uses the risk information generated in this risk assessment to determine the preliminary site- 
wide reasonable maximum exposed (RME) individual and location, and Section 5.5.4.3 presents the 
risks calculated from background concentrations of site-related constituents of concern to provide 
perspective on both the methodology employed and the results obtained. 

Under current conditions (with access controls) the radiological Incremental Lifetime Cancer Risks 
QcRs) exceed lob for every exposure medium except sediment. Tbe highest ILCRs associated with 
radionuclides are about lo4 for the off-property farmer (either surface or groundwater use) and the 
trespassing child (external radiation exposures). Chemical ILCRs indicate that risks from chemical 
carcinogens exceed lob for exposure pathways associated with surface water, groundwater, and 
soil/waste. The ILCR calculated for the off-property farmer’s chemical exposures via groundwater is 
about 10”. ILCR’s associated with the use of beef and dairy products grown with Great Miami River 
water or grazed on-property are lw and lo3, respectively. The Hazard Index (HI) for the off- 
property farmer using groundwater is 1500 (associated with intake of cadmium). The hazard indices 
of the off-property user of beef and dairy products produced using surface water from the Great 
Miami River and contaminated grazing land are 220 and 3 (associated with the intake of mercury), 
respectively. 

0 

Under current conditions without access controls radiological ILCRs exceed lob for each exposure 
medium. The highest ILCRs for radionuclides in this scenario approach 10’ for external radiation 
exposure of the trespassing child, lo3 from using beef and dairy products from cattle raised on 
property, lUs for aerial exposures to the off-property farmer, lo3 for scavenging activities, and l<r 
for the farmer using Great Miami River water and the off-property farmer using groundwater, 0 
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respectively. The trespassing child scenario yields an ILCR of about lW, and an HI of 1.7 
(associated with intake of arsenic). 

Under future conditions, the radiological ILCRs exceed 106 for all media. The radiological risk to the 
on-property farmer from exposure pathways associated with air, groundwater, soil/waste, and external 
radiation exposure are lo2, lo2, lo', and lo', respectively. The radiological ILCR for the 
hypothetical farmer using the Great Miami River is about lo* and the risk to an inhabitant of 
buildings and structures in the former production area is about 10'. ILCRs from chemical 
carcinogens for the on-property farmer using groundwater and residing on contaminated soil/waste are 
approximately lU2 and lo', respectively. Hazard indices for the onproperty farmer using 
groundwater and residing on contaminated soil/waste are 120 (uranium) and 2400 (arsenic), 
respectively. The hazard index for an off-property user of surface water from the Great Miami River 
is 1.0 (associated with intake of uranium). 

SITE-WIDE RME 
The site-wide RME location is selected as the location which produces the greatest risks from all 
constituents, all sources, and all pathways. The information in Section 5.2 is used to determine this 
location for the current scenarios, and information in Section 5.3 is used to determine this location for 
the future scenarios. 0 
Current Sitewide RME Locat ion 
The highest CERCLA risks for radionuclides under current land use conditions (with access controls) 
are associated with groundwater wells to the south of the property. The estimated risks to the 
hypothetical off-property adjacent farmer from radionuclides exceed lo-' for well 2061. Risks to this 
receptor from chemical exposures exceed 10' for well 2094. Risks from exposures to airborne 
constituents are calculated to be 10 percent of these risks and extend to the east of the silos. Thus the 
adjacent off-property farmer using groundwater is the current preliminary sitewide RME individual. 
Due to prevailing weather patterns, the risks to this receptor (south of the FEW) from air pathways 
are minor compared to those associated with groundwater use. 

It is conceivable that the off-property farmer could use meat and dairy products from cattle raised on 
property. The presence of access controls limits additional risks to this hypothetical receptor from 
radionuclides to about 1V and From chemicals to about 10'. 

If access controls were removed, the current RME individual would shift to the off-property user of 
beef and dairy produds grown on site. Without existing access controls, the estimated CERCLA 
risks to the current hypothetical off-property receptor could increase to about 10' from grazing on Pit 
5 wastes. A closer examination of Pit 5 reveals that the surface area of the exposed pit wastes is too 0 
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small to allow sustained grazing, and that it is not currently covered with vegetation. If grazing on 
this pit is removed from consideration for these reasons, calculated risks to the off-property resident 
would drop to this pathway. 

0 
Future Site-Wide RME Locat ion 
CERCLA risks from radionuclides in soils within Pits 3 and 5 are calculated to be in excess of 10’. 
This is the location of maximum on-property risk. Both air and water exposures are estimated to 
produce risks which approach lo2. These risks are approximately 10% of the risks from Pit 3 soils. 
Therefore, risks from these soils dominate all other risks in the future scenario, and these locations 
must be carefully considered when locating the site-wide RME. 

It is possible that a number of media could combine and produce a new aggregate risk exceeding the 
risks from waste pit soils. To investigate this, the magnitude and spatial distribution of risks from the 
air and groundwater plumes are examined, and compared to the magnitude and spatial distribution of 
risks associated with soils at the FEW. 

This comparison reveals a receptor in the Southwest (SW) Quadrant of the former production area 
could be exposed to risks in excess of 103from soil, air and water pathways at the same time. The 
Plant 2/3 area is associated with some of the highest risks from soil pathways, outside of the waste pit 
area. These soil related risks are in the 103 range. If the silo caps fail in the next years, the 
center of the plume from the silos is predicted to pass over Plant 213 in the SW quadrant of the 
former production area. Risks from airborne contamination (both particulates and radon) in this area 
of the former production area could approach 103- The use of groundwater beneath the southern 
portion of the former production area by a resident farmer could produce risks in excess of 10’. 

Using information on the exposure point concentrations of the various media within the Plant 213 
area, the risks from radionuclides were calculated for a variety of receptors. The relative importance 
of various nuclides in each media, and provides a quantitative assessment of the relative sensitivities 
of four different receptors to radionuclides predicted to be present in air, water, and soil. It also 
demonstrates that the combined risks from all media in the Plant 2/3 area do not approach those risks 
estimated for a farmer on waste pit soils. Therefore, the Plant 2/3 area is not considered further in 
the determination of the RME location. 

Returning to the waste area, examination of the radiological risks from Pit 3 soils reveals a major 
portion of these risks can be attributed to external radiation exposure risks from Ra-226 and its 
daughters. In addition, the risks from Pit 3 soils contain a sizable contribution from Tc-99 via the 
dairy product pathway. However, the data upon which the Tc-99 numbers are based may be suspect. 
These are unvalidated data available as of Dec 1, 1991, and yield exposure point concentrations well 0 
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in excess of what may reasonably be suspected to be present, based on process history and data made 
available after December 1 .  This additional data, collected since December 1, 1991, will be 
presented in the OU1 Remedial Investigation (TU) to clarify this point. Additional contributors 
include Pb-210 (vegetable and fruit), and Th-232 (gamma). Even discounting the risks associated 
with Tc-99, risks in the waste area exceed 10' in places. Thus the farmer on the Operable Unit 1 
waste pits appears to be the leading candidate for the preliminary site-wide maximally exposed 

. individual for radionuclides. 

Background Risks 
ILCRs and HIS were calculated under the Rh4E resident farmer scenario using the upper 95% 
confidence interval on the mean for regional background data as exposure point concentrations. This 
was the only data available as of December 1,  1991). These calculated background risks should be 
used as a point of reference when interpreting risk results from radionuclides and inorganic chemicals 
in soils under this scenario. 

Background concentrations of radionuclides in air, water, and soil yield ILCRs ranging from to 
loJ Tbe aggregate radiological risks from background levels of the radionuclides in the uranium and 
thorium decay chains are calculated to be about la3.  The highest risk from a single radionuclide and 
pathway is about l a 3  from Rn-222 in air. Background levels of beryllium are calculated to produce 

Background concentrations of nine constituents in soil yield HIS greater than 0.2: arsenic (0.3), 
barium (2.8), chromium (0.3), manganese (2.9), mercury (4.2), molybdenum (0.4), silver (1.2), 
thallium (6), and zinc (3). 

Results of the PBRA will not be used to determine whether remediation is needed for waste areas at 
the FEMP, operable unit RIs, including baseline risk assessments, will serve that purpose. Results of 
the PBRA indicate that application of the same exposure assumptions and model parameters in 
operable unit baseline risk assessments will lead to very high risk calculation results. Indeed, 
application of these exposure assumptions and model parameters for natural background 
concentrations of constituents (especially radionuclides) leads to lifetime cancer risks exceeding 10'. 

Major uncertainties associated with the risk assessment results include those associated with source 
term, land use assumptions and exposure scenarios, fate and transport models, exposures assessment 
parameters, and toxicity assessment. It is important to note that uncertainties associated with early 
stages of the risk assessment, e.g., with the data evaluation stage, are propagated through the 
subsequent stages of the risk assessment. The uncertainty analysis is not highly quantitative due to 
the nature and scope of an RIFS risk assessment. 0 
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Of major importance in understanding risk results is that application of the future land-use scenario 
may significantly overestimate future risks. The resident farmer scenario is highly unlikely, although 
plausible. Most of the waste areas at the site are too small to support a resident farmer, who is 
assumed to live, farm, and raise livestock and vegetables on top of the waste area for 70 years. This 
assumption leads to a significant overestimation of the risk since the great majority of contaminants 
are located in these relatively small waste areas. Nevertheless, the assumption of the resident farmer 
for future land use provides the upper-bound values for the risk assessment. 

ECOLOGICAL ASSESSMENT 
The purpose of the ecological assessment is to estimate the potential present and future baseline risks 
of FEW contaminants to ecological receptors. These receptors include all organisms, exclusive of 
hum& and domestic animals, potentially exposed to FEMP contaminants. "%e ecological assessment 
focused on a group of indicator species selected to represent a variety of exposure pathways and 
trophic positions. Terrestrial vegetation was represented by a generic plant species. Terrestrial 
wildlife species to be evaluated were selected based on species abundance on the FEMP, trophic level 
position, and habitat requirements. The species evaluated were the white-tailed deer (Odocoileus 
virginianus), white-footed mouse (Peromvscuq leucopus), raccoon (Procyon lotor), red fox (Vulpes), 
muskrat (Ondatra zibethiq), American robin (Turdus mimatoriua), and red-tailed hawk (Buteo 

\ 

jamaicensis). 0 
The assessment examined risks to terrestrial organisms associated with contaminants in two 
environmental media - surface soils, summarized for the entire site, and surface water in Paddy Run 
from the northern boundary of the F E W  to the confluence with the storm sewer outfall ditch. Risks 
to aquatic organisms were evaluated for exposure to contaminants in Paddy Run, the Great Miami 
River, and in runoff into the storm sewer outfall ditch. All nonradioactive and radioactive 
constituents identified as of potential concern in the human health risk assessment before screening of 
constituents of greatest human health risk were considered to be of concern for the ecological risk 
assessment. Estimated ecological risks associated with exposure to FEW constituents of concern are 
primarily due to nonradioactive inorganic chemicals in soils, rather than to organic chemicals or 
radionuclides. This is true for both terrestrial and aquatic organisms and for plants as well as 
wildlife. In particular, estimated intakes of arsenic, cobalt, lead, and silver from F E W  soils were all 
higher than estimated no observed effect levels (NOELS) for at least six of the seven indicator species 
selected for this assessment. The relative hazards to individual species varied, but the white-footed 
mouse consistently had the highest hazard indices of these chemicals. 

This can be attributed to the assumed intake by the mouse of insects (using earthworms as 
. surrogates), which in turn were assumed to assimilate chemicals from soil with a transfer coefficient 

of 1.0. The American robin was also exposed to relatively high levels of soil contaminants via this 0 
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pathway. Contaminant intake and associated hazard indexes for the top carnivores among the 
indicator species, the red fox and the red-tailed hawk, were sensitive to assumptions about muscle-to 
muscle transfer factors, as described above. If muscles-to-muscle transfer is comparable to plant-to- 
beef transfer, the estimated hazard was relatively low, but increased dramatically when assumed to be 
1. 

0 

Estimated hazards to terrestrial organisms of exposure to constituents of concern in FEMP surface 
waters were relatively low, with HIS greatm’ than one only for arsenic, lead, molybdenum, and silver. 
These chemicals presented hazards to two, five, four, and three species, respectively, and the highest 
HI estimated was for lead intake by the mouse. Surface water exposure is therefore unlikely to be a 
significant source of risk to terrestrial ecological receptors at the FEMP. 

Estimated remediation doses to terrestrial organisms at the FEMP, originating from soil uptake by 
plants and earthworms, were below levels expected to cause detectable effects. However, as with 
inorganic chemicals, this conclusion is sensitive to assumptions about muscle-to-muscle transfer of 
radionuclides. Highly efficient transfer or biomagnification of uranium, in particular, could expose 
terrestrial wildlife at the FEMP to potentially harmful radiation levels. Radiation doses due to water 
intake were insignificaat. 

Exposure to radiological contaminants does not appear to pose a risk to aquatic organisms at the 
measured concentrations in the surface waters and sediments impacted by the FEMP. However, - :: 
modelled concentrations of radionuclides in runoff from the FEMP into surface waters and sediments 
impacted by the FEW. However, modelled concentrations of radionuclides in runoff from the 
FEMP into surface water would cause estimated exposures to exceed the upper limit of 1 rad/d for all 
aquatic organisms, except for muskrats. The most affected organisms would be aquatic plants, 
receiving a total dose from internal and external exposure of about 140 rad/d. The total dose to fish 
is minimally over the limit, at 1.6 rad/d, and the total dose to benthic macroinvertebrates is about 14 
rad/d. Although the maximum concentrations at low flow were used in the source runoff 
calculations, the minimum values in the SSOD and Paddys Run are within the same magnitude of 
values. Doses to aquatic organisms in the Great Miami River would be well below 1 rad/d. The 
measured concentrations of cadmium, copper, mercury, and silver in surface water exceeded chronic 
toxicity criteria for the protection of freshwater organisms. 

0 

Field studies on the impact of the FEMP on terrestrial and aquatic communities do not indicate any 
effects consistent with contaminant impacts, except for above-background levels of arsenic and 
mercury recorded in RIFS plant samples. In addition, although potential impacts at the individual 
level were predicted for wildlife species, detrimental or adverse impacts have not been observed in 
the field. This suggests that the potential exposures predicted by modeling may not occur in the field 
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or that the resulting potential effeds may not occur. A comparison of the concentrations of inorganic 
chemical concentrations in F E W  soils to regional background values indicate that mean F E W  
concentrations may be similar to the upper 95 percent confidence levels of background values. This 
suggests that ecological risks estimated using background values of inorganics would be comparable to 
those estimated for the FEMP, and emphasizes the conservative nature of the method used. 
Additional important sources of uncertainty include (1) the efficiency of contmpnau t transfer among 
trophic levels, in particular muscle-to-muscle transfer described previously; (2) the use of laboratory 
toxicity data to predict effects on species in the field; and (3) the assumptions that the dose is 
completely absorbed and that the radionuclides are uniformly distributed in tissue. Departures from 
these two assumptions would tend to decrease and increase tissue-specific doses, respectively. 

Uncertainties in the assessment of toxic effects to aquatic biota include potential interactive effects of 
chemicals, differences between effects observed in the laboratory and those which may occur in the 
field, and differences in the relative sensitivities of species to chemicals. 

In summary, although radionuclides are the most ubiquitous contaminants at the FEW, estimated 
ecological risks to both terrestrial and aquatic organisms are primarily associated with nonradiaactive 
inorganic chemicals. Although estimated risks are substantial in some instances, they are based on 
soil inorganic chemical concentrations comparable to background levels, and deleterious effects have 
not been observed in the field. This suggests that current FEW-specific ecological risks are low, but 
that remedial actions are appropriate to prevent potential future ecological harm as'well as to l h i t  
human exposures to F E W  contaminants. 

0 
NEPA ANALYSIS 
Included with the PBRA is a NEPA analysis of the environmental consequences of the no-action 
alternative. This analysis was based on an evaluation of several assumptions including no further 
production at the facility; only the Silos 1 and 2, K45 Decant Sump Tank, and Waste Pit 6 removal 
actions will be considered complete; mixed wastes will remain on-property and RCRA wastes will be 
shipped off-property and disposed of commercially; a gradual leakage of contaminants may occur and 
implemented removal actions may not eliminate all future migration of contaminants; existing FEMP 
monitoring systems and existing access restrictions will not continue in operation; and anticipated 
future land use scenarios include on-property residential use. Included in the analysis are air quality, 
future land use scenarios include on-property residential use. Included in the analysis are air quality, 
surface waters, groundwater, wetlands, soils, ecology, socioeconomic factors, and cultural resources. 

Under the no-action alternative, the FEW would effectively be abandoned and left as is. There 
would be no remedial action to mitigate existing sources of contamination or any media contaminated 
by previous activities at the site. In both current and future scenarios, the continued release of 
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contaminants to various media is possible. These releases may result from deterioration of waste 
containment systems, continued air and water erosion of contaminated soils, or the various 
chemical/physical processes ongoing in groundwater. In addition to the possible threat to human 
health and the environment associated with no action at the site, the local economy may be impacted 
by public perceptions of the situation at the FEW. 

0 

Despite the "no production" status of the FEW, there is a potential for additional emissions to air. 
C ~ ~ e n t l y ,  existing areas of contamination may continue to release to the air. In the future, the 
gradual deterioration of waste containment systems may expose additional contaminants to movement 
through resuspension in the air. The downwind concentrations of contaminants may vary widely, 
depending on atmospheric conditions. 

Under the no-action alternative, current impacts of the F E W  on the Great Miami River, Paddys 
Run, and the Storm Sewer Outfall Ditch (SSOD) would continue. Impads to the Great Miami River 
include releases of radionuclide and inorganic chemicals via the FEMP effluent line and Paddys Run. 
However, the existing site-related concentrations of these substances in the Great Miami River are 
virtually undetectable with the exception of uranium, which is low. Impacts of Paddys Run include 
radioactive and chemical contamination associated with erosion of contaminated soils from the waste 
pit area and the erosion of wastes or contaminated soils from the active flyash pile into the SSOD. 
Current potential impacts of the F E W  on Great Miami River, Paddys Run, and the SSOD sediments 
include radioactive and chemical contamhittion. Future impacts on sediments would be correlated ' . 

with impacts on surface waters. Contamination of sediments at specific sites in Paddys Run is 
unlikely to be stable, due to the highly variable flow regime in the stream, with consequent frequent 
transport and redeposition of stream bed material. The no-adion alternative would likely have no 
current or future impacts on floodplains in the Great Miami River and Paddys Run. Future indirect 
impact on wetlands could vary widely as a result of erosion of wastes or contaminated soils. 

0 

Under the no-action alternative, existing contaminated groundwater would continue migrating to 
currently unaffected areas. In the future, contaminant loading rates to the aquifer from most sources 
will increase. Many of these sources will continue releasing contaminants to the aquifer beyond loo0 
years in the future. Contaminated perched groundwater might also migrate to the aquifer over time. 
The perched groundwater beneath the waste storage and former production areas pose the most 
serious threat. Under the no-action alternative, groundwater modeling predicts future groundwater 
uranium concentrations are much higher than those currently measured. Wastes remaining on the site 
are expected to migrate to the aquifer to form a large and highly concentrated uranium plume, 
extending beyond the eastern FEMP boundary. This plume is anticipated to remain above levels of 
concern beyond 10o0 years in the future. 0 
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0 With implementation of the no-action alternative, contaminated soils would continue to be lost to air, 
surface water and groundwater. Future impacts to FEMP soils m y  be associated with increased 
releases of contaminants through deterioration of waste containmeat systems, with related impacts to 
air, surface water, and groundwater. These impacts are expected to be greater than under present 
conditions due to gradual release of wastes remaining on site, the abandonment of existing 
environmental monitoring systems, and the removal of existing land use and site access restrictions. 

Overall, current and future impacts to the local ecology are assoCiated primarily with exposure to 
nonradioactive inorganic chemicals, including arsenic and mercury. Current and future estimated 
radiation doses are relatively low compared to those reported to have chronic to acute effects on 
plants and animals. However, exposure to stored wastes, to the most contaminated soils on-property, 
or to the higher of predicted radionuclide concentrations in FEW runoff could cause radiation doses 
hazardous to terrestrial and aquatic plants and animals. 

The implementation of a no-action alternative at the FEMP shodd not affect the local labor force, 
transportation systems, community services, utilities, recreation, housing, or cultural resources. 
Commercial establishments in the immediate vicinity might experience a decline in daytime clientele, 
however, this should not result in business failure. Land use adjacent to the F E W  should remain 
predominantly agricultural for the next 20 years. Value of adjacent land should remain slightly below 
similar properties farther fiom the site. 0 
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PART IiI - FEASIBILITY STUDY SUPPORT (LEADING REMEDIAL ALTERNATIVES) 

Part III of the SWCR presents two types of information necessary to progress from the RI to the FS. 
These include development of Preliminary Remediation Goals (PRGs) and selection of Leading 
Remedial Alternatives (LRAs) for use in the FSIComprehensive Response Adion Risk Evaluations. 

PRGs were developed based on the following future land use assumptions. For groundwater 
exposures, residential land use is assumed. For soil exposures, both residential and recreational. For 
perched water exposures, PRGs are based on an assumption that shallow water may leach to the 
regional aquifer. 

In addition, PRGs are based on the following: 

0 Pertinent ARARs, where available 

For chemical toxicants, a Hazard Index = 0.2 
For chemical and radiation carcinogens, an Incremental Lifetime Cancer Risk = l@ 

For radionuclides, dose limit ARARsmCs 

Complete lists of PRGs are provided for each environmental medium. 0 
The Amended Consent Agreement defines the LRA as'follows: 

the Leading Remedial Alternative shall mean the remedial alternative which, based 
upon all available data and best professional judgement, consistent with CERCLA, 
is the most likely to be selected as the response action for an OU. The Leading 
Remedial Alternative does not represent the pre-selection of a remedy and shall be 
used only for the purpose of estimating and evaluating the risk presented by the 
entire Site during the FS/Comprehensive Response Action Risk Evaluations for 
Operable Units 1-5. The Leading Remedial Alternative shall in no way prescribe 
or restrict the selection of the remedy for the Operable Units 1-5 RODS. 

The LRA for Operable Unit 1 involves the removal and treatment of sufficient waste materials from 
Waste Pits 16 ,  the burn Pit and the Clearwell and/or associated contaminated soils to achieve risk- 
based PRGs and ARARs. The excavated area will be filled with compacted soils. Any remaining 
waste and contaminated soils in the Operable Unit 1 area will be stabilized and covered with a closure 
cap. The excavated materials will be treated and placed within an on-property engineered 
aboveground disposal facility. This alternative also includes continued federal ownership of the land 
to control future land use. 
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The LRA for Operable Unit 2 is capping ea& of the waste units with a multilayer RCRA-type cap. 
Regrading of the waste and runoff/run-on controls also would be employed. This alternative would 
prevent direct contact with the waste and surface transport of waste. This alternative also includes 
continued federal, ownership of the land to control future land use. The drainage north of the Solid 
Waste Landfill, an emergent wetland area, may require realignment to implement the LRA on this 
waste unit. For the lime sludge ponds, a shallow-soil mixing technology will be used before capping. 
For the FlyashBouth Field Areas, Paddys Run is identified as a floodplain and may require 
realignment to implement the LRA. 

The LRA selected for Operable Unit 3 involves the removal, treatmentldecontamhation, and disposal 
of contaminated materials to reduce the potential for contaminant migration. Decontamination and 
treatment residues would require further treatment and disposal. Contaminated materials will be 
disposed of in an on-property engineered aboveground disposal facility and clean materials will be 
free released for reuse or recycling. Tbe selection of this LRA is based on limited characterization 
and engineering study data and may change. This alternative also includes continued federal 
ownership of the land to control future land use. 

The LRA for Operable Unit 4 involves the removal of the stored waste inventories from Silos 1, 2, 
and 3. Contaminated soil and construction material from the silo berms, subsoil and the decant tank 
will be removed to the extent necessary to achieve risk-based PRGs and ARARs. Removed waste 
material from Silos 1 and 2 will undergo a contaminant separation prdcess to reduce the 
concentrations of long-lived alpha emitting radioactive constituents. Treated Silos 1, 2 and 3 waste 
will be stabilized and placed within an on-property engineered aboveground disposal facility. 
Concentrated wastes from the contaminant separation process will be stabilized and placed in an 
interim on-property storage facility pending shipment to an off-site disposal facility. Soil removal, 
necessary to meet risk-based PRGs and ARARs, will be disposed of in an on-property disposal 
facility. Silo 4 is an unused facility and will be dispositioned as a no-action alternative. The LRA 
also includes continued federal ownership of the land to control future land use. 

0 

The LRA for Operable Unit 5 involves the extraction of contaminated groundwater, treatment at an 
on-property facility, and discharge of the treated effluent to the Great Miami River through the newly 
constructed effluent line. Treatment residuals will be disposed of in an on-property engineered 
aboveground disposal facility. The LRA also involves the excavation of contaminated sedimentdsoils 
necessary to meet risk-based PRGs and ARARs, transport to an on-property location for treatment 
using a fluidized soil washing technique, and returning the treated materials as backfill. The soil 
washing fluids will be recycled and the removed contaminants will be stabilized and disposed in the 
on-property facility. Tbis alternative also includes continued federal ownership of the land to control 
futurelanduse. 
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PART I SUMMARY 

INTRODUCI'ION 
a 

The Femald Environmental Management Project (FEW), formerly known as the Feed Materials 
M u c t i o n  Center 0, is a contractor-operated federal facility where pure uranium metals were 
produced for the U.S. Department of Energy (DOE) between 1951 and 1989. The FEMP is located on 
1050 acres in a rural area of Hamilton and Butler counties approximately 18 miles northwest of 
Cincinnati. Ohio. 

On March 9, 1985, the U.S. Environmental Protection Agency (EPA) issued a Notice of 
Noncompliance to DOE idenbfying EPA's major concerns over potential environmental impacts 
associated with the FEMP's past and present operations. Between April 1985 and July 1986, 
conferences were held between DOE and EPA representatives to discuss the issues and to identify the 
steps DOE proposed to take to achieve and maintain environmental compliance. On July 18, 1986, a 
Federal Facility Compliance Agreement (FFCA) pertaining to environmental impacts associated with 
the FEW was signed by DOE and EPA. The FFCA was entered into pursuant to Executive Order 
12088 (43FR47707) to ensure compliance with existing environmental statutes and implementing 
regulations such as the Clean A i r  Act, the Resource Conservation an4 Recovery Act (RCRA), and the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). In particular, 
the FFCA was intended to ensure that environmental impacts associated with past and present 
activities at the FEW are thoroughly investigated so that appropriate remedial response actions can be 
assessed and implemented. In response to the FFCA, a Remedial InvestigatiorVFeasibility Study 
(RUFS) was initiated pursuant to CERCLA, as amended by the Superfund Amendment and 
Reauthorization Act (SARA). All WS activities are being conducted in conformance with EPA 
guidance. 

The 1986 FFCA was amended by a Consent Agreement under Section 120 and lO6(a) of CERCLA. 
The Consent Agreement was signed on April 9, 1990 and became effective on June 29, 1990. Under 
this agreement, the FEMP was divided into five operable units. This was done in order to allow the 
remedial action pmess to proceed to completion for the most welldefmed or problematic areas at the 
FEMP while data collection and analysis continued for other areas. The Consent Agreement was itself 
amended in 1991 to revise the schedules for completing the RUFS for the five operable units. This 
Amended Consent Agreement was signed on September 20 and became effective on December 19, 
1991. The definitions of the operable units were revised and a CompRhensive Site-Wide Operable 
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Unit was added. The revised definitions and that of the QmDrehensive Site-Wide ODerable Unit are: 

Ouerable Unit 1 - Waste Pits 1-6, the Clearwell, the Bum Pit, berms, liners, and 
associated contaminated soil within the operable unit boundary. 

Operable Unit 2 - the fly ash piles, other Southfield disposal areas, the lime sludge 
ponds, the solid waste landfill, berms, liners, and associated contaminated soil witfiin the 
operable unit boundary. 

Ouerable Unit 3 - the production area and production associated facilities and equipment 
(includes all above- and below-grade improvements) including, but not limited to, all 
structures, equipment, utilities, drums, tanks, solid waste, waste, product, thorium, 
effluent lines, K-65 transfer line. wastewater treatment facilities, fire training facilities, 
scrap metal piles, feedstocks, and the coal pile. 

Ouerable Unit 4 - Silos 1.2.3, and 4, berms, the decant tank system, and associated 
contaminated soil within the operable unit boundary. 

Wrable  Unit 5 - perched and regional groundwater, surface water, soils not associated 
with other operable units, sediments, flora, and fauna. 

ComDrehensive Site-Wide ODerable Unit - an evaluation of the remedies selected for the 
five operable units, including removal actions, to ensure that they are protective of human 
health and the environment on a site-wide basis. A Site-Wide RUProjected Residual Risk 
Assessment will be developed after the records of decision (RODs) for Operable Units 1- 
5 are finalized. The Site-Wide RI will incorporate all data collected pursuant to the RIs 
for Operable Units 1-5, including removal actions, and summarize any data collected after 
finalization of the OU 1-5 RODs. The Projected Residual Risk Assessment will 
document all risk anticipated to remain at the site following the implementation of the 
response actions embodied in the OU 1-5 RODS and the selected removal actions. If the 
Site-Wide RUProjected Residual Risk Assessment indicates that these remedies are 
protective of human health and the environment on a site-wide basis, a Site-Wide FS will 
not be required. If, however, the selected remedies are not found to be protective, a Site- 
Wide FS will be prepared to evaluate additional alternatives or modifications to selected 
alternatives for the reduction of risk and achievement of protectiveness. In the event that 
this FS report is necessary, a Proposed Plan which describes the selected remedial 
alternative would be developed and published. This would be followed by the submittal 
of a site-wide ROD. 

The Amended Consent Agreement also required preparation of this Site-Wide Characterization Report 
(SWCR). The purpose of the SWCR, is to provide: 

A one-time summary of al l  site data available as of December 1, 1991 

A Preliminary Baseline Risk Assessment (PBRA), which characterizes the current and 
potential threats to human health and the environment that may be posed by contaminants 
at the entire site, and 
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The Leading Remedial Alternatives (LRAs) for the five operable units. 

Part I of the SWCR, Site Characterization, addresses the first objective. The PBRA and the LRAs are 
presented in Parts II and HI. respectively. which contain independent summaries. 

The scope of the SWCR includes all FEMP site data available as of December 1, 1991. In order to 
focus this broad definition, Part I concentrates on those data necessary to support the PBRA and to 
summarize the current nature and extent of contamination at the FEW. It is g the intent of the 
SWCR to serve as a basis for deciding upon the need for or choice of remedial actions at the FEW. 
Data validation was ongoing at the time of preparation of the SWCR, and data usability is not 
addressed, although the status of the validation effort is described. Further, data required for 
describing the sources, nature, and extent of contamination related to specific operable units was still 
being collected when preparation of the SWCR began. As a consequence, data interpretation is 
limited. The validated data, interpretation, and risk analyses required for remedial action decision- 
making will be provided in the appropriate remedial investigation (RI) and feasibility study (FS) 
reports. 

The SWCR will assist in the preparation of FU and FS reports by describing the regional environment 
of the FEW, by providing the site-wide information necessary for FS cumulative response action risk 
evaluations, and by providing a number of detailed technical appendices on ecological studies, 
population estimates, and modeling efforts supporting the W S .  The SWCR will also provide a 
baseline for the Comprehensive RI, which will be prepared following the records of decision for a l l  
operable units. 

Finally, the SWCR will also serve as the site-wide database for the WS-Environmental Impact 
Statement, as described in the Executive (RIFS-EIS). The RI/FS-EIS is being prepared in accord 
with DOE'S policy of integrating compliance with the National Environmental Policy Act (NEPA) and 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). DOE 
policy on NEPNCERCLA integration is stated in DOE Order 5400.4. According to the order, 
integration is to be accomplished by conducting the NEPA and CERCLA environmental planning and 
review procedures concurrently. The primary instrument for NEPA-CERCLA integmtion is the W S  
process, supplemented as needed to meet the procedural and documentation requirements of NEPA. 
The specific NEF'NCERCLA integration approach for the FEW was published in the Notice of Intent 
(55 Federal Register 20183, May 15, 1990), which concluded that: 

An RI./FS - Environmental Impact Statement @IS) is the appropriate level of NEPA 
documentation for the lead operable unit and 

. 

NEPNCERCLA integration will also provided in the remaining operable unit W S  - 
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NEPA documents. These documents will be "tiered to" (or reference) the lead RI/FS - 
EIS and will present impacts specific to the operable units and update site-wide and 
cumulative impacts, as necessary. 

DOE'S intent to integrate NEPA and CERCLA requirements for the FEMP is reiterated in the draft 
"Implementation Plan for the RI/F!3 - EIS for Remedial Activities at Operable Unit 2 and Other 
Operable Units" (Implementation Plan). The Implementation Plan states that the FU report for 
Operable Unit 2 will provide the data required for NEPA analyses of environmental impacts of 
proposed remedial actions site-wide. These NEPA analyses will be included in the Operable Unit 2 
FS-EIS. For NEPA purposes, the site-wide database in the SWCR will be incorporated into the 
Operable Unit 2 FU report by reference. 

INVESTIGATIONS AND RESULTS 
Within the context above, there are six data sources of primary importance -- RUFS investigations 
conducted by Advanced Sciences, Inc./lT Corporation (ASI/IT), environmental monitoring data 
collected by National Lead of Ohio, Inc. (NLO) and Westinghouse Environmental Management 
Company of Ohio (WEMCO), the Characterization Investigation Study (CIS) conducted by R.F. 
Weston in 1987, groundwater data collected by Dames & Moore, A S W ,  and WEMCO for 
compliance with the Resource Conservation and Recovery Act (RCRA), a study conducted by lT in 
1986 to support DOE in litigation, and a DOE Sampling and Analysis Report prepared in 1988. These 
studies encompass solid and liquid wastes, structures and equipment, and all environmental media, 
including air, surface and groundwater, soils, and flora and fauna. The discussion below summarizes 
the major observations of these studies by medium. 

Silos 14,  Drummed Wastes. Buildinm. and Ewbrnent 
Previous studies of Silos 1 4  and drummed wastes include Silo 1 ,2  and 3 sampling conducted by 
WEMCO, tank and drum sampling by DOE and the resampling of Silos 1 and 2 conducted by A S W  
as part of the R.I/FS investigation. Buildings and equipment at the FEW have been surveyed for 
alpha and combined beta and gamma radiation by the WEMCO Industrial Radiation Safety and 
Technicians Department. 

Historic analyses of the residues in Silos 1 and 2 indicate that approximately 1 1200 kilograms of 
uranium are present, at concentrations of 1,400 m@g in Silo 1 and 1,800 m@g in Silo 2. (For 
uranium with isotopes at natuml abundances, 0.0015 mg is approximately 1 picocurie @Ci).) In 
addition, approximately 1.6 to 3.7 kilograms of radium were estimated to be present in Silos 1 and 2. 
WEMCO sampling of the silos in 1989 showed that the concentration of radium-226 (Ra-226) in Silo 
1 ranges from 89,280 picocuries/gram (pCi/g) to 192,600 pCi/g and from 657 to 145,300 pCi/g in Silo 
2. Other major radionuclides in Silos 1 and 2 include thorium isotopes and lead-210. The radium 
content of Silo 3 has been estimated at 15 to 23 curies, with 20 tons of uranium. The 1989 WEMCO 
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sampling indicated radium-226 concentrations at 467 to 6,435 pCi/g, thorium-230 at 21,010 to 71,650 
pCi/g. and total uranium at 738 to 4,554 ppm. Data from the RUFS resampling of Silos 1 and 2 
available as of December 1, 1991, was limited to chemical analyses for Silo 2. The most abundant 
inorganic constituents relative to background included cobalt, lead, nickel, and selenium. Organic 
compounds were detected in levels ranging from 3 pg/kg for 4-metfiyl-2-pentanone to 5000 pgbg of 
Aroclor-1254. Semivolatile compounds detected in Silo 2 included fluoranthene and bis(2ethylhexyl) 
phthalate. Silo 4 was never used and is empty. 

0 

The 1988 samphg by DOE found a variety of radionuclides, inorganic chemicals, and volatile organic 
compounds in drums stored on-property. For example, drums sampled in Plants 6 and 8 contained 
43,000 pCi/g and 1,200,000 pCi/g uranium-238 respectively. Inorganic chemicals in drums included 
barium, chromium, mercury, and lead. Organic compounds detected in Plant 6 drums included 1,l.l- 
trichlomthane, 2-hexanone, and acetone. 

Structures and equipment surveys found that the highest removable alpha was 46,300 disintegrations 
per minute (DPM) in the special products plant. Two samples from the sump pump house had a 
maximum alpha fixed of 1 x 106 DPM. The highest removable beta-gamma was 808,000 DPM in a 
sample from the metal fabrication plant, and the maximum beta-gamma fixed of 8.57 x 10‘ DPM was 
in a floor sample from the special products plant. 

@ Air Quality 
Air quality and meteorology at the FEMP have been extensively investigated in the past. Uranium and 
radon are the principal present-day airborne contaminants of concern, and are extensively monitored by 
WEMCO. The results of recent monitoring are the only data that reasonably represent present-day 
conditions. 1988 was the last full year of production at the FEMP, and emissions of radionuclides 
during 1989 and 1990 were substantially reduced. For example, uranium-238 emissions declined from 
35,400 microcuries in 1988 to 9,890 microcuries in 1989 and 1,080 microcuries in 1990. 
Corresponding reductions in concentrations of airborne uranium occurred at the 16 monitoring sites in 
and around the FEW. For example, the average uranium concentration at Station AMS 2, located at 
the northeast corner of the FEMP, declined from 2570 attocuries/m3 (1 attocuries = 1 x lo4 pCi) in 
1988 to 310 and 150 attoCuries/m3 in 1989 and 1990, respectively. The corresponding figures at AMS 
13, east of Ross, were 630.90, and 58 attoCuries/m3 in 1988, 1989 and 1990. respectively. Monitored 
concentrations of airborne radon declined from a 1988 annual average of 1.2 pCi/Q at the FEMP 
fenceline to 0.74 pCi/# in 1989 and 0.75 pCi/Q in 1990. However, on-property radon concentrations 
decreased by 90 percent and off-property concentrations, which were already near background, 
decreased by 50 percent after the placement of bentonite in Silos 1 and 2 in November 1991. 
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Surface Water and Sediments 
The major surface water features of concern at the FEMP are the Great Miami River, the receiving 
body for a National Pollutant Discharge Elimination System permitted discharge, Paddys Run, a small 
stream traversing the western border of the property, and the storm sewer outfall ditch, a major 
tributary to Paddys Run. The primary sources of infomation on water quality in these streams are the 
WEMCO environmental monitoring program and RI/FS investigations, which have focused on uranium 
and other radionuclides. 

Both WEMCO and RI/FS data indicate that the FEMP has only a slight effect on uranium 
concentrations in the Great Miami River, with water concentrations downstream from the effluent 
discharge approximately 1 to 2 pCi/P higher than the 1 pCih typical upstream from the discharge. 
Other radionuclides are similar in concentration upstream and downstream from FEW influence. 
Great Miami River sediments do not indicate any contribution of the FEMP to uranium concentrations, 
with levels of about 2 pCi/g both above and below the effluent discharge. Inorganic chemical 
concentrations are similar above and below the FEMP and only occasionally exceed water quality 
criteria, as measured by the U.S. Geological Survey at New Baltimore. Calcium is the dominant 
cation in Great Miami River surface water, followed by magnesium, sodium, and potassium. 
Carbonate is the dominant anionic constituent, followed by sulfate, chloride, and nitrate. \* Recent environmental monitoring data collected by WEMCO indicate that the Paddys Run sampling 
point with the highest uranium concentrations on-property had an average of 76 pCi/Q, but off- 
property concentrations are less than 7 pCi/P. Nonradioactive chemical concentrations in Paddys Run 
surface water are similar upstream and downstream from the northern boundary of the FEW. 
Uranium concentrations in Paddys Run sediments adjacent to the confluence with the storm sewer 
outfall ditch have been reported at up to 62 pCi/g, but average less than 2.0. 

The storm sewer outfall ditch is normally dry, but uranium concentrations in runoff from various 
drainages to Paddys Run have been recorded as high as several milligrams/P. Recent sampling of the 
storm sewer outfall ditch sediments found a maximum of about 17 pCi/g, although levels several times 
this value have been recorded in the past. Environmental monitoring data suggest that radionuclide 
levels in Paddys Run and storm sewer outfall ditch sediments have decreased since the construction of 
the storm water retention basins in 1986. Nonradiological constituents have not been detected at 
above background levels in these sediments. Similar data for the Great Miami River are unavailable. 

Groundwater 
The major focus of groundwater investigations at the FEMP has been on radionuclide contamination of 
the regional Great Miami Valley aquifer. Related studies have been conducted on the extensive zones 
of perched groundwater on and adjacent to the FEW. The database on groundwater at the FEMP is 
extensive, with major contributions from the WEMCO environmental monitoring program, RCRA 

I 
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groundwater sampling conducted by Dames and Moore, ASIJlT, and WEMCO, and RUFS 
investigations. The summary below combines observations from al l  three programs. @ 
Both radiological and nomdiological constituents have been detected in perched and regional aquifer 
groundwater. The highest concentrations of uranium in perched groundwater and the regional aquifer 
were found in the production area A large area with total uranium concentrations greater than 1 mg/Q 
was observed in perched groundwater beneath the Plant 2/3, Plant 6, and Plant 8 areas. The highest 
average total uranium concentrations in the production area are 568 mg/Q in perched groundwater and 
0.071 mglQ in the regional aquifer. Total uranium above background concentrations was also found in 
perched groundwater from the vicinity of the waste storage area, the sewage treatment plant, the fire 
training area, the South Field, and other isolated areas with maximum average concentrations ranging 
from 0.1 17 to 11.5 mg/Q. Above background uranium concentrations were also found in samples 
from regional aquifer wells in the vicinity of the waste storage area, the South Plume, and along 
Paddys Run. with maximum average concentrations ranging from 0.062 to 0.58 mg/Q. Concentrations . 

of uranium in the perched groundwater are generally greater than those shown in the regional aquifer 
groundwater. 

In addition to uranium isotopes, the other radiological constituents that have been recumntly detected 
in the perched groundwater at the FEMP include radium-226 and -228, strontium-90, technetium-99, 
thorium-228, -230, and -232, and total thorium. The locations of these detections are similar to those 
with elevated concentrations of total uranium. The highest concentrations of these constituents 
generally occurred in perched groundwater in the former production area. Only radium-228, thorium- 
228 and -230, and total thorium were detected in background perched groundwater samples. 
Groundwater in the regional aquifer in the waste storage area and the former production area does not 
contain as many radiological constituents as the perched groundwater. Only strontium-90, technetium- 
99, and thorium-228 and -230 were repeatedly detected in the waste storage area, and only radium-226 
was detected in the former production area. However, radium-226 and -228, strontium-90, technetium- 
99, and thonum-228 and -232 have been detected in the South Plume, and radium-226 and -228 and 
thorium-230 were detected in a few regional aquifer monitoring wells along Paddys Run. 

‘1) 

Above background concentrations of a number of inorganic chemicals were found in perched 
groundwater in the waste storage area and the former production area. Aluminum, calcium, and 
manganese wete found in perched groundwater from the vicinity of the sewage treatment plant and the 
fire training area, and sodium was found in Well 1447 located in the sewage treatment plant area. 
Above background concentrations of inorganics were also found in groundwater from the regional 
aquifer beneath the waste storage area and the former production area. With the exception of 
manganese, concentrations of these metals were generally not as high as those in the perched 
pundwater. In the former production area, above background concentrations of manganese in 
regional aquifer groundwater ranged from 0.27 to 355 mg/Q, while they ranged from 0.205 to 1.93 0 
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mglP in the perched groundwater. Elevated concentrations of a number of inorganic chemicals were 
also found in the aquifer groundwater in the other mas, especially in an area extending from the 
South Field to south of the local industries along Paddys Run Road. 

Above background concentrations of ammonia, chloride, nitrate, phosphorus, sulfate, total Kjeldahl 
nitrogen (TKN), total organic halides UOX), and total organic nitrogen (TON) were found in perched 
groundwater from the waste storage area and the former production area. Cyanide was detected in a 
few weIls at these two locations, ranging from 0.002 to 0.248 mg/P. Above background 
concentrations of fluoride and total organic carbon (TOO were also found in perched groundwater 
from the waste storage area and the former production a m ,  respectively. Above background nitrate, 
ranging from 0.36 to 20 mg/Q, was found in perched groundwater from the vicinity of the sewage 
treatment plant and the South Field. Slightly elevated TKN, TOX, and TON were also found in Well 
1016 located in the vicinity of the Southfield. General chemical constituents with statistically elevated 
concentrations in the regional aquifer groundwater beneath the waste storage area and the production 
area were similar to those found in the perched groundwater in these areas. Concentrations of most 
constituents in the perched groundwater were generally higher than the concentrations in the aquifer 
groundwater. However, in the waste storage area; the maximum concentrations of phosphorus and 
sulfide from the aquifer were higher than those in the perched zone. As with metals, statistically 
elevated concentrations of many general chemical constituents were also found in an area in the 
vicinity of the southern boundary of the FEMP property extending to the south of the local industries a along Paddys Run Road. 

A variety of volatile and semivolatile organic compounds were detected in perched groundwater and 
aquifer groundwater from the vicinity of the waste storage area, the pmduction area, and the 
Southfield. A pesticide, heptachlor epoxide, was detected in Well 1324 in the production area at 0.058 
p g k  Three other pesticides, alpha-BHC, aldrin, and heptachlor, were detected in Well 2022, which is 
located in the waste pit area, with concentrations ranging from 0.07 to 0.1 1 pg/Q. Various volatile and 
semivolatile organic compounds were detected in perched groundwater from the vicinity of the sewage 
treatment plant and fire training area and in the aquifer pundwater from a area near and south of the 
local industries south of the FEW property. 

Surface Soils 
The primary sources of data on surface soils at the FEW are NLO and WEMCO environmental 
monitoring data, the CIS conducted by Weston, and RVFS investigations. The environmental 
monitoring and CIS data are limited to radionuclides, particularly uranium, while the RI/F!3 data 
include nonradioactive inorganic constituents and organic compounds. 

Annual sampling of surface soil by the WEMCO environmental monitoring program indicates that 
uranium concentrations decrease with distance from the center of the FEW. In 1990, the total 
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uranium concentration at Station AMS 9.0.1 km from the FEMP center, was 41 pWg, compared to 
15 pCi/g at AMs 2. 1.1 km from the center. Off-property uranium concentrations ranged from 1.1 to 
7.2 pCdg at distances from 40 to 1.3 km from the FEMP center. 

0 
A number of radionuclides were detected in on-property soil samples during the CIS. Most of the 
samples taken from the waste storage area contained above background levels of depleted uranium, 
with uranium-238 ranging from 2.5 to 3,490 pCi/g in the 0 to 18 inch depth range. Thonum-230 was 
detected in all samples analyzed, ranging from 0.1 to 972 pCi/g. Radium-226 was detected in about 
half the samples, at 0.4 to 51 pCi/g. Technetium-99 also occurred in half the waste pit samples, at 2.6 
to 1,540 pCi/g. Plutonium isotopes and cesium-137 were detected in several samples from the waste 
storage area. Three soil samples from the inactive flyash pile contained above background 
concentrations of radium-226 (1.7 to 49 pCi/g), and one sample contained thonum-230 (59 pCi/g), 
uranium-234 (82 pcl/g), -235 (1.9 pCi/g), and -238 (40 pCi/g). 

The ranges of uranium-234, -235 and -238 in samples from the South Field were 4.2 to 2,850 pCi/g, 
0.2 to 356 pCi/g, and 2 to 2,940 pCi/g, respectively. Other constituents detected included cesium-137 
(0.3 to 0.7 pCi/g), radium-226 (0.2 to 354 pCi/g), thonum-228 (0.1 to 129 pCi/g), thorium-230 (0.2 to 
2,330 m / g ) ,  and thorium-232 (0.1 to 130 pCi/g). 

The highest concentrations of uranium were consistently measured in samples taken in the vicinity of 
the former incinerator adjacent to the sewage treatment plant. Results of FU/FS surface soil sampling 
at the FEMP also showed isotopes of uranium, thorium, strontium-90 and technetium-99 present. The 
distribution of these isotopes in soils on and adjacent to the FEW is consistent with airborne 
emissions from the former incinerator, the production area and the waste storage areas. 

Total uranium was detected in all RIPS samples, ranging from 1.0 to 23,000 m a g .  The highest 
concentrations occurred adjacent to the former incinerator near the sewage treatment plant. Uranium- 
238 ranged from 0.7 to 25,670 pCi/g, with a mean of 105 pCi/g. The maximum was recorded near 
the former incinerator. Uranium-234 ranged from 0.7 to 13,262 pCi/g, with the highest concentration 
detected in the southwest quadrant of the former production area. Thorium isotopes were detected in 
nearly all samples, with ranges of 0.6 to 315 @/g, 0.7 to 7,901 pCi/g, and 0.6 to 283 p a / g  for 
thonum-228, -230, and -232, respectively. The highest concentrations of thonum-228 and -232 were 
in the southwest quadrant of the former production area, while the highest thonum-230 was in the 
northeast quadrant. Radium-226 and -228 were detected approximately 85 percent of samples, ranging 
from 0.4 to 2,950 pCi/g radium-226 and 0.5 to 558 pCi/g radium-228. The highest concentration of 
radium-228 was in the northeast quadrant of the former production area. Cesium-137 and strontium- 
90 was detected in about half the samples, with ranges of 0.2 to 14 pCi/g and 0.5 to 26.3 pCi/g, 
respectively. 0 
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Inorganic chemicals detected in all RVFS samples included aluminum, arsenic, barium, beryllium, 
cadmium, calcium, cobalt, copper, iron, magnesium, nickel, vanadium, and zinc. The highest 
concentrations of inorganics were generally found in the former production m a  with lower values for 
the remainder of the FEW. Forty-seven volatile and semivolatile organics were detected, with PCBs 
detected in all samples as well as benzo(a)pyrene and methylene chloride. The highest concentrations 
of organics were found in samples from the northeast quadrant of the former pmduction area. 

Subsurface Soils 
The primary sources of data on subsurface soils at the FEMP are the CIS and FU/FS investigations. 
Both studies included analyses of radiological and chemical constituents from a number of locations 
on the FEW, principally the waste storage area, the flyash piles and South Field, the solid waste 
landfill, and the former production area. 

The most abundant radionuclides in CIS samples from the waste pits, bum pit, and Clearwell were 
uranium and thorium isotopes, technetium-99, and radium-226. Mean uranium-234 and -238 
concentrations ranged from 135 and 106 pCi/g in the bum pit to 3,418 and 6,985 pCi/g in Waste Pit 6. 
Thorium-230, the most abundant thorium isotope, ranged from 27 pCi/g in Waste Pit 6 to 10,452 
pCi/g in Waste Pit 3. Average technetium-99 ranged from 1.3 pCi/g in Waste Pit 1 to 1,095 pCVg in 
Waste Pit 5. Average radium-226 ranged from 2.1 pCi/g in the bum pit to 194 pCi/g in Waste Pit 3. 

Uranium and thorium isotopes, and radium-226 were consistently detected in FU/FS samples from the 
berms of Waste Pits 1 and 3, with the higher values in Waste Pit 1. The mean concentrations in the 
Pit 1 berm were 349 pCi/g uranium-234, 894 pCi/g uranium-238, 3,811 pCi/g thorium-230, and 649 
pCig radium-226. Concentrations in the Pit 3 were 10 to 100 times lower. 

@ 

Inorganic chemicals commonly detected in CIS samples from the waste pit area included aluminum 
(4,730-24.061 mg/kg), calcium (22,190-156,OOO mg/kg), iron (2,750-20,250 mg/kg), and magnesium 
(12,184-30,700 mg/kg) throughout the waste pits and Clearwell. Average arsenic (1,052 and 530 
mgflrg), lead (232 and 158 mg/kg), sodium (2,800 and 5,417 mg/kg), and vanadium (870 and 2,700 
m a g )  were among the higher concentration inorganic chemicals in Waste Pits 3 and 5. In RUFS 
samples, the Bum Pit had the highest concentrations of several inorganic constituents, including cobalt 
(40 mgflrg), copper (259 mg/kg), molybdenum (19.3 m a g ) ,  and zinc (505 m a g ) .  

A variety of organic compounds were detected in CIS samples from the waste pit area. For example, 
PCBs ranged from detection limits to 10 mag, with Waste Pit 1 containing the highest 
concentrations. Chrysene ranged from detection limits to 180 m a g ,  with the highest concentration in 
Waste Pit 2, although the mean in Pit 2 was only 1.3 mg/kg. Phenanthrene ranged from detection 
limits to 370 mgkg, again with the highest concentration in Pit 2. Fluoranthene ranged from detection 
limits to 460 m a g .  with the maximum in Pit 2. Pyrene ranged up to 310 mg/kg in Pit 2. 
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RUFs samples from Waste Pit 1 contained chloroform at up to 0.33 m a g  and tetrachloroethene at up 
to 0.21 m a g .  Aroclor-1254 was detected at 2.3 m a g  in the bum pit, and methylene chloride was 
detected in all samples from the Bum Pit. Other organic detections included 2-butanone. acetone, 
ethylbenzene, toluene, and total xylenes. 

Radionuclides detected in CIS samples from the flyash piles and South Field include isotopes of 
uranium, thorium, and radium, and lead-210. The highest concentrations of uranium were in the 
inactive flyash pile, where uranium-238 ranged from 2.6 to 160 pCi/g, compared to maxima of 42 
pCi/g in the South Field and 18 pCi/g in the active flyash pile. The highest concentrations of thorium, 
radium, and lead-210 were in the South Field, with maxima of 101 m / g  thorium-232.46 pCi/g 
radium-226, and 28 pCi/g lead-210. 

RI/FS samples from the flyash piles contained detectable concentrations of several radionuclides 
slightly above background levels. Uranium-234 and -238 were present in the highest concentrations, 
with means of 3.4 pCi/g uranium-234 and 4.4 pCi/g uranium-238 in the active flyash pile and 6.0 
uranium-234 and 6.4 pCi/g uranium-238 in the inactive pile. 

Aluminum, calcium, iron and magnesium were found in concentrations exceeding 7,000 m a g  in CIS 
samples from the flyash piles and the South Field. Acetone, methylene chloride, and PCBs were the 
only organic compounds detected. In RUFS samples, antimony, arsenic, lead, molybdenum, selenium 
and silver exceeded background levels in both flyash areas. The active flyash pile contained calcium 
and magnesium above 35,000 m a g .  Semivolatile organics were detected in higher levels (up to 
2,700 pg/kg) in the active flyash pile than in the inactive flyash pile (up to 310 pg/g). 

3 

Uranium-238 was the most abundant radionuclide detected in CIS samples from the solid waste 
landfill, with a maximum concentration of 338 pCi/g and an average of 11.3 pCi/g. Thorium-230, the 
next most abundant radionuclide, had a mean concentrations of 3.2 pCi/g. Other radionuclides were 
near or below detection limits. Uranium-234 and -238 and thorium-228 were detected above 
background in FUFS samples from the solid waste landfill, with means of 6.9, 1.4, and 1.8 pCi/g, 
respectively. The upper 95 percent confidence limits for background uranium-234, -238, and thorium- 
228 were 2.1, 2.1, and 1.5 pCi/g. 

Aluminum, calcium, iron, and magnesium had the highest concentrations among inorganics in both 
CIS and RyFS samples from the solid waste landfill, with values comparable to other locations on the 
FEW. A variety of organic compounds were detected, including acenapthene (1.3 to 28,000 m a g ) ,  
benzo(a)pyrene (0.1 to 7 m a g ) ,  and pyrene (0.24 to 6.3 m a g ) .  Only a few organic chemicals were 
detected in RWS samples, including 1,ldichlomethane (0.13 m a g ) ,  acetone (0.01-0.03 m a g ) ,  and 
methylene chloride (0.004-0.005 m a g ) .  9 .  
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Aluminum, calcium, iron and magnesium were the most abundant inorganic chemicals detected in CIS 
samples from the lime sludge ponds. Acetone, phthalates, and methylene chloride were detected in 
both ponds, at maximum concentrations of 0.15, 0.31, and 0.24 mg/kg, respectively. 

Uranium isotopes, thorium-230 and radium-228 were the most abundant radionuclides detected in 
RI/FS samples from borings in structures in the former production area. Uranium-234 and 238 ranged 
from 0.6 to 18,100 pCi/g and from 0.6 to 19,100 pc1, respectively. Thorium-230 ranged from 0.6 to 
127 pCi/g, and radium-228 ranged from 0.5 to 170 pCi/g. Similarly to other mas of the FEMP, 
aluminum, calcium, ironsand magnesium were the most abundant inorganic chemicals in production 
area subsurface soils. Other common inorganics include barium (0.1 to 3,6 10 mg/kg), manganese (0.6- 
1,500 mg/kg), potassium (204-2,470 m a g ) ,  and sodium (0.5-2,220 m a g ) .  Other inorganics detected 
above 100 m a g  were lead (2.94lO mgkg) and zinc (0.04-247 mg/kg). A variety of organic 
compounds were detected, including semivolatiles, volatiles, and P a s .  

Ecologv 
A number of investigations have been conducted to support site-specific ecological assessments at the 
FEW. These studies fall into three general categories: characterizations of habitats and species 
compositions, analyses of organisms for uptake of FEW contaminants, and toxicity tests of FEMP 
effluent, soils, and sediments. 

The major ecological characterization study at the FEW was conducted by researchers from Miami 
University under contract to WEMCO. They described five major habitats at the FEMP: introduced 
grasslands, pine plantations, deciduous woodlands, a riparian zone along Paddys Run, and an area 
coincident with the inactive fly ash disposal area and Southfield. The latter habitat was considered 
separate because of its distinct flora and fauna compared to other areas at the FEMP. Habitats at the 
FEMP are generally comparable to those off-property. This study and several followup studies also 
examined possible stress effects on reproduction of American robins and the presence of a null allele 
for the enzyme glucose phosphate isomerase (GPI) in tree frogs collected from the FEW. American 
robin fledglings collected from the FEMP in 1987 and 1990 were lower in four of five growth 
parameters than off-property populations. However, fledglings collected in 1991 did not show this 
difference. These observations were attributed to the possible disappearance of physical stress 
associated with FEW land management practices rather than to exposure to contaminants The GPI 
null allele was believed to be limited to FEMP ~ e e  frog populations on the basis of the initial samples 
collected in 1986-87. However, extensive followup studies found that the allele was widely distributed 
and not associated with past or present FEMP operations. 

0 

RI/FS characterization studies included wetlands delineation, macroinvertebrate surveys of the Great 
Miami River and Paddys Run;and surveys for threatened and endangered species. Wetlands on the 
FEW property were delineated following federal guidance, which defines wetlands by the presence of 
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hydrophytic plants, hydric soils, and wetlands hydrology. Wetlands at the FEMP meeting this 
definition are limited to a forested area of approximately 50 acres in the northern area of the property 
and various drainages containing cattails. Paddys Run and the storm sewer outfall ditch. the two 
major surface water features on-property, do not meet the wetlands definition. 

Benthic macroinvertebrate communities in the Great Miami River and Paddys Run were surveyed five 
times over two years to examine potential effects of the FEMP on aquatic communities. Communities 
above, adjacent to, and downstream from FEMP influence were compared using Ohio EPA’s 
Invertebrate Community Index (ICI). Overall, the IC1 values for the Great Miami River suggest that 
the FEMP effluent discharge has minimal impact on the macroinvertebrate community. Results from 
Paddys Run are less clear, because the zone of potential FEMP influence coincides with a section of 
the stream which is dry approximately six months of the year. The results are consistent with some 
degree of environmental stress, but it can not be determined whether this is due to effects of the 
FEW or to the highly stressful physical environment of the stream. Observed concentrations of 
radionuclides and chemicals in Paddys Run are not consistent with those reported in the literature to be 
toxic to aquatic organisms. 

There is one federally listed endangered species, the Indiana bat (Mvotis sodalis), and one state-listed 
endangered species, the cave salamander (Ewcea lucifuga), whose ranges overlap the area of the 
FEMP. Detailed surveys were performed to determine whether these species and critical habitat for 
them were present at or in the vicinity of the FEW. Indiana bats were captured approximately three 
miles east of the FEMP but none were captured on-property. Cave salamanders were not found on- 

ProPeflY. 

Uranium concentrations in grass and forage samples collected for routine environmental monitoring 
from 1985 to 1990 ranged from less than 0.01 to 5.6 pCi/g and typically declined sharply with 
distance from the center of the FEW. Fluoride concentrations in these samples ranged from less than 
0.02 to 18 m a g  and showed no relationship with distance from the FEW. These data suggest a 
gradual decline in average uranium and fluoride concentrations in forage over h e .  

produce samples had uranium concentrations less than the 0.6 p a / g  detection limit for R4FS data, 
discussed below. No consistent differences have been observed in produce uranium concentrations 
between samples collected adjacent to the FEW and at reference locations greater than 16 km (10 
miles) from the facility. NLO and WEMCO have conducted radionuclide analyses of milk from cows 
grazing in the vicinity of the FEMP and from several reference sites. Typically, no differences have 
been observed between local and reference locations. 

Fish have been sampled from the Great Miami River upstream, adjacent to, and downstream from the 
FEMP effluent discharge annually, starting in 1984. There were no consistent differences among the 
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three locations, although the outfall and downstream stations were markedly higher than the upstream 
station in 1988. Most of the fish uranium values reported by NLO and WEMCO were below the 
detection limit of 0.6 pCi/g for RvFs data 

a 
Concentrations of radionuclides and nonradioactive constituents in FEMP vegetation were measured in 
1987 and 1988, when the plant was sti l l  in operation. Ninety-six samples of terrestrial vegetation and 
17 samples of wetland vegetation were analyzed for radionuclides. Ten samples, including two from a 
wetland site, were analyzed for selected inorganic and organic chemicals. Total isotopic uranium 
concentrations in terrestrial plants ranged from less than detection limits of 0.6 pCi/g to 35.5 pCi/g. 
Total isotopic uranium in wetland plants ranged from less than detection limits of 0.6 pCi/g to 31.3 
pCi/g. Cesium-137 ranged from less than detection limits (0.2 to 0.8 pCi/g) to 1.4 pCi/g in terrestrial 
plants and was not detected in wetland plants. Strontium-90 was detected in only seven terrestrial 
plant samples and one wetland sample, with a range of detected concentrations, 0.6 to 0.9 pWg, 
smaller than the range of detection limits, 0.5 to 1.5 pCi/g. . 

Aluminum, arsenic. barium, fluoride, sulfate. mercury and zinc were detected in vegetation from all 
five locations sampled. Fluoride concentrations in RI/FS samples were ten-fold higher than those in 
WEMCO environmental monitoring samples. The reason for this is unknown. Cadmium, lead, and 

, vanadium were detected in several samples, but silver was not. The organic chemicals anthracene, 
butylbenzyl phthalate, chrysene, fluoranthene, phenanthrene, pyrene. 2-nitrophenol, PCBs, chlordane, 
and DDT were analyzed for but not detected in FEMP vegetation. 

RWS sampling also included agricultural crops and garden produce in the vicinity of the FEW and at 
a reference area near Brookville, Indiana. Uranium was detected at low concentrations in 
approximately a third of the samples from both the FEMP and reference areas, with no differences in 
concentrations between the two sites. Cesium-137 was detected only at a low concentration in one 
corn sample from Indiana, and strontium-90 was not detected in any sample. 

Eight mammal samples were collected from the FEMP during 1987-1988 and analyzed for isotopic 
uranium, cesium-137, and strontium-90. One sample.had detected uranium at 18.0 pCi/g. Cesium-137 
and strontium-90 were not detected in mammal samples. Four samples were analyzed for the same 
inorganic and organic chemicals as in vegetation, except fluoride and sulfate. Aluminum, barium, 
mercury, and zinc were the only nonradioactive chemicals detected in mammals. 

Fish and benthic macroinvertebrates were collected f b m  the Great Miami River, Paddys Run, and a 
small pond on the FEW. Samples were analyzed for cesium-137. strontium-90, and isotopic uranium. 
Uranium was not detected in fish collected from the Great Miami River. Uranium was detected in 
three of ten samples from Paddys Run, at a maximum concentration of 3.7 pCi/g, and in one sample 
from the FEMP pond at 1.7 pCi/g. Uranium was detected in two of three macroinvertebrate samples a 
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detected in three of ten samples from Paddys Run, at a maximum concentration of 3.7 pCilg, and in 
one sample from the FEW pond at 1.7 pCi/g. Uranium was deteded in two of three 
macroinvertebrate samples from the Great Miami River and in four of five Paddys Run samples, with 
a maximum of 6.5 pCi/g total isotopic uranium in these organisms. Cesium-137 and strontium-90 
were not detected in any samples of aquatic organisms. 

Acute and chronic aquatic toxicity tests were conducted on FEMP eflluent five times over a two-year 
period following standard EPA protocols. Acute toxicity was never observed. Chronic toxicity was 
observed in three of five algal growth tests and in one of three daphnid tests. No correlation was 
observed between effluent toxicity and uranium concentrations or other effluent variables. The 
concentrations causing toxicity were at least eight times the maximum concentration of effluent which 
would be observed in the Great Miami River under worstcase conditions. Aqueous extracts of soils 
and sediments from the FEMP were tested for acute toxicity to aquatic organisms. No acute toxicity 
was observed. 

CHANGES RESULTING FROM COMPLETED REMOVAL ACTIONS 
The only removal action which was complete as of December 1, 1991 and for which monitoring data 
was available was the addition of bentonite to Silos 1 and 2 to control the emission of radon. As 
described above in the air quality section, this action reduced on-property radon concentrations by 
90 percent. The average radon concentration at the four on-property monitor locations with the 
highest values declined from 12.2 pCi/P in the month before bentonite installation to 1.2 pCilP in the 
month after the installabon. me off-property aveiaie at the four monitoring locations nearest to sil&- * 

1 and 2 decreased from 1.2 pCilP to 0.6 pCilP. 

As part of the Waste Pit 6 Removal Action, monitoring was performed prior to, during, and after the 
actual movement of exposed wastes to below the water cover. All sampling and monitoring results 
can be found in the Final Report, Removal Action for Exposed Materials at Pit 6, January 1992. As 
a result of this removal action, Waste Pit 6 will no longer be a significant source of particulate 
emissions. 

DATA VALIDATION 
Data validation is an after-the-fact, independent, systematic process of evaluating data and comparing 
it to pre-established criteria to provide confirmation that the data is of the technical quality necessary 
to meet the intended use, and to assure that a legally defensible “road map” can be established that 
traces the sample from the time it is collected in the field to the ultimate end use. The process of 
validation by trained and experienced personnel in the chemical and radiological fields is the 
fundamental basis for determining the quality and usefulness of data on which to support technical 
decisions. Validation reviews specific parameters associated with the data to determine whether it 
meets the data quality objectives (DQOs) stipulated. The quality objectives address five principal 
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parameters: precision, accuracy, completeness, comparability and representativeness. To verify that 
these objectives are met, the validation pn>cess examines field measurements; sampling and handling 
procedures; laboratory analysis and reporting; and evaluation of nonconformances and discrepancies 
.in the data to determine compliance with appropriate and applicable procedures. Data qualifiers are 
assigned to the analytical data to alert the user of any nonconformances to quality assurancelquality 
control (QA/Qc) requirements. 

0 

The level of quality required depends on the intended use of the data, which in turn dictates the 
appropriate level or extent of validation. As described in the RI/FS Quality Assurance Project Plan, 
the F E W  RI/FS Data Validation Plan classifies data into one of five analytical support levels (Ash): 

ASL I (aualitative) - Applies to field screening or analysis using portable instruments. 
Results are often not compound-specific and not quantitative, but are available in real 
time. 

0 ASL II (semi-auantitative) - includes both field and laboratory analyses using either more 
sophisticated portable analytical field instruments or controlled laboratory procedures. 
Results are defendable as approximations of the true values of measured analytes. 

0 ASL III (auantitative) - includes all analyses performed in an off-site laboratory which 
may or may not use EPA Contract Laboratory (CLP) procedures, providing quantitative 
results within the limits of the laboratory quality assurance plan. A&al' defendability of 
data is uncertain due to the absence of supporting raw data to determine actual 
compliance with established QA/QC requirements. 

0 ASL IV (auantitative) - EPA CLP routine analytical services. All analyses are 
performed at an off-site analytical laboratory approved to perform analyses under the 
EPA Contract Laboratory Program using specified CLP protocols. This level is 
characterized by rigorous QA/QC procedures and documentation. The majority of the 
chemical analyses performed for compounds on the HSL were performed under the 1988 
EPA CLP Statement of Work. 

0 ASL V (auantitative) - analysis by non-standard methods. All analyses are performed at 
an off-site laboratory which may or may not be a CLP laboratory. Standard methods are 
those which have been accepted and/or published by EPA. Radiological and 
dioxin/furan analyses fall into this category. Other data collected for ASL III or IV are 
sometimes assigned instead to ASL V because of method modifications or departures 
noted during reviews. Data derived from non-standard methods are subject to the same 
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QA/QC requirements as ASL III data and require additional internal validation of the 
method by the laboratory. 

After the data validation process, a technical evaluation is performed by OU personnel to assess its 
technical usefulness for their specific needs. As of Mar& 20, lq92, a total of 7,262 samples had 
been submitted to the laboratory for analysis and validation had been completed for 3,503 chemical 
analyses (i.e. volatiles, semi-volatiles, metals, etc.), and 5,678 radiological samples. 

- .  
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The Femald Environmental Management Project (FEMP), formerly known as the Feed Materials 
production Center 0, is a contractor-operated federal facility where pure uranium metals were 
produced for the U.S. Department of Energy (DOE) between 1951 and 1989. The FEMP site is 
located on 1050 acres in a rural area of Hamilton and Butler counties approximately 18 miles 
northwest of Cincinnati, Ohio. 

On March 9, 1985, the U.S. Environmental htect ion Agency P A )  issued a Notice of 
Noncompliance to DOE which stated EPA's major concerns over potential environmental impacts 
associated with the FEMp's past and present operations. Between April 1985 and July 1986, 
negotiations were held between DOE and EPA representatives to clarify the issues and to identify the 
steps DOE proposed to take to achieve and maintain environmental compliance. 

On July 18, 1986, a Federal Facility Compliance Agreement (FFCA) pertaining to environmental 
impacts associated with the FEW was signed by DOE and EPA. The FFCA was entered into 
pursuant to Executive Order 12088 (43FR47707) to ensure compliance with existing environmental 
statutes and implementing regulations such as the Clean Air Act, the Resource Conservation and 
Recovery Act (RCRA), and the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA). In particular, the FFCA was intended to ensure that environmental impacts associated 
with past and present activities at the FEMP are thoroughly and adequately investigated so that 
appropriate remedial response actions can be formulated, assessed, and implemented. In response to 
the FFCA, a Remedial InvestigationFeasibility Study (RI/FS) was initiated pursuant to CERCLA, as 
amended by the Superfund Amendment and Reauthorization Act (SARA). All RI/FS activities are 
being conducted in conformance with EPA's "Guidance for Conducting Remedial Investigations and 
Feasibility Studies Under CERCLA" (EPA 1988). 

The 1986 FFCA was amended by a Consent Agreement under Section 120 and 106(a) of CERCLA. 
The Consent Agreement was signed on April 9, 1990 and became effective on June 29, 1990. Under 
this agreement, the FEW was divided into five operable units, as defined below in Section 1.2.1. 
This was done in order to allow the remedial action p m s s  to proceed to completion for the most 
welldefined or problematic areas at the FEMP while data collection and analysis continued for other 
areas. 

The Consent Agreement was itself amended in 1991 to revise the schedules for completing the RIPS 
for the five operable units. This Amended Consent Agreement was signed on September 20 and 
became effective on December 19, 1991. Under this agreement, the definitions of the five operable 
units were revised and a Comprehensive Site-Wide Operable Unit was added to evaluate the remedies 
selected for the five operable units on a site-wide basis, as discussed below in Section 1.2.1. The 
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Amended Consent Agreement also requires that this Site-Wide Characterization Report (SWCR) be 
prepared, as discussed below. 

1.1 OBJECI'Mi AND PURPOSE 
The objective of this report is to provide an overview of the regional environment of the FEW and of 
the sources, nature, and extent of contamination at the FEW site. The specific purposes are to 
compile and summarize all available FEMP data and to evaluate potential risks to human health and 
ecological receptors from exposure to contamination originating at the site. As defined in the 
Amended Consent Agreement, the SWCR is to present: 

A one-time summary of all site data available as of December 1,1991 

. A preliminary baseline risk assessment (PBRA), supplemented by a NEPA analysis of the 
environmental consequences of no action 

The leading remedial alternatives (LRAs) for the five operable units 

Although extensive data have been generated on the nature and extent of environmental contamination 
at the FEMP, there has been no comprehensive presentation of all data for the site to date. The data 
summary in the SWCR provides this comprehensive sumhary as a basis for the PBRA. The PBRA 
characterizes the current and potential threats to human health and the environment that may be posed 
by contaminants at the entire site, as defined by CERCLA, and considers the risks which currently 
exist if no further response actions or institutional controls are applied. It is not the intent of this 
document to provide the validated data necessary for deciding among alternative remedial actions or 
for choosing remedial action vs. no action. The validated data and risk analyses required for these 
decisions will be provided in the operable unit-specific RI and FS reports. The status of the data 
validation effort, which was ongoing when preparation of the SWCR began, is provided in Part I, 
Section 4.3. 

The LRA for each operable unit is the response action considered most likely to be selected as the 
preferred alternative for that operable unit. These will be based upon a l l  available data and best 
professional judgment. Consistent with the function of the SWCR and PBRA as described above, the 
LRA does not represent the preselection of a remedy and is used only for the purpose of estimating 
and evaluating the risk presented by the entire site during the FS comprehensive response action risk 
evaluations for Operable Units 1 through 5 ,  as required by the Amended Consent Agreement and as 
discussed below in Section 1.2.3. The LRAs will be modified as necessary to reflect new information 
and will not prescribe or restrict the selection of the remedy for any operable unit Record of Decision 
(ROD). 
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1.2 PROJECX APPROACH 
This section describes the overall approach to remediation at the FEW including the RI/FS, removal 
actions, risk assessment, and integration of the requirements of CERCLA, RCRA, and NEPA. 

1.2.1 RVFS Amroach 
The RVFS for the FEMP was initially designed to address the entire site and to focus on various 
environmental media that could be potentially affected by past and present operations. The purpose of 
the RI is to determine the nature and extent of any release, or threat thereof, of hazardous or 
radioactive substances and to gather the necessary data to support the evaluation of remedial action 
altematives in the FS. 

A Work Plan for the site-wide RI/FS, based on the requirements of the FFCA, was originally 
submitted to EPA in December 1986. After a series of technical discussions, the Work Plan was 
modifled and resubmitted in March 1988. It received EPA approval in May 1988. The Work Plan 
provided the overall technical approach, identified a number of investigative areas, developed 
objectives for each of the specified investigations, and establjshed overall objectives for the evaluation 
of data collected during the RI activities. The Work Plan included the following detailed plans that 
established specific procedures for the completion of the RWS for the FEMP: 

SamplingPlan 
Health and Safety Plan 
Community Relations Plan 
Data Management Plan 
Quality Assurance Project Plan 

The Sampling Plan contained objectives, sampling locations, and sampling procedures for the 
following: 

Radiation measurements 
Surfacesoils 
Groundwater 
Subsurfacesoils 
Surface water and sediment 
Biological resources 

The Work Plan identified 27 units of the FEMP to be investigated in the W S ,  which, through 
revisions, eventually increased to 39 units. In the course of the investigation it became apparent that 
for technical and program management purposes, these 39 units needed to be categorized and grouped 
together. The concept of operable units was introduced into the RI/FS program to allow the remedial 
action process for some operable units to proceed, while data collection and analysis continued for 
other units. An operable unit is defined as "a discrete action that comprises an incremental step 
toward comprehensively addressing site problems" in the Amended Consent Agreement. 
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The FEMP was divided into five operable units under the original 1990 Consent Agreement. 
However, the definitions of these operable units have been revised under the Amended Consent 
Agreement and a Comprehensive Site-Wide Operable Unit has been added. The five operable units 
are shown in Figures 1-1 through 1-3. Their revised definitions and that of the Comprehensive Site- 
Wide Operable Unit are presented below: 

0 Operable Unit 1 - Waste Pits 1-6, the Clearwell, the Bum Pit, berms, liners, and 
associated contaminated soil within the operable unit boundary. 

0 Operable Unit 2 - the active and inactive flyash piles, the South Field area, the lime 
sludge ponds, the solid waste landfill, berms, liners, and associated contaminated soil 
within the operable unit boundary. 

0 Operable Unit 3 - the production area and production-associated facilities and equipment 
(all above- and below-grade improvements) including, but not limited to, all structures, 
equipment, utilities, drums, tanks, solid waste, waste, product, thorium, effluent lines, K- 
65 transfer line, wastewater treatment facilities, fire training facilities, scrap metal piles, 
feedstocks, and the coal pile. 

0 Operable Unit 4 - Silos 1, 2, 3, and 4, berms, the decant tank system, and associated 
contaminated soil within the operable unit boundary. 

0 Operable Unit 5 - perched and regional gmundwater, surface water, soils not associated 
with other operable units, sediments, flora, and fauna. 

ComDrehensive Site-Wide Owrable Unit - an evaluation of the remedies selected for the 
five operable units, including removal actions discussed in Section 1.2.2, to ensure that 
they are protective of human health and the environment on a site-wide basis. A Site- 
Wide RIPmjected Residual Risk Assessment, as discussed in Section 1.2.3, will be 
developed after the RODS for Operable Units 1-5 are finalized. The Site-Wide RI will 
incorporate all data collected pursuant to the RIs for Operable Units 1-5, including 
removal actions, and summarize any data collected after finalization of the OU 1-5 
RODS. The Projected Residual Risk Assessment will document all risk anticipated to 
remain at the site following the implementation of the response actions embodied in the 
OU 1-5 RODS and the selected removal actions. If the Site-Wide RI/Projected Residual 
Risk Assessment indicates that these remedies are protective of human health and the 
environment on a site-wide basis, a Site-Wide FS will not be required. If, however, the 
selected remedies are not found to be protective, a Site-Wide FS will be prepared to 
evaluate additional alternatives or modifications to selected alternatives for the reduction 
of risk and achievement of protectiveness. In the event that this FS report is necessary, a 
Proposed Plan which describes the selected remedial alternative would be developed and 
published. This would be followed by the submittal of a site-wide ROD. 
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NOTE: 
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IN THE PRODUCTION AREA, SEWAGE TREATMENT 
AREA, FIRE BRIGADE TRAINING AREA, AND WASTE 
PIT AREA, IN ADDITION TO THE STORMWATER 
RETENTION BASINS. OPERABLE UNIT 5 
INCLUDES GROUNDWATER, SURFACE WATER, 
SOILS. FLORA AND FAUNA IN THE REGIONAL 
AREA AS WELL AS THE PRODUCTION AREA. 
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A I 
i 

FIGURE 1 - 1 .  RI/FS OPERABLE UNITS 
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FIGURE 1-3. OPERABLE UNIT 2, FLYASH/SOUTH FIELD STUDY AREA 
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The scope of work for the RI at the FEW was prepared to satisfy the following specific objectives: 

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

Determine the nature and extent of any radiological and chemical substances found in 
soils, sediments, surface water, and groundwater. 

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

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

Conduct risk assessments, as discussed in Section 1.2.3, and environmental impact studies 
to assess the risk associated with any confirmed contamination at or emanating from the 
site. 

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

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

While the RI reports serve to document the data collection and analysis phase of the FU/FS for each of 
the operable units, the FS reports select, screen, and analyze remedial action alternatives based on the 
RI data. The general criteria for selection of remedial alternatives will be effectiveness, 
implementability, and cost. 

Upon completion of each operable unit W S ,  a ROD will be issued for each operable unit. In 
addition, a ROD for the entire site will be issued following the determination that the selected 
alternatives for each operable unit are protective of human health and the environment when 
considered either individually or collectively. 

1.2.2 Removal Actions 
lU/FS activities at the FEW have led to the development and implementation of a number of removal 
actions. Removal actions, as defined in the Amended Consent Agreement, are intended to abate, 
minimize. stabilize, mitigate, or eliminate the release or threat of release of hazardous substances, 
pollutants, contaminants, or hazardous constituents at or from the FEW. It is the intent of the SWCR 
and PBRA to provide data and associated risk analyses of the effects of any removal actions 
completed as of December 1, 1991, the cutoff date for SWCR data. As of this date, the following 
removal actions had been completed: 
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K-65 Decant Sump Tank: This removal action was completed in April 1991, when 
approximately 8000 gallons of co mmhakd water were pumped from the K-65 Decant 
Sump Tank and transferred to the holding tanks in Plant 2/3. 

Silos 1 and 2: This removal action, as described in its Engineering EvaluatiodCost 
Analysis (EE/U) (DOE 199Oa), involved the placement of bentonite clay over the silo 
residues to reduce radon levels in the silos, and to provide protection from releases to the 
environment in the event of silo dome collapse. It was completed in late November of 
1991. 

Inactive Flvash Pile Control: This removal action was completed in December 1991 to 
restrict access to the inactive flyash/South Field area A chain-link barrier and warning 
signs were erected around the perimeter of the area 

Collection of data to confirm the effectiveness of the removal actions was appropriate only for the 
Silos 1 and 2 Removal Action. These data are presented in Section 4.2. A number of additional 
removal actions were underway but not completed as of December 1, 1991 and were therefore not 
considered part of cumnt conditions for purposes of the SWCR. These removal actions and their 
status were as follows: 

Contaminated Water Under FEW Buildings: This removal action was initiated to 
minimize the potential for uranium-contaminated perched groundwater beneath Plants 2/3, 
6, 8, and 9 in the production area to infiltrate the underlying aquifer. Through the end of 
November 1991, over 100,OOO gallons had been extracted for matment prior to discharge 
to the Great Miami River. Pumping and treatment is ongoing. 

Waste Pit Area Runoff Control: This removal action, as described in the EE/CA (DOE 
1990b). is intended to collect and treat potentially contaminated stomwater moff  from 
the waste pit area to prevent it from reaching Paddys Run. Project constmction activities 
began in June 1991, and are on schedule for completion by July 1992. 

South Groundwater Contamination Plume: This removal action is intended to protect 
public health by limiting access to the use of uranium-contaminated groundwater in an 
area south of the FEW (DOE 199Oc). The project consists of five parts. Part 1 includes 
installation of an alternate water source to two industries affected by the contamination 
plume. Field work for testing of the selected well site and to determine adequacy of the 
quality and quantity of extmcted water was completed in late September 1991. Drawings 
and specifications for the project are nearing completion. Construction is expected to 
begin in early 1992, pending the results of sample analysis and the acquisition of required 
private property. Part 2 involves the installation of a groundwater recovery well system 
to pump groundwater from the South Plume back to the FEMP for monitoring and 
discharge to the Great Miami River, as described in the South Plume EE/CA (DOE 
199Oc). A new effluent pipeline will be installed as part of this removal action. 
Construction is expected to begin in mid-1992. Part 3 involves construction of an 
interim advanced wastewater treatment (IAWWT) system. Fabrication of the treathent 
system is expected to begin in late 1991 and on-site construction in early 1992. Part 4 
involves groundwater monitoring and institutional controls to prevent the use of 
contaminated groundwater. Part 5 involves additional groundwater investigations in the 
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vicinity of the South Plume to identify the location and extent of any residual 
contamination attributable to the FEW in the aquifer south of the pmposed recovery 
wells installed under Part 2. 

Waste Pit 6 Residues: This action is intended to decrease radioactive dust and particles 
released from Waste Pit 6 into the air. A mound of exposed waste promding above 
standing water in the shallow end of the pit was submerged under water in the deeper 
end of the pit during December of 1990. The only remaining activity involves the 
placement of air monitors to augment the site requirements for estimating the off-site 
releases of potentially harmful contaminants. Installation is expected in early 1992. 

Plant 1 Pad Continuing Release: The purpose of this removal action is to protect surface 
soils and regional groundwater from continuing releases of hazardous materials resulting 
from activities on the Plant 1 storage pad. Consmction of covered storage structures 
equipped with containment facilities for spill control, drainage, storm water runoff 
control, and fire suppression is underway. 

Removal of Waste Inventories: The removal of waste inventories was ongoing as of 
December 1, 1991. During November 1991,6628 drum equivalents of low-level wastes 
were shipped to the Nevada Test Site. 

Active Flvash Pile Control: This removal action is intended to mitigate potential wind 
and water erosion at the active flyash pile. As an intermediate step, water is being 
applied as needed during dry weather to reduce fugitive dust emissions. Preparation of a 
work plan is on schedule for submittal to U.S. EPA by March 1992. 

Safe Shutdown: This removal action documents the ongoing shutdown activity that will 
remove uranium and other process/raw materials from equipment and lines in areas of 
formerly-used processing equipment and will dispose of these removed materials off-site. 
Recent work has focused on identifying manpower to perfom initial radiological 
contamination sumeys on equipment. 

Uranyl Nitrate Pnxxssing Emerrrencv: This removal action is designed to prevent leaks 
that have developed in the piping system of tanks in and near the Plant 2/3 Refinery, 
where uranyl nitrate is stored, from continuing or worsening. The leaks were detected 
during September of 1991. Refinery systems testing began in November of 1991 in 
preparation for processing the uranyl nitrate to neutralize the material and convert it to a 
solid form which can be drummed and properly stored in warehouses. 

1.2.3 Risk Assessment Amroach 
Risk assessment is an integral part of the W S  process. The specific risk assessment methodology 
followed in FEMP RI and FS reports is presented in the Risk Assessment Work Plan Addendum (DOE 
1992a). The SWCR contains the site-wide PBRA, presented as Part II. Each operable unit FU/FS will 
include a baseline risk assessment and a comprehensive response action risk evaluation. In addition, 
the Comprehensive RI will focus on projected residual risks remaining following remediation at the 
FEW. These analyses are described in more detail below. 0 
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The PBRA, Part I1 of the SWCR, characterizes the current and potential threats to b a n  health and 
ecological receptors that may be posed by contaminants at the entire site. This report considers the 
risks which c u m t l y  exist at the site if no fu-r response actions or institutional controls are applied. 
Both current and future exposure scenarios are considered, with a variety of potential human 
exposures, including visitors, trespassers, and, for future exposum, a resident farmer. The ecological 
assessment describes potential impacts on terrestrial and aquatic organisms exposed to FEMP 
contaminants. Details are provided in the Risk Assessment Work Plan Addendum (DOE 1992a) and 
in the PBRA itself. 

Baseline risk assessments will be incorporated into each RI report for Operable Units 1 through 5 to 
characterize the current and potential threats to human health and the environment that may be posed 
by contaminants within those operable units. Each baseline risk assessment will develop the risk 
information necessary to assist in developing remedial alternatives and consider the risks which 
currently exist at the site if no further response actions or institutional controls are applied for a 
specific operable unit. 

A Comprehensive Response Action Risk Evaluation will be prepared as an appendix to each operable 
unit FS report. The purpose of this analysis is to evaluate the potential risk reduction from each 
pmposed altemative in the context of the cumulative risk posed by the site as a whole. This 
information will be used to determine the portion of the total allowable site-wide risk, as determined 
by the NCP and EPA guidance, that may be allotted to each operable unit and ultimately to each 
pathway and contaminant of concern for each operable unit. Apportionment of total allowable site- 
wide risk among operable units will allow specific cleanup goals to be derived for each operable unit 
in the context of the entire site. The cumulative residual risk contribution from other operable units 
will be estimated based upon their selected alternatives, if available, or the LFtA for those operable 
units still going through the FS p m s s .  Each comprehensive response action risk evaluation will 

consider the anticipated use of the site immediately after implementation of response actions as well as 
future use scenarios. 

The Comprehensive Site-Wide Operable Unit will include an RI/projected residual risk assessment 
report. This report will incorporate all data collected during the FUs for Operable Units 1 through 5,  
and summarize any data collected after finalization of the RODS. The Site-Wide Projected Residual 
Risk Assessment portion of the report will evaluate all risks anticipated to remain at the site following 
the implementation of the response actions selected for Operable Units 1 through 5 and removal 
actions. It will determine whether the previously selected response actions are protective of human 
health and the environment on a site-wide basis. 

Finally, the Site-Wide FS/Risk Assessment will be prepared only if a site-wide FS identifying 
additional remedial alternatives is deemed necessary by the Site-Wide Projected Residual Risk 0 
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Assessment. This report will study the final combination of FS remedial alternatives to ensure they 
achieve a residual risk that is protective of human health and the environment on a site-wide basis. 

1.2.4 National Environmental Policy Act (NEP AYCERCLA Intemation 
DOE policy on NEPNCERCLA integration is stated in DOE Order 5400.4. According to the order, 
integration is to be accomplished by conducting the NEPA and CERCLA envinmmental planning and 
review pnx'Rdures concurrently. Integration is intended to 1) avoid duplicate effort and the larger 
commitment of resources that would be needed to implement NEPA and CERCLA separately, 2) avoid 
conflicts in analysis and the choice of a remedial alternative, and 3) minimize the risk of delaying 
remedial actions on procedural grounds. The primary instrument for DOE'S NEPA-CERCLA 
integration is to be the RI/FS pmess, supplemented as needed to meet the procedural and 
documentation requirements of NEPA. Thus, all FEW CERCLA documents will contain specific 
ianguage to facilitate compliance with NEPA. 

The specific NEPNCERCLA integration approach for the FEW was published in the Notice of Intent 
(55 Federal Register 20183, May 15, 1990), which concluded that: 

An RIFS - Environmental Impact Statement @IS) is the appropriate level of NEPA 
documentation for the lead operable unit 

NEPNERCLA integration will also be provided in the remaining operable unit RI/FS - 
NEPA documents. These documents will be "tiered to" (or reference) the lead RIFS - 
EIS and will present impacts specific to the operable units and update site-wide and 
cumulative impacts, as necessary. 

DOE'S intent to integrate NEPA and CERCLA requirements for the FEW is reiterated and further 
detailed in the draft "Implementation Plan for the RI/FS - EIS for Remedial Activities at Operable 
Unit 2 and Other Operable Units" (Implementation Plan) (DOE 1992~). 

The Implementation Plan states that the RI report for Operable Unit 2 will provide the data required 
for NEPA analyses of environmental impacts of proposed remedial actions site-wide. These NEPA 
analyses will be included in the Operable Unit 2 FS-EIS. The Site-Wide Characterization Report 
contains the site-wide database required for the NEPA analyses in the FS-EIS and will be incorporated 
into the Operable Unit 2 RI report by reference. Further, the PBRA, part II of the SWCR, is 
supplemented with a NEPA analysis of environmental consequences of the no-action alternative. 
Section 7.0. 

The NEPNCERCLA integration approach described above will be implemented based on a number of 
key assumptions concerning the content of the WS-EIS.  These assumptions are consistent with the 
CERCLA approach in site documents. 
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The "lead" W S - E I S  will evaluate the impacts of various site-wide alternatives (Le., an 
engineered waste management facility) that may be'proposed for use in the 
handling/disposal of waste from some or all operable units. However, only information 
available at the completiQn of the first operable unit FS (OU2) will be used for this 
assessment. This analysis will be updated in subsequent operable unit RJ/FS-NEPA 
documentation. 

The "lead" W S - E I S  will consider only remedial alternatives that are being 
developed for the Femald facility and not national DOE waste management 
strategies. 

Environmental impacts of the RVFS sampling program and removal actions are 
being addressed in separate NEPA documentation. 

DOE is also preparing a Programmatic EIS (PEIS) to assess broad programmatic issues and integrated 
approaches to DOE'S environmental restoration and waste management activities. The FEMP will be 
considered within the PEIS because the site requires environmental restoration that will generate large 
volumes of radioactive, hazardous, and mixed waste. Thus, the PEIS may have an impact on disposal 
alternatives and planning for potential interim storage of these wastes at the FEW. 

1.2.5 R W C E R C L A  Intemtion 
The FEMP is an existing, fully regulated hazardous waste management facility as defined under 
4OCFR260.10 and Section 3004 and 3005 of RCRA. The FEMP currently operates under the 
authority of an interim-status RCRA permit issued jointly by the U.S. EPA, Region V, and Ohio EPA 
(OEPA). Any RCRA "permit to operate" as a generator of hazardous waste, whether interim-status or 
not, carries many responsibilities. Among those responsibilities are the corrective-action obligations 
relating to FEMP releases of hazardous substances, pollutants, contaminants, or constituents. 

0 

Section VIII of the Amended Consent Agreement states that DOE and EPA mutually intend to 
integrate DOE CERCLA response obligations and RCRA corrective action obligations relating to the 
release from the FEW of hazardous substances, pollutants, contaminants or constituents. The 
remedial activities covered by the Consent Agreement will be deemed sufficient to achieve compliance 
with CERCLA; to satisfy the corrective action requirements of RCRA (Sections 3004(u) and 3004(v) 
for a permit and Section 3008(h) for interim status facilities); and to meet or exceed a l l  applicable, 
relevant., or appropriate federal and state laws and regulations to the extent required by Section 121 of 
CERCLA. Remedial actions and removal actions carried out under the Amended Consent Agreement 
will thus simultaneously meet the requirements of both RCRA and CERCLA. 

1.3 REPORT ORGANIZATION 
The SWCR is divided into the following three parts: Site Characterization (Part I), Preliminary 

Baseline Risk Assessment (Part n), and Feasibility Study Support (Part I). 
@ 
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Part I, Site Characterization, consists of the following sections. Section 1.0 discusses the objective and 
purpose of the SWCR, the background and cutrent status of the RI/FS, and project approach. Section 
2.0 provides a description of the facility and discusses site background, site history, and the physical 
characteristics of the study area. Site characterization methodology, discussed in Section 3.0, includes 
a description of past, cumnt, and planned investigations, a summary of sampling procedures and 
analytical methods, and a brief description of contaminant fate and transport and model development. 
Section 4.0 discusses the nature and extent of contamination at the FEW, changes resulting from 
completed removal actions, and data validation. 

Part 11, the Preliminary Baseline Risk Assessment, consists of the following sections. Section 1.0 
discusses the objectives, background, approach, and organization of the PBRA. Section 2.0 deals with 
the selection of constituents of potential concern. Section 3.0 assesses potential human exposures to 
the constituents of potential concern. Section 4.0 presents the toxicity assessment for the constituents 
of potential concern. Section 5.0, Risk Characterization, presents the EPA methodology used, the risks 
for exposures under cumnt land use conditions and reasonable future land use conditions, an 
evaluation of the uncertainties in the risk estimates performed, and a summary of risk estimates for the 
entire FEMP site. The ecological assessment is presented in Section 6.0. Section 7.0, NEPA analysis 
of environmental consequences, supplements the PBRA with an analysis of the environmental impacts 
of the no-action alternative in accordance with DOE policy on NEPNCERCLA integration, as 
described above. e 
Part 111, Feasibility Study Support, presents the LRAs for the operable units and the basis for their 
selection, with- a focus on the role of risk assessment in the transition from site characterization to the 
FS and eventual remediation. Section 1.0 presents the basis for the selection of LRA. Section 2.0 
introduces and defines the concepts of remedial action objectives (RAOs), preliminary remediation 
goals (PRG’s), and remediation goals (RG’s). This section also discusses the need for media-specific 
remediation based on site-wide goals. A description of operable unit-specific remedial alternatives is 
provided in Section 3.0, which also discusses the two information management tools used to help 
select the LRAs at the site, and presents the LRAs based on the combined results. 

Each part of the SWCR also includes an independent summary and list of references. Supporting 
technical appendices for the entire document are provided following Part III. 
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2.0 SITESE'ITING 

. The FEMP site is located on 1050 acres in a mral m a  of Hamilton and Butler counties approximately a 
18 miles noxthwest of Cincinnati, Ohio. The villages of Fernald, New Baltimore, Ross, New Haven, 
and Shandon are all located within a few miles of the plant (Figure 2-1). 

The former production area of the FEMP is limited to an approximately 136-acre tract near the center 
of the site (Figure 2-2). Major surface water features of the FEMP include Paddys Run, which flows 
along the FEMP's western boundary, and the storm sewer outfall ditch, a major tributary to Paddys 
Run flowing southwest from the production area to join Paddys Run at the southern border of the 
facility. The major waste units on the FEMP include six waste pits, a bum pit, the Qemell ,  four 
silos, the solid waste landfill, the lime sludge ponds, the active and inactive flyash piles, and the South 
Field. These units are described in greater detail in Section 1 and in the following section. 

2.1 SITE BACKGROUND AND HISTORY 
The U.S. Atomic Energy Commission (AEC), predecessor to DOE, established the FEW for 
processing uranium and its compounds from natural uranium ore concentrates and recycled recoverable 
residues for government needs. This integrated production complex began operations in conformance 
with AEC Orders in the early 1950's. In 1951, National Lead Company of Ohio (now NLO, Inc.) 
entered into contract with the AEC as Operations and Maintenance Contractor. This contractual 
relationship with AEC, and eventually DOE, lasted until January 1, 1986. Westinghouse Materials 
Company of Ohio, a wholly owned subsidiary of Westinghouse Electric Corporation, then assumed 
management responsibilities of the site operations and facilities. In 1991 Westinghouse renamed this 
subsidiary the Westinghouse Environmental Management Company of Ohio (WEMCO). 

0 

A pilot plant, completed in 1951, was the first operational facility at the FEW, a metals fabrication 
plant (Plant 6) began operations in 1952. A metals production plant (Plant 5), the green salt plant 
(Plant 4), recovery plant (Plant 8), preparation plant (Plant 1). the special products plant (Plant 9). and 
the refinery (Plants 2 & 3) began operations in 1953. The hex plant (Plant 7) was operational in 1954. 
A diagram of the existing FEMP layout is provided in Figure 2-3. 

production peaked in 1960 at approximately 10,OOO metric tons of uranium (mtu). A production 
decline began in 1964, to a low in 1975 of about 1400 mtu. During the 197Os, consideration was 
given to closing the FEMP; therefore, capital improvements and staffing were minimized. The staffing 
level, which peaked at 2891 in 1956, slowly declined from 679 in 1973 to 538 in 1979. In 1981, 
planning began to accommodate increased production requirements at the FEMP. Production levels 
significantly increased and there was a rapid staff buildup in many areas for several years reaching 
1591 in 1986. Then production ceased in the summer of 1989 and plant resources were focused on a 
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cleanup program. In June, 1991, the FEMP was officially closed as a federal production facility; 
however, the environmental studies and cleanup activities continue with employment at 1246 in 1991 
(WEMCO1991). 

2.1.1 Production History 
A variety of chemical and metallurgical p m s s e s  were used at the FEW for the manufacture of 
uranium products. Both uranium ore concentrates and recycle materials were converted into high 

punty uranium metal having several standard isotopic assays. The isotopic values ranged up to 1.4 
percent uranium-235 by weight of the total uranium content of the product. However, most of the 
metal produced was depleted uranium. From 1953 through 1955, the FEMP refinery processed 
pitchblende ore from the Belgian Congo. Pitchblende ore contains all daughter products of the 
uranium decay chains and is particularly high in radium content. No chemical separation or 
purification was performed on this ore prior to its arrival at the FEW. Beginning in 1956, the 
refinery feedstock consisted of uranium concentrates (yellowcake) from Canada and the United States. 
In the production of yellowcake, most of the uranium daughters had been removed; however, 
radium-226 remained in amounts that varied with the process used. Canadian concentrates were not 
processed after 1960. 

Small amounts of thorium were produced at the FEMP on several occasions from 1954 through 1975. 
Thorium operations were performed in the metals fabrication plant (Building 6). the recovery plant 
(Building 8A), the special projects plant (Building 9), and the pilot plant (Buildings 13A, 37, and 
MA). The FEMP currently serves as the thorium repository for DOE and maintains long-term storage 
facilities for a variety of thorium materials. 

In 1961, the FEMP began to receive recycled feed materials from other DOE facilities. Being 
recycled materials, these feed streams contained minute quantities of transuranics such as plutonium 
and neptunium and fission products including technetium-99 and strontium-90. DOE limited the 
amount of these materials on site by establishing screening criteria for receipt and shipment of feed 
materials and products by the FEW. Materials exceeding these levels were handled on a limited 
basis, and the FEMP invoked special processing, handling, and health and safety requirements if those 
materials exceeded the maximum target levels. 

During the manufacturing process, high quality uranium compounds were introduced into the FEMP 
processes at several points. Impure starting materials were dissolved in nitric acid and the uranium 
was purified through solvent extraction to yield a solution of uranyl nitrate. Evaporation and heating 
converted the nitrate solution to uranium trioxide (UO,) powder. This compound was reduced with 
hydrogen to uranium dioxide (UO,) and then converted to uranium tetrafluoride (UFb by reaction with 
anhydrous hydrogen fluoride. Uranium metal was produced by reacting UF,, and magnesium metal 
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which was then remelted with scrap uranium metal to yield a purified uranium ingot. Figure 2-4 
presents a schematic flow diagram of the FEMP manufacturing operation. 4340  

The abovedescribed process took place in several separate facilities on the FEMP. Processing began 
at the preparation plant (Buildings 1A and 1B) where depleted, normal. and enriched uranium 
materials were received, sampled, milled, stored, and then shipped (Eigure 2-4). In the refinery area 
(Plants 2 and 3) uranium ores, oxides, metal, and residues were put into solution as uranyl nitrate 
thn>ugh a nitric acid digestion process. After the solution was purified, the acid was removed by 
evaporation, producing uranium trioxide (U03 - orange oxide) powder. The hydrofluoxination plant 
(Building 4A) was primarily used for reducing U03 to uranium dioxide (vOz - brown oxide), which 
was then converted to uranium termfluoride 0, also known as p n  salt. Uranium hexafluoride 
(UFJ was converted to UF4 in Buildings 7 and 37 and Complexes 13 and 54. In the scrap recovery 
plant (Building 8A) enriched uranium recycling materials were processed to produce feed materials for 
further processing in the refinery. 

Various uranium metalworking processes were also housed on the FEW. Workers in three plants 
canied out metal production and fabrication. Metal processing began in the metal production plant 
(Building 5). There, UF4 and magnesium metal were combined in a refractory-lined reduction vessel 
to produce uranium derby metal via a thermite reaction. Remelting of uranium metals also took place 
in Plant 5. In the special products plant (Building 9) this derby metal was remelted with available 
scrap and cast into large diameter ingots known as billets. In the metal fabrication plant (Building 6) 
billets were drilled to form rods which were sent for further processing to DOE facilities located at 
Reactive Metals, Incorporated (RMI), Ashtabula, Ohio, for extrusion into bars. Some of the extrusions 
were returned to the FEMP for heat treating and fabrication into target element cores for DOE 
reactors. These FEMP operations and processes are described in greater detail in the Operable Unit 3 
Work Plan Addendum (DOE 1992b). 

0 
. 

2.12 Waste Generation 
Routine operations at the FEMP produced by-products which were handled in a variety of ways. 
Figure 2-4 (a schematic flow diagram of the FEMP process) identifies the major by-products produced. 
Several of the by-product streams identified were treated as waste streams: 

DeDkted Magnesium Fluoride CMgF,) SlaK The reduction of UF4 (green salt) to produce 
depleted uranium metal generates MgF2 slag. Part of this material was recycled and used as 
reduction pot liner for subsequent metal production; however, the bulk of the MgFz was not 
required for this purpose and became waste. The composition of this waste stream was 95 to 
98 percent MgFz, two to five percent uranium in various oxidation states, 0.2 percent U-235 
(depleted), and trace amounts of elemental magnesium. These depleted slags were stored in 
Waste Pits 1. 2, and 6. 

2-6 94 



a 

z 

(L 

G 

2 

3 
cy 
VI 

L 

URANIUM REFINERY FEEDS, REMELT METAL 6 RESIDUES FROM OFFSITE 
I 

RECEIVE, SAMPLE 
AND STORE 

PREpARATloN 

e w  1) 
PUNT 

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

lmMDuM 
PIANTSUMP 
#scHARGES 

TOWET 
CHEMICAL 
WASTE Pll  

................................................................................................................... 
GREEN SALT TAIL GAS 
PLANT I %+HP 
P N T  4) 

NHa NH, DISSOCIATOR REDUCTION 
H20 CeO TAIL GAS 

uo 2 (Ha0 + HF) 
ANHYDROUS HF 

i t  
RECEIVED 6 PACKAGED HYDROFLUORHATION HF RECOVERY 

35% HF SOLUTW 
UF4 .................................................................................... !. ......... .*. IF??.%. .... 

7 

METALS 
P R O W C T W  REFINERY 
PUNT m 5) 

FEEDS 

SCRAP RECOVERY METAL REDUCTION 
(PLANT 9 
A 

4 METAL CASTING 
I .................................. 

METALS 
FABRICATION 

METAL ROLLING 

HEAT TREATING 

4 METAL MACHINING 

FINISHED FUEL CORES 8 BILLETS TO REACTOR SITES 

4 3 4 0  

95 FIGURE 2-4. SCHEMATIC DIAGRAM OF FEMP PROCESSES 



FEMP-swcR-6 FINAB 3 4 0 
March 1993 

Slag Leach Filter Cake: The reduction of UF4 in the production of enriched or normal uranium 
metal also generates MgF2 slag; however, because of the U-235 content, the slag was acid 
leached to dissolve and recover the uranium, then neutralized with calcium oxide. The 
composition of this waste stream was 94 percent MgF2, three percent filter aid (diatomaceous 
earth), three percent calcium nitrate and 0.05 percent total uranium, of which U-235 was one 
percent. The depleted slags were stored in Waste Pits 1.2 .4 ,  and 6. 

Neutralized Raff i~te:  In the FEW refinery operation, uranium-bearing feed materials were 
digested in nitric acid to solubilize the uranium, which was then extracted from the acidic 
aqueous phase, leaving the impurities in a waste "raBnate" solution. The aqueous raffinate, 
containing most of the nitric acid and impurities and m e  very small quantities of insoluble 
nonextractable uranium, was then neutralized with lime. The amount and characteristics of the 
raffinate waste were dependent on the characteristics of the refinery feed materials. During the 
fust two decades of operation, refinery feeds included uranium ore concentrates and the waste 
raffinates contained nitrates of the metals present in the ore (arsenic, calcium, molybdenum, 
copper, and iron). More recently, refinery feeds were entirely composed of recycled uranium 
scrap materials and the m a t e s  contained nitrates of a different mix of metal impurities (copper, 
aluminum, and iron). This waste stream was composed of metal nitrates, silicon, filter aid, 
0.05 percent total uranium, of which U-235 was 1.1 percent. Raffinates were placed in Waste 
Pits 3 . 4  and 5. 

Lkuleted S ~ D  Cake: Liquid wastes were generated to some degree in every process operation 
at the FEW. AU of the major process areas had individual treatment facilities capable of 
pretreating the liquid wastes specific to that process-step. Generally, these pretreatment facilities 
provided equipment and tankage to collect waste liquors, adjust the pH for precipitation of 
uranium, and filter the resultant insoluble uranium compounds for recovery. If the uranium was 
depleted, it was not economically feasible to recover and the depleted sump cake was considered 
a waste. Composition of the sump cakes varied in accordance with the plant of origin, but 
generally consisted of 80 percent uranium oxides and hydroxides, 12 to 15 percent calcium, and 
0.2 percent U-235 (depleted). These depleted sump cakes were stored in Waste Pits 1, 2, and 6. 

K-65 Material: When the plant was designed, a substantial amount of radium-bearing pitchblende 
was anticipated; therefore, equipment for handling "hot" feeds was provided. After being washed 
with kerosene to remove residual solvent, the hot raffinate stream was filtered on a precoat rotary 
vacuum filter to remove the suspended solids. Most of the radioactivity was caused by radium 
and its daughters, which form insoluble silicates and sulfates. Thus, the bulk of the radioactivity 
was removed in the filter cake. The cake was reslurried, neutralized with lime, and pumped to 
the K-65 storage silos where it settled. After s e m g ,  the supernatant water was decanted and 
returned to the reslurry operation. The K-65 material consists primarily of siliceaus matter but 
also contains metallic compounds such as lead, molybdenum, vanadium, and others. 

General Sumu Sludges: After sampling and analysis were performed to ascertain that uranium 
content was within preset allowable discard limits, the filtrate from filtering plant sump sludges 
was pumped to the general sump. It was then adjusted for pH with calcium oxide to obtain 
maximum precipitation of radioactive materials and allowed to settle The supernatant liquid was 
then discharged to the river. The settled solids, containing small amounts of uranium, were 
collectively termed General Sump Sludge in accordance with the National Pollutant Discharge 
Elimination System (NPDES) permit. This waste stream was composed of excess lime and acid 
neutralization products. These sludges were stored in Waste Pits 1, 2, and 6. 
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Dust Collector Residues: Some operations within the chemical and metallurgical plants involved 
the handling of materials requiring capture of airborne particulates. The dust collectors generate 
residues that were considered waste if the uranium content was depleted U-235. Principal 
constituents were UF.,, U03, U30,, and MgF2 with the composition varying according to the 
operation generating the materials. These residues were stored in Waste Pits 1,2,4,  and 6. 

. Other Wastes: Other wastes generated in the former production area include: uncontaminated 
and contaminated metal scrap; l,l,l-trichloroethane; spent barium chloride salt; methylene 
chloride/tetrachlorthylene degreaser, polychlorinated biphenals (PCl3s) wastes; contaminated 
waste oil; various caustic bases and acids (such as anhydrous ammonia, hydrofluoric acid); 
construction debris (asbestos, paints, etc.); and rubble. These wastes were disbursed to various 
disposal areas. 

Up to 1984, on-site disposal of solid and slumed wastes at the FEW occurred in pits and silos. 
Transport of solid wastes to the pits was dependent on the types of wastes generated and the types of 
storage containers. In general, drummed wastes were transported on flat-bed trailers, metal dumpsters 
were carried by dumpster vehicles, bulk wastes were transported by dump trucks and trailers, and 
drummed pyrophoric metal was conveyed on four-wheeled flat-bed trailers pulled by tow tractors 
(NLO 1978). 

At the waste storage area, dump trucks, dump trailers, dumpster units, and drummed wastes were 
emptied directly onto the pits' edges. The material was then pushed into the pits by either a bulldozer 
or a draghne scraper. Loose contamination was washed from bulldozers, the dragline scraper, 
vehicles, dumpsters, and fork trucks with water at the pits. Empty drums were washed in a drum 
washing facility that was located near the Silos 1 and 2 (NLO 1977). This facility is no longer in 
existence. 

0 

Liquid wastes were transported between the general sump and the pits and Clearwell via two six-inch 
diameter pipes (Dames and Moore 1982). Beginning in 1990, such wastes were drummed and stored 
for off-site disposal. Production process effluent was sent to the general sump for analysis prior to 
discharge to the Great Miami River. If treatment was necessary to meet NPDES limits, it was 
performed in the recovery plant (Plant 8). Waste streams from Plant 8 would return to the general 
sump for analysis and eventual discharge. Stom water run-off from the process mas was analyzed 
and discharged to the Great Miami River. 

2.1.3 Waste Storape Practices 
As described in Section 1.3, the FEW has been divided into operable units composed of similar waste 
storage units to address remediation at the site. The following discussion of waste storage practices is 
divided into sections corresponding to the operable units. Because Operable Unit 5 only includes 
those environmental media that represent pathways and/or environmental receptors presently or 
potentially affected by FEW contaminants rather than "sou~ces" of contaminants, it is not included in 
the following discussion. 
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2.1.3.1 rable Unit 1 
Large q u z i i e s  of liquid and solid wastes were generated by the various operations at the FEW. Before 
1984, solid and slurried wastes from FEW processes were disposed in the on-property waste storage 
area. This area, located west of the production facilities (Figure 2-2), includes six low-level radioactive 
waste storage pits, the burn pit and the Clearwell and is addressed under Operable Unit 1. Contents of 
these waste units are described below and in detail in Table 2-1. 

Waste Pit 1 - constructed in 1952 into existing native clay and then lined with an additional 
four feet of clay. The maximum depth of the pit is 17 feet and contains an estimated 115,000 
pounds of uranium. Waste Pit 1 has been out of service since 1959, 
when it was backfilled, covered with clean soil, and graded to provide surface drainage away 
from the waste pit area. 

Waste Pit 2 - constructed in 1957 lined with native clay with a 13.8-foot average design depth 
and contains an estimated 2,700,000 pounds of uranium and approximately 880 pounds of 
thorium. Waste Pit 2 has been out of service since 1964 when it was backfilled and covered 
with clean soil. 

Waste Pit 3 - constructed in 1959 into an existing clay layer and lined with an additional foot 
of clay. The maximum depth of the pit is 27 feet, contains an estimated 248,000 pounds of 
uranium and approximately 880 pounds of thorium, with a total waste volume of 237,000 
cubic yards. Waste Pit 3 has been out of service since 1977 when it was backfilled and 
covered with clean soil. 

Waste Pit 4 - a clay-lined pit, was constructed in 1960 with a %-foot maximum depth 
containing an estimated 6,600,000 pounds of uranium, 136,000 pounds of thorium, and 
23,500 pounds of barium chloride. A minimum of one foot compacted clay liner was used 
on the sides and bottom of Waste Pit 4. In 1984, an interim cap providing an additional 
cover of compacted clay overlain by a 45-mil-thick Hypalon chlorosulfanated reinforced 
polyethylene (CRP) liner was installed to further ensure segregation of encapsulated materials 
from surface water during the interim period prior to implementation of a final remedial 
action. In 1986 it was backfilled and covered with clean soil. 

Waste Pit 5 - constructed in 1968 and served as a settling pond for slurried waste from 
various production processes. It contains an estimated 110,OOO pounds of uranium and 
38,000 pounds of thorium. It is a maximum 30-footdeep pond lined with a 60-mil-thick 
Royal-Seal ethylene rubber elastomeric membrane. Waste Pit 5 has been out of service since 
1983. Because only rainfall currently enters Waste Pit 5, flowing by gravity from the pit 
through a closed pipe to the Clearwell, no storm water runoff originates from this waste pit. 
In March 1992, DOE submitted a work plan to EPA for the installation of a water cover over 
Waste Pit 5 to eliminate the threat of air contamination resulting from exposed material. 
Waste Pit 5 has been out of service since 1983. 
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TABLE 2-1 

OPERABLE UNIT 1 WASTES 0 
Surface Radioactive Total Waste 

Waste Pit Area (p) Waste (lbs) Volume (yd’) Types of Waste 

4 

5 

6 

Bum Pit 

Clearwell 

83.000 120,000U 

45,000 2.700,000 U 
880 Th 

240,000 248,000 U 
800 Th 

84,000 6,600,000U 
136,000 Th 

161,000 ll0,OOOU 
38,000 Th 

32,400 1,900,000 U 

22,000 unknown 

25,500 Unknown 

35.000 

18,500 

237,000 

54,000 

102500 

11,500 

9,000 

5,000 

Filter cake, flyash, graphite, sump liquor, 
depleted slag, drums, uranium 

Filter cake, flyash, graphite, sump liquor 
depleted slag, drums, uranium, thorium 

Raffinate, raffinate concentrate, slag, filter 
cake, flyash, lime sludge, uranium, 
thOriUm 

Filter cake, slurries, graphite, raffinates, 
trash, asbestos, barium chloride, uranium, 
thorium 

Raffiiates, slurries, lime sludges, 
uranium, thorium 

Filter cake, slag, asbestos, uranium, 
process residues 

Disposed lab chemicals, waste oils, 
U r a n i u m  

Process water settleable solids, uranium 

Waste Pit 6 - constructed in 1979 and contains an estimated 1,900,000 pounds of 
uranium. The pit, a 24-foot-deep pond lined with a 60-mil-thick Royal-Seal ethylene 
rubber elastomeric membrane, has been out of service since 1985 and has not been 
covered. Standing water remains trapped within the berms of the pit. As with Waste Pit 
5 ,  no stonn water runoff originates from Waste Pit 6. 

The Bum Pit - excavated in 1953 as a clay bomw pit for lining Waste Pits 1 and 2. 
The depth and size of the pit are not precisely known, but it is believed to be 
approximately 20 feet deep (testing conducted after December 1, 1991 indicates that the 
depth may be closer to 30 feet). The pit was subsequently used for the disposal and 
buming of laboratory chemicals, waste oils, and other low-level mdioactivity- 
contaminated materials such as wooden pallets. The residual waste quantities are not 
known. The bum pit is not lined, but it is covered. 

The Clearwell - served as a settling basin for process water and stom water runoff from 
the waste pits. Most recently, the Clearwell was used as a final settling basin for process 
water that passed through Waste Pit 5 prior to its discharge to the Great Miami River via 
the NPDES permitted discharge. This use was terminated in March 1987 when Waste 
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Pit 5 was removed from the process water treatment scheme. The Clearwell currently 
receives surface water runoff from the majority of the surfaces of Waste Pits 1.2, and 3 
and from the entire surface of Waste Pit 5. Water of varying depth remains in the 
Clemell at all times. The sediments d t h g  from material deposition were removed 
on at least one occasion during the period of operation. The depth of sediment remaining 
in the Clearwell is unknown (DOE 199od). 

Characterization of the wastes in Operable Unit 1 is not complete. 

2.1.3.2 ODerable Unit 2 
Addressed under Operable Unit 2 are the following waste units (F3gure 2-2): the solid waste landfill; 
the lime sludge ponds; an inactive flyash pile; an active flyash pile for the disposal of flyash from the 
FEMP coal-fired boiler planc and the South Field, an area between and adjacent to the flyash areas. 
The contents of the waste units are described below and in Table 2-2. 

Solid Waste Landfill - located on a three-acre tract at the northeast comer of the waste 
storage area and northwest of the former production area. The landfill is organized into 
five cells which are full and out of service. The total volume of waste in the five cells is 
estimated to be 19,600 cubic yards with approximate dimensions of 280 feet by 175 feet 
and a depth of 13 feet. The Solid Waste Landfill is not lined. Some waste was buried 
east of the cells, but this waste is considered part of the landfill. The total volume of 
materials in the landfill, including cover, is 25,OOO cubic feet. 

The solid waste landfill was used through early 1986 for the disposal of cafeteria wastes, 
rubbish, and other wastes from nonprocess areas. Materials that reportedly have been 
disposed at the landfill include: nonburnable, nonradioactive solid wastes generated on 
site; nonradioactive, construction-related rubble; nonradioactive asbestos (double-bagged 
and bulk quantities); radioactively-contanhated construction rubble; and radioactively- 
contaminated soils used to cover exposed wastes. 

Lime Sludge Ponds - consist of two ponds, north and south. The North Lime Sludge 
Pond is an active, unlined pond located southeast of the waste storage area with 
approximate dimknsions of 125 feet by 225 feet by 5.3 feet deep, with a total volume of 

-. approximately 5500 cubic yards. This pond' is approximately 90 percent full, is partially 
covered with water, and contains an estimated 150,000 gallons of liquid, with the depth 
ranging from one to seven feet. Spent lime sludges (primarily lime-alum and boiler plant 
blowdown) from the FEW water treatment plant operations have been conveyed to this 
active pond. 

The South Lime Sludge Pond is an inactive, dry, unlined pond located directly below the 
north pond. The approximate dimensions of the South Lime Sludge Pond are 125 feet 
by 225 feet by 11.3 feet deep, with a total volume of approximately 11,700 cubic yards. 
This pond is =tired and overgrown with grass. The use of this pond was similar to that 
of the North Lime Sludge Pond. 
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TABLE 2-2 
OPERABLE UNIT 2 WASTES 

Surface Area Waste Volume 
Study Area <feet‘> bd’) Types of Waste 

Solid Waste Landfill 40,700 19,600 Cafeteria wastes, 
sanitary rubbish, 
asbestos, 
construction rubble 

South Lime Sludge Pond 28,100 11,700 Spent lime sludge 

North Lime Sludge Pond 28,100 5500 Spent lime sludge 

Inactive Flyash Disposal unknown 78,500 Flyash, waste oils, 
Area construction rubble, 

asphalt, masonry, steel, 
U r a n i u m  

Active Flyash Pile 

South Field 

50,000 

479,000 

38,800 Flyash, waste oils, 
construction rubble, 
asphalt, masonry, steel, 
Uranium 

109.000 Construction rubble 

Active Flyash pile - currently receives flyash from the coal-fired boiler plant at the FEMP. This 
disposal area is located east of the running track and on the east side of the south construction 
road, as shown in Figure 2-2. The active flyash pile is a roughly hexagonal area of approximately 
50,000 square feet with a maximum height of 30 feet and contains approximately 58,800 cubic 
yards of fill volume. The storm sewer outfall ditch m along the southeast side of the area. 
Waste oils were periodically sprayed onto this flyash pile for dust control. Data from samples of 
the surficial materials confirm that radiological contaminants are present in the active flyash pile, 
most likely from the spreading of these oils. 

Inactive Flvash pile - located approximately 3000 feet souWsoutheast of the waste storage area, 
northwest of the active flyash pile, and west of the South Field. The inactive flyash pile is no 
longer used and contains approximately 78,500 cubic yards of flyash from the coal-fired boiler 
plant. It is sparsely covered with soil and vegetation. Waste oils were applied to the flyash for 
dust control resulting in approximately 2200 pounds of uranium present due to the spreading of 
these oils. 

South Field - located between the inactive and active flyash piles where construction rubble was 
dumped on the surface of the glacial overburden. The thickness of the fill increases at the western 
and southern edges of the area to approximately 20 feet, because material was dumped down the 
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natural slope of an old meander scar. A ieview of the shallow mnches through the fill indicates 
that the material is predominantly soil with some rock and concrete and only occasional pieces of 
wood. The construction rubble deposited in the South Field contained low levels of radioactive 
materials. Results of trenching activities indicate that the buried materials are within the top four 
feet of soil. 

Data gathered in Operable Unit 2 indicate the areas hold large volumes of solid waste into which small 
volumes of radiological and/or chemical wastes may have been codisposed. A review of the RUFS 
sampling data for the active and inactive flyash piles, and the South Field indicates concentrations of 
uranium-238 in all media. 

2.1.3.3 ODerable Unit 3 
Operable Unit 3 includes the former production area and all above- and below-ground production- 
associated facilities and equipment encompassing structures, utilities, drums, tanks, solid waste, product, 
thorium, effluent lines, wastewater treatment and fire training facilities, scrap metal piles, feedstock, and 
the coal pile. The facilities involved are shown in Figures 2-2 and 2-3. 

The production of uranium metal products at the FEMP involved a series of chemical and metallurgical 
conversions that occurred in nine specialized plants within Operable Unit 3, as discussed in Section 2.1. 
A number of other buildings housed support operations. Each of these facilities had a distinct purpose, 
resulting in significant differences in the process operations, chemical forms, and types of individual 
conveyance, storage, and containment units associated with the respective facilities. The potential 
contaminants resulting from these processes are included in Table 2-3 and are listed by location within 
the production area. This listing only includes major processing locations and storage pads. 

Solid waste materials associated with uranium metals production are presently stored on property in steel 
drums awaiting further processing or off-site disposal at approved facilities. These wastes include oils, 
sludges, contaminated combustibles, filter cake, off-specification UF, or thorium tetrafluoride (ThFJ, and 
reject U03. The drums sit on various pads and in warehouses and are inspected weekly. Contents of 
deteriorated drums are repackaged. .Other wastes, stored in drums on contained surfaces, include spent 
degreasing solvents and material contaminated with polychlorinated biphenyls (PCBs). The locations of 
these wastes on pads within the facility are also included in Table 2-3. 

2.1.3.4 ODerable Unit 4 
Waste units in this operable unit consist of two earthen-bermed concrete silos (Silos 1 and 2) containing 
K-65 residues, which are high-specific-activity, radium-bearing residues resulting from the pitchblende 
refining process; one concrete silo containing metal oxides (Silo 3). and one unused concrete silo (Silo 4), 
al l  located south of the waste pit area (Figure 1-2). The domed waste storage silos measure 80 feet in 
diameter, 36 feet high to the center of the silo dome, and 27 feet to the top of the vertical walls. The 
walls are eight-inch-thick concrete as are the outer part of the domes, which taper to four inches in 
thickness at the center. The floor of the silos consists of a four inch layer of concrete overlying an eight 
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TABLE 2-3 
OPERABLE UNIT 3 POTENTIAL CONTAMINANTS BY LOCATION 

Magnesium fluoride 
Sodium hydroxide 

Tctddomcthylene 

1.1.1 -Trichlorathane 

Keroscac 
Loar-gnde midoes' 

TriWpbosPbace 

Green salt mt (Rant 4A) 
Tborium oxide 
'Iborium tetrafluoride 
uranium odooxide 
Uranium tetrafluoride 
Uranium tctratluoride (depleted and 

Uranium dioxide 
Uranium trioxide 

mriched up to 1.25%) 

Ammonia 
Anhydrous ammonia 
M y s t  
Hydrofluoric acid up to 30% 
Hydrofluoric acid (anhydrous and 
aq-8) 
Potassium fluoride 
Potassium hydroxide 
M e w  
Refrigerants 

Metal Rodtletim Rpnt (5A) 
UraniUm 
Uranium occooxide 
Uranium tetranuoride 
Uranium trioxide 
Uranium metal (up to 1.25% enticbed) 

Uraniumcoataminated f i r  cake 
cadmium 

uranium (up to 1.25% enriched) 

Baurac 
Tetrachloruethylene 
1.1.1 -Trichlorocthane 
Trichlaoeth yleoc 

Cooling. hydraulic. and lubricating oil 
shclltuho68oil 

uraniumcaataminated sump cake 
Uranyl nitrate 

Ammania 
cadmium 
amlmillm 
Lead 
Lithium ddoride 
Lithium carbonate 
Magnesium oxide 
Potassium c a b a t e  
Potassium chloride 
Sodium chloride 
Sodium hydroxide 
Sodium sulfide 

BaUb?lE 
2-Butanme 
ChlOrobcnZenc 
1.1.1 -Trichlomethane 
Trichloroethylene 

cooliag. hydraulic, and lubricating oils 
Water-soluble oils 

pI.Ilt 7 (7AL 
uranium dioxide 
uranium hexafluoride 
Uranium t eduor ide  
Uranium trioxide 
Uranyl fluoride 

Ammonia 

Hydrofluoric acid (aqueous and 
M y s t  

anhydmus) 

Bird dFoppings 
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TABLE 2-3 
(Continued) 

Scrap Rccoreq R.at (Rmt 8A) 
calcium uranatc 
Ammonium diuransre cake 
High-grade residuesd 
PliIP 
Mum 
l kn ium bydmxide 
'zborium& 
Mum onides 
'Iborium tetranmride 
uranium mdal 
Uranium metal (up to 1 Z %  enriched) 
uranium odoau 'de 
uranium tetrafluoride 
Uranim- .Ird I b A m a t a m i n a t e d  
water 
Uraaium-amtaminated fihen. dust 
collector bags and gloves 
U r a n i u m a t a m i M d  sump cake 
Uranyl pmmooilllll pbospbate d e  

Ammoaia 
Ammoaim hydroxide 
h e n i C  
Calcium c d m a t e  
calcium fluoride 

Copper sulfate 
Graphite 
Hydrochloric acid 
Hydrofluoric acid (aqueous and 

Lead 
Lithium CPrbaDatc 
Magnesium 
Magnesium fhmide 
Magnesium fluoride slag 

phosphoric acid 
Potassium carbonate 
Patassium hydroxide 
Sodium hydroxide 
sdfur dioxide 

Copper 

cmhydms) 

M e w  

Acetone 
clutlon tctracbloride 
Di.tamu#mreurb 
Ewb==e 
Methyl ubyl ketone 
P e d o d y m e  
T~racblom~bylenc 
Tduene 
T r i w  phosphate 
1 .I ,1 -Trichlomctbane 
Trichlombylene 
Xylene 

We& low-grade mmp md rcrap cakes 

Spccw PrOQlde Rant (Rant 9A) 
Ikpleted d u m  
Rinb 
'Iborium 
Thorium tctnfluoride 
Uranium m a d  
uranium (up to 2.1% enriched) 
Uranium octo-oxide 
Uranium terrafluoride 
Uranyl nillate 

Aluminum 
Ammonia 

Dolomite 
Hydrofluoric acid (aqueous) 
Lithium carboaate 
Magnesium 
Magnesium fluoride 
Nidcel 
Pdassium carbmate 
Pdassium chloride 
Sodium chloride 
Sodium hydroxide 
Zinc fluoride 
Zirconium 

Coppr 

cooling. hydraulic, and lubricating oils 
tkgreasing rolvmts 

PIlot Rant Wet SMe (Plant 13A) 
Barium 
Barium chloride 
Batium sulfate 
Radium 
Thorium 
Thorium hydroxide 
Thorium nitrate 
Thorium oxalate 
Thorium tetmfluoride 
Uranium 

uranium oaooxide 
urenium (up to 25% mliched) 

Aluminum 
Ammonia 
CaQlium 

calcim fluoride 

w r  
(3lranium 

Hydmchloric acid 
Hyddlmric  acid 
Hydrdlooric acid (aqntons) 
Lead 

Magnesium oxide 
Magnesium fluaide 
M e w  
Nickel 
Oxalic acid 
Sodium chloride 
Sodium hydroxide 
Zinc fluoride 

Di-amyl-amyl pbospbonate 
T r i b q l  phosphate 
1 .I, 1 -Trichloroeth~~e 

Kerosene 

Laboratorg Building (Pian t 1q 
E q i u m - 1 5 2  
Lanthanum 
Niobium 
PlUtOtliUm 

Thorium 
Thorium nitrate 
Uranium 
Uranium octo-oxide 
Uranyl nitrate 

Acetic acid 
Ammonia 
Asbestos 
chromic acid 
Hydrochloric acid 
Hydrdlooric acid 
Lead 
M e V  
Maals' 
Perchloric acid 
pktinum 
Silver 
Sulfuric acid 

Acetone 
P C B S  
SOlWOts 

Tetrachlorathylene 
1 .I .1 -Trichloroethane 
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Woc Amt Aenn (Rmt 3 Q  
Thorium 
lboriam lctnfluoride 
URniam 

U r a n i a m d d e  
U l a l l i u m ~ o f i d C  

U d u m  (rrp to 125% enridled) 

unniam mud (up (0 5% cnridlcft) 

calcium 
Magnesium 
Magnesium haide 
Magnesium oxide 
Potassium doride 
Sodium &aide 
zinc 
zinc fluoride 
zirwnium oxide 

Iadaentnr BufMhp (Plant 39Al 
ore raffuratc' 
UlaniIUD 
ulanium trioxide 
Ulaniumcootaminated sump cake# 
Uranirnaooataminated paper, pallets. and 
trash 

Acetoae 
Ammonia 
Pedoroethlyme 
l , l , l - T ~ i d ~ l ~ ~ t h ~  
Trichloroctbytoe 

Spent lubricathrg and hydraulic oils 
Spent solvadsb 

Woc Phot - Uranium AexdluorMe to 
U d u m  Teb.nuorMe Fdlity (Plant 

Thorium 
Thorium m d  
llmniumcelrafluoride 
UlaniUm 
U d m n  mi t h e  tawdust 
uranium kxafluoride 
uranium retrafluon 'de 
Uranium m d  
Ulpnium metal (up to 125% enriched) 
U m y l  fluoride 

Ammonia 
calcium 
calcium nooride 

a 

TABLE 2-3 
(Continued) 

Hydmfluoric acid ( a n h y h r )  
Magnesium 
Magnesium horide 
zinc 
zinc fluoride 

Plant 4 Pad (74Q 
UraniUUl 
uranium dioxide 
ulanium aclo-om 'de 
uranium tctranuoride 

Teudloroethylcne 
uranium trioxide 

coolant 
Water duble oil 

Plant 2 East R d  04Al 
uranium (up to 5% mriched) 
uranium trioxide (up to 3% enriched) 
Uranyl nitrate 

Plant 2 West Pad (74B) 
and ore coacentrates' 

Uranium dioxide 
Uranium -xi& 
uranium trioxide 
Uranyl ammonium phosphate d e s  
Uranyl nitrate 

Aluminum oxide 
Ammonium diumate 
Lead 
Magnesium fluoride 

Oil 
URa 

ptnt  8 East Pad (7- 
Thorium canpounds 
Uranium 
Uranium m d  (up to 1.25% enriched) 
Uraniumcootaminated water and sludges 

Magnesium fluoride 

Dust colledor nxiduei 
Oilcootaminntrd wata 

Plant 8 West Pad (74D)' 
Tborium 
UraniUm 
Uraniumcaotaminated sump cakes 

Copper 
Sodium hydroxide 

1.1 .l-Trichloruuhane 

Oil residues 

Plant 7 R d  ( 7 4 9  
ulanium hexafluoride 
uranium rumfluoride 
uranium trioxide 
U m y l  fluoride 

Plant 5 East Pad (74Cr 
Uranium (up to 1.25% enriched) 
Uranium tetranuoride 

Magnesium 

ptnt  5 south Pad ( 7 4 q  
Uranium tetduoride 

Magnesium fluoride 

Plant 6 Pads (7Q 
Uranium m d  (up to 1.25% enriched) 

Plant9P.d (74Q 
Radium 
Stmntium-90 
Tborium 
Thorium campounds 
Tborium tetranuoride 
Uranium 
Uranium m d  (up to 2.1% enriched) 
Ulanium oclooxide 
Uranium- aad tboliumumtamiaated 
rump cake and durt d e d o r  midues 

calcium fluoride 
Magnesium fluoride 
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BoHdlnp 65 Wed Pad (74Ll 

Ulanium d thorium m d  md ingota 
Tborium campam& 

Bollding 64 E& Pad and Railroad 
Dock (74& 
ulanium aad thorium compounds 

Magnesium 

BoEldhg l2 Nortb Pad (74N) 
Ethylene glycol 

T r i c h l d y k n e  

Diesel fuel 
Lubricating and hydraulic oils 

1,l.l -Trichloroetbme 

Docoatamiantioa Pad (74p1 
Thorium 
Uranium 
Uranium- and thorium-amtaminated 
metal, equipment, and tanks 

oil 

Plant 8 OM Metal M d v w  Pad (7441 
PIiW 

Hydrochloric acid 
Magnesium 

Piant 8 Nortb Pad ( 7 4 9  
Thorium metal 
Uranium 
uranium octooxide 
Uranium metal (up to 1.25% enriched) 
UraniUmUXltaminated gloves. rags. and 
k 

Ammonium hyQoxide 
Magnesium 
sulfur dioxide 

TABLE 2-3 
(Continued) 

pLntlStar8Re Pad ( 7 m  
Barium 
Ore and ore amccnvstea' 
Radium 
Tdmuiam-99 nx4uc.a 
lborium 
Tborium campormds 
uranium (up to 1.25% enriched) 

uranium odooxide 
uranium trioxide 

Lesd 
Lithium carboaate 
Magnesium fluoride 

Acetone 
Methylene chloride 
Tetradoroethylene 
1.1.1 -Trido=thane 

Pilot Rant Pad (74Q 

Uranium hexafluoride 
uranium and thorium compounds 

Ammonia 
Hydrofluoric acid (aqueous) 

oil 

Laboratory Pad (74V)' 
Uranium and thorium samples 

Ammonia 
Hydrofluoric acid 

Di-amyl-amyl pbosphooate 
Tributyl phosphate 

Kerosene 

9 

4340 

Ore includes pitchblende and other 
d i e d  om; cmamtratcs welt dined 
ranewbat a! thc mine site. 

Primarily 1.1.1-Trichloroethane. 
T r i d d y k .  Tctraddoroethylene. 
= precipitants fnnn the filtnuian of 
ulanium or thorium dolrdians. 

Included Ammonium diuranate. uranyl 
ammonium phosphate. uranium 
tcrrafluoride. 'umnium octo-oxide. 
uranium dioxide. and d u m  trioxide. 

Reridual material fmm magnesium 
fluoride. rump caked. kat mating salts. 
' Matcrid mipped fmn d u m  ores 
during d i r y  extrectian process. 

Pieces of uranium and magnesium. 
Designated a Hazardous Waste 

Management Unit. 

P 
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inch layer of gravel containing a leachate collection system of two inch diameter slotted pipe. Silos 1 and 

a 2 are sumunded by an earthen berm to a height of approximately 26 feet, while Silos 3 and 4 are free- 
standing. 

Silos 1 and 2 were used for the storage of radium-bearing residues formed as by-products of uranium ore 
processing from 1952 to 1958. Waste raffinates were pumped into the silos, where the solids would 
settle. The free liquid was d e t e d  through a series of valves p l a d  at various levels along the height of 
the silo wall. Settling and decanting continued until the silos were filled to approximately four feet below 
the top of the vertical wall. Table 2 4  details the volumes and types of waste associated with Operable 
unit 4. 

Corrective actions have been performed to maintain the integrity of Silos 1 and 2. These included 
repairing the walls and constructing a berm on a 1-1/2 to 1 slope (mid-1960s) and enlarging the berm 
to a 3 to 1 slope in the early 1980s. In 1985 a structural assessment was performed that revealed that the 
walls and base slab were structurally stable and could function as a containment of dry solids for a period 
of 10 to 15 years. However, the center 2Gfoot section of the dome was determined to be structurally 
unsound for a load greater than the existing static load. Remedial actions taken since 1985 include 
placement of protective covers constructed of steel and plywood over the center portion of each silo 
dome; three inches of rigid polyethylene foam topped by a 45-mil waterpmf, ultraviolet-nsistant, 
urethane-finish coating was placed over each silo dome in 1987 in order to provide weather protection 
and insulation. A radon treatment system was implemented for this project to reduce radiation exposure 
to the workers during the installation process. In 1991, a layer of bentonite clay was inserted over the 
residues in Silos 1 and 2 to reduce radon levels in the silos and to provide protection in the event of silo 
dome collapse. This was done under a removal action. 

0 

Silos 3 and 4 were constructed in 1952 and were designed to receive dry materials only. Waste raffinate 
slumes from refinery operations were dewatered in an evaporator and spray calcined to produce a dry 
waste form for storage in the silo. The waste was blown in under pressure to fill Silo 3, but Silo 4 was 
never used and remains empty today (DOE 19900. 

2.1.4 RCRA Corrective Actions 
EMW in 1976 and amended by the Hazardous and Solid Waste Amendments (HSWA) of 1984 
(42USC6924 and 6925), RCRA calls upon.EPA to implement the national hazardous waste management 
program. The regulations promulgated under RCRA were originally published in 1980 and appear in 
Title 4OCFR Parts 260 to 280. 

As discussed in Section 1.0. Section VIII of the Consent Agreement states that DOE and EPA mutually 
intend to integrate DOE CERCLA response obligations and RCRA corrective action obligations relating 
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TABLE 2-4 
OPERABLE UNIT 4 WASTES 

Waste 
Volume 

Study Area (cy) Types of Waste 

silo 1 5,076 Residues containing radium, uranium, thorium, 
radon, decay products, precious metals 

silo 2 4,441 Residues containing radium, uranium, thorium, 
radon, decay products, precious metals 

silo 3 5,111 Uranium, thorium, silica, radium, other metal oxides 

silo 4 Unknown Small amounts of rainwater seepage 

to the release from the FEMP of hazardous substances, pollutants, contaminants or constituents. The 
State of Ohio has been delegated the RCRA hazardous waste management program by EPA, while EPA 
has retained authority for HSWA, which primarily includes the land ban restrictions prohibiting the land 
disposal of identified wastes and establishing treatment standards for those wastes (4-268). 

The most recent revision of the FEW RCRA facility permit application is dated October 31, 1991 
(identification number OH 6890008976 - Rev 0 1091). As stated in the pennit application, the FEW 
operates in standard industrial classification code (SIC) 2819, production of Uranium Metals and Related 
Compounds and, for regulatory agency purposes, is classified as a Treatment, Storage and Disposal 
Facility. According to RCRA regulations, all units of permitted facilities will be closed according to the 
specific p m d u r e s  established in the approved closure plan. Further, upon being declared as such, all 
"inactive" units will be closed per the approved closure plan within a specified time period. Closure 
plans are an appendix of the RCRA permit application and, as each plan is approved, become a condition 
of the permit. Each FEMP closure plan must be approved by OEPA before implementation. The 
treatment, storage and disposal units at the FEW, based on the September 1990 pennit revision, are 
listed in Table 2-5. 

Waste streams may be classified "hazardous" and subject to RCRA regulation in one of two ways. The 
waste may be listed in 4OCFR Subpart D 261.30 et al. These lists contain names of wastes generated 
from specific and nonspecific soutCes and other discarded commercial chemical products and associated 
off-specification materials, containers and spill residues. The other designation as hazardous is for 
"characteristic" wastes based on the characteristics of: ignitability, corrosivity, reactivity and toxicity 
(4OCFR Subpart C261.20 et alia). The FEMP generates both listed and characteristic hazardous wastes. 
Listed wastes generated at the FEW include those from RCRA D, F, P, and U lists. The lists itemize 
characteristic (D), specific and nonspecific sources 0, acute (P), and toxic wastes 0 respectively. Most 0 
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TABLE 2-5 

HAZARDOUS WASTE MANAGEMENT UNITS 

Hazardous Waste Management 
Unit Location or RJ/FS Component Function Status 

Corresponding Operable Unit 

Clearwell 
Experimental Treatment Facility 
wastepit4 
Waste pit 5 
North Lime Sludge Pond 
South Lime Sludge Pond 

Operable Unit 1 
Operable Unit 1 
Operable Unit 1 
Operable Unit 1 
Operable Unit 2 
Operable Unit 2 

Settling Active 
Treabnent Inactive 
Storage Inactive 
Storage Inactive 
Disposal Active 
Disposal Inactive 

Detrex still 
Uranyl Nitrate Tanks (Digestion Area) 
UranyI Nitrate Tanks 
(NFS Storage Area) 
Nitric Acid Recovery System 
Components 
Uranyl Nitrate Tanks 
(Raffmate Building) 
Drummed HF Residue Storage Area 
(Inside Plant 4) 
Hilco Oil Recovery 
Oxidation Furnace #1 

Primary Calciner 
parts Cleaner in Welding Shop 

Barium Chloride Salt Treatment Facility 
Tank For Bulk Storage of Solvents, 
T-5 
Tank For Bulk Storage of Solvents, 
T-6 
Biodenitrification Surge Lagoon 

Coal pile Runoff Basin 
Hydrofluoric Acid (€IF) Tank Car 
Drummed HF Residue Storage Area 
(South of Cooling Towers) 
Tank Farm Sump 
Sludge Drying Beds 
Waste Oil Storage In Garage 

Ouerable Unit 3: 
Reparation Plant (1A) 
Ore Refmery Plant (2A) 
NFS Storage & Pump House 
(W 
Nitric Acid Recovery Towers 
(3D) 
Hot Raffmate Building (3E) 

Green Salt Plant (4A) 

Metals Production Plant (5A) 
Recovery Plant (8A) 
Recovery Plant (8A) 
Main Maintenance Building 
(12A) 
Pilot Plant Wet Side (13A) 
Pilot Plant Thorium Tank Farm 
(13D) 
Pilot Plant 'Ihorium Tank Farm 
(13D) 
Biodenitrification Surge Lagoon 
(18A) 
Coal Pile Runoff Basin (18C) 
Main Tank Farm (19A) 
Old North Tank Farm (19D) 

Old North Tank Farm (19D) 
Sludge Drying Beds (2%') 
Engine House/Garage (31A) 

Treatment 
Storage 
Storage 

Treatment 

Storage 

Storage 

Treatment 
Treatment 
Treatment 
Treatment 

Treatment 
Storage 

Storage 

Storage 

Storage 
Storage 
Storage 

Collection 
Storage 
S tomge 

Inactive 
Inactive 
Inactive 

hac tive 

Inactive 

Inactive 

Inactive 
hac tive 
Inactive 
Inactive 

Inactive 
Inactive 

hac tive 

Inactive 

Inactive 
Inactive 
Inactive 

hac tive 
Inactive 
Inactive 
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4340 TABLE 2-5 
(Continued) 

Hazardous Waste Management 
Unit Location or RUFS Component Function Status 

Underground Storage Tank #5 Engine HouseKiarage (31A) Storage Inactive 
(Outside Engine House/Garage) 
Trane Thermal Liquid Incinerator Incineaator Building (39A) Treatment Inactive 
CP Storage Warehouse CP Storage Warehouse (56A) Storage Active 

Corresponding Opemble Unit 

KC-2 Warehou~e 
wheelabram 

Wklabramr Dust collector 

Plant 1 Storage Building 

Fire Training Facility 

KC-2 Warehow (63) Storage Active 
Drum Reconditioning Building Treatment Inactive 
(66) 
Drum Reconditioning Building Treatment Inactive 
(66) 
Plant 1 Thorium Warehouse (67) Storage Inactive 
Fire Training Burn Trough Training Inactive 
and Pond (73D) . 

Plant 8 East Drum Storage Pad Plant 8 East Pad (740 Storage Inactive 
Plant 8 West Drum Storage Pad Plant 8 West Pad (74D) Storage Inactive 
Storage Pad North of Plant 6 Plant 6 Pads (74J) Storage Inactive 
Box F k  Plant 8 North Pad (74R) Treatment Inactive 
Plant 1 Storage Pad Plant 1 Storage Pad (74T) Storage Active 
Pilot Plant Warehouse Storage Pad Pilot Plant Pad (74u) Storage Active 

Drum Storage Area South of W-26 
Drum Storage Near Loading Dock 
Plant 6 Warehouse 
Plant 8 Warehouse 
Plant 9 Warehouse 
Abandoned Sump West of Pilot Plant 
Drummed HF Residue Storage 
(Northwest of Plant 4A) 
Equipment Storage Area 
Nitric Acid Rail Car and Area 
Uranyl Nitrate Tanks (North of Plant 2A) 
Uranyl Nitrate Tanks 
(Southeast of Plant 2A) 
Well Drilling Storage Area 

Labomtory Pad (74V) 
Laboratory Pad (74V) 
Plant 6 Warehouse (79) 
Plant 8 Warehouse (80) 
Plant 9 Warehouse (81) 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

Storage 
Storage 
Storage 
Storage 
Storage 
Storage 
Storage 

Storage 
Storage 
Storage 
Storage 

Storage 

Inactive 
Inactive 
Active 
Active 
Active 
Inactive 
Inactive 

Inactive 
Inactive 
Inactive 
Inactive 

hac tive 

Note: There are no HWMUs associated with Opemble Unit 4, 
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4340 
wastes are containerized in tanks or drums and stored on-property. Containers used include 5-, 30-, and 
%-gallon types as well 85- and 110-gallon overpack. Wastes known or observed to contain free liquids 
are stored in locations with appropriate secondary containment. In addition to the hazardous wastes 
generated on-property, the FEMP has received and stores characteristic @) hazardous wastes generated 
off-site by RMI Company, Ashtabula, Ohio. FEW hazardous waste storage units and capacity are listed 
m Table 2-6. 

Hazardous waste management at the FEMP has taken many forms. According to previous RCRA permit 
applications, until its deactivation in May 1986, the FEW would use tfie Trane Thermal Liquid 
Incinerator to treat approximately 900 pounds of K-listed wastes (K054). no longer a RCRA waste, and 
500 pounds of D-listed wastes @OOl, DOO2) annually. The disposal process used at the FEMP until 
recently was landfilling in surface impoundments (waste pits). The waste pits received materials 
contarmnated with radioactivity. 

The FEMP has operated a hazardous waste landfill at Waste Pit 4. Between approximately 1960 and 
early 1985, Waste Pit 4 accepted waste which qualified for RCRA regulation. The unit was officially 
placed on inactive status in June 1986 and remains so at present. A final closure plan has been developed 
pursuant to 4OCFR265 Subpart G and 265.310, and Ohio Administrative Code (OAC) 3745-66 and 3745- 
68-10. The long-term storage of high-specific activity K-65 residues in Silos 1 and 2 is also a form of 
disposal. There is no land treatment of RCRA-regulated wastes at the FEW. a 
The majority of RCRA-regulated hazardous wastes and PCBs generated at the FEMP have been shipped 
to disposal facilities elsewhere in the United States. Most facilities permitted for disposal of hazardous 
wastes are not permitted for handling mixed (radioactive and hazardous) wastes. At present, no 
shipments of hazardous or mixed waste are leaving the FEW. All materials are being stored pending 
characterization of the wastes. AU waste analysis is performed at the FEMP laboratory or in off-site 
contract laboratories through the EPA contract laboratory program. All test methods are from EPA 
publication SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. 

2.1.5 National Pollutant Dischawe Elimination System 
Liquid waste effluent generated from FEMP process operations is sent to a general plant sump for 
treatment and analysis prior to release to the Great Miami River through the main effluent line. The main 
effluent line to the Great Miami River is the permitted discharge point for wastewater from the FEW. 
The discharge is regulated by a NPDES permit (number 11000004*BD, formerly OH 009580) and DOE 
Orders, with compliance monitoring performed at Manhole 175 before the effluent leaves tfie FEMP 
boundary. The permit, as renewed on February 12,1990, increased the total number of analyses to 5137 
(three times the number required in 1989) and required continuous monitoring of pH (DOE 1992b). The 
monthly average permit limits for Manhole 175 are as follows: a 
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TABLE 2-6 

FEMP HAZARDOUS WASTE STORAGE UNITS 

Unit Capacity 
Storage Unit (drums/gallons) 

4340 

Building 83X Storage Warehouse 16,300 / 896,500 

Proposed RCRA Warehouse 

Plant 8 Warehouse 

2,640 / 145,200 

1,992 / 109,560 

Pilot Plant Warehouse 180 / 9,900 

KC-2 Warehouse Bay 5 5456 / 25,080 

KC-2 Warehouse Bay 6 6464 125.520 

KC-2 Warehouse Bay 7 7240 / 13,200 

Plant 9 Warehouse 1,704 / 93,720 

Plant 6 Warehouse 3,648 / 200,640 

Total 45,624 / 1,519,320 

SOURCE: FEW RCRA Part "A" Permit Application Revision, September, 1990 

PH - 6.5 to 9.0 S.U. 
Dissolved Oxygen - 5.0 mg/Q minimum 
Suspended solids - 30 mg/4 99 kg/day 
Oil and Grease - 15 mg/Q, 50 kg/day 
Cyanide - 0.036 mg/4 0.12 kg/day 
Copper - 23 &Q, 0.077 kg/day 
Silver - 12 pgQ, 0.40 kg/day 
BOD-C - 20 mg/Q, 66 kg/day 
Lead - 60 j@Q, 0.20 kg/day 

Liquid effluent samples collected at the NPDB locations during 1990 indicated 50 exceedances of limits 
in the permitted discharge. These exceedances were primarily for two constituents, fluoride and pH. Ten 
of the 11 fluoride exceedances occurred at the monitoring point located at the effluent discharge from the 
biodenitrifcation system. Fluoride concentrations at the discharge into the Great Miami River were 
within allowable limits. Twenty of the 28 pH exceedances were detected at the discharge to the Great 
Miami River and the other eight at internal monitoring points. During 1990,786 kg (1729 pounds) of 
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uranium were discharged into the Great Miami River through the FEW'S regulated discharge point. 
This slightly exceeded the FEMP's allowable uranium discharge limit of 1700 pounds per year. 
Annual averages of thorium and strontium were detected in the effluent at concentrations less than 
three percent of the guidelines provided in DOE Order 5400.5 @OE 1992). 

Storm water runoff from the former production area is collected in storm water retention basins, 
located on the south side of the production area, to allow for solids to settle out prior to the water 
being analyzed and released to the Great Miami River through the main effluent line. The storm water 
retention basins are designed to contain the nmoff from a lGyearl24-hour rainfall event Rainfalls 
greater than this amount are considered to be extreme events. If the retention basins overflow, storm 
water is discharged through the storm sewer outfall ditch to Paddys Run. Overflows have occurred 
seven times since the basins were constructed in 1986. 

2.2 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 
This section describes the regional and site-specific environment of the FEW. Topics discussed 
include air quality, climate, geology, seismology, hydrogeology, surface water, ecology, population, 
and land use. 

2.2.1 Meteorolow 
Information on the local climate was gathered from two main sources: an on-property meteorological 
system installed at the FEMP in 1986 and from the National Weather Service Office at the Greater 
Cincinnati Airport. Windflow data from the Dayton Airport were used as a secondary source. 

2.2.1.1 Prevailinn 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 to examine the 
complexity of the local wind field at the FEW. The study showed that two major features, the Great 
Miami River Valley and the ridges surrounding the site, affect the wind patterns. A study by 
International Technology Corporation (1986) showed, however, 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 2-5 shows the typical wind pattern at the site recorded from a 10-meter tower. hvai l ing 
winds are from the southwest and west-southwest. A frequency distribution summary of the wind 
speed and direction is presented in Table 2-7. This table presents the numerical data from which the 
FEMP windrose was generated. The average monthly wind speeds, based on National Weather 
Selvice meteorological data, range from seven miles per hour (mph) in August to I1 mph in March. 0 
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2.2.1.2 PreciDitation 
The average annual precipitation for the Cincinnati area during the period 1961 through 1991 was 
41.28 inches and ranged from 27.99 (1963) to 57.586 (1990) inches. The highest precipitation occurs 
during the spring and early summer, precipitation is typically lowest in late summer and fall. The 
average annual snowfall for the 1961 to 1991 period was 22.15 inches, with the heaviest snowfall in 
January. 

The total rainfall for this area in 1991 was 40.09 inches, and the total snowfall was 9.3 inches. The 
wettest months were August and December, with 5.04 and 5.08 inches of rainfall, respectively. By 
contrast, the least precipitation was recorded in October when 1.37 inches of rain fell. 

2.2.1.3 Temuerature 
The regional climate is defined as continental, with temperatures ranging from a monthly average of 
29.2"F in January to 757°F in July. The highest temperature recorded from 1960 through 1989 was 
103°F in July 1988, and the lowest was -25°F in January 1977. 'The average number of days per year 
with a minimum temperature of 32°F or less is 109 days, and the average number of days per year 
with a maximum temperature of 90°F or above is 20 days. Frost depth ranges from 30 to 36 inches. 

2.2.2 T o w m u  hv and Surface Water Hvdrolom 
Maximum elevation along the northern boundary of the FEMP property is a little more than 700 feet 
above mean sea level (MSL). The production area and waste storage area rest on a relatively level 
plain at about 580 feet MSL. The plain slopes from 600 feet MSL along the eastern boundary of the 
FEMP to 570 feet MSL at the K-65 silos, and then drops off towards Paddys Run at an elevation of 
550 feet MSL. AU drainage, including surface water, on the FEMP is generally from east to west into 
Paddys Run, with the exception of the extreme northeast comer, which drains east toward the Great 
Miami River (Figure 2-6). 

The FEMP 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 miles of the facility's eastern boundary, and 
ends in the Ohio River approximately 24 river miles from the main effluent line discharge point, 
which is located at river mile (RM) 24.1 (Figure 2-7). Tributaries to the Great Miami River in the 
FEMP region include Four Mile Creek at RM 38.4, approximately 14 river miles above the FEW; 
Owl Creek at RM 22; and Blue Rock Creek, which enters the river at RM 21. Paddys Run, which 
flows along the FEMP's western boundary, joins the Great Miami at approximately RM 19.5, and 
Taylor Creek enters the river at approximately RM 14.4. The Whitewater River combines with the 
Great Miami River at RM 6. 

Surface waters on and adjacent to the FEMP are the storm sewer outfall ditch, Paddys Run, and the 
Great Miami River. The storm sewer outfall ditch originates within the FEMP and flows toward the 0 
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southwest where it enters Paddys Run, which flows southward along the western boundary of the 
facility. Paddys Run, in turn, is a tributary of the Great Miami River, which flows generally toward the 
southwest, and lies to the east of the FEMP. Their locations in nelation to the FEW are shown in 
Figure 2-8. 

2.2.2.1 Storm Sewer Outfall Ditch 
The storm sewer outfall ditch originates east of the 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 east of the 
production area, is composed of sand and gravel and is highly permeable. Loss of flow to the 
underlying aquifer is therefore significant. ThrPughout 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 production area 
directly into Paddys Run during periods of heavy precipitation when the capacity of the stom sewer 
lift station (which diverts low-flow storm water to Manhole 175) has been exceeded. Storm water 
retention basins were constructed in October 1986 and December 1989 at the head of the storm sewer 
outfall ditch. Storm water runoff from the 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. The basins are 
designed to retain the runoff from a 10-year, 24-hour rainfall event; only in the event of an overflow 
would storm water from the production area enter the storm sewer outfall ditch. 

2.2.2.2 Paddvs Run 
Paddys Run originates north of the FEW, 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 is toward Paddys Run, which has cut six feet or more 
through the geological 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 flows throughout its entire length primarily between 
January and May. 

Paddys Run is a steepsided stream, and erodes its banks severely during high flow periods. In 1961 
and 1962, the course of the stream was altered to prevent it from eroding into the waste pit 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 ungaged, but estimated flows for the January - May 
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have not been measured. 

2.2.2.3 Great Miami River 
The FEMP is located within the Great Miami River drainage basin, but lies above the river’s present 
day floodplain The Great Miami River is the main surface water feature in the vicinity of the FEW, 
and is the receiving water for a NPDES permitted discharge from the facility. The river flows 
generally to the southwest and has a drainage area of approximately 3360 square miles at the Hamilton 
gage, which is located about 10 miles upstream from the FEMP discharge outfall. The three 
Southwestern Ohio Water Company (SOWC) wells shown on Figure 2-8 have a significant influence 
on the infiltration rate from the Great Miami River. The SOWC collector wells pump at an average 
rate of 18 million gallons per day. Spieker (1986) and Dove (1961) concluded that 60 to 76 percent 
of the total flow from the collector wells comes from induced recharge from the Great Miami River. 

The river exhibits meandering patterns that result in sharp directional changes over distances of less 
than 3000 feet. Directly east of the FEMP and within the site-wide RWS study area, the river passes 
through a 18@degree curve known as the Big Bend (Figure 2-7). A %degree bend in the river also 
occurs near New Baltimore, approximately two 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 
feet‘/s. Using drainage area scaling, the corresponding average flow at the FEMP point of discharge 
has been estimated to be 3460 feet’/s. The maximum discharge ever recorded for the Great Miami 
River at Hamilton occurred on March 26, 1913 and was estimated to be 352,000 feet%. The 
maximum discharge since the construction in 1922 of five retarding basins, located approximately 
seven miles upstream of Ross, was 108,000 feet’/s and occurred on January 21, 1959. The ten-year- 
flood discharge has been calculated to be 81,455 feet‘/s for the site reach. The minimum daily 
discharge of 155 feet’ls was recorded on September 27, 1941. This value is approximately half of the 
sevenday, ten-year low flow value (Q7-10) of 267 feet%, as computed by the U.S. Geological Survey 
(USGS) for the Hamilton gage. This corresponds to 280 feet‘/s along the portion of the river shown 
on Figure 2-8. 

2.2.3 Geology and Hydrogeology 
The following section provides a summary of the geological history and hydrogeological setting of the 
area surrounding the FEMP. 

2.2.3.1 Physiomrhic Province 
The FEMP 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 
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structurally sigrufcant in this region. The underlying bedrock in the region is shale and fossiliferous 
limestone of Middle and Late Ordovician age (Fenneman 1916). It outcrops on steep valley walls in 
numemus waterfalls. In some areas, it is overfain by glacial deposits that range in thickness to as 
much as 400 feet 

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

2.2.3.2 Geolonic History 
The FEW is located within a two- to three-mile-wide subterranean valley known as the New Haven 
.Trough. This valley formed as a result of Pleistocene glaciation and subsequently filled with glacial 
outwash materials and glacial ovehurden. The geological history of the FEMP area, as presented by 
Fenneman (1916). is summarized in the following paragraphs. . 

In Late Ordovician time, approximately 450 million years ago, sediments which would become a 
predominantly flat-lying shale with thin interbedded limestone were deposited in a shallow sea. This 
shale is the relatively impermeable bedrock which now underlies the FEW area and forms the 
adjacent highlands. 

Prior to Pleistocene glaciation, the area was relatively flat and sloped in a northward direction. This 
level plain contained a northward flowing drainage system. This system is referred to as the Teays 
River System and consisted of two major streams with many tributaries. At some time during the 
early Pleistocene period, this north-flowing river system was disrupted by the advance of Nebraskan 
and Kansan glaciation to the north of the Cincinnati area. The drainage system that developed south 
of the advancing ice sheets is known as the Deep Stage Drainage System (Figure 2-9A). 

The Deep Stage 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 present-day 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 Little Miami River. There it was joined by the East Fork and flowed west 
through the Norwood Trough to the Mill Creek Valley, where it joined the Licking River. The stream 
then flowed north through the Mill Creek Valley and turned west to join the Miami River south of 
Hamilton. It continued to the southwest through the New Haven Trough to near Hamson, where it 
turned and flowed south through what is now the Whitewater River Valley. 

122 
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Several tributary streams of later importance entered the main stream in the vicinity of the FEMP. 
Two streams originated near Miamitown -- one flowed north to join the main st.~am between Shandon 
and Femald, and the other flowed south following the course of the p a n t - d a y  G ~ a t  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 time of Deep Stage Drainage and the early stages of Illinoian Glaciation (300,000 to 
400,000 years ago), the river valleys cut deeply into the shale bedrock to depths up to 200 feet below 
current land elevations. As the Illinoian ice sheet advanced into the area, ice began to block the 
Miami River and its confluence with the ancestral Ohio River. This caused water. to pond in the Mill 
Creek Valley. 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 Miami River and the ancestral Ohio River was completely blocked, the 
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 created the p a n t d a y  channel of 
the Ohio River (Figure 2-9B). As the ice retreated, the valleys of the Deep Stage Drainage were fded 
with well-sorted sand and gravel outwash deposits, and the Great Miami River and the Ohio River 

@ 
were established in their present-day channels. 

The last stage of glaciation, the Wisconsin stage, was much less disruptive to the drainage in the area. 
The ice sheet advanced only as far as the south side of the FEW’S present location. The main effect 
of this glacial advance was the displacement of the Dry Fork of the Whitewater River from its historic 
channel into its present-day channel. As it retreated, the ice deposited a moraine in the historic 
channel which formed a dam. The dam was breached two times, the final breach draining the lake 
permanently. The lake basin is now occupied by Paddys Run. 

Since the last retreat of continental glaciers, the sheams in the area have removed much of the glacial 
overburden and lacustrine mantle 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 
comprise the Great Miami Aquifer. Paddys Run is also in contact with these deposits in its lower 
reaches. The FEMP is located on a dissected glacial overburden plain and lacustrine deposits left by 
Wisconsin Glaciation. 

2.2.3.3 Site- Wide Hvdrogeoloav 
The Great Miami Aquifer is the principal aquifer within the FEW study area. The underground 
valley in which it occurs varies in width from about one-half mile to over two miles, having a 
U-shaped cross section with a broad, relatively flat bottom, and steep valley walls (Figure 2-10). The 
valley is filled with extensive deposits of sand and gravel, ranging in thickness from 120 to 200 feet in 
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the valley to only several feet along the valley walls, and scattered silt and clay deposits. Beneath 
much of the FEMP property is a relatively conthuous, low permeability clay interbed ranging from 
about 5 to 20 feet thick. The clay interbed occurs approximately 130 feet below the land surface and, 
where present, divides the aquifer into upper and lower sand and gravel units. Figure 2-1 1 is a 
generalized stratigraphic column of the valley fill deposits. 

4 3 4 0  

The sand and gravel deposits allow a considerable yield of water. Estimated aquifer tranmissivity 
along the floodplain of the Great Miami River (east and south of the FEW) and in the valley of 
Paddys Run (west and south of the former production m a )  ranges from 13,000 to 67,000 ft2/day. The 
storage coefficient in these areas is estimated at 0.2, with individual wells yielding as much as 2,000 
to 3,000 gallons per minute (gprn). Estimated transmissivity directly beneath the FEW ranges from 
4,700 to 40.000 fe2/day and the storage coefficient ranges from about 0.1 to 0.002. Individual wells 
yield as much as 100 to 500 gpm. The bedrock outside the valley is generally incapable of 
transmitting large quantities of groundwater, with well yields ranging from less than 1 to 10 gpm 
(Spieker 1968). 

Overlying the aquifer under most of the FEMP property is the glacial overburden which is composed 
of the following: loess - fine-grained silt with small amounts of clay; lacustrine deposits - silt and 
clay with interbedded sand; till - heterogeneous mixture of silt, clay, sand, gravel, and boulder-sized 
materials; glaciofluvial deposits - well-sorted sand and gravel. The thickness of the glacial 
overburden ranges from 5 to 50 feet within the FEMP study area, but most often averages between 20 
and 30 feet. With the exception of some scattered deposits, this material 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 eroded away. 

The presence of till and deposits of silt and clay classify the overburden as an aquitard in most 
locations. However, lenses, beds, and irregularly shaped deposits of sand and gravel interbedded 
within the till form perched water-bearing zones. Wells constructed in these intertill aquifers may 
yield up to 50 gpm @OE 1990). Hydraulic conductivities within the intertill aquifers are highly 

variable with an expected range of 2.8 x lo5 to 280 Wday (Freeze and Cheny 1979). A series of slug 
tests performed on on-property wells screened in the perched aquifers found hydraulic conductivities 
ranging from 0.0071 to 14.7 ft/day. Porosities range from 22.1 to 36.7, with a mean of 31 percent 
(Moms and Johnson 1967). Based upon hydrograph analysis, the interconnection between perched 
water-bearing zones is limited, indicating that movement of water and contaminants within these units 
will be limited. However, over an extended period of time, communication between the perched 
water-bearing zones and the aquifer is likely. More detail on perched groundwater/aquifer 
relationships and potential for interaction is provided in Appendix 0. 

. 

The principal sources of groundwater recharge in the FEMP study area are direct precipitation, stream 

infiltration, leaky storm sewers, and bedrock. Infiltration of rainfall and snowmelt is the dominant 
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regional source of groundwater recharge, providing approximately 570,000 gallons per day per square 4 3 4 0 
mile, or roughly 12 inches per year to the water table of the aquifer (Dove 1961). Much of the 
precipitation that xuns 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. These streams are intermittent and provide recharge on a seasonal basis. The pumping of 
the SOWC water supply wells located at the "Big Bend" meander of the Great Miami River east of the 
FEMP (Figure 2-8) causes a portion of the surface water to infiltrate -ugh 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 fractures allow relatively small amounts of 
water to seep into the aquifer. 

Groundwater elevation levels in the study area show a broad cyclic trend on a yearly basis, as shown 
in Figure 2-12. Maximum groundwater levels generally occur during the spring and early summer 
months, which are also the major groundwater recharge months. Minimum groundwater levels 
generally occur during the late fall and early winter months. This corresponds with the dry season for 
southern Ohio, which generally starts in late summer or early fall and xuns to late fall. For most 
years, the groundwater experiences a fluctuation on the order of four to five feet, with increases 
occurring faster than decreases. The average recharge period is four to five months (typical for 
southern Ohio), while the average discharge period lasts seven to eight months. An April 1986 
groundwater elevation contour map of the FEMP study area is provided in Appendix 0. 

Groundwater flow involves both the flow of the Great Miami Aquifer and perched groundwater in the 
vicinity of the FEW. The generalized groundwater flow in the Great Miami Aquifer, based on 1986 
water level contours and groundwater modeling output, is shown in Figure 2-13. 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 upstream from New Baltimore or by flowing south through 
the branch of the bedrock channel west of New Baltimore. In either case, the Great Miami River is 
the ultimate receptor of all groundwater in the study area. 

The large volume SOWC pumping wells near the "Big Bend" meander of the Great Miami River east 
of the FEW produce a pronounced and persistent cone of depression, generally defined as a lowering 
of the water table in the area surrounding the pumping wells. Groundwater elevation maps indicate 
that this cone of depression influences groundwater flow patterns beneath the FEW. In particular, a 
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groundwater flow divide is created such that groundwater underlying the northern portion of the 
FEMP, including those areas underlying the waste storage area and the production area, flows east 
toward the SOWC wells and the Great Miami River. Groundwater from the southern and 
southwestern portion of the FEMP flows to the southeast through the buried valley. Near the 
southwest corner of the FEMP, a groundwater component from the west is also present. This causes 
the recharge from certain reaches of Paddys Run to flow east-southeast until the regional southern 
component of flow is encountered. 

4 3 4 0 

Examination of groundwater elevation contour maps indicates that Paddys Run affects local 
groundwater flow along the western FEMP boundary and a limited area to the south. Increases in 
runoff in Paddys Run lead to the formation of a groundwater mound typically c e n t e d  on monitoring 
wells just southwest of the K-65 silos and adjacent to Paddys Run Only a slight influence is seen 
during the dry months, when there is little recharge to the aquifer from Paddys Run. However, during 
periods of high flow in Paddys Run, which follow heavy or sustained rainfall, large amounts of st~am 
water infiltrate the aquifer, creating a mound in the local water table. This groundwater mound affects 
the direction of flow in its vicinity. For example, groundwater that normally flows to the east in the 
vicinity of Paddys Run will flow to the west when this seasonal mounding is occurring. As the flow 
in Paddys Run decreases, and therefore the infiltration to the aquifer is reduced, the mound decreases 
in size until the flow panems show only slight influence. 

Depth to perched groundwater at the FEMP ranges from one to 15 feet below the land surface. This 
can seasonally fluctuate by up to 10 feet at a single location, with the highest water levels occurring 
during the early spring and the lowest during the late fall. The perched groundwater zones occur 
primarily under unconfined conditions in the presence of sand and gravel. Local confined conditions 
also occur in the presence of clay and silt. 

0 

Perched groundwater underlying the FEMP property generally flows to the south and west, toward 
Paddys Run and the storm sewer outfall ditch, and vertically downward. However, there is uncertainty 
regarding perched groundwater movement because perched zones are not interconnected across the 
property, and also because the materials comprising the overburden vary considerably in their ability to 
confiie 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 installed prior to the construction of the FEMP. Consequently, groundwater 
flow within the glacial overburden is discontinuous and nonuniform across the FEW. 

Groundwater/Surface Water Interaction The Great Miami River, Paddys Run, and the stom sewer 
outfall ditch have, along certain reaches, eroded through the low permeability glacial overburden 
material to the upper reaches of the Great Miami Aquifer. This contact allows for the direct exchange 
of water between surface water and groundwater, which is important in terms of understanding how 
contaminant-bearing surface water can migrate into groundwater underlying the EMF' and vicinity. 0 
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GroundwatedGreat Miami River Interaction The Great Miami River is primarily a gaining stream 

where it flows near the FEW. The bed of the river is in direct contact with the upper sand and 
gravel deposits of the aquifer, and groundwater generally flows from the aquifer to the river. Thus, a 
portion of the river’s flow originates from groundwater. However, the pumping of the SOWC 
collector wells, which are located close to the river, causes a portion of the water flowing in the river 
to enter the aquifer by means of induced infiltration. This only occurs within the pmxhity of the 
collector wells. 

4 3 4 c) 

The FEMP’s main effluent line discharges contaminant-bearing surface water into the Great Miami 
River. The possible effects of effluent discharge on groundwater quality due to the induced infiltration 
resulting from the pumping of the SOWC wells were evaluated in a 1988 study (IT 1988). This study 
concluded that the FEMP discharge has not had an observable effect on groundwater quality since 
most of the induced infitration occurs upstream from the discharge point, and much of the effluent is 
canied downstream before it has a chance to infiltrate the aquifer through the bed of the river. 

GroundwaterPaddvs Run Interaction Paddys Run interacts with the Great Miami Aquifer in several 
ways. The stream has eroded through the glacial overburden and into the top of the aquifer from its 
confluence with the Great Miami River to about the position of the metal oxide silo (Figure 2-14). 
Consequently, Paddys Run is directly connected with the-aquifer in this reach. This connection allows 
stream water to infiltrate the aquifer over much of the eroded reach of the stream and, under certain 
conditions, allows groundwater to enter the stream in reaches south of the FEW. This connection 
also allows contaminants entering the stream via storm water runoff to migrate between surface water 
and groundwater. 

0 
The elevation of the water table has a direct influence on interactions between Paddys Run and the 
aquifer. Based on observed water level readings, the stream is above the water table where it flows on 
FEMP property, losing water to the aquifer in the reach where the glacial overburden has been eroded 
away. During flooding periods, recharge to the aquifer is relatively high in this reach. Relatively little 
recharge of the aquifer occurs north of the silos, where Paddys Run is situated on clayey glacial 
overburden. South of the FEMP, the elevation of the water table is close to or above the elevation of 
the stream bottom. Consequently, Paddys Run receives groundwater from the aquifer in this reach 
during most of the year. 

Groundwater/Storm Sewer Outfall Ditch Interaction The storm sewer outfall ditch is a natural 
tributary of Paddys Run that enters the stream just above the southwest boundary of the FEMP. The 
bed of this stream is situated on sand and gravel of the aquifer to about as far upstream as the storm 
water retention basins. Thus, water in the storm sewer outfall ditch can directly infiltrate the 
underlying aquifer along this reach (Figure 2-14). The ditch camed excess storm water and associated 
contaminants from the production area prior to construction of the two retention basins in 1986 and 
1989, and is considered to be a substantial source of historic uranium releases to the aquifer during the 
years of FEMP operations. The ditch still drains nearby uplands during sustained rainfalls and during 
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winter and spring snowmelts and currently receives stom water from the production area only in the 4 3 4 r) 
event of overflows of the storm water retention basins. Otherwise, the ditch is typically dry. 

2.2.3.4 Seismology 
A seismic risk zone of two (on a scale of less-thanme to four) a measurement of earthquake intensity, 
has been assigned to the region of the FEMP. The Occurrence of an earthquake in the region of the 
FEW could damage facilities and cause the release of contaminants into the environment. Local 
geological stnrctures and historical seismicity are used to analyze the potential for seismic events and 
structural damage. 

The presence of minor faults cannot be completely dismissed, since Paleozoic rocks in the Femald 
area are largely covered by Pleistocene sediments and fault traces older than Pleistocene could be 
obscured. The historical record of seismicity and the absence of post-Wisconsin faults show that 
significant damage from local earthquakes at the FEW is highly unlikely. Throughout the nineteenth 
and twentieth centuries, no damaging earthquakes have been recprded within 71 miles of the FEMP. 
Nine earthquakes caused minor damage between 71 and 199 miles of the FEW, and one earthquake 
caused localized moderate damage at Anna, Ohio, about 81 miles north of the FEW. 

2.2.4 
Soil characteristics affect the suitability of a site for agriculture or construction. the likelihood of 
erosion during remedial actions, and the kinds of habitat, for example wetlands, which can develop on 
a site. Soils in the region of the FEW were formed from materials deposited by the Wisconsin and 
Illinoian glaciers. These parent materials consist mainly of glacial till, but include sand, gravel, glacial 
lake clays, and silt clays. Three major soil associations, that is, groups of soils which typically occur 
together, exist in the vicinity of the FEW: Russell-Xenia-Wynn, Fincastle-Xenia-Wynn, and Fox- 
Genesee (USDA 1980, 1982). These soils are usually lightcolored, acidic, and welldrained. Many 
of them have developed on wind-blown material (loess), except along river basins where the Fox- 
Genesee soils are of glacial till origin. The soils are moderately high in productivity and are 
frequently used for growing cash crops and producing livestock. Tables 2-8, 2-9, 2-10, and 2-11 give 
the engineering, physical, and chemical properties for the soil types found in the region of the FEMP. 

The Butler County and Hamilton County Soil Surveys have 15 specific soil series or types mapped 
within FEMP boundaries, as shown in Figure 2-15 (USDA 1980. 1982). The major series are 
Fincastle-Xenia silt loams, which also cover large areas west of the FEMP. 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 Erncastle series consists of 
deep, nearly level, somewhat pooriy drained soils on broad flats. Permeability is slow and the 
available water capacity is high. The seasonal high water table is commonly found between one and 
three feet 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 with the 
production area at the facility and with the pastures to the east and west. The Xenia soil series is a 
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deep, nearly level, moderately well drained soil located on tiU plains. Permeability is moderately slow, 
available water capacity is high, and the runoff hazard is low. The seasonal high water table is usually 
within two and six feet of the surface from March to April. These soils are located within the 
northern pine plantation and in the pastures to the east of this area 

The remaining soil series occurring within the FEMP are Dana, Eden, Fox, Genesee, Hennepin, 
Henshaw, Markland, Martinsville, Miamian, Ragsdale. Raub. Russell, and Uniontown. Table 2-12 lists 
the symbol, name. slope, and drainage classification for each soil within the FEMP boundaries. 

One soil mapped within FEMP boundaries is considered hydric, that is, periodically depleted of 
oxygen due to water saturation (USDA 1987a. b). This very poorly drained soil, Ragsdale silty clay 
loam, is mapped for approximately 53 acres (five percent of the area of the FEMP) in the northern 
portion of the FEMP. The Ragsdale soil series is nearly level, deep, and very poorly drained. 

It is usually located in long, narrow depressions or in shallow basins. The permeation rate is slow, 
available water capacity high, and the seasonal high water table is near the surface from December 
through May. These soils are associated with a jurisdictional wetland in the northern end of the 
FEMP, as described in Section 2.2.5.4. 

Three soil series at the FEMP, represented by four map units, are classified as somewhat poorly 
drained soils. These include the Fincastle series described above, the Henshaw series and the Raub 
series. Somewhat poorly drained soils occupy approximately 364 acres (35 percent) at the FEMP, 
excluding the highly developed portions of the Fincastle-Urban land complex. Henshaw soils are 
deep, nearly level, somewhat poorly drained soils on flats and low stream terraces and in basins. 
Permeability is moderately slow, available water capacity is high, and runoff is slow. The seasonal 
high water table is usually within two feet of the ground surface between November and March. A 
small area of these soils exists along the western property line adjacent to Paddys Run Road, and 
south of the production area. 

0 

Raub soils are deep, nearly level, somewhat poorly drained, dark soils located on glacial till plains. 
These soils have slow permeation rates and high available water capacity. The seasonal high water 
table is between one and three feet during January through April. These soils are located on upland 
terraces in the southeast portion of the FEMP and immediately north of the production area. 

The remaining 10 soil series mapped within FEMP boundaries are moderately welldrained and well- 
drained upland soils. The Dana series consists of deep, gently sloping, moderately welldrained soils 
on slopes or in gently sloping basins on till plains and moraines. This series has moderate 
permeability, and the available water capacity is high. The water table is usually perched at a depth of 
three to six feet between March and April. These soils occupy the upper third of the northern pine 
plantation. 

0 
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TABLE 2-12 

SOIL CONSERVATION SERVICE SOILS DRAINAGE CLASSIFICATIONS 
OF SOILS FOUND ON THE FEMP 

SjlUbOl Name Slopes (5%) Drainage Classification 

DaB 
EcE2 
ECR 
FcA and FdA 
FeA 
FoA 
Gn 
HeF 
HoA 
MaB 
MaC2 
McA 
Mnc2 
MoE2 a M s a  
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 
Henshaw silt loam 0-2 
Markland silty clay loam 2-6 
Markland silty clay loam 6-12 
Martinsville silt loam 0-2 
Miamian silt loam 8-15, eroded 
Miamian-Henneph silt loams 25-35, eroded 
Miamiam-Russell silt loams 2-6 
Miamiam-Russell silt loams 
Ragsdale silty clay loam level 
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 

12-18, moderately eroded 

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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The Eden series is moderately deep, steep, welldrained soil on valley walls and hillsides. This series 
has a slow permeability and the available water capacity is low. The water table is usually found at a 
depth greater than six feet. This series is located between the northern pine plantation and State Route 
126. 

e 
Soils along Paddys Run are categorized as Fox-Genesee loams. Fox soils 
well drained soils on slight rises and stream terraces. Erosion has removed the majority of the original 
surface layer, and permeability is moderate in the upper horizons and very rapid in the lower horizons. 
The seasonal high water table is normally more than six feet below the surface. A small area of Fox 
soils exists along the southern property line of the FEMP on the upland terrace immediately east of 
Paddys Run. Genesee soils are deep, nearly level, welldrained soils located on terraces adjacent to 
floodplains. The areas that they occupy are subject to occasional brief flooding. The permeability is 
moderate, and the available water capacity is very high. Normally, the seasonal high water table is 
deeper than six feet below the surface. This series is associated with the north-south comdor 
containing Paddys Run and part of the storm sewer outfall ditch. The Hennepin Series is a deep, very 
steep, well-drained soil along streams in dissected parts of the level plain. The permeability is 
moderately slow to slow, the available water capacity is moderate, and runoff is very rapid. The 
seasonal high water table is usually greater than six feet below the surface. These soils are associated 
with the steep banks of Paddys Run, on either of the Genesee soils. Hennepin soils also occur in 

deep, gently sloping, 

association with Miamian soils along the storm sewer outfall ditch. 0 
The Markland series consists of deep, gently sloping, moderately welldrained soils. Permeability of 
this soil is slow, the available water capacity is moderate, and the mnoff hazard is medium. The 
seasonal high water table is usually perched between three and six feet below the surface from March 
to April. .These soils are located adjacent to the Hennepin soils, just outside the woodlands bordering 
Paddys Run, the storm sewer outfall ditch, and other drainages on property. 

Martinsville soils are deep, nearly level, welldrained soils on stream terraces and outwash plains. The 
,permeability is moderate, the available water capacity is high, and the runoff hazard is low. The 
seasonal high water table is more than six feet below the surface. Martinsville soils are found on a 
level terrace in the southern end of the FEMP, adjacent to a tributary to Paddys Run. 

Miamian soils are deep, strongly sloping, welldrained soils located on dissected plains. Erosion has 
removed portions of the original surface layer and the subsoil has been filled into the existing surface 
layer. Permeability is moderately slow, and the available water capacity is moderate. The seasonal 
high water table is usually greater than six feet below the surface. Miamian soils exist along the 
northern property line of the FEMP and, associated with Hennepin soils, along the storm sewer outfall 
ditch and one of its tributary drainages running from Willey Road to the northwest. Russell silt loams 
are gently sloping, deep, well-drained soils on slight rises and knolls of till plains. Russell soils have 0 
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moderate permeability in the lower horizons, and surface runoff is medium. The seasonal high water 
table is perched and commonly found between three and six feet below the surface from March to 
April. Russell soils are mapped east of the production m a .  

Uniontown soils are deep, gently sloping, welldrained soils formed in deposits on stream temces. 
These soils have moderate permeability with a very high available water capacity. The seasonal high 
water table is between two and a half and six feet below the surface from November to May. 
Uniontown soils are mapped in the northwest corner of the FEMP on a terrace above Paddys Run. 

2.2.5 Ecolog?~ 
The following section describes the regional ecology of the FEMP and aquatic and terntrial habitats, 
including wetlands, at the facility. 

2.2.5. I Regional EcoIony 
The F E M P  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 2-16). 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, and 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 
mes 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 precise boundaries of this section can be difficult to establish, as Oak- 
Hickory areas may exist within the adjacent Beech-Maple area (Braun 1950). Conversely, young 
Beech-Maple forests frequently resemble neighboring regions, due to an abundance of white oak trees 
or to the variety of tree species present (Braun 1950). Following the terminology used by OEPA for 
biological assessment of surface water quality, the FEW lies in a transition zone between the Eastern 
Corn Belt Plains (Beech-Maple forests) and the Interior Plateau (Oak-Hickory forests) (OEPA 1987). 

0 

The fauna vary little between the two forest sections. Abundant mammals include the white-tailed 
deer, gray fox, gray squirrel. white-footed mouse, and short-tailed shrew. Breeding birds include the 
cardinal, woodthnrsh, summer tanager, redeyed vireo, and the hooded warbler (Bailey 1978). 
Characteristic reptiles include the box turtle, common garter snake, and timber raUlesnake 
(Shelford 1963). 

2.2.5.2 Terrestrial Ecolo 
Historically, the Eastern :ciduous Forest was dominated by tall, broadleaf trees, providing a 
continuous and dense summer canopy, with the leaves shedding completely in winter. Nearly 
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the indigenous stands of forest in southwestern Ohio have been cleared, cut, or altered for agriculture 
or urban development, and vegetative communities within FEMP boundaries reflect these land use 
practices. Land use outside the production area and waste storage areas at the facility is predominant$ 
agricultural, resulting in a landscape dissected by open pasture, with forests occupying drainages or 
used as natural fencerows or hedges. The understory is often grazed or altered by clearing or selective 
cuning. This has led to the development of a number of distinct terrestrial habitats, described and 
recognized within the FEW boundaries by Facemire et al. (1990) to include intmduced (nonnative) 
grasslands, pine plantations, deciduous woodlands, riparian woodlands, and the inactive flyash pile 
(reclaimed flyash pile in their terminology) (Figure 2-17). The following sections describe the 

vegetation, and wildlife characteristic of these habitats. 

Vegetation 
Plant communities within the boundaries of the FEMP have been extensively characterized by 
Facemire et al. (1990), who provide detailed data on species abundances. The following discussion is 
a summary of that study. A complete species list for the FEMP is provided as Appendix A. 

The habitats recognized by Facemire include introduced (nonnative) grasslands, pine plantations, 
deciduous woodlands, riparian woodlands, and a "reclaimed flyash pile," which overlaps the inactive 
flyash pile and the South Field (Figure 2-15). The inactive flyash pile and South Field have been 
colonized by American elm (Ulmus americana), eastern cottonwood (Populus deltoides), black locust 
(Robinia pseudoacacia), redbud (Cercis canadensis), and boxelder (Acer newdo).  Herbaceous species 
present are fescue (Festuca sp.), Kentucky bluegrass (Poa uratensis), and orchard grass (Dactvlis 
glomerata). Facemire et al. (1990) considered this area to be a distinct habitat because of its distinct 
flora and fauna compared to other areas of the FEW. 

Common species in the nonnative grassland communities include timothy (PNeum ~ratense), red top 
(Amstis sp.), Kentucky bluegrass, and the early successional herbaceous species teasel (Dipsacus 
sylvestris), ragweed (Ambrosia sp.), moth mullein (Verbascum blatteria), and wild parsnip (Pastinaca 
sativa). Approximately 200 acres of the grassland are currently used as pasture for dairy cattle, and an 
area of mown grass is maintained between the woodland adjacent to Paddys Run and the planted pines 
and between rows of pines to reduce the fire hazard. The dominant herbaceous species of this 

disturbed area include red fescue (Festuca rubra) and other fescue species, Kentucky bluegrass and 
other bluegrass species, and orchard grass. Other common species in the grasslands include brome 
grass (Bromus sp.), redtop (Amstis stoliniferous var. major), timothy, chickweed (Stellaria media), 
buttercup (Ranunculus sp.), winter cress (Barbarea vulgaris), red and white clover (Trifolium Dratense 
and T. reuens), ironweed (Vernonia sp.), thistle (Cirsium sp.), yarrow (Achillea millefolium), and 
goldenrod (Solidago sp.). 
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The pine plantations were planted in 1972 with white pine @nus strobus), Austrian pine (Pinus nigra). 

and Norway spruce (Picea excelsa). White pine and Austrian pine are now the dominant species, with 
Norway spruce occurring only occasionally. Dominant herbaceous species in the pine plantations 
include red fescue, brome grass, Kentucky bluegrass. and goldenrod. 

The native deciduous woodlands in the northern portion of the FEMP are in various successional 
stages related to the intensity and frequency of disturbance in these areas. The lower layers of forest 
are disturbed by cattle p i n g  and brush clearing, which affects the extent of native forest species 
regeneration. These practices have led to fragmentation of a once continuous forest, which can now 
be distinguished into three stands of different maturity based upon species composition, dominance, 
canopy cover, and canopy height. 

The youngest woodland is dominated by white ash (Fraxinus americana) and American elm. Other 
species present include boxelder, wild black cherry (Prunus serotina), American sycamore (Platanus 
occidentalis), hackberry (Celtis occidentalis), and several species of maple (Acer spp.). The understory 
is dominated by multiflora rose (Rosa multiflora), Japanese honeysuckle (hnicera iawnica), and 
blackberry (Rubus spp.). 

A woodland area considered intermediate in maturity is dominated by shellbark hickory (Cama 
lasciniosa), American elm, hackbeny, and wild black cherry. Other species present include northern 
red oak (Ouercus borealis), shingle oak (9uercus imbricaria), white ash, eastern red cedar (Juniuerus 
virainiana), and chestnut oak (Ouercus Drinus). Dominant herbaceous species include meadow fescue 
and Kentucky bluegrass. 

a 
The young and the intermediate age woodlands have six species in common, although the species vary 
in frequency. American elm is a co-dominant tree species in both areas, probably as a consequence of 
continual disturbance by grazing and understory removal or alteration. Differences in species 
composition between the two woodlands most likely reflect varying degrees of distu&ance. 

American elm is the dominant species in the most mature woodland. with slippery elm, sugar maple, 
Ohio buckeye (Aesculus glabra), boxelder, and black walnut also relatively abundant. The subcanopy 
is dominated by sugar maple and Ohio buckeye. Dominant herbaceous species include common 
chickweed and Kentucky bluegrass. 

Species common to all three woodlands are American elm, hackberry, and wild black cherry, species 
typical of disturbed areas where gaps occur in the uppermost layer of the forest. A number of 
additional species occur in one or more of the woodlands. 

4340 

The riparian woodland bordering Paddys Run resembles a maple-cottonwood-sycamore floodplain 
forest (Anderson 1982). based on the dominant species present (eastern cottonwood, hackbeny, 
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American elm. and boxelder). Due to stnxmbed alterations made to reduce bank erosion, other 
species have colonized the floodplain area, yielding two distinct riparian woodland areas, R1 and R2. 
The dominant species in R1 are the eastern comnwood, hackberry, and boxelder. Codominants 
include black walnut, swamp white oak (Ouercus bicolor). American elm, American sycamore, and 
honey locust. Trumpet creeper (Camusis radicans) and hackberry are codominants in the understory, 
and garlic mustard (Alliaria officinalis) is a common herbaceous species. The dominant species in R2 
are American elm and boxelder. Other species present include black walnut, hackberry, slippery elm, 
American sycamore, and Ohio buckeye. Common hehaceous species include chickweed and brome 
grass. Boxelder and poison ivy occur in both riparian forests. 

0 

Wildlife 

also based on Facemire et al. (1990). 
. This section includes a discussion of mammals, birds, amphibians, reptiles, and terrestrial arthropods 

Mammals A variety of mammals is found at the FEW. The pine plantations are a preferred habitat 
for white-tailed deer (Odocoileus virginianus), which are the only big game mammals observed on the 
property. The combination of dense cover, mowed strips between tree rows, and the buffered thermal 
environment of the pines is attractive to the deer. A population of 15 to 18 deer was estimated for the 
FEMP by Facemire. 

0 The pine plantations are also a preferred habitat for the eastern conontail rabbit (Sylvilagus floridanus), 
and density estimates range from 1.4 to four rabbits per hectare in this area. A total of 140 eastern 
cottontails were estimated to be present within FEMP boundaries. Facemire considered this estimate 
low compared to similar off-property habitats, which may be related to FEMP land management 
practices of brush clearing, grazing, and mowing. Eastern cottontail populations can also vary 
dramatically from year to year. 

Other medium-sized mammals common on the FEMP include the coyote (Canis latrans), red fox 
(Vulms vulms), opossum (Diadeluhis virginianus), raccoon (Procyon lotor), groundhog (Mmota  
monax). and fox squirrel (Sciurus niner). Facemire estimated that about 183 fox squirrels were present 
within FEMP boundaries. An important non-native predator, the feral cat, is also common, 
particularly in the pine plantations. 

The white-footed mouse (Peromyscus leucoms) was the most abundant of the five, nongame, small 
mammal species recorded by Facemire, while the short-tailed shrew (Blarina brevicauda) occurred in 
the widest variety of habitats. Short-tailed shrews were three to ten times more common in the 
inactive flyash pile than in other habitats, probably due to the heavy ground cover in this area. The 
meadow vole (Microtus penns~lvanicus), meadow jumping mouse (Zauus hudsonius), and eastern 
chipmunk Famias striatus)) were also collected within FEMP boundaries. 
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4340 - Birds Ninetyeight species of birds were identified at the FEW, including breeding birds, wintering 
birds, and spring migrants. The most common breeding species in all habitats were the mouming 
dove (Zenaida macroura), American robin (Turdus mimatonus), blue jay (Cvanocitta cristata), 
American cmw (Corvus brachvhvnchos), American goldfinch (Carduelis tristis), northern bobwhite 
(Colinus virrrinianus), and common grackle (Quiscalus auiscula). The species occurring in greatest 
abundance were the goldfinch, song s p m w  (Melomiza melodia), and American robin. Facemire 
attributed the diversity of birds in FEW habitats to the availability of many small, discontinuous 
patches of habitat. 

Thirty-seven species of birds were observed wintering at the FEW. The most common permanent 
resident species were the song sparrow, Carolina chickadee (Parus carolinensis), and mouming dove. 
Several other comnion wintering species were the downy woodpecker (Pmides Dubescens), blue jay, 
northem cardinal (Cardinalis cardinalis), American robin, and American goldfinch. Common winter 
species not present in summer included the American tree spamw (Suizella arborea), white-throated 
sparrow (Zonotrichia albicollis), and the darkeyed junco (Junco hvemalis). 

Twelve spring migrant species were observed on the FEMP. including the solitary sandpiper (Trinna 
solitaria), solitary vireo (Vireo solitarius), American redstart (Setophana ruticilla), northern waterthrush 
(Seiurus noveboracensis), rose-breasted grosbeak (Pheucticus ludovicianus), swamp sparrow 
(MelosDiza neorniana), and a variety of wafilers. Low numbers of spring migrants were recorded at 
the FEW and throughout the greater Cincinnati area during the study period (Spring 1987), due 
largely to unseasonably warm and dry spring weather. 

Raptor species which have been observed at the FEMP include the northern hanier (Circus cvaneus), 
red-shouldered hawk (Buteo lineatus), Cooper's hawk (Accipiter cooueni), red-tailed hawk @uteo 

jamaicensis), and American kestrel (Falco sDarverius). In addition, two owl species, the eastern 
screech owl (Otus asio) and great homed owl (Bubo virginianus), are common. Census studies for , 

owls resulted in the identification of 15 screech owl temtories, 29 temtorial pairs of screech owls, and 
two pairs of great homed owls. 

AmDhibians and ReDtiles Documentation of amphibians and reptiles by Facemire was limited to 
incidental sightings. Ponds at the FEMP supported the Amencan toad amencanus) and the 
spring peeper (Hvla crucifer). Eastem box turtles (Terrauene Carolina) and snapping turtles (Chelvdra 
semt ina )  occur in Paddys Run and adjacent woodlands. Snakes were the most commonly observed 
reptiles, with the eastern g a r  snake (Thamnouhis sirtalis), Butler's garter snake 
(T. butten), and black rat snake (ElaDhe obsoleta.) occumng in upland habitats. The northern water 
snake (Nerodia siuedon) and the queen snake (Regina seDtemvittata) were observed in Paddys Run. 
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Terrestrial ArthroDods Terrestrial arthropods collected at the FEMP included insects, insect larvae, 
spiders. mites, and ticks. Approximately 130 insect families from 15 orders were represented. Led 
hoppers were consistently abundant across all the habitats sampled, while less abundant p u p s  
included short-horned grasshoppers, leaf beetles, springmls, fmit flies, dark-winged fungus gnats, ants, 
bees, and wasps. A few gastropods were also collected during the sampling for teneStrial arthropods. 

0 

The grasslands had the highest number of insect species, and the riparian woodlands the lowest, 
primarily because of the lack of understory vegetation in the latter. Butterflies, moths, skippers, and 
grounddwelling beetles were probably underestimated as a result of the sample methodology (netting) 
used. Orbweaving spiders were abundant in stream areas and in the inactive flyash pile. Other 
spiders, particularly ground dwellers, are quite common within FEW habitats but cannot be fully 
sampled using the netting methodology. Mites and ticks also were not fully sampled, but were 
common on property. Woodlot and stream habitats contained a number of snails. 

2.2.5.3 Aquatic Ecology 
Aquatic environments on and adjacent to the FEMP include the Great Miami River, Paddys Run, and 
wetlands. The following sections describe the plants, fish, and invertebrates found in these habitats. 

Great Miami River Flora 
Eighty genera of phytoplankton have been recorded by the USGS in samples taken at New Baltimore 
over the period 1974 to 1982 (USGS 1990). The genera include a wide variety of green algae, 
diatoms. and blue-green algae. The genera recorded in the greatest numbers during this period include 
the diatoms Cvclotella and Nitzschia, the green algae Cosmarium, Dictvosuhaerium, Micractinium, and 
Scenedesmus, and the blue-green algae Amnenellum, Anacystis, and Oscillatoria. Although aquatic 
plants and algae adjacent to the FEMP have not been specifically characterized for the RI/FS, 
Miller et al. (1988) did observe the green filamentous alga CladoDhora sp. and the aquatic vascular 
plants MyrioDhyllum sp. and Potomogeton sp. at sites above and below the FEW outfall. 

. Great Miami River Fauna 
The Great Miami River is classified by OEPA as a warm water habitat (OEPA 1982, 1989a). These 
waters are capable of supporting balanced, reproducing populations of warmwater fish and associated 
vertebrates, invertebrates, and plants on an annual basis (OEPA 1987). 

- Fish A total of 106 species of fish, including six hybrids, have been recorded from the Great Miami 
River from 1900 to 1978 (Trautman 1957, 1981). The OEPA conducted intensive fishery surveys 
along 92 miles of the Great Miami River and the lower reaches of five tribukuy streams in 1980 and 
1989 (OEPA 1982. 1989a). Sixty-three species of fish were collected during the 1980 survey, while 
76 species were collected in 1989, suggesting an improvement in water quality. While the differences 
between the number of species recorded by Trautman (1957, 1981) and OEPA (1982, 1989a) could be 
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indicative of changing conditions, there are also differences in the length of time over which the data 
were collected. the number of collections made, and the sampling methods used. 0 
The 1980 OEPA study found that the river immediately downstream from the FEMP (Segment 10, 
24.7 to RM 9.2) was capable of supporting a well-balanced. healthy fish community. The FEMP 
effluent line discharge point lies at RM 24.1. The conditions met by Segment 10 included: 1) the 
usual association of expected species, 2) the presence of sensitive species, 3) high species diversity 
(many individuals of many species), and 4) a composite index (a measure of numbers and total 
weights of fish species) between 7.0 and 9.5. The most common fish in Segment 10 included shiners, 
sunfish, catfish, dnun, gizzard shad, carp, and goldfish. The fish with the mst total weight in 
Segment 10 included carp, goldfish, catfish, drum, gizzard shad, and suckers. Approximately 185 
fish/kilometer (48.8 kilogramsjcilometer) were captured within this segment. External anomalies 
(sublethal stress indicators), including tumors, lesions, eroded fins, and parasites, averaged 2.8 percent 
in fish collected from Segment 10 in 1980 with a range of 0.5 to six percent. Background rates were 
between one and three percent. 

Twenty-five fish species were collected in 1989 by University of Cincinnati researchers for the site 
operator (Miller et al. 1989). The most common species collected was the gizzard shad (Dorosoma 
cewdianum). Miller et al. (1989) stated that the Great Miami River fishery was stable over the period 
1984 to 1989. 0 
Benthic Macroinvertebrates The Great Miami River also supports a diverse benthic macroinvertebrate 
community, with approximately 60 different taxa identified in samples taken from the river in the 
vicinity of the FEMP during RI/FS studies (Appendix D). Abundant insects include caddisflies 
(family Hydropsychidae), the nonbiting midges (family Chimnomidae), blackflies (family Simulidae) 
and mayflies (families Baetidae, Heptageniidae). Less abundant taxa included segmented worms 
(families Naididae, Tubificidae), clams (families Cohiculidae, Sphaeriidae) and snails (families 
Lymnaeidae, physidae, Pleuroceridae). 

OEPA characterized the benthic macroinvertebrate community for river Segments 10 and 11, from the 
FEMP to the confluence of the Great Miami and Ohio rivers (OEPA 1982). Qualitative data were 
collected at Rh4 22.5, which lies 2.2 miles downstream from the FEMP discharge (RM 24.7). and 
quantitative data were collected at RM 15.1.9.6 miles below the FEMP discharge. Species diversity 
and abundance in Segments 10 and 11 were generally consistent with those expected for warnwater 
habitat, with only minor stresses noted (OEPA 1982). This diversity resulted in a "good" water quality 
rating for this portion of the river, similar to the conclusion above based on fish data (OEPA 1982). 
A total of 28 kinds of organisms were recorded, 26 of which were present at RM 22.5. Caddisflies 
were the most abundant organisms collected (60 percent) at RM 15.1, with mayflies and chironomids 
well represented. Very few oligochaetes, which tend to tolerate low water quality, were observed. 0 
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Overall, the quantitative and qualitative data collected from Segments 10 and 11 indicated little change 
in benthic composition throughout the segments and no apparent adverse effects on water quality 
related to the various discharges within the segments (OEPA 1982). 

Paddys Run Flora 
Sedges (Carex sp.) and ca#ails (Tmha sp.) were observed along Paddys Run and adjacent wetlands 
during the ecoIogical characterization conducted by Facemire et al. (1990). Although the algal flora of 
Paddys Run have not been specifically characterized, attached filamentous green algae have been 
observed in the stream. The phytoplankton flora would probably ovedap that of the Great Miami 
River, although it would be less diverse, given the much smaller size of Paddys Run. 

Paddvs Run Fauna 
Included in the Paddys Run fauna are a variety of fish and macroinvertebrates. 

- Fish Facemire et al. (1990) recorded 23 species of fish in Paddys Run on the FEW. The most 
abundant species were the bluntnose minnow (Pimephales notatus), creek chub (Semotilus 
atromaculatus), and stoneroller minnow (Cammstoma anomalum). Other common fishes Occurring in 
smaller numbers included the rosefin shiner (Notropis ardens), Johnny darter (Etheostoma nim), 
orangethroat darter (Etheostoma swctabile), fantail darter (Etheostoma flabellare), and spotfin shiner 
(Notropis sDiloDterUs). The species composition on the property was similar to that reported for the 
entire length of Paddys Run by Bauer et al. (1978). who recorded 23 species of fish, 16 of which were 
also recorded by Facemire et al. (1990). 

' 
Macroinvertebrates Paddys Run supports a benthic macroinvertebrate community typical of streams in 
the region. Approximately 70 different taxa of benthos have been found in the stream during FWFS 
studies, the great majority of which are insects (Appendix D). Commonly found throughout the 
stream are nonbiting midges (family Chironomidae), caddisflies (family Hydropsychidae), mayflies 
(families Baetidae, Caenidae, Ephemeridae, Heptageniidae), and stoneflies (families Nemouridae, 
Perlodidae). Riffle beetles (Stenelmis sp.) and isopods (Lirceus sp.) are also abundant. As discussed 
in Section 2.2.2.2, extensive reaches of Paddys Run are usually dry during the summer and fall. 

Although this Occurrence results in the loss of aquatic invertebrates in these areas, the populations are 
quickly reestablished when the water return. 

The type and number of benthic macroinvertebrates collected from Paddys Run by Facemire et al. 
(1990) were similar to those described above. Fifty-six kinds of organisms (counted as the lowest 
taxonomic category to which organisms were identified) were collected from Paddys Run. Four 
organisms, the nonbiting midges (chironomidae), riffle beetle (Stenelmis sp.), mayfly (Caenis sp.), and 
stonefly (Allocapnia.sp.). were present at all  10 riffle areas sampled.. Also common throughout the 
length of Paddys Run were the mayfly (Stenonema bipunctatum). isopod (Lirceus fontinalisj, caddisfly 0 
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(CheumatoDsvche sp. and Hvdrwsvche sp.), segmented worms (Oligochaeta), blackfly (Simulium sp.). 
. and stonefly (Nemouridae). Chironomids were present at all 10 pool sites sampled. with the largest 

numbers of individuals belonging to the genus (Chhnomus. Two other organisms, the mayfly and 
stonefly, were idenwied from four or more of the pools sampled. Species diversity was similar to 
values reported for streams receiving moderate amounts of pollution (Wilhm 1967, Wilhm and 
Doms 1%8, Sheehan and Winner 1984). 

2.2.5.4 FIooduIains and Wetlands 
Section 121 of CERCLA requires that remedial actions at hazardous waste sites meet the substantive, 
but not the administrative or permitting requirements, of other federal and state environmental laws, 
including the Clean Water Act (CWA). Section 404 of CWA prohibits discharge of dredge or fill 

..material into any waters of the United States, including wetlands, without a permit from the U.S. 
Army Corp of Engineers. Additionally, Executive Order (E.O.) 11990. Protection of Wetlands, 
requires federal agencies to 

avoid to the extent possible the long and short term adverse impacts associated with the 
destruction or modification of wetlands and to avoid direct or indirect support of new 
construction in wetlands wherever there is a practicable alternative ... 

Where no practicable alternative exists, proposed actions must include "all practicable measures to 
minimize ham to wetlands which may result from such use." Additionally, E.O. 11988, Floodplain 
Management, requires federal agencies to review and consider alternatives to any action to be located 
in a floodplain. Rules for implementation of these requirements by DOE are contained in lOCFR1022. 
Floodplain determinations are based on Flood Insurance Rate Maps or Flood Hazard Boundary Maps 
prepared for the National Flood Insurance Program. Wetlands within the boundaries of the FEW 
were identified by a site-specific study as described in Section 3.2.7.1. 

Floodplains within the FEMP property are confined to the north-south corridor containing Paddys Run 
(Figure 2-18). Outside the boundaries of the FEW, the 100-year floodplain of the Great Miami River 
extends west of the "Big Bend" area nearly to the eastern boundary of the facility (Figure 2-18). The 
100-year floodplain of the river also extends northward along Paddys Run from the confluence of the 
two streams to a point about 2000 feet from the southern boundary of the FEW. This area overlaps 
the South Plume, a body of uranium-contaminated groundwater which is a component of Operable 
Unit 5. 

In order for remedial activities at the FEW to meet the substantive requirements of federal and state 
wetlands regulations, it was necessary to identify and delineate the jurisdictional wetlands at the 
FEMP, as defined by the "Federal Manual for Identifying and Delineating Jurisdictional Wetlands" 
(FICWD 1989). Jurisdictional wetlands are identified by the presence of hydric soils, hydrophytic 
vegetation, and wetlands hydrology. Hydric soils have the seasonal high water table within six inches 
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of the surface for at least one week during the growing season, and typically become depleted of 
oxygen as a result Hydrophytic plants can gmw in water or in soils at least periodically depleted of 
oxygen due to water saturation, and may be restricted to wetlands (obligate) or able to grow in both 
wetlands and uplands (facultative). Wetland hydrology is defined as permanent or periodic inundation 
or soil saturation for a week or more during the growing season. All three criteria must be met for an 
area to be classified as a jurisdictional wetland. Wetlands within FEW boundaries were identified 
and delineated using the "off-site" method described by FICWD (1989). supplemented by an 
on-property field reconnaissance. Details of this study are provided in Section 3.0 of th is  report and 
Appendix B. 

The results indicated that wetlands at the FEW are limited to a forested wetland of approximately 50 
.. acres in the northern portion of the facility and that emergent wetlands are associated with tributaries 

and drainage ditches that feed into Paddys Run (Figure 2-19). Remedial actions affecting these areas 
would be subject to the substantive requirements of laws, regulations, and orders concerned with 
wetlands protection, including E.O. 11990. Paddys Run and the remainder of its tributaries, including 
the storm sewer outfall ditch, are characterized by unvegetated stream channels incised into 
surrounding uplands. These unvegetated stream channels do not meet the wetland criteria and would 
be classified as "other waters of the United States." As such, they would not be protected by E.O. 
I1990 or other wetlands regulations, but remedial actions affecting them would still be subject to the 

- 

substantive requirements of CWA. e 
2.2.5.5 Threatened and Endangered Species 
Potential remedial actions at the FEW must comply with the substantive requirements of the 
Endangered Species Act @SA) of 1973. Section 7(a)(2) of the ESA, as amended, 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 ...." Further, EPA guidance on ecological investigations at CERCLA 
sites (EPA 1988, 1989) emphasizes identification of the threatened and endangered species resident on 
the site, including delineation of any critical habitat essential to the survival of these organisms. In 
order for remedial activities at the FEMP to meet the requirements of ESA. CERCLA, and associated 
EPA guidance, it was therefore necessary to determine whether threatened or endangered species were 
present at the FEW. Descriptions of threatened and endangered species investigations at the FEW is 
provided in Section 3.0 of this report and Appendix G. 

Indiana Bat (Myotis sodalis) 
No federally listed threatened or endangered species were observed on the FEMP or in its immediate 
vicinity by Facemire et al. (1990). One species of mammal, the Indiana bat (Myotis sodalis), is listed 
as federally endangered and occurs in Butler and Hamilton counties. Surveys were conducted as part 0 
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of the RI/FS at the FEMP to determine the distribution and presence of the Indiana bat and to identify 
potential habitat on the FEW and in the immediate vicinity. The Indiana bat was not found within 
FEMP boundaries, but a breeding population was found on Banklick Creek, a tributary to the Great 
Miami River, near Ross, Ohio (Figure 2-20). Habitat within the study area ranged in quality from 
good to poor. Very little habitat was considered excellent, because of a lack of dead t n x s  suitable for 
colonies. Of the habitat along the Great Miami River, one percent was classified as excellent, 19 
percent good, 43 percent fair, and 40 percent poor. The habitat along Paddys Run was somewhat 
better, four percent being rated excellent, 23 percent good, 54 percent fair, and 19 percent poor. Most 
of the good habitat identified was in the northern portion of the study area near Ross, Ohio. Although 
no Indiana bats were found within the FEMP boundary, echolocations for bats of the same genus 
(Mvotis) were detected. Mist net locations within the excellent/good habitat on the property may not 
have been conducive to bat capture due to difficulty in positioning the nets, as discussed in Appendix 
G. 

0 

Cave Salamander (Eurvcea lucifuna) 
Ohio populations of the cave salamander (Eurvcea lucifuaa), an ammbian species recognized as state 
endangered, are limited to Butler, Hamilton, and Adams counties (ODNR 1974). Reported locations 
of the cave salamander in the FEW vicinity include the Mount Airy Forest, Groesbeck, one mile 
northeast of New Baltimore, Sheits Road near Blue Rock Road (ODNR 1986). and Miami Whitewater 
Forest. Surveys were conducted as part of the RWS to determine the distribution of the cave 
salamander and to identify potential habitat on the FEMP and in the immediate vicinity. The cave 
salamander was not found within FEW boundaries, but individuals were found near New London 
Road north of the FEMP and within the boundaries of the Camp Ross Trails northeast of the FEMP 
(Figure 2-21). Marginal habitat was identified along Paddys Run within the FEW. Good to excellent 
habitat occurs in the vicinity of New London Road, New Haven Road, Camp Ross Trails, and Camp 
Fort Scott. 

a 

Other SDecies 
The Cincinnati crayfish (Orconectes sloanii) is not listed as a state or federal threatened or endangered 
species, but has been considered threatened following field studies to determine the species distribution 
(Jezerinac 1986). Cincinnati crayfish were collected in Paddys Run during the studies by Facemire et 
al. (1990). Historically, this crayfish has been collected primarily in tributaries of the Great Miami 
River system south of the confluence of Greenville Creek. Factors currently affecting the Cincinnati 
crayfish include urban development, stream impoundment, siltation, pollution, and competition with 
other crayfish species, particularly 0. rusticus, which was also found in Paddys Run. 

The cobblestone tiger beetle (Cicendela marniwnnis), which is under review by the U.S. Fish and 
Wildlife Service for possible inclusion in threatened or endangered species lists, was found during the 
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FIGURE 2-20. INDIANA BAT SAMPLING SITES AND HABITAT EVALUATION 
AT THE FEMP AND VICINITY 162 
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Indiana bat survey on a gravel bar in the Great Miami River two miles west southwest of the bridge at 
New Baltimore, Ohio. 

The northern hamer (Circus cvaneus) is listed as state endangered (ODNR, DOW Order 
1501:31-23-01) and was observed flying over the pasture areas of the FEMP during the Summer of 
1986 (Facemire. et al. 1990). The red-shouldered hawk @uteo lineatus), classified by ODNR as a 
species of special interest., was observed over the northern woodland of the FEW during the winter of 
1986 and 1987. No other sightings have been reported and neither species is known to nest at the 
FEMP. 

' 

2.2.6 Powlation and Land Use 
The purpose of this section is to present a description of the population and land use characteristics of 
the local and regional areas that could be affected by the remedial activities at the FEW. Factors to 
be described include population trends and characteristics, employment, labor force, income, land use, 

transportation, agriculture, housing, utilities, public services, education, and archaeological and historic 
properties. Conditions of these elements of the local economy may be affected by remedial action 
alternatives or may influence the selection of an alternative. 

The FEMP is located approximately 18 miles northwest of Cincinnati, the focal point of a three-state 
regional market encompassing eight counties in Ohio, Kentucky, and Indiana which is locally referred 
to as the tri-state area. Regional planning groups and development groups have been organized to 
address common problems and goals of the hi-state area which transcend state boundaries. The eight 
counties comprising the ui-state area are Hamilton, Butler, Clermont, and Warren counties in Ohio; 
Boone, Campbell, and Kenton counties in Kentucky; and Deahorn County, Indiana (Figure 2-22). 
These eight counties also define the Cincinnati Consolidated Metropolitan Statistical Area (CMSA). 
The major focus of this section will be on the local study area which covers Hamilton and Butler 
counties with particular emphasis on six townships within the two counties: Colerain, Crosby, 
Hamson, and Whitewater townships in Hamilton County and Morgan and Ross townships in Butler 
County (Figure 2-23). 

0 

As more fully described in the following sections, population within the eight-county metropolitan area 
was over 1.7 million in 1990 and within a five-mile radius of the FEW there were over 22,927 
residents. Labor force in the multicounty area was over 930500 with unemployment in the area at 
approximately 5.4 percent in April of 1991. The area within a two-mile radius of the boundary of the 
FEW is devoted primarily to agricultural purposes with some industry located to the south and 
southeast of the facility and residential usage concentrated directly east of the FEMP and to the 
northeast in Ross. A number of archaeological resources have been discovered in the vicinity of the 
FEW and several historic structures are also located nearby. 
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2.2.6.1 Powlation 4340 

b 

Total population in the United States has been steadily increasing to over 249 million in 1990, up 10.2 
percent from 1980. Compared to this national growth rate, population in the three states comprising 
the hi-state area (Ohio, Kentucky, and Indiana) has been very slow, as indicated in Table 2-13. 
Population in Hamilton County steadily declined until 1984 and has been in a slow but steady upswing 
since. remaining the third most populous county in the state. Population growth in Butler County, 
With the eighth highest population of Ohio’s counties, was 12.6 percent, above national rates and the 
fourth fastest-growing county in the state (U.S. Dept. of Commerce 1992). 

Within the two-county study area, there are several places and townships that ranked among the most 
heavily populated or fastest growing areas in the state in 1990. Cincinnati was the third largest city in 
and Butler counties were included in the top 50 townships ranked in order of population size; included 
the three most populous in the state (in order of rank): Colerain, Green, and Fairfield. Between 1980 
and 1990. a number of Hamilton and Butler county cities were among the fastest growing including 
Fairfield (28th) and the City of Harrison (29th). Among the fastest growing Ohio townships were 
several in Hamilton and Butler counties: Symmes (third), Union (eighth), and Harrison (37th) (Ohio 
Data Users’ Center 1991). Towns within the five-mile radius of the FEMP include Hamson, New 
Baltimore, New Haven, Ross, and Shandon. As indicated in Table 2-13 and above, Harrison is among 
the fastest growing towns in the state, reaching 75 18 in 1990. Current population figures are not 
available for the other towns in the study area. 

PoDulation Distribution Within A Five-Mile Radius of the FEMP 
Figure 2-24 depicts current (1990) residential population distribution within a five-mile radius of the 
FEMP. The distribution is formatted to conform with meteorological data as a potential aid in 
radiological assessment. A representation of 16 compass sectors was combined with a series of 
concentric circles drawn at one-mile intervals from the center of the FEMP. The resulting circular 
grid was superimposed on a map of the area for a calculation of the population within each of the 80 
segments. Table 2-14 presents the population figure for each segment and a tabulation of sector totals 
for the 1990 estimates, showing that the residential population within a five-mile radius of the FEMP 
is 22,927. The heaviest concentrations of population lie in a comdor extending from the east- 
northeast to the southeast of the FEMP. 

In addition to determining the residential population, it is also important to calculate the daytime 
population of the area. A daytime residentiaVemployment population is a calculation of the number of 
residents who remain in an area during the day (children, homemakers, retirees, for example) and the 
number of those who come to the area to work. A presentation of daytime residentiaVemployment 
population within a five-mile radius of the FEMP is included in Figure 2-25, with a separate indicator 
of employment for the FEMP, and summarized in Table 2-15. Daytime residentiaVernployment 
population figures for each of the 80 segments were calculated by subtracting the corresponding 
segment labor force estimates from the residential population to derive the daytime residential 0 
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FIGURE 2-24. RESIDENTIAL POPULATION DISTRIBUTION WITHIN A 
FIVE-MILE RADIUS OF THE FEMP, BY DISTANCE AND DIRECTION, 1990 
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TABLE 2-14 

RESIDENTIAL POPULATION DISTRIBUTION WITHIN A FIVE-MILE 
RADIUS OF THE FEMP, BY DISTANCE AND DIRECTION, 1990 

0 -  1 1 - 2  2 - 3  3 - 4  4 - 5  
Direction Mile Miles Miles Miles Miles Total 

North 

North-northeast 

Northeast 

East-northeas t 

East 

East-southeast 

Southeast 

South-southeast 

south 

South-southwest 0 Southwest 

West-southwest 

West 

W est-northw es t 

Northwest 

North-northwest 

Total 
Cumulative total 

18 

12 

0 

3 

0 

3 

6 

0 

9 

12 

6 

3 

0 

3 

0 

12 

87 

87 

12 

0 

330 

195 

12 

0 

468 

12 

9 

51 

42 

6 

9 

6 

24 

18 

1,194 

1,28 1 

76 

76 

1,049 

1,076 

274 

274 

127 

127 

127 

127 

127 

64 

129 

133 

200 

200 

4,186 

5,467 

106 

106 

106 

1,532 

957 

957 

957 

957 

957 

39 

428 

89 

207 

186 

340 

340 

8,264 

13,731 

137 

137 

137 

137 

1,188 

1,188 

1,188 

1,188 

1,188 

51 

739 

646 

369 

24 1 

42 1 

24 1 

9,196 

22,927 

349 

33 1 

1,622 

2,943 

2,431 

2,422 

2,746 

2,284 

2,290 

280 

1,342 

808 

7 14 

569 

985 

81 1 

22,927 

SOURCE: "Ohio Population by Governmental Unit, 1980-1990," Ohio Data Users Center, Ohio Dept. 
of Development, February 199 1. 
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FIGURE 2-25. DAYTIME RES I DENTlAL/EMPLOY MENT POPU LATl ON DlSTRl BUT10 N WITHIN 
A FIVE-MILE RADIUS OF THE FEMP, BY DISTANCE AND DIRECTION, 1990 
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TABLE 2-15 

DAYTIME RESIDENTIAWBUSINESS POPULATION DISTRIBUTION WITHIN 
A FIVEMILE RADIUS OF THE FEMP, BY DISTANCE AND DIRECTION, 1990 

Distance 
0 -  1 1 - 2  2 - 3  3 - 4  4 - 5  

Direction Mile . Miles Miles Miles Miles Total 

North 11 7 48 68 87 22 1 

North-northeast 

Northeast 

East-northeast 

East 

East-southeast 

Southeast 

South-southeast 
south 

South-southwes t 

Southwest 

West-southwest 

West 
Wes t-northw es t 

Northwest 

North-northwest 

Total" 

Cum. Total 

7 
0 

2 

0 

2 

9 
0 

5 

91 

53 
1 

2 

17 

0 

7 

206 

206 

0 

197 

152 

6 

25 

264 

383 
84 

34 

19 

3 
4 

3 

16 
11 

1209 

1415 

48 

668 

698 

274 

274 
102 
87 

93 

102 

106 

35 
73 
79 

119 

121 

2927 

4342 

68 

69 

1058 

933 

1039 

1039 

626 
618 

* 31 

307 

49 

118 
111 

202 

204 

6540 

10,882 

76 
93 

98 

943 

1193 

1289 
72 I 
739 

35 

612 

402 

212 
144 

25 1 

144 

7039 

17.92 I 

199 

1027 

2008 

2156 

2553 
2703 
1817 
1539 

293 

1097 

490 

409 
354 

588 

487 

1 7 9  1 

School emllment can be added to the following segments: 
SW - 3 miles - 338; NW - 4 miles - 566; ENE - 4 miles - 579; 
SE - 5 miles - 387; NE - 5 miles - (2 schools) 1421 
Adjusted daytime residential employment population - 2 1.2 12 

SOURCE: "Ohio Population by Government Unit, 1980-1990." Ohio Data Users Center, Department 
of Development, 1991. 
"Transportation Analysis Zone Projections, to the Year 2010," Ohio-Kentucky- 
Indiana Regional Council of Governments, 1989. 
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population. Employment for each segment was added to the daytime population to get the segment's 
total daytime residentiaVemployment population. Within the two-mile Notification Zone, employment 
figures were obtained directly from each of the local employers and FEMP representatives. Daytime 
residentiaVemployment population within a five-mile radius of the center of the FEW was 17,921 in 
1990 and increases to 21,237 when emllment of the schools in the area is included.Sensitive 

4 3 4 0 

Subwpulations Within a Five-Mile Radius 
Small groups of people or subpopulations within a specific area that risk assessols traditionally 
consider "sensitive" or possibly more "at risk include children, the ill or infirm, and senior citizens. 
To estimate the size of these subpopulations, the following area focal points of these groups were 
identified: schools, daycare centers, hospitals, nursing homes, retirement communities, and residential 
areas with children. 

Schools - The following schools are located within a five-mile radius of the center of the 
FEW (including approximate location from the center of the FEMP and 1990-91 
enrollment): 

- Crosby Elementary, three miles southwest, enrollment 338 
- Morgan Elementary, four miles northwest enrollment 566 
- Elda Elementary, four miles east northeast, enrollment 579 
- St. John the Baptist Dry Run Elementary, five miles southeast, enrollment 387 
- Ross Middle School, five miles northeast, enrollment 731 
- Ross High School, five miles northeast, enrollment 690 

Total 1990-91 enrollment in the area, 3291 

Davcare Centers - Two centers are located within the study area: 

- Ross Country Day Nursery with an average enrollment of 126 students per day and a total 
weekly enrollment of 180 (some children attend only two or three days per week) is located 
north of the intersection of SR 128 and US 27 about 2.5 miles northeast of the center of the 
FEW. 

- Venice Presbyterian Pre-School with an average daily enrollment of 30 and a total weekly 
enrollment of 110 is located in the Village of Venice (Ross) appmximately two miles northeast 
of the center of the FEW. 

- 

Hospitals. Nursing Homes, and Retirement Communities - There are no care facilities of these 
types located within a five-mile radius of the FEW. 

Residential Areas with Children - Most of the residences are scattered within the five-mile 
radius reflecting the agricultural history of the area, with concentrations of population in a few 
places including Ross, Hamson, Shandon, New Haven, New Baltimore, and one large trailer 
park near the FEW. 

PoDulation Proiections 
Projected population distribution within a five-mile radius of the FEW for the year 2010 is shown in 
Table 2-16. Growth rates used were those published by the Ohio-Kentucky-Indiana Regional Council 
of Governments (OKI) (OK1 1982). These growth rates not only take into consideration the two 
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TABLE 2-16 

PROJECTED RESIDENTIAL POPULATION DISTRIBUTION WITHIN 
A FNEMILE RADIUS OF THE FEMP, BY DISTANCE AND DIRECTION, 2010 

Distance 

Direction 
0 -  1 1 - 2  2 - 3  3 - 4  4 - 5  
Mile Miles Miles Miles Miles Total 

North 

North-northeast 

Northeast 

East-northeast 

East 

East-southeast 

Southeast . 

South-southeast 

south 

South-southwest 

Southwest 

West-southwest 

West 

West-northwest 

Northwest 

North-northwest 

Total 

Cumulative total 

19 

13 

0 

3 

0 

2 

5 

0 

8 

15 

9 

4 

0 

3 

0 

13 

94 

94 

14 

0 

385 

213 

12 

0 

416 

12 

11 

90 

79 

11 

14 

7 

26 

21 

1,311 

1,405 

89 

89 

1,224 

1,084 

323 

323 

126 

139 

160 

-151 

197 

89 

166 

145 

218 

22 1 

4,744 

6,149 

1 24 

1 24 

129 

1,640 
1,227 

1,208 

1,208 

1,126 

1,145 

52 

572 

123 

263 

202 

370 

373 

9,886 

16,035 

160 

181 

171 

140 

1,581 

1,524 

1,499 

1,386 

1,360 

58 

1,078 

902 

443 

262 

45 8 

262 

1 1,465 

27,500 

406 

407 

1,909 

3,080 

3,143 

3,057 

3,254 

2.663 

2,684 

366 

1,935 

1,129 

886 

619 

1,072 

890 

27,500 

SOURCES: "Ohio Population by Governmental Unit, 1980-1990," Ohio Data Users Center, Ohio 
Department of Development, February 1991. 
"Transportation Analysis Zone Projections for the Year 2010," Ohio-Kentucky-Indiana 
Regional Council of Governments, 1988. 
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growth factors discussed above, but also consider factors such as economics and development potential 
and are fully described in Appendix C. Total estimated population for the study area in 2010 is 
27,500 residents. The comdor extending from the south-southwest through the west of the FEW is 
anticipated to experience strong growth between 1990 and 2010, with certain individual segments 
demonstrating significant growth trends. The comdor between east-southeast and southeast has been 
projected to decline during the same period and the area to the east-northeast of the FEW is expected 
to exhibit very slow growth. The remaining sectors have moderate population growth forecasted. 
The areas with significant growth potential have more than offset those other areas with slower or 
even negative growth projections to result in a very positive anticipated growth rate. 

Seasonalflemmraw PoDulations 
Discussions with Migrant Ombudsmen in the Ohio, Kentucky, and Indiana Bureaus of Employment 
Services indicate that there is no measurable seasonal population within the five-mile study area. 
Expanding the study area to a 50 mile radius of the FEW, there are approximately 80 migrant 
workers located near Rushville, Indiana during July and August for corn detasseling and less than 10 
workers in Yorkville, Indiana between August and October for fruit picking. 

Another type of temporary population within a 50 mile radius of the FEMP that may be considered 
significant despite its short duration is attendance at recreational activities. Two professional sports 
franchises are located in Riverfront Stadium which has a 54,000-seat capacity for baseball and a 
60,000-seat capacity for football. The Cincinnati Reds played before 2.4 million ticket holders in 
1990, averaging almost 30,000 per game, and the Cincinnati Bengals played before over 500,000 in 
1990, averaging over 58,000 per game. Kings Island Amusement Park attracts over three million 
visitors annually, with an approximate daily summer attendance of well over 25,000. Additional major 
attractions include the Cincinnati Zoo (1.3 million visitors in 1990), Riverbend concert facility (over 
412,000 in 1990), River Downs racetrack (almost 550,000 in 1990), Americana and Fantasy Farm 
amusement parks, and The Beach and Surf Cincinnati waterparks. Two festivals attract large 
temporary populations each year: Riverfest, drawing between 400,000 to 500,000 every Labor Day 
week-end, and Octoberfest Zinzinnati, with over 350,000 in attendance. 

0 

An additional source of temporary population is the CincinnatVNorthern Kentucky International 
Airport. Located approximately 12 miles from downtown Cincinnati in northern Kentucky, the airport 
served over 9.2 million air passengers in 1990, or over 25,000 passengers per day. 

2.2.6.2 Emdowent and Labor Force 
Hamilton County is the economic nucleus of the eight-county Cincinnati metropolitan area. The 
majority of business and industry, population, labor force, and transportation resources are located 
within this county. Butler County is usually second only to Hamilton County in the availability of 
these resources. 0 
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4340  EmDlovment 
Employment by industry for the area counties in 1989 is shown in Table 2-17. The greatest 
concentrations of employment were in private industry and most specifically in the services. F m  
employment accounted for a larger percentage of the total in Butler County (2.3 percent) than in 
Hamilton County (0.2 percent) and the eight-county CMSA (1.5 percent), but was still lower than both 
Ohio (3.5 percent) and national averages (four percent). Between 1984 and 1989, total employment 
in Hamilton County increased by 15 percent. During that same time period, Butler County’s 
employment expanded by 12.9 percent, the eightaunty CMSA by 18.7 percent, Ohio by 12.9 percent, 
and the nation’s employees increased by 13.9 percent. Employment growth in Hamilton County and 
the metropolitan area was faster than in the state or the nation. The industries with the greatest 
increases during this time were in the private sector and included agricultural services, construction, 
and the service sector. 

0 

FEW-related activity is responsible for a large portion of employment in the six-township area with 
over 1300 working on the complex in 1991. These workers are drawn from four Kentucky counties, 
eight counties in Indiana, and six counties in Ohio (WMCO 1987). In the immediate vicinity of the 
FEW, within a two-mile radius of the center of the FEW, employment is heaviest in the services 
with 14 firms employing over 400 employees. The services provided in the area include engineering 
and consulting services, restaurants, recreation, glazing, equipment leasing, automotive repairs, and 
personal services. Seven manufacturers are located in the area and employ over 190 workers. Their 
products include fabricated steel products, prefabricated homes, pallets, wooden boxes, countertops. 
small engines, chemicals, and concrete. Local construction companies provide jobs for approximately 
30 employees with skills in home improvements, drywall and insulation installation, and excavating. 
One firm providing transportation services is located in the area. Agricultural employment is found in 
dairy, landscaping services, crop fanning, and seasonal produce market activities. Because a large 
number of the service companies currently located here, and consequently a large number of area jobs, 
are directly involved with providing engineering, consulting, or other services to the FEW, future 
employment trends near the facility may be affected by future activity at the FEW. 

. Labor Force 
The labor force in the CMSA is large, exceeding 924,000 in the eightcounty m a .  Table 2-18 shows 
the total labor force, employment, and unemployment rates for the CMSA and each of the counties 
individually. Hamilton County supplies over half of the area’s labor force (52.8 percent) while 
Hamilton and Butler counties combined contribute two-thirds of the total labor force, an available 
labor pool of over 620,000.’ 

Please note that the discre ancy between the total employment fi res provided by the Bureau 

in methodolo and data sources. Employment service estimates include only nonfarm wage 

Analysis estimates are based on reports from other government agencies including state bureaus 
of employment services, the Department of Agriculture, and the Internal Revenue Service. 

of Economic Analysis ancfthose of the Bureaus of Employment !? ervices m due to differences 

and salary wo % ers derived by voluntary submittals of data by employers. Bureau of Economic 
- 
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TABLE 2-17 

EMPLOYMENT BY INDUSTRY 
IN OHIO AND THE CINCINNATI AREA, 1989 

Hamilton Butler Two Cincinnati 
CoFty county county CMSA' Ohio 

Number of Proprietors 
FiUm 
Nonfm 

Employment by Industry as a 
Percent of Total Employment 
F m  
Nonfarm 

hivate 
Agricultural Services' 
Mining 
Construction 
Manufacturing 
Transportation/Utilities 
Wholesale Trade 
Retail Trade 
Fiance/lnsuranced 
Services 

Government 
Federal and Civilian 
Military 
State and Local 

Percent Farm" 

Total Employment 

59,829 
410 

59,419 

0.1 %b 

99.9% 
89.6% 
0.4% 
0.1% 
4.9% 

18.9% 
4.9% 
6.5% 

16.9% 
8.0% 

28.9% 
10.3% 
1.6% 
0.4% 
8.3% 
0.2% 

62 1,924 

16,462 76,291 
1,216 1,626 

15,246 74,665 

1.2% 
98.8% 
84.4% 
0.6% 
0.3% 
6.8% 

19.5% 
3.6% 
5.1% 

17.9% 
6.8% 

23.9% 
14.4% 
0.5% 
0.7% 

13.2% 
2.3% 

0.3% 
99.7% 
88.8% 
0.5% 
0.1% 
5.2% 

19.wo 
4.7% 
6.3% 

17.0% 
7.8% 

28.1% 
1 1 .O% 
1.4% 
0.5 % 
9.1% 
0.5% 

114519 736,443 

117.621 755.431 
6,940 93,096 

110,681 662,335 

0.8% 
99.2% 
87.6% 
0.5% 
0.1% 
5.6% 

17.6% 
4.9% 
5.7% 

18.5% 
7.2% 

27.5% 
11.5% 
1.7% 
0.6% 
9.2% 
1.5% 

1.9% 
98.1% 
85.2% 
0.6% 
0.4% 
4.7% 

19.7% 
4.3% 
4.7% 

17.9% 
6.6% 

26.3% 
12.9% 
1.7% 
0.7% 

10.5% 
3.5% 

969,777 5,766,485 

' CMSA includes Hamilton, Butler, Clennont, and Warren counties in Ohio; Boone, Campbell, 
and Kenton counties in Kentucky; and Dearborn County, Indiana. 
Percentages may not total 100 percent due to rounding. 
Ag~icultural services also include forestry, fisheries, and U.S. residents employed by international 
firms, embassies, and consulates in the U.S. 

Percent farm = (Wage and salary fm employment + farm pmprietors)/total employment. 
* Finance/insurance also includes real estate. 

SOURCE: U.S. Bureau of Economic Analysis, 1991 
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LABOR FORCE AND EMPLOYMENT IN THE CINCINNATI AREA, 

DECEMBER 1991 

Total Unemployment 
Labor Force Employed Rate (percent) 

~~ 

Ohio 
Hamilton County 
Butler County 
Clermont County 
Warren County 

Dearborn County 

Boone County 

Kenton County 

Eight County Area 

Indiana 

Kentucky 

Campbell County 

5,438,200 
487,800 
132.200 
81,000 
59,400 

2,726,800 
18,420 

1,752,263 
30,836 
4 1,464 
73,161 

924,28 1 

5,085500 
465,600 
123200 
75,800 
55,900 

2,550,500 
16,710 

1,622.43 1 
28,980 
38,796 
68,916 

873,902 

6.5 
4.6 
6.7 
6.5 
5.9 

6.5 
9.3 

7.4 
6.0 
6.4 
5.8 

5.5 

NOTE: U.S. unemployment was 6.8 percent during this period. 
SOURCES: Indiana, Kentucky, and Ohio Department of Employment Services, 
January 1992 

An indication of the composition of the available labor force can be determined through an 
examination of the occupations of applicants for unemployment. Table 2-19 includes a breakdown by 
occupation of all applicants to the Hamilton and Butler county offices of the Ohio Bureau of 
Employment Services during December 1991 with a comparable listing of Ohio totals. 

The proportions of skills in the two counties generally conform to state percentages. However, the 
area has a greater concentration of managers and professionals available than the state average and 
proportionately fewer workers available in machine trades, processing, or benchwork. The most 
important skill needs that have been identified to result from remedial activity at the FEW are in the 
areas of structural work and the miscellaneous category which includes transportation workers. 

These skill areas are available in the two-county area in fairly substantial amounts, over one-third of 
the available labor force. However, allowing for the possibility of very specialized skill needs and any 
potential difficulty in finding qualified applicants. along with normal initial turnover rates, the number 
of available applicants may have to be substantially higher. 

The unemployment rate of 5.5 percent in the eight-county CMSA December 1991 was below the 
averages of all three states (Indiana - 5.9 percent, Ohio - 6.5 percent, and Kentucky - 7.2 percent) as 

2-90 
! 178 



FEMP-swcR-6 FINAL 
March 1993 

4340 

TABLE 2-19 
APPLICANTS BY OCCUPATION IN OHIO AND THE CINCINNATI AREA, DECEMBER 1991 

Distribution of Skills 

county county Total Ohio (percent) (percent) 
Hamilton Butler Two-County Area Ohio 

Professional & Managerial 1844 937 2,781 21,188. 21.6 13.1 
Clerical & Sales 1903 996 2,899 32,381 22.5 20.1 
Service 756 307 1,063 13,315 8.3 8.2 
Agricultural 113 24 137 2.248 1.1 1.4 
Processing 167 677 844 13,072 6.6 8.1 
Machine trades 465 490 955 16,933 7.4 10.5 
Benchwork 27 8 23 1 509 15,508 4.0 9.6 
Structural work 1131 528 1,659 22,997 12.9 14.2 
Miscellaneous 1469 550 2,019 23,849 15.7 14.8 
Total 8126 4,740 12,866 161,491 100.0 100.0 

SOURCE: Ohio Bureau of Employment Services, January 1992. 

well as the national rate of 6.9 percent. County unemployment rates in the area ranged between a high 
of 7.5 percent in Dearborn County, Indiana to a low of 4.9 percent in Hamilton and Warren counties. 

Low unemployment rates (generally below 5 percent) usually indicate potential difficulties for large- 
scale labor recruitment within the area. In these instances, major employers new to the area may have 
to either offer higher salaries and other incentives to attract employees currently employed by other 
local firms, or recruit employees from other labor markets. When a large number of employees 
relocates to an area in response to employment oppowties ,  there are additional impacts on some 
community services such as housing, education, health services, and recreational facilities. 

2.2.6.3 Land Use 
In Hamilton and Butler counties, urban development that is associated with high concentrations of 
commercial, industrial, and highdensity residential usage is predominantly located in and near the 
cities of Cincinnati, Hamilton, and Middletown and along the transportation axes connecting them. 
With the exception of scattered smaller towns and suburban residential areas, the remainder of the land 
use in the counties is related to open space usages such as agriculture, parkland, water resources, and 
land restricted from intense development (in floodplains or too highly sloped). Some of this open 
space has been determined to be prime agricultural land. This designation is used to describe land 
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with the proper combination of soil, slope, length of growing season, and moisture from precipitation 
or irrigation that allows the production of sustained crop yield with the least effort In Hamilton 
County over 31,100 acres, or 12 percent of the total acreage, had been designated prime agricultural . 

land by the soil survey of Hamilton County in 1982. Most of this acreage was in the western parts of 
the county including the majority of land adjacent to the FEMP (USDA 1982). Comparable data are 
not available for Butler County; however, based on an analysis of soils only, Butler County had over 
42,100 acres of prime agricultural land, or 14 percent of its total land (USDA 1980). Because these 
estimates did not include urban or developed areas and were completed some time in the past, they are 
likely to be overstatements of the present situation. 

As indicated in Figure 2-26, the land adjacent to the FEW is primarily devoted to open land use such 

area and one retail nulsery. Commercial activity is generally restricted to Ross and along S.R. 128 
just south of Ross. Industrial usage is concentrated in the areas south of the FEMP, along Paddys Run 
Road, in Fernald, and in a small industrial park on S.R. 128 between WUey Road and New Haven 
Road. Concentrations of residential units are situated northeast of the FEMP in Ross and directly east 
in a trailer park adjacent to the intersection of Willey Road and S.R. 128. Other residences are 
scattered around the area, generally associated with farmsteads. 

. as agriculture and recreation. There are also a number of permanent seasonal produce markets in the 

Over 400 acres of the open acreage on the FEW is currently being leased for grazing purposes to 
local dairymen (Figure 2-27). Pine plantations are located to the northeast and southwest of the 
Production Area. A considerable amount of the soils within the boundaries of the FEMP are 
designated prime agricultural land (Figure 2-15). Specific classification of soils as prime agricultural 
land is not available for Butler County, which results in a visible difference between the portions of 
the FEW in each county. Because the soils in question on the FEMP are similar, more of the soils in 
the northern portion of the FEMP are likely to be classified as prime agricultural land. 

2.2.6.4 Trans~o rtation 
As indicated in Figure 2-22, three interstate highways (1-71, 1-74. and 1-75) provide interregional 
access to locations within the Cincinnati area and two interstate connectors (I-275 and 1471) provide 
intraregional highway access. 

The Greater Cincinnati - Northern Kentucky International Airport, located approximately 12 miles 
south of downtown Cincinnati in northern Kentucky, served 8.6 million passengers in 1989 and 
transferred over 60.7 million pounds of cargo. Eleven major, regional, and commuter lines provide 
passenger service and three air caniers provide all-cargo service. The airport is currently undergoing 
major expansion (Kenton County Airport Board 1990). Other airports in the two-county area include 
Lunken Airport, Blue Ash Airport, Hook Field, and the Miami University Airport, all providing 
gened aviation services. 
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Rail and river vansport are also available in the twocounty area. The Queensgate computerized 
classification yard in Cincinnati is a state-of-the-art switching facility for intermodal transshipment 
between rail and highway transportation. Rail and highway cargo can be transshipped to barges at the 
Port of Cincinnati. Over 14 million tons of cargo are shipped to or from the Port of Cincinnati 
annually via the 36 barge lines in operation at the port. Within the twocounty area, there are five 
rail-switching facilities, the Queensgate rail/highway/port transshipment facility, and one additional 
port, Northbend. Also within the twocounty area are three general aviation facilities (Greater 
Cincinnati Chamber of Commerce 1990). 

Transportation resources near the FEW, within the five-mile radius, are shown in Figure 2-28. The 
primary roads providing access to the FEW include S.R. 128, S.R. 126, New Haven Road, Wdey 
Road, and Paddys Run Road. There are currently no weight restrictions for road traffic, but some area 
bridges have posted load limits. 

Traffic counts on some area roads were recorded b i  OKI in 1985 and are indicated on Figure 2-28 
(OKI 1987 a-c). S.R. 128 (Hamilton-Cleves Road) is a heavily traveled north-south route that 
generally follows the course of the Great Miami River. Ohio Department of Transpoxtation 
representatives indicate that S.R. 128 is in good condition. Truck traffic averages 800 to loo0 daily 
from the City of Hamilton to the Ohio River and additional traffic would have to exceed 300 to 400 
more trucks per day before an impact would be felt on the roadways (Lawall 1990). Engineers at the 
Hamilton County Engineer’s office indicated that Willey Road between S.R. 128 and the entrance to 
the FEMP is also in good condition, having been recently resurfaced. There are no weight restrictions 
on the road as long as vehicular safe load limits are followed. On Willey Road west of the FEW 
entrance is a bridge that could pose a restriction to traffic. This bridge is currently rated a 6 on a scale 
of 0 to 9 with 0-1 indicating a bridge closed due to poor condition and a 9 designating a new bridge. 
Should there be an indication of potential increased traffic on this section of Willey Road, an in-depth 
examination of the bridge will be necessary. If the bridge is found to be in structurally poor 
condition, a load limit could be placed on the bridge and a legal limit imposed on traffic from the 
FEW with checks conducted on delivery weights. An additional factor to be considered is that the 
rainbow arch bridge has been determined eligible for the National Register of Historic Places (NRHP). 
This designation is more fully discussed in Section 2.2.6.9. 

0 

Two mil lines operated by Conrail and one operated by CSX Transportation mn through the area. 
One spur extends onto the FEW and is linked to CSX (DOE 1990). 

Build-Out Capacitv of the Studv Area 
A study completed in 1990 by Camp, Dresser, and McKee, et al., for the Metropolitan Sewer District 
for Greater Cincinnati analyzed growth in Hamilton County to forecast sizing and location 
requirements for wastewater trunk lines and to predict changes in storm water moff control needs due 
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to new development in the county. The report preparers calculated estimates of the maximum possible 
development anticipated for currently undeveloped areas in the county. For the purposes of the study, 
the county was divided into drainage areas; the RUFS study area almost completely coincides with the 
West Miami drainage area as defined by Camp, Dresser, and McKee, et al.. with the addition of 
Miami Township. The West Miami drainage area is the largest in Hamilton County, covering 68,392 
acres and in 1989 had the second smallest population of the drainage areas. Of the total acreage 
available for development, 27.4 percent is considered developable as residential and 1.1 percent as 
commercial/industrial. A large portion of the land in the drainage area is considered unsuitable for 
development: 10.6 percent in the floodplain, 12.1 percent restricted for slope, 2.8 percent water, and 
5.1 percent dedicated parkland. The report estimates that the West Miami drainage area has a great 
potential for growth and could reach a maximum of 87,950 housing units, a 678 percent increase from 
the 1983 estimate of 11.300 units. The time qu i r ed  for this increase will depend on a number of 
factors and assumptions including: a continued tendency toward outward suburban residential 
expansion; continued availability of inexpensive transportation; continuation of current zoning and 
subdivision controls; existing high density areas not becoming even more densely developed; and 
existing residential density in low density drainage areas, such as West Miami, continuing to develop 
with comparable low densities (Camp, Dresser, and McKee et al. 1990). 

Pressures for Residential DeveloDment 
New residential construction in the two-county area has been predominately focused in the following 
sectors: along 1-75 in Union and Liberty townships, the City of Fairfield, Anderson Township, and 
Symmes Township. In the six-township area, residential construction is occurring in the areas near 
Hamson and Ross, in northern Colerain Township north of 1-275, and to a smaller degree in the area 

@ 
immediately adjacent to the Miami Whitewater Forest. Among the factors influencing the current 
absence of strong development pressures on the six-township area could be the area’s distance from 
the metropolitan core. It is predicted that pressures will occur, but primarily after land closer to the 
core or to major highways is at capacity. Another factor to be considered is the lack of a public water 
supply and wastewater treatment. Residential development pressure could increase if these facilities 
were in place. 

Prouertv Values 
Associated with the existing and potential pressures for development in the vicinity of the FEW are 
concern over property values that could be ascribed to proximity to the site. A small number of 
studies (Pennsylvania State University 1979 and 1981; Battelle Memorial Institute 1989; Gamble and 
Downing 1982; and others) have been conducted to determine the direct and indirect impacts to 
residential and cornmerciUindustrial property values in the vicinity of nuclear facilities, including 
nuclear power facilities and nuclear products generating or storage facilities. The studies have covered 
locations all over the United States and parts of Canada including the properties near the FEW. A 
much larger number of studies have examined the impacts of other types of locally unwanted land uses 
such as landfills and hazardous waste facilities. 

0 
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Generally, these studies have found that impacts of undesirable land uses on residential properties in 
the vicinity include the following: 8 

Losses in property values, if any, may occur in any of a number of forms: lower sales prices; 
lower amounts, less favorable terms, or fewer sources of first or second mortgage financing, 
.longer time on the market; fewer sales per time period; or fewer housing and/or subdivision 
Starts. 

Any impacts near the land use are shortlived unless the residents are within sight, hearing, or 
smell of the property and/or its activity or if the media constantly remind the residents of the 
offending land use. 

If any measurable impacts exist, they are generally concentrated extremely close to the 
facility, usually within one mile. The worst impacts were less than onequarter mile from the 
site. 

Measurable impacts are usually not evenly dispersed around the site, but are concentrated 
along lines of prevailing winds, water flows, or other geographic features associated with any 
real or perceived risks of the site. 

9 impacts arising from a proposed event (construction of a waste site, nuclear power plant, or 
airport) generate fears of negative impacts to property values greater than any actually realized 
after completion of the project. 

With specific reference to nuclear facilities, "there has been little or no impact on surrounding 
residential property sales prices or marketing periods as a result of proximity to a facility in 
which radioactive materials are handled" (Real Estate Counseling Group of Connecticut 1987. 

The above impacts to land values from unwanted land uses also apply to instances of unexpected 
events such as the Three Mile Island accident. Several studies analyzing the' impacts to property 
values arising as a result of the accident found that impacts were shortlived and that., in fact, the local 
real estate market returned to previous levels within four to eight months of the accident. This was 
even more remarkable in light of the overall nature of the real estate market at the time: interest rates 
were high, limiting available mortgage financing (Gamble and Downing 1982). 

One study directly evaluating the impacts to property values associated with a release at a nuclear 
facility was completed for properties in the vicinity of the FEW. This reprt  analyzes property 
transactions within a four year period before and following the December 1984 announcement of an 
atmospheric release of uranium trioxide at the FEW. The study compared market activity and prices 
in the local area (within a six-mile radius of the FEW including several properties within one mile) 
before the release to the activity after the announcement of the release; compared the local area to a 
similar area in Ohio for general market trends; and compared the local market activity to overall 
Cincinnati metropolitan real estate market activity. The results of this study conformed to the findings 
of the above-described studies of property values. A summary of the findings includes the fact that 0 
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the local residential real estate market did not exhibit lower prices, slower increase in sales prices, or 
slower turnover rates after January 1, 1985 than before. In fact, sales prices in the study area grew 
faster during the period after the fourth quarter of 1984 than in other areas of the Cincinnati 
metropolitan area. Also, properties closer to the FEMP did not exhibit greater negative impacts on 
market indicators and data showed no consistent pattern of impacts. There was also no evidence 
found of any negative impacts that continued after January 1, 1985. Data available were too limited to 
adequately define impacts to prices of agricultural or rental properties. 

2.2.6.5 Utilities and Community Services 
This section discusses local water supply, wastewater treatment services, solid waste management, 
education, health services, and emergency and protective services. 

Water Sumly 
The water supply distributed by public water systems within the two-county area is primarily derived 
from the Buried Valley Aquifer System of the Great Miami River Basin. Figures calculated by OKI 
in 1988 indicate that in Butler County all of the water used for public drinking water was withdrawn 
from the aquifer. In Hamilton County, 48 percent of the water supplied through public water systems 
was withdrawn from the aquifer (OKI 1988b). Petition was made for the Great Miami Buried Valley 
Aquifer System to be designated as a sole-source aquifer by the OEPA under Section 1424(a) of the 
Safe Drinking Water Act in 1988 and the designation was granted in the same year (FR 1988). Under 
this designation, the Region V Administrator of the EPA has determined that this aquifer is the sole or 
principal source of drinking water for this area and that contamination would create a significant 
hazard to the public health. 

0 
e 

The large water supplies which occur in the sand and gravel deposits of the aquifer allow groundwater 
to be the primary source of water for industrial and domestic use in the area. Figure 2-29 shows the 
locations of domestic and commercial wells downgradient of the FEW. Industrial groundwater users 
in the area include the FEW itself and Delta Steel, Albright and Wilson, and Ruetgers-Nease, all  
located on Paddys Run Road southwest of the FEMP. The latter two firms are small chemical 
companies and Delta Steel is a rolling mill. The SOWC, CincinnatibBolton Water Works, and Water 
Association supply domestic users, maintaining well fields east and northeast of the FEW. The water 
is treated to remove minerals and "soften" the water only. Uranium concentrations are at background 
levels. 

The Water Association of Butler County and the Harrison Township Water Company provide water to 
the residents within a five-mile radius of the FEMP. Water service areas are shown in Figure 2-30. 
The Water Association provides service to the majority of Morgan and Ross townships. Its treatment 
plant is located one half mile northeast of the intersection of State Route 128 and U.S. 27. a 
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Peak capacity of the plant is 3.6 million gallons per day (gpd) and average flow is approximately two 
million gpd. The excess capacity is not available to all parts of the service area; however, plans are 
currently underway for improvements to storage facilities and pumping stations pending the 
availability of approved federal funding. The Harrison Township Water Company provides service to 
the Hanison Village corporation line; annexed areas are included in the service area. Currently the 
Hamson Township plant, using groundwater collector wells, is operating with an average flow of 
approximately one million gpd, with peaks at 1.4 million gpd. Designed capacity of the plant is 2.4 
million gpd, although the smaller diameter pipes on the older parts of the system can only handle 
pressure associated with a two million gpd flow. 

A master plan survey is scheduled to be completed in the near future to examine plant capacity 
compared to community growth. At present, estimates indicate that approximately 1000 additional 
residential customers can be added to the system. Those residents in the area not on available water 
systems use wells for the provision of fresh water. 

As shown in Figure 2-29, a number of private farm and residence wells lie close to the FEMP 
property. Some residences use cisterns for water supplies in areas underlain by bedrock. Many 
residents use bottled water for drinking due to high iron and sulfur, which occur naturally in some 
parts of the aquifer, causing a bad taste and odor. 

0 Wastewater Treatment and Solid Waste Dimsal 
Wastewater treatment in the area is provided to residents of Hanison and the Dry Run Estates 
subdivision. Jmprovements to the Harrison wastewater treatment plant are in the final stage of 
construction and will increase the 850,000 gpd capacity to 1.14 million gpd. Average flow is currently 
over capacity at 900,000 gpd. A package treatment plant, a small self-contained facility for a small 
number of homes, was installed by the Cincinnati Metropolitan Sewer District to provide service to the 
Dry Run Estates subdivision at a rate of 750,000 gpd. Residences and commercial or industrial 
facilities in the remaining areas use septic systems. 

Solid Waste DisDosal 
There are three types of solid waste disposal sites in the two counties: sanitary landfills, demolition 
Iandfills, and dumps. Sanitary landfills are licensed under a local Board of Health or the State of Ohio 
and are recognized by OEPA as licensed solid waste disposal facilities. These sites are required to 
spread the deposited waste in thin layers, compact the layers, and cover them daily with soil to reduce 
leaching, odors, and infestation by insects and vermin. Demolition landfills are used for the disposal 
of construction materials and are not regulated. Dumps are similar to shtary landfills, but generally 
do not have the wastes covered or compacted. Dumps without daily covers or compacting became 
illegal in Ohio in 1968 and further legislation was passed in 1988 to establish covering and 
compacting practices for existing facilities. All of these disposal sites are potential sources of 0 
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contamination to groundwater, even when they are no longer active. This contamination may be 
through leaching, especially when the site is located on sand or gravel soils, or surface runoff. Some 
management practices may alleviate the potential for contamination such as the installation of leachate 
collectors or groundwater monitors. 

In the twocounty area. there are 30 sanitary landfill sites: in Hamilton County, four active and 16 
closed; in Butler County five active and five closed. Two of the closed sites in Hamilton County have 
been converted to recreational facilities. There are 13 active demolition dump sites in Hamilton 
County and four in Butler County. Each county has one active and one closed dump site (ON 
1988~). Within the six-township a m ,  there are 12 solid waste disposal sites, as shown in Table 2-20. 
Two active sanitary landfiis operate in the area: Rumpke, Inc. in Colerain Township and BFI, Inc. in 
Whitewater Township. Five active demolition landlills are also present in the six-township area: three 
in Whitewater Township and one each in Colerain and Harrison townships (OK1 1988~). Of these 12 
sites, seven are located directly over an aquifer. 

Liquid waste disposal sites are also potential sources of contamination to groundwater in the two- 
county area. These sites are pits, ponds, or lagoons containing wastewater from agricultural, municipal 
or industrial usage, but are predominantly associated with sewage treatment processes. There are 70 of 
these sites in the two-county ma, 36 in Hamilton County and 34 in Butler County. In the six- 
township ma, there are 12 liquid disposal sites, eight of which are municipal waste treatment sites: 
three in Harrison Township, two in both Colerain and Crosby townships, and one in Whitewater 
Township. The other four liquid waste disposal sites include an agricultural waste facility in Harrison 
Township, an industrial waste disposal site and an industrial waste treatment site in Whitewater 
Township, and a municipal waste storage facility in Crosby Township. 

Education 
There are three school districts providing public education from kindergarten through high school to 
children living within a five-mile radius of the FEW. The three school districts m Northwest and 
Southwest in Hamilton County and Ross in Butler County, as shown in Figure 2-31. Table 2-21 lists 
the schools within these districts and their 1990-91 enrollment. Officials from Northwest and Ross 
districts indicate that there is some additional capacity available for increased enrollment. The 
Southwest District, having experienced a 23 percent increase between 1980 and 1989, is currently at 
capacity in a l l  schools. This increase in enrollment is in part related to the population growth that has 
occurxed in Hanison Township, one of the major contributors of students to the school system. Three 
vocational schools provide occupational training for high school students and adults in the districts: 
Northwest Vocational School, Great Oaks Joint Vocational School, and D. Russell Lee (Butler County) 
Joint Vocational School. These three schools design their training programs to meet area business and 
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TABLE 2-20 

SOLID WASTE DISPOSAL SITES IN THE SIX-TOWNSHIP AREA 

Disposal Site/ 
operator 

Contamination 
Location Distance Management 
(Township) Description To Aquifer Practices 

BFI, h/Mon~anto- 
Bond Road Landfill 

City of Hamilton- 
Hodapp Landfill 

City of Harrison 

Gary Golsch 

King Wrecking 

Rumpke, Inc. 

Rumpke, Inc. 

Schlichter Co. 

Vega Reclamation 
Fill 

West and Sons 

Wayne Willis 

Richard Witzelbacher 

Whitewater Sanimy landfill 0.9 Miles 

Ross Closed sanitary 0 Miles 
landfill 

Harrison Closed sanitary 0 Miles 
landfill, sludge 
site 

Whitewater Demolition landfill 0 Miles 

Harrison Demolition landfill 0.1 Miles 

Colerain Sanitary landfill 3.1 Miles 

Morgan Closed sanitary 1.2 Miles 
landfill 

Ross Closed sanitary 0 Miles 
landfill 

Whitewater Demolition landfill 0 Miles 

Colerain Closed industrial 0 Miles 
waste dump 

Whitewater Demolition landfill 0 Miles 

Colerain Demolition landfill 2.5 Miles 

Yes 

Yes 

No 

No 

No 

Yes 

No 

Yes 

No 

No 

No 

No 

SOURCE: Ohio-Kentucky-Indiana Regional Council of Governments, "Potential Sources of 
Groundwater Pollution in Butler, Hamilton, Clermont, and Warren Counties, Ohio," 

June 1988. 
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FIGURE 2-31. PUBLIC SCHOOL DISTRICTS WITHIN A FIVE-MILE RADIUS OF THE FEMP 
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TABLE 2-21 
PUBLIC SCHOOL ATTENDANCE OF NORTHWEST, ROSS, 

AND SOUTHWEST DISTRICTS, 1990-91 

Schools 1 W 9 1  Eauollment 

Northwest School District 
Elementary Schools 

Bevis 
Colerain 
Houston 
Monfort Heights 
Pleasant Run 
Struble 
Taylor 
Weigel 
Welch 

Middle Schools 
Colerain 
Pleasant Run 
white oak 

High Schools 
Colerain 
Northwest 

Ross School District 
Elementary Schools 

Elda 
Morgan 

Ross Middle School 
Ross High School 

Elementary Schools 
Crosby 
Elizabethtown 
Hamson 
Hooven 
Miamitown 
Whitewater Valley 

Hamson Junior School 
Harrison High School 

Southwest School District 

547 
772 
545 
706 
563 
405 
497 
512 
458 

641 
1002 
693 

1818 
957 

579 
566 
73 1 
769 

338 
150 
742 
166 
175 
511 
632 

1114 

Total Area Enrollment 16,414 

SOURCES: Superintendents of Schools for Northwest, Ross, 
and Southwest Districts, 1991 
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industry needs and are willing to design company-specific t d h g  and development programs. There 
are also a number of colleges and universities located in the Cincinnati metropolitan area. 

Health Services 
In the eightcounty Greater Cincinnatj area, there are over 30 hospitals and more than Woo licensed 
beds. In Hamilton County there are 1630 physicians; over 200 physicians practice in Butler County. 
Additional health care is provided by nursing homes, home health care and physical therapy services, 
emergency care clinics, outpatient and trauma centers, and emergency air transport by helicopter. The 
hospitals closest to the FEMP are Providence Hospital (372 beds), Mercy Hospital of Fairfield (150 
beds), and Mercy Hospital of Hamilton (167 beds) all offering general medical and surgical services. 

.Emergency and Protective Services 
Emergency and protective services in the six townships comprising the area within a five-mile radius 
of the FEW are as follows: 

Colerain Township - 14 full-time police officers, 19 full-time firefighters, and 108 part-time 
firefighters. AU firefighters have emergency medical training. 

Crosby Township - 2 full-time firefighters and 18 part-time firefighters; 12 part-time firefighters 
have emergency medical training. Police protection is provided by Hamilton County. 

Hamson Township - 15 full-time police officers, 7 full-time and 28 part-time firefighters. All 
full-time firefighters and 26 part-time firefighters have emergency medical training. 

Morgan Township - a volunteer fire brigade provides fire protection and police protection is 
provided by Butler County. 

Ross Township - a volunteer fire brigade provides fire protection and police protection is 
provided by Butler County. 

Whitewater Township - 50 part-time firefighters, 2 of which have emergency medical training. 
Police protection is provided by Hamilton County. 

Emergency response procedures have been developed or are in the process of development by civil 
defense planners in Hamilton and Butler counties. Training for emergency response has been offered 
through the Butler County Civil Defense Office involving the Ohio Disaster Services Agency, the 
Ohio Department of Health, the FEMP, the Federal Emergency Management Agency, DOE, OEPA, 
and the Ohio Fire Marshall. For the purposes of emergency planning and response, two zones have 
been established. The two-mile intermediate Notification Zone includes Ross, F e d ,  and New 
Baltimore. Au persons within this zone would be notified in the event of the necessity of protective 
cover by the FEMP Joint Public Information Center via telephone or the media. The five-mile 
Planning Zone is subdivided by township boundary into districts for planning. notification, response, 
and protective purposes. Notification within this zone varies to reflect the most appropriate method. 
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The FEMP is responsible for notification of appropriate authorities in the event of a hazardous 
materials incident and to provide incident-related information. A task force consisting of 
representatives of the FEMP, W E ,  Ohio Disaster Service Agency, Hamilton and Butler counties, and 
IocaI communities organized emergency response exercises on April 25, 1987 and June 24, 1989. 

2.2.6.6 Archaeolo~cal and Historic Resources 
There are two reasons for investigating the existence of historically significant sites or shuctum near 
the FEMP. Any federal activity that may affect a site or structure that is listed in the NRHP or is 
considered eligible for inclusion in the NRHP must undergo rigorous scrutiny to ensure that any 
adverse effect is avoided whenever possible. Also important with regard to potential remedial activity 
at the FEMP is the possibility of the creation of or the acceleration of development pressures. The 
absence of strong development pressures have been identified as one possible reason for the area's 
retention of its present character as reflected through its architecture and land use. The area 
surrounding the FEMP has a very rich and diverse archaeological and historic resource base. An 
outline of the cultural sequence of the area can be summarized as follows (Cowan 1987): 

Archaic Period 
Paleohdim 

Woodland Period 
Adena 
Hopewell 
Newtown 

Fort Ancient Peoples 
Turpin Phase 
Schomaker Phase 
Mariemont Phase 

Shawnee 
Iroquois Confederacy 
Shawnee 

Indian Nations 

European Settlement 

12,000 to So00 BC 

lo00 to 200 BC 
200 BC to AD 450 
AD 450 to loo0 

AD lo00 to 1250 
AD 1250 to 1400 
AD 1450 to 1670 

AD 1500 (estimated) to 1672 
AD 1672 to 1701 
AD 1701 to 1795 
AD 1788 to the present 

The earliest inhabitants of the area were the Paleohdim, migrating bands of hunters and gatherers 
who hunted large game animals but who subsisted primarily on smaller animals and foraged plants. 
Gradually simple horticulture evolved and the band's established base camps became small 
communities. With the development of ceramics, the Woodland Period began. The earlier of these 
peoples, the Adena and Hopewell, are the best known due to their earthworks and burial mounds. The 
Newtown peoples lived in more permanent villages (still only occupied in certain seasons) that were 
most often constructed on river t e m e s  with a central open area or plaza. The addition of maize, new 
methods of ceramic production and style, and the bow and a m w  to the society through contact with 
other prehistoric civilizations marked the transition into the Fort Ancient period. The earliest phase of 
this culture, the Turpin Phase, is marked by changes in pottery (the addition of handles), evidence of 
contact with the Mississippian culture of Illinois, larger settlements, and the appearance of some 
stockades. Emerging from the Turpin is the Schomaker Phase, which is identified primarily through 
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its distinctive ceramics and the predominance of underground dwellings. The Mariemont Phase 
peoples were most likely the direct ancestors of the Shawnee Indians. In fact, it is difficult to mark 
the decline of one people and the origin of the other. This phase is identified by unique ceramic 
vessels, some with animal forms used as handles, and others with a human face formed into the jar. 
New forms of tools, the presence of European-made objects. and the lack of any organized village 
design also help distinguish Mariemont remains. It has been suggested that by 1670 the majority of 
the Mariemont peoples had either been killed by European-introduced disease or driven westward, 
marking the end of the Fort Ancient presence in the area (Cowan 1987). 

While the Fort Ancient peoples were in their declining phase, the Shawnee became the dominant 
population in the area. The Shawnee were a nomadic tribe and made long journeys to the south, the 
east, and returned to the Ohio Valley. Led by the incredible demand for beaver pelts by the European 
.traders on the East Coast, the Iroquois Confederacy began to make raids on the tribes of the Great 
Lakes and the Ohio River. The Shawnee were driven from the Ohio River Valley in 1672 by the 
Iroquois. In 1701, peace and the Shawnee returned to the area. However, a new threat to the 
Shawnee had amved in the form of European settlers (Tanner 1986). 

John Cleves Symmes lead the first group of European (white) settlers to amve in the Ohio Valley, 
Ianding at the mouth of the Little Miami River in December of 1788. In that same year, Benjamin 
Sittes founded the settlement of Losantiville, later renamed Cincinnati. Years of conflict between the 
settlers and the Shawnee (allied with ten other tribes) were ended by the Battle of Fallen Timbers and 
the subsequent Treaty of Greenville, in 1795. At that time, the tribes gave up all lands in southern 
Ohio (specifically the southwestern comer of the Northwest Temtory) and resettled in Indiana. In 
1803 the area west of the Great Miami River was subdivided for settlement and purchase into 
Whitewater and Crosby townships; Hamson township was created in 1853, as was Ross Township. 
Settlement of the area near the FEMP has remained primarily agricultural (Miami Purchase 
Archives 1990). 

A number of signifcant archaeological and historic resources remain in the area, both registered and 
as yet recorded (new archaeological sites). Three Adena and Hopewell mounds are located within 
three miles of the boundary of the FEW. The Adena Circle on the grounds of Camp Ross Trails in 
Ross Township is three-fourths of a mile northeast of the northeastern corner of the FEMP. The 
Demoret Mound is one mile directly north of the northern boundary of the FEW. The Hogen-Borger 
Mound Archeological District is approximately 2.5 miles northeast of the northeastern comer of the 
FEMP. All three mounds are included on the NRHP. Also included in the NRHP are the Colerain 
Works Archaeological District and the Dunlap Archaeological District, which lie along the Great 
Miami River just east of the FEMP. Additionally, the Schomaker Farm Site, namesake of the 
Schomaker Phase of Fort Ancient peoples, is a few miles east northeast of the FEW adjacent to the 
Great Miami River. These are the known significant archaeological sites near the FEMP. A number 
of additional studies have been carried out in the vicinity and all indicate that there are even more 
potentially significant sites that remain undiscovered. 
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Historic resources in the area are equally abundant. The settlement pattern and economic development 
of the area have been conducive to lhe retention of large parcels of farmland by single families. For 
this reason, a very large number of early settlement farmsteads have remained well-preserved. 
According to records kept by the Miami Purchase Association for Historic Preservation, an unusually 
high percentage of the existing 1!M century buildings in the township are historically important. 
Within the vicinity of the FEMP (a two-mile radius from the boundary) there are three pmperties listed 
in the NRHP: The Thomas Select School log cabin in Shandon northeast of the FEW, the Vaughn- 
Francis House, also near Shandon; and the Shaw Farm on Cincinnati-Bmkville Road shown in 
Figure 2-32. The following structures within the same radius of the FEW have been inventoried by 
the Miami Purchase Association and deemed eligible for inclusion in the NRHP (also included in 
Figure 2-32): 

a 
I 

s 

s 

a 

s 

Abner Atherton House (c. 1845) on Atherton Road between Willey and Howard mads 
Blue Rock Street Bridge (c. 1914) spanning the Great Miami River south of New Baltimore 
Clinton D. Buell House (c. 1830) west of SR 128 on River Road 
Rainbow arch bridge over Willey Road near its intersection with Paddys Run Road (c. 1931) 
A. Reed Stone House (c. 1830) on the river side of SR 128 just south of New Haven Road 
Joseph Sater Farm (c. 1876) on Willey Road west of Crosby Road 
William Sater F m  (c. 1831) north of Willey Road near Atherton Road 
Joab Whipple House (c. 1840) south of Willey Road near Atherton Road 
Daniel Wilkins Farm (c. 1845). home and laundry outbuilding, just west of Paddys Run Road 
Israel B. Willey House (c. 1910) on SR 128 immediately north of Willey Road 
Butterfield House (c. 1830) on SR 128 just north of the Butler County line 
Nemiah Wade House (c. 1842) on SR 128 in downtown Ross 

Activity for Historic ProDerties Compliance at the FEW 

The Ohio State Historic Preservation Officer (SHPO) has stated that remedial activity within the 
boundaries of the FEW will not adversely affect any properties listed on or eligible for the NRHP 
(Luce 1987). However, because there is potential for the discovery of cultural resources in the area, 
the SHPO has requested that an archaeological survey be performed in any areas beyond the 
boundaries of the FEW, specifically including the recovery well area associated with the South Plume 
removal action, prior to any drilling or other intrusive activity (Kitchen 1990). The areas to be 
surveyed include any and all areas that are to be disturbed by construction activity, such as well sites, 
pipeline locations, and any access mads constructed to the sites. To comply with the SHPO’s request, 
the U.S. Army Corps of Engineers has performed field surveys on the proposed South Plume wewield 
and the proposed pipeline mutes associated with the wellfield. Comments on the study were solicited 
fmm the SHPO and a Letter of Concurrence is being prepared to formalize the agreement between 
DOE and the SHPO on a finding of no significant impact to historic properties as a result of removal 
actions (Ball 1991). 
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H-1 ABNER ATHERTON HOUSE (CIRCA 1845)  
H-2. 
H-3 CLINTON D. BUELL HOUSE (CIRCA 1 8 3 0 )  
H-4 RAINBOW ARCH BRIDGE (CIRCA 1 9 3 1 )  0 1 2 MILES 
H-5 A. REED STONE HOUSE (CIRCA 1 8 3 0 )  
H-6 JOSEPH SATER FARM (CIRCA 1 8 7 6 )  
H-7 WILLIAM SATER FARM (CIRCA 1 8 3 1 )  
H-8 JOAB WHIPPLE HOUSE (CIRCA 1 8 4 0 )  

BLUE ROCK STREET BRIDGE (CIRCA 1914)  

LEGEND (Cont.): 

NRHP SITES H-9 
H - 1 0  ISRAEL B. WILLEY HOUSE (CIRCA 1910)  
H - 1  1 HENSHAW LOG CABIN 1 THOMAS SELECT SCHOOL (1803)  
H - 1 2  NEMIAH WADE HOUSE (CIRCA 1 8 4 2 )  VAUGHN-FRANCIS HOUSE (1 8 1  4) 
H- 1 3  BUl lERFIELD HOUSE ( 1  830) 

DANIEL WlLKlNS FARM (CIRCA 1 8 4 5 )  

0 2 
0 3 SHAW FARM (1804)  

FIGURE 2-32, HISTORIC PROPERTIES NEAR THE FEMP 
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3.0 INVESIlGATIONS AND METHODS 

3.1 SITE CHARACTERIZATION STUDIES 
0 

A number of investigations have been conducted which are relevant to the FEMP FWFS and 
associated removal actions. These include studies of specific waste units, such as Silos 1 and 2, as 
well as environmental media, including air, soils, surface and groundwater, and flora and fauna. 
Most of these studies have been carried out by DOE and its contradon, including NLO, WEMCO, 
ASI/l'T, Roy F. Weston, and Dames & Moore, but useful data have also been generated by OEPA, 
National Oceanic and Atmospheric Administration (NOAA), Ohio Dept. of Health, USGS, and 
several university research teams. This section lists these studies by waste unit or environmental 
medium and states the objectives and regulatory context of each study (Table 3-1). Reports and 
workplans associated with the Remedial Investigations, Feasibility Studies, and Removal Actions have 
been subject to EPA review in accordance with the Amended Consent Agreement. In general, reports 
and studies prior to 1985 were not reviewed by EPA, however, all cited studies are now a part of the 
Administrative Record. Methods are described for those studies summarized in debil in this report. 
Results are summarized in Section 4.0, or where appropriate for several ecological studies, in Section 
2.0. A number of additional sources of information on FEW contaminants are described in 
Appendix I, Annotated Bibliography of Additional F E W  Data Sources. 

3.1.1 Silos 1-4. Drummed Waste. Buildings. and EauiDmen 
This section describes investigations focused on specific sou:ces of potential contaminants at the . 
FEW, e.g., Silos 1 and 2 and drummed wastes stored in the former production area. Investigations 
of potential contaminants associated with soils in Operable Units 1, 2, and 5 are described in Section 
3.1.5, Surface Soils, and Section 3.1.6, Subsurface Soils. 

/ .  

3.1.1.1 Annual Environmental Monitoring Reports 

Continuous environmental monitoring was and is conducted at the FEMP by the site operator as 
required by DOE order 5400.1, and to determine if operations are meeting federal and state standards 
regarding emission of radiological and nonradiological materials. Data collected from the FEMP 
monitoring program is used to estimate radiation doses to residents adjacent to the FEW. The 
environmental monitoring annual reports describe pathways of emissions to the surrounding 
environment and the media that have been sampled and present data from the ongoing FEMP 
environmental monitoring program. The reports also include information on quality assurance 
practices and describe waste management activities at the site as well as work performed to address 
the effects of past operations and to protect the environment. 

-t 

Studies prior to the RIFS have been conducted on the K65 residues stored at the FEMP (Vitro 1952, 
Litz 1974, NLO 1980, Gill 1988, DOE 1987). Data from these studies are summarized in Table 3-2. 
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In addition, samples of residues have been collected during residue transfer into the silos. These 
studies indicate that the silo residues are not totally homogeneous materials. Inconsistency in the 
analytical results from the previous samplhg and analysis efforts did not adequately characterize the 
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silos 14, 
Drums. 

Buildings, 
Equipment 

Environmental 
Monitoring 

.Reports 

DOE (1988) 

RUFS 

IRSBtT 

SWOAPCA 
(1991) 

FEW Meteorological 
Data 

IT (1986) 

USGS (1985 -1990) 

Air Surfxe 
Quality Water Groundwater 

11 ORSANCO (1989 - 1991) 

Dames and Moore I (1986 - 1987) 

MVrr (1988) 

Weston (1987ak) 

Battelle (198 1) 

H osbome (1990.1991) 

1 and Guttman 

OEPA (1982, 1989) 

TABLE 3-1 
MATRIX OF DATA SOURCES FOR THE FEMP 
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K-65 residues and therefore could not be used to evaluate release potential and the technical feasibility 
of remedial actions. Similarly, previous analyses conducted on the metal oxides in Silo 3 were not 
sufficiently documented to adequately characterize those materials and an additional sampling effort 
was required as part of the RI. 

In 1989, WEMCO developed a program to investigate Silos 1.2, and 3 to assist in developing a final 
mediation plan as part of the FS for Operable Unit 4. The results of this investigation, conducted in 
1989, were reported in the Annual Environmental Report for 1W (WMCO 1991). 

Methods 
The RI required complete characterization of the silo contents. The objectives of the sampling were to 
determine the depth and volume of material in the silos, the radioactive and chemical composition of 
the contents, and the physical properties of the silo contents required to predict behavior of wastes 
during treatment and disposal. 

Silos 1 ,2 ,  and 3 were sampled during the Summer of 1989 using a Vibra Corer system consisting of 
an air-operated, vertically vibrating head assembly. The vibrating sampling tube was lowered into 
each of four 46 cm (18 inch) diameter manways in Silos 1 and 2 and into three manways in Silo 3. 
The sampling conducted by WMCO of Silos 1 and 2 was only partially successful due to poor core 
recovery. ~lthough an average of 20 feet of penetration into the material was achieved, there was no 
sample recovered in three locations. The samples obtained from Silos 1 and 2 were essentially a 
collection of grab samples instead of continuous sample cores. To recover continuous core samples 
for the characterization of the silo contents, repeat sampling of Silos 1 and 2 was conducted in late 
1990 by A S W ,  using a modified Vibra Corer system (Figure 3-1). This sampling is described in 
Section 3.1.1.3. WMCO recovered core samples of up to 11 feet from 31 feet of material penetration 
into Silo 3 (Figure 3-1). No additional sampling of Silo 3 contents is anticipated. 

Silos 1 and 2 were analyzed for the following radionuclides: 

Thorium-228, -230, -232 Lead-210 
Radium-226, -228 Uranium-234, -235/236, -238 
Total uranium 

In addition to the above, Silo 3 was analyzed for actinium-227, pmtactinium-231, and radium-224. 

A total of 24 samples was collected from Silos 1, 2 and 3 for chemical analysis. These samples were 
analyzed for the following inorganic and organic constituents: 

Aluminum 
Antimony 
Arsenic 

Silver 
Sodium 
Thallium 
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0 

0 

Barium 
Beryllium 
Cadmium 
calcium 
Chromium 
cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 

Vanadium 
Zinc 
Methylene chloride 
Total xylenes 
Acetone 
Aroclor- 1 248 
Aroclor-1254 
Chloroform 
2-Butanone 
Bis(2-Ethylhexy1)phthalate 
Di-n-octyl phthalate 
CMeth yl-Zpentanone 
Toluene 
Styrene 
Chloromethane 

3.1.1.2 "FMPC SamDling and Analysis Reuort." DOE (19881 
Obiectives and Context 
The purpose of this report was to document the results of an Environmental Survey performed under 
the direction of the DOE to identify existing environmental problems and areas of environmental risk 
at the FEW. The facility survey was part of a larger effort to evaluate all DOE facilities for potential 
environmental problems and related risks and prioritize these issues on a department-wide basis using 
a consistent, risk-based methodology. This ranking of the observed environmental issues a& these 
facilities was to assist DOE in the establishment of priorities for addressing environmental problems 
and to more effectively allocate the resources necessary to correct these problems. For the purpose of 
these swveys, environmental problems were defined as either of the following: 1) situations resulting 
from DOE operations where pollutants or hazardous materials exist in the air, surface water, 
groundwater, or soil, in concentrations that pose or may pose a hazard to human health or the 
environment and 2) the existence of conditions at a DOE facility that pose or may pose a hazard to 
human health or the environment. 

@ 

Various types of samples (e.g., surface soil borings and backhoe trenches) were collected from the 
d i d  waste landfill, south lime sludge pond, and flyash/South Field areas to provide information on a 
wide variety of potential contaminants from specific past or present activities. Samples were also 

taken from a variety of tanks and drums to provide information regarding the presence (or absence) of 
hazardous materials. Most of the samples were taken from material that was or would become part of 
the Wastestream. 

Methods 
A stainless steel sampler was used to collect three samples from the tanks west of the pilot plant 
(Figure 3-2). The samples were a depth composite from the top, middle, and bottom of Tanks T5 and 
T6. A sludge sample was also taken from the bottom of T5. Tank T6 had no sludge. 
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PLANT 1 AREA 
SCALE, 1”=650’ 

AREA OF PLANTS 6 AND 9 
SCALE, 1” = 1000’ 

PILOT PLANT AREA 
SCALE, 1‘ = 1000’ 

WASTE STORAGE AREA 
SCALE, 1” =500’ 

AREA OF PLANTS 2/3 AND 8 
SCALE, 1”= 1000’ 

LEGEND: 

APPROXIMATE LOCATION OF SOURCE 
A SAMPLING, TANK OR DRUM 

0307 SAMPLE NUMBER 

FIGURE 3-2. SOURCE, TANK AND DRUM SAMPLING LOCATIONS - DOE 1988 : 265 
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Tank T3 was examined and found to be empty. The sampling device was washed with a soap solution 
and rinsed with distilled water before reuse. 

Four samples from Tanks 203 and 203A in Plant 8 and Tank 5 in Plant 2/3 were collected (Figure 
3-2). Tanks 203 and 203A in Plant 8 were agitated for five minutes before the samples were 
withdrawn. The pH of Tanks 203 and 203A ranged from 10 to 11. Tank 5 was agitated for 
production purposes so the samples were withdrawn without further agitation. Three of these samples 
were withdrawn from a faucet at the bottom of the tank. The first liquid to come from the faucet was 
collected in the sample collection bottles. One sample was collected by lowering the sample bottle on 
a rope into the liquid from the top of Tank 5. There was froth on the top of this tank, but no froth 
was collected. 

Samples were taken from a group of three abandoned tanks east of Waste Pit 2 (Figure 3-2). One 
tank was standing upright, surrounded by a wooden platform. The other two tanks were lying with the 
axis of the cylinder parallel to the ground. The sample from the upright tank was taken with a 
stainless steel trowel. The sand, mud, gravel and paint chip mixture was transferred to a 500-ml 
amber glass bottle. A composite sample from the other two tanks was taken with a 3/4-inch outside 
diameter galvanized conduit tube, 5 feet long. The tube was inserted through the one-inch diameter 
hole on the top of each of the tanks. Mud and sand, including some yellowish material, was gathered 
in the tube. A second piece of galvanized conduit with a closed end was used to push the collected 
material into the sample bottle. 

Drum samples were collected at three mas around Plant 8 (Figure 3-2). The drum codes and sample 
numbers are shown in Table 3-2. Five of the drum samples were collected with stainless steel trowels 
and t r a n s f e d  directly into bottles. If more than one drum was sampled, the material was composited 
in the bottle. The other four solid samples were collected with stainless steel trowels and transferred 
to a stainless steel bucket. The material was broken up and composited prior to placement in sample 
containers. The bucket was cleaned with a soap solution and rinsed with distilled water before reuse. 
All wash and rinse water was collected in five-gallon buckets. Two samples were collected by dipping 
the sample bottle into the liquid layer above the solid layer. The first sample consisted of compositing 
liquid from two drums; the second sample was from one drum. 

Three drums east of the oil incinerator (Building 39) were also sampled and the information obtained 
is presented in Table 3-3. The samples were collected by immersing a container in the drum of oil 
and holding it submerged until the sample container was full. The drum of waste thinner on the north 
side of Building 66 (Figure 3-2) was sampled using a 10-mm-diameter glass tube to withdraw 
successive aliquots of liquid until the sample container was N1. At Plants 6 and 9 the solid filter cake 
was transferred from the drum to a bucket for mixing and breaking up prior to transfer to the sample 
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containers. The filter cake from Plant 6 was yellow whereas that from Plant 9 was green. The liquid 
oil from Plant 6 was collected in successive aliquots with a glass tube using a procedure similar to that 
used at Building 66. 

The samples from the tanks west of the pilot plant and those from the drums behind the oil incinerator 
were analyzed for FCBs. The tanks associated with the Plant 2/3 operations were analyzed for RCRA 
metals. The drums of material to be used in the Plant 8 fumaces were analyzed for both PCBs and 
RCRA metals. The drums of waste from Hants 1,6, and 9 were analyzed for RCRA metals and 
radionuclides by gamma spectroscopy. Samples from the abandoned tanks in the Waste Pit 2 area 
were analyzed for total uranium and uranium isotopes, RCRA metals, and radionuclides by chemical 
separation, followed by alpha spectrometry for those samples detected at or above analytical detection 
limits. 

3.1.1.3 FEMP Remedial InvestigatiodFeasibility Study 
Objectives and Context 
The RIPS for the FEMP was initially designed to address the entire FEMP property and to focus on 
various environmental media that could be potentially affected by past and present operations at the 
FEW. The purpose of the RI is to determine the nature and extent of any release, or threat thereof, 
of hazardous or radioactive substances and to gather the necessary data to support the evaluation of 
remedial action alternatives in the FS. This is described in greater detail in Section 1.2.1. 

A resampling effort of Silos 1 and 2 using a Vibra Corer system that vibrates in'three places instead of 
one was implemented to support the RI/FS because the samples from Silos 1 and 2 were not 
considered representative, as described in Section 3.2.1.1. The main objectives for the silo sampling 
program were: 

Confirm the maximum depth of the material in the silos 
Estimate the volume of material contained in the silos 
Determine the physical characteristics of the silo contents, including engineering and 
geotechnical properties 
Characterize the radiological and chemical composition of the silo contents 

Methods 
This resampling of Silos 1 and 2 was conducted as three distinct activities: 

Field testing of sampling equipment 
Mock sampling of the silo sampling operation on the empty Silo 4 (one sampling point) 
Actual sampling of Silos 1 and 2 (four sampling points in each silo) 

This sampling approach was chosen due to public health and worker safety concern associated with 
the silo sampling program. Mock sampling was conducted on Silo 4 to demonstrate and refine the 
specialized sampling techniques and to test equipment operation. This sequence aided in training the 
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sampling personnel so that they became more experienced, precise, and efficient as they proceeded to 
the higher-risk sampling of Silos 1 and 2. 

During the sampling of each silo, a bag-in bag-out procedure was followed. A containment bag was 
placed over the closed manway to the silo and the manway cover was then removed. A 50-foot sleeve 
covered the Vibra Corer and was connected to the containment bag. The Vibra Corer was then 
lowered to penetrate the residue, collecting the continuous sample. When the Vibra Corer reached the 
bottom of the silo, it was turned off and the top of the polyethylene sleeve was taped to the core barrel 
above the manhole. As the Vibra Corer was withdrawn from the silo, the polyethylene sleeve was 
extended over the core barrel. After the entire core barrel had been removed, the sleeve was taped 
shut at the bottom. The Vibra Corer containing the core sample was then raised from the silo using a 
crane. Figure 3-3, indicates the sampling a m ,  sampling locations, and the sampling sequence used 
during the resampling effort. Silo 3 is not shown as part of the sequence because it was previously 
sampled. 

Before equipment was reused, the following decontamination procedure was implemented: 

Take equipment to be cleaned to the designated decontamination area 
Remove plastic coverings, if present 
Wipe down surfaces of sample equipment with towels and a mild detergent solution 
Perform radiological survey of the sampling equipment. Survey for releasable surface 
contamination using a wipe test. If contaminants are present, repeat the third step, 
followed by another wipe test. Once the wipe test indicates no releasable contamination, 
resurvey the item for fixed contamination. 

- The Vibra Corer barrels were used only once per manway to minimize cross contamination. 

The K-65 samples were analyzed for physical, chemical, and radiological parameters. In addition to 
the main objectives for the silo sampling program previously mentioned, the sampling campaign was 
atso intended to characterize the materials for the evaluation of release potential, risk, and remedial 
technologies (including disposal options). The required radiological analyses were: 

Isotopicuranium 
Isotopicthorium 
Isotopic radium 
Pb-210 (sample concentrations of Po-210 can also be determined from this analysis 
because there has been sufficient time to allow the radionuclides to reach secular 
equilibrium) 
Gamma spectroscopy 

The uranium refining process at the FEW removed most impurities from the uranium ore, including 
Ra-226. These impurities were contained in the hot raffinate solutions which were sent to the K-65 
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waste storage silos (Silos 1 and 2). Because pb-210 is itself a decay pmduct of U-238, Pb210 was 
considered an indicator for radioactive contamination present in soil and groundwater which originated 
from Silos 1 and 2. 

0 
Selected samples were analyzed for the following chemical parameters: 

HSLvolatiles 
HSL semivolatiles 
HSL pesticides and PCBs 

Hazardous Substance List (HSL) inorganics 

Toxicity Characteristic Leaching Procedure (TCLP) metals 

The following physical properties were determined for the silo residues using the specified American 
Society for Testing and Materials (ASTM) methods: 

Atterberg l i t s  (ASTM D4318-84) 
Moisture content (ASTM D2216-80) 
Specific gravity (ASTM D854-83) 

Particle size distribution (ASTM D422-63) 

Physical properties of the K-65 residues were determined-to determine the characteristics of the wastes 
for removal and to predict the expected behavior of the wastes during treatment and disposal 
operations. 

3.1 .I .4 Buildings and EuuiDment 
Radiological surveys were performed on structures, equipment, and abandoned-in-place equipment 
within the FEW. Additionally, radon (Rn-222) and thomn (Rn-220) monitoring was conducted at 
several facilities. 

Structures and equipment surveys were performed by the on-property Industrial Radiation Safety and 
Technicians (IRS&T) department. Results were reported for alpha and combined beta-gamma. 
Sulveys were performed for two types of contamination: removable - loose contamination that readily 
transfers to a smear with moderate pressure and fixed - contamination that does not readily transfer to 
a smear. 

Every survey report has a possibility of four reported types of values: alpha removable, alpha fixed, 
beta-gamma removable, and beta-gamma fixed. Radiological surveys are performed daily, 
weeklyplonthly, quarterly, semi-annually, and annually. Different facilities are monitored in different 
frequencies established by the RS&T department. Not a l l  facilities on-property are monitored. 

Radiological surveys of AIP equipment were performed during July to October 1988 by RUFS field 
personnel in accordance with the Quality Assurance Project Plan (QAPP). ATP equipment was 
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categorized by component and by floors within components. Survey values are separated into 
removable and fmed contamination for alpha and combined beta-gamma. 

Radon and thoron data were gathered by WEMCO. The information was collected by placing temdex 
cups m the thorium wafehouse, the old Plant 5 warehouse, the Plant 1 thorium warehouse, the pilot 
plant warehouse, and the recovery plant. The tenadex cups are passive collectors used over a three- 
month period. Four cups were used at each facility. Two of these were analyzed for radon and thoron 
and two for radon only. The average thoron is calculated by subtracting the radon only from the 
radon-plus-thomn average. 

3.1.2 Air Quality 
Airborne particles, radioactive and nonradioactive, are generated by production, storage, and handling 
operations at the FEW, as well as by remediation and restoration activities. Airborne particles 
eventually settle to the p u n d  in the general vicinity of the source, creating a potential for 
resuspension, as well as a potential for introduction to the human food chain through soil, grass, 
produce, and milk. For these reasons, the air pathway is considered to have the greatest potential for 
off-site exposure of the public. Numerous investigations of air quality, dating back to 1959, have been 
conducted to provide information about airborne contaminants in the vicinity of the FEMP. The most 
recent and comprehensive reports are identified and briefly described below. a - 
3.1.2.1 "I991 Air Oualitv Data." Southwestern Ohio Air Pollution Contml Agency (SWOAPCA] 
This is the most recent annual report of the Ohio regulatory agency that monitols and manages 
nonradioactive air quality in the vicinity of the FEW. 

None of the six "criteria pollutants" regulated under the Clean Air Act - inhalable (PM10) particulates, 
carbon monoxide, sulfur dioxide, nitrogen dioxide, ozone and lead - are routinely monitored in the 
immediate vicinity of the FEMP, because there are few sources of these pollutants nearby. Extensive 
monitoring of all six, however, is routinely performed by the SWOAPCA in u&an locations, where the 
highest concentrations within its fouraunty jurisdiction are likely to be found. The resulting data is 
published in SWOAPCA annual reports, similar to the current repolt cited in Section 3.1.2. P A -  
mandated instrumentation and procedures required for monitoring the criteria pollutants are complex 
and extensive. As with all air-regulatory agencies having EPAdelegated authority, a comprehensive 
quality assurance plan is required, conforming to the principles of " P A  Oualitv Assurance Handbook 
for Air Pollution Measurement Svstems, Volume II, Ambient Air Suecific Methods" @PA 1977). 

The State of Ohio, acting through SWOAPCA, has established air quality standards for chemically 
toxic airborne substances that are not regulated under the Clean A i r  Act. Substances such as 
ammonia, hydrogen fluoride, and nitric acid have been released from the FEW in relatively small 
amounts. Concentrations of these substances in ambient air are not monitored. 

3-14 
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Obiectives and Context 
The FEMP environmental monitoring program is described above in Section 3.1.1.1. Air monitoring 
has been conducted since 1959. Recent data on air quality and emissions at the FEW are reported in 
WMCO reports for 1986, 1987, 1988, 1989, 1990. 

0 

Uranium and radon are the principal airborne radionuclides of concern at the FEMP. Uranium 
emissions occur at production, storage, and handling facilities; radon is a decay product of the radium 
stored on site. Both ~IE extensively monitored by the FEMP. 

Methods 
Concentrations of uranium and other airborne particles a~ monitored by air samplers at 16 locations in 
and around the facility (Figure 3-4). Seven of the samplers (1-7) are deployed along the property lines 
surrounding the facility. Two more (8 and 9) are positioned on-property at locations where the highest 
concentrations of airborne uranium particles are likely to occur.. Five (10-14) are located off-property 
in communities surrounding the facility and two (Miamitown, Corryville) are remotely sited to obtain 
background concentrations. 

Each sampler draws a known amount of air (about 35 cubic feet per minute) through a filter. The 
filters are collected and analyzed weekly. The weight of particles intercepted during the week is 
determined by the difference in filter weight, before and after use. "he weight gain, divided by the air 
flow, represents a one-week average concentration of particulates in ambient air, usually expressed as 
micrograms per cubic meter of air. 

8 

The filters are then stored for at least three days, permitting decay of short-lived, naturally-occurring 
radionuclides. Finally, each filter is dissolved in acid and the solution is analyzed for uranium 
concentration and beta activity. A portion of each solution is retained for a yearly composite, which is 
analyzed for trace radionuclides. Annual average concentrations of particles, uranium, and beta 
activity are derived from the approximately 52 one-week averages of each. 

To obtain information about airbome radon, the FEW has installed monitors at 52 sites in k d  around 
the facility. Sixteen of the monitors are spaced along the exclusion fenceline surrounding the K-65 
storage facility and four are located at other on-pmperty locations (Figure 3-5). Twenty-one monitors 
are spaced along the perimeter fenceline surrounding the FEW and another eleven are in off-property 
locations in the vicinity. Four of the off-property monitors are remotely sited to measure background 
levels. Radon concentrations are monitored by alpha-track-type detectors. These are passive, long- 
term devices for integrating radon concentrations by permanently recording the tracks of alpha 
particles being emitted from airborne radon and its decay products. Detectors are changed quarterly 
and analyzed by the supplier. At year's end, the average of the four quarterly concentrations is 
computed for comparison to the allowable annual average concentration. 
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3.1.2.3 FEMP On-prOpertv Meteorolonical Data 
An on-property meteorological monitoring system was installed on the FEMP in 1986. Subsequent 
operating experience and improvements have resulted in substantial increases in relhbiility; the system 
operated satisfactorily for 350 days during 1989. The on-property system enables investigators to use 
site-specific meteorological data, improving the accuracy of computer models used to estimate 
co- 'om of airborne contaminants in the vicinity. 

3.1.3 Surface Water and Sediments 
Surface waters and associated sediments potentially affected by the F E W  include the Great Miami 
River, Paddys Run, and various on-property drainages. This section describes major studies pertinent 
to surface water and sediments. 

3.1.3.1 "Interim ReDort - Air, Soil, Water, and Health Risk Assessment in the Vicinitv of the FMPC, 
Femald, Ohio," IT (19862 
Objectives and Context 
This study was conducted by IT Corporation for NLO to support studies associated with litigation 
against the FEMP. The primary objectives were to establish the geographic boundaries of off-property 
impacts from the FEW and to assess any associated risks to the local community. The surface water 
investigation determined the direction of overland surface water flow and assessed surface water and 
sediment quality. The data were used in the formulation of the initial RXES Phase 1 well p r o w  and 
continue to be used when evaluating releases to the subsurface environment from the FEW. 

Methods 
Surface water samples were collected from nine different locations and analyzed for radionuclides, 
fluoride, nitrate, chloride, and pH. Surface water samples were collected at one upstream location 
(P-1). two on-property locations (P-2 and P-3), and two downstream locations (p-4 and P-5) in Paddys 
Run. Four surface water samples were collected from the Great Miami River in the following 
Iocations: the Ross Bridge (R-l), 200 feet downstream of the effluent discharge (R-2), New Baltimore 
(R-3), and at its confluence with Paddys Run (R4) (Figure 3-6). Sediment samples were collected 
from fhe same locations. Sample numbers, locations, and collection dates are summarized for surface 
water and sediments in Tables 3 4  and 3-5, respectively. 

The following procedures were used for conducting the field sampling program: 
Prepare and study a site map showing the location of sample monitoring 
stations. 
Review the sample collection program to become familiar with the overall scope 
of the study and the sampling procedures and equipment, handling procedures, and 
shipping requirements. 
Determine the characteristics of the material to be sampled, become familiar 
with the safety precautions and practices, and obtain the necessary safety 
equipment. 
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TABLE 3-4 
SUMMARY OF SURFACE WATER SAMPLES 

Sample 
Field Sample Mapped -Sample Collection Water 

Number Location E-W(ft) N-S(ft) Date CoUrSe 

FLSsW-OOOl-R 

FLssW-002-R 

FLssWMK)3-R 

FLSSW-ooo4-R 

FLSSW-P5 

FLSSW-PI 

FLSSW-P3 

FLSSW-P4 

FLSSW-p;! 

FLSSW-p;! 

FLSSW-P2 0 FLSSW-0004R 

FLSSWMX);?R 

FLSSW-OOOlR 

FLSSWW3R 

FLSSW-P4 

FLSSW-PS 

State Plane Coordinates 
GreatMiamifiver 
PaddysRun 

R1 

R2 

R3 

R4 

P5 

P1 

P3 

P4 

P2 

P2 

P2 

R4 

R2 

R1 

R3 

P4 

P5 

1394000 

1387800 

1386400 

1378100 

138oooO 

1377500 

1379500 

1378100 

1379400 

1379400 

1379400 

1378100 

1387800 

1394000 

1386400 

1378100 

138oooO 

48 1800 

477100 

467250 

467400 

468200 

487200 

476300 

472250 

477100 

477100 

477100 

467400 

477100 

481800 

467250 

472250 

468200 

m a r 8 6  

07Mar86 

07Mar86 

07Mar86 

WMar86 

@Mar86 

09Mar86 

@Mar86 

09Mar86 

24Mar86 

24Mar86 

25Mar86 

25Mar86 

25Mar86 

25Mar86 

22Apr86 

22Apr86 

GMRb 

GMR 
GMR 

GMR 

PRc 

PR 

PR 

PR 

PR 

PR 

PR 

GMR 
GMR 
GMR 
GMR 
PR 

PR 

SOURCE: IT Corporation, 1986, "Interim Report-Air, Soil, Water, and Health Risk Assessment in the 
Vicinity of the FMPC, Femald, Ohio." 
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TABLE 3-5 
SUMMARY OF SEDIMENT SAMPLES 

Sample 
Field Sample Mapped Sample Collection Water 

Number Location E-W(ft) N-S(ft) Date COUrSe 

FLSSW-0002-R R-2 1387800 477100 07Mar86 GMRb 

FLSSW-0CKM-R R-4 1378100 467400 07Mar86 GMR 

FLSSW-OOO3-R R-3 1386400 467250 07Mar86 GMR 

FLSSW-0001-R R- 1 1394000 48 1800 07Mar86 GMR 

FLSSW-PS P5 138oooO 468200 09Mar86 PRc 

FLSsw-P2 P2 1379400 477100 09Mar86 PR 

FLSSW-P2 P2 1379400 477100 09Mar86 PR 

FLSSW-P1 P1 1377500 487200 24Mar86 PR 

FLSSW-P3 P3 1379500 476300 24Mar86 PR 

FLSSW-P4 P4 1378100 472250 24Mar86 PR 

FLSSW-P4 P4 1378100 472250 24Mar86 PR 

a state Plane coordinates 
Great Miami River 
Paddys Run 

SOURCE: IT Corporation, 1986, "Interim Report-Air, Soil, Water, and Health Risk Assessment in the 
vicintity of the FMPC, Femald, Ohio 
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Obtain equipment and materials necessary to perform field sampling and analyses. 
Calibrate field equipment before field work according to manufacturer’s 
instructions or internal procedures. 
Complete a sample field collection report prior to leaving the field location. 
Label all sample containers with appropriate information. 
Complete chain+f-custody records and request-for-analysis forms for 
shipment with samples requiring chemical, radiological, and physical analysis. 

Samples obtained for chemical and radiological analysis were collected and maintained in appropriate 
containen in accordance with the specific pmdures  in Tables 3-6 and 3-7. The analytical methods 
are described in Tables 3-8 and 3-9. 

3.1.3.2 “FMPC Samding and Analysis ReDort,” DOE (1988) 
Obiectives and Context 
This report is described above in Section 3.1.1.2. 

Methods 
Several on-property surface water and sediment samples were collected in and around Paddys Run and 
areas where contaminants would be expected to be concentrated in the surface runoff. A total of 10 
sediment samples were collected from Paddys Run and the storm sewer outfall ditch area on 
September 18.22, and 23, 1986 (Figure 3-7). Samples consisting of top sediment fines were collected 
using a stainless steel scoop, as the coarse lower sand was assumed to be part of the stream bed 
material. 

e 
Several of the sampling locations were chosen because they appeared to be likely locations for 
maximum sealing of sediments, such as downstream of large rocks or logs. One of the on-property 
sediment samples was collected from the drainage ditch that drains the area south of Silos 1 and 2. 
This unnamed ditch discharges into Paddys Run, upstream of the confluence with the storm sewer 
outfall ditch. 

AU samples were analyzed for total uranium by fluorometry and the activity of other radionuclides 
were determined by gamma ray spectrometry. One sediment sample each from Paddys Run and the 
storm sewer outfall ditch were analyzed for uranium isotopes by mass spectrometry. Samples were 
also analyzed for RCRA metals and volatile organics. Field measurements were taken for 
radioactivity. 

Four off-property sediment locations along the Great Miami River were also evaluated (Figure 3-8). 
The samples were collected to determine the concentration of total uranium, RCRA metals, volatile 
organics, radionuclides by gamma spectroscopy, and plutonium and thorium by alpha spectroscopy. 
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When sediment and water samples were collected from the same location, the water samples were 
collectedfirst. 

Three on-property water samples were collected from Paddys Run (two upstream and one downstream 
of the stom sewer outfall ditch). These samples were collected With a precleaned stainless steel 
beaker. The two additional surface water samples collected from the stom sewer outfall ditch were 
collected by either dipping the sample bottle into the water or allowing the water from the ditch dam 
to run into the sample bottle. Field measurements for pH and temperature were recorded during 
sample collection. The water samples were analyzed for RCRA metals, volatile organics, uranium, 
and other radionuclides. The samples from Paddys Run were analyzed for plutonium isotopes and 
thorium isotopes by chemical separation followed by alpha spectrometry. 

A total of seven additional surface water samples were collected from Waste Pit 5, Waste Pit 6, the 
Clearwell, and Manhole-175 (Figure 3-9). The samples from Waste Pit 6 and the Clearwell were 
collected by immersing the container into the standing water at the sample point. To determine 
whether solvents, metals and asbestos in the pits presented a problem to the environment, these 
samples were analyzed for radionuclides, uranium, RCRA metals, and volatile organics. A portion of 
the samples were also analyzed for asbestos. The chemical nature of the Manhole-175 sample was 
considered to be indicative of the discharged outfall along the Great Miami River. This sample was 
collected using a stainless steel beaker and was analyzed for RCRA metals, total uranium, 
radionuclides, and volatile and semivolatile compounds. Most of the samples were evaluated for field 
measurements such as radioactivity, pH, and temperature. 

Additional surface water samples from the Great Miami River and adjacent gravel pits were collected 
and analyzed to provide information on off-property contaminants that had not already been evaluated. 
A total of five off-property surface water samples were collected during this sampling effort and 
included one surface water sample from a local gravel pit and four samples from the Great Miami 
River using the same techniques described for the Paddys Run area. The Great Miami River samples 
were generally coincident With sediment sample locations. These samples were analyzed to determine 
the concentration of total uranium, RCRA metals, volatile organics, radionuclides (by gamma 
spectroscopy), and plutonium and thorium (by alpha spectroscopy). Field measurements for 
radioactivity, pH, and specific conductivity were taken. 

3.1.3.3 Annual Environmental Monitoring Remm 
Objectives and Context 
The FEMP environmental monitoring program is described above in Section 3.1.1.1. The surface 
water and sediment sampling programs were developed to measure the effects of routine discharges of 
treated effluent into the Great Miami River and of s&nn water nmoff from the waste storage area into 
Paddys Run. 

3-36 236 



NOTES: rEGEND: 
1. PITS 1, 2, 3. 4. AND BURN PIT +H+Hi RAllRQAo 

- -  DRAINAGEWAYS 
ARE COVERED. 

2. THE OUTLINES OF THE COVERED 
PITS ARE APPROXIMATE. - FENCE LINE 

3. SAMPLE 0727 COLLECTED AT MAlN LAB SUMP SLUDGE ROADWAY 

SAMPLE LOCATON .071S 4. SAMPLE 0403 COLLECTED AT MANHOLE-175 

PFFERFNCP 
- DOE, 1988. 'FEED MATERWS PRODUCTION CENTER 

SAMPLING AND ANALYSIS DATA DOCUMEw. I 

350 700 'FEET 

FIGURE 3-9. SURFACE WATER AND SEDIMENT SAMPLING LOCATIONS IN THE 
WASTE PIT AREA 



434Q 
FEMpswcR-6 FINAL 

W 1993 

Methods 
From 1976 through 1984, surface water samples were collected at sampling points W1, W3, and W4 
along the Great Miami River (Table 3-10, Figure 3-10). The FEW environmental monitorhg 
program sampling points for the Great Miami River located near three bridges that cross the river. 
Sampling point W1 was upstream of the FEW, at a bridge near Ross, Ohio. The surface water 
sampling at W3 was modified to a daily grab sample during the monitoring efforts for 1981 through 
1984. Sampling point W4 was located at a bridge near Miamitown, Ohio and at a point 
approximately five miles downstream of the Paddys Run confluence with the Great Miami River. A 
daily grab sample was collected at W1 upstream from the effluent discharge. Fmm 1976 to 1980.24- 
hour composite samples were collected with a continuous sampler at location W3, downstream from 
the effluent discharge. Beginning in 1981 through 1984, a grab sample was collected at sampling 
point W3. Weekly grab samples were collected from point W4, which is 4.7 miles downstream from 
the mouth of Paddys Run. One sample per week from each of these three river sampling points was 
analyzed for uranium, alpha and beta radioactivity, chloride, fluoride, nitrate, nonfilterable solids, and 
pH. Monthly composites from each location were analyzed for radium-226 and radium-228. 

From 1979 through 1984, additional surface water samples were collected from Paddys Run at points 
W5, W7, and W8. Weekly grab samples were collected at W5 and W7. A sample was collected at 
W8 if there was no flow at W7. Samples from these additional locations were analyzed for uranium, 
alpha and beta radioactivity, chloride, fluoride, nitrate, and pH from 1979 to 1980. From 1981 to 
1984, these samples were analyzed weekly for uranium, alpha and beta radioactivity and pH. 
Chloride, fluoride, and nitrate analyses were performed on monthly composites. Radium analyses 
were also performed on bimonthly composites of samples collected at sampling point W5 and, when 
available, on monthly composites of samples from location W7. 

From 1976 through 1982. sediment samples were collected from seven locations along the banks of 
the Great Miami River and analyzed for uranium (Figure 3-11). From 1983 to 1984, sediment 
samples were collected from the same seven locations but were analyzed for uranium and technetium- 
99. Sediment from the river bank, near the water line, was collected by scraping up the top two 
inches. Fmm 1976 to 1980, only the portion passing a 50-mesh screen was analyzed. In 1981, the 
screening procedure was eliminated. In 1983, additional sediment samples were collected from Paddys 
Run and the stom sewer outfall ditch. In 1984, additional sediment sampling locations were added in 
Paddys Run and the storm sewer outfall ditch. Sampling location designations were also changed at 
that time (Figure 3-12). The samples collected in 1984 were analyzed for uranium and technetium-99. 
The sample collection methods, analytical methods, and sampling dates were not provided in the 

report. 

From 1985 to 1 M ,  surface water grab samples were collected daily at sampling stations W1 and W3, 
which are located upstream and downstream, respectively, of the confluence of Paddys Run with the 
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TABLE 3-10 
SURFACE WATER SAMPLING LOCATIONS 

Location' 

Environmental Monitoring Promam 

1976-1978 1979- 1984 1985- 1989 

w 1  

w 3  

w4 

w5 

w7 

W8 

w9 

w 10 
w11 

GMRl 

GMR2 

GMR3 

GMR4 ' 

ASIT401 

ASIT-MQ 

ASIT-003 

X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
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'See Figure 3-10. 
bsurface water and sediment sampling locations. 
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Great Miami River. Each week, one of the daily samples from each river sampling location was 
analyzed for total uranium. From 1985 to 1990, a weekly grab sample was collected at W4 
(downstream) on the Great Miami River (Figure 3-10, Table 3-9). At least one sample per week from 
each of the Great Miami River sampling points was analyzed for pH, fluoride, nitrate, chloride, and 
radiological parameters such as gross alpha, gross beta, and uranium. Portions of the daily W1 and 
W3 and the weekly W4 samples were combined to form a monthly composite for each loation which 
was then analyzed for radium-226 and radium-228. From 1985 to 1988, semiannual composites from 
W1, W3, and W4 were analyzed for ruthenium, cesium, strontium, technetium, and isotopic uranium. 
In 1989 and 1990, six-month composites were prepared from the individual monthly composites and 
analyzed for cesium-137, strontium-90, and technetium-99. 

From 1985 to 1989, weekly grab samples were collected from sampling points W5 and W7 (or W8) 
on Paddys Run. Due to the intermittent nature of Paddys Run, samples were collected at either point 
W7 or W8, depending on the amount of water present at these locations. Sampling points W9, W10, 
and W11 were incorporated into the surface water sampling program for Paddys Run in late 1985, and 
continued to be collected through 1990. These points are located between W5 and W7. From 1985 to 
1990, weekly grab samples were collected (flow permitting) from W5, W7, W8, W9, W10, and W11 
and analyzed for total uranium and pH. These weekly samples were composited and analyzed on a 
monthly basis for uranium content, alpha and beta radioactivity, and pH. One grab sample from each 
location was analyzed monthly for fluoride, chloride, and nitrate. Radium-226 and radium-228 
analyses were performed on bimonthly composites of water collected at location W5 and, when 
available, on monthly composites from W7 (or W8). In 1986, samples were collected at the overflow 
of the stormwater retention basin. These samples were analyzed for total uranium, gross alpha and 
beta, and total suspended solids. Sample collection procedures and analytical method numbers were 
not provided in the report. 

In 1985, sediment samples were collected and analyzed for radiological parameters from six locations 
along the Great Miami River and from 20 locations along Paddys Run and the storm sewer outfall 
ditch (Figure 3-13). All sediment samples were analyzed for uranium, and selected samples (Locations 
10, 12, 16, 17,22,23, and 26) were analyzed for technetium-99. 

In 1986, sediment samples were collected and analyzed for radiological parameters from nine locations 
along the Great Miami River and from 40 locations along Paddys Run and the storm sewer outfall 
ditch (Figure 3-14). These locations were combined by WEMCO into three regions of interest 
Paddys Run from the northern section of FEMP railroad bridge southward to its confluence with the 
stom sewer outfall ditch; Paddys Run from the confluence with the storm sewer outfall ditch to the 
Great Miami River, and the entire storm sewer outfall ditch. Each sample in Paddys Run and the 
storm sewer outfall ditch consisted of three separate samples, one from each bank and one from the 
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4340  center of the stream bed. AU sediment samples were analyzed for the isotopes of uranium, thorium, 
radium, and plutonium, in addition to technetium-99. 

From 1987 through 1990, sediment samples were collected from the same nine locations along the 
Great Miami River, and from 51 locations along Paddys Run and the storm sewer outfall ditch (F&ure 
3-6). Sediment samples were collected at 100-meter intervals along Paddys Run from the northern 
boundary of the FEW to its confluence with the stom sewer outfall ditch, 200-meter intervals along 
Paddys Run from the storm sewer outfall ditch to the Great Miami River, and at 100 meter intervals 
along the storm sewer outfall ditch. Three samples were collected at each location in Paddys Run and 
the storm sewer outfall ditch, one from each bank, and one from the center of the stream bed. In 
some instances , samples were not collected due to lack of sediment at the sample point (the presence 
of rock) or deep water conditions encountered during sampling. AH sediments were analyzed for 
technetium-99 and isotopes of uranium, thorium, radium, and plutonium. 

3.1.3.4 "Characterization Investigation Studv," Weston (1987a-c) 
Obiectives and Context 
The Characterization Investigation Study (CIS) was performed to sample and characterize the waste 
contained in the waste pits, the flyash piles, the lime sludge ponds, the South Field, and the solid 
waste landfill. A study of this type had not been conducted previously. The study consisted of the 
assessment of existing data and reports, development of a detailed work plan, performance of field 
investigations, data interpretation and analysis and final reporting. The purpose of this investigation 
was to characterize the material contained within the 100-acre waste storage area at the FEW. 
Several investigations were conducted as part of the CIS. These include a geophysical survey, a 
surface and subsurface soil sampling program, and a groundwater'monitoring program. The objectives 
of the sampling program were to: 

Provide water and sediment samples from the wet pits (Waste Pits 5 and 6 and the lime 
sludge ponds) 
Provide samples from surface to bottom of the remaining waste storage units 
Composite these samples for chemical and radiological analyses 
Process sample increments through an on-site gamma spectroscopy lab 

i .  Methods - 
The second volume of the CIS (Weston 1987b) focused on the waste pit area. The majority of the 
samples collected were surface soils, but several surface water samples were collected from Waste Pits 
4.5, and 6, and the Clearwell using either a portable grab sampler or a Kemmerer sampler (Table 
3-11). Field parameters recorded during sampling included pH, temperature, specific conductivity, and 
dissolved oxygen. One sample from each waste pit and the Clearwell was filtered to p e d t  
assessment of both soluble chemical species and suspended matter. Samples requiring chemical a 

346 



FEMPswcR-6 FINAL 4340 
March 1993 

TABLE 3-11 
LOCATIONS OF SURFACE WATER SAMPLES 

Sample Description 

FMP-sw-04-01 Waste Pit 4 - Sample collected from a 10-ft by 20-ft 
shallow depression in a pit near the southeast comer. 
Collected approximately 6 inches below surface using a 
Wheaton subsurface grab sampler. 

FMP-SW-02M)l Waste Pit 5 - Sample collected in water 1 to 15 feet deep, 
using a Wheaton sampler to obtain the sample at a depth of 
6 inches. 

FMP-SW-05-02 Waste Pit 5 - Sample collected on left side of north end of 
catwalk and one foot north of catwalk. Sample obtained 
from a depth of two feet using a Kemmerer sampler. 

FMP-SW-06-oo1 

FMP-sw-06-002 

FMP-sw-06-03 

FMP-sw-o6M)4 

Waste Pit 6 - Sample collected from a pontoon boat in the 
east comer, 23 feet south of the north bank, 23 feet south of 
the north bank, and 23 feet west of the east bank. Sample 
collected at a 1.5 feet using a Kemmerer sampler. 

Waste Pit 6 - Sample collected from a pontoon boat near 
the north comer, 25 feet southeast of the northwest bank 
and 17 feet southwest of the northeast bank. Sample 
collected at a depth of two feet using a Kemmerer sampler. 

Waste Pit 6 - Sample collected from a pontoon boat near 
the west comer, 40 feet northeast of the southwest bank and 
20 feet southeast of the northwest bank. Sample mllected 
at a depth of 1.5 feet using a Kemmerer sampler. 

Waste Pit 6 - This sample is a duplicate of FMP-SW-06- 
003. 
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Sample Description 

FMP-sw-06-005 Waste Pit 6 - Sample collected from a pontoon boat near 
the south comer, 22 feet northwest of the southwest bank 

and 49 feet northeast of the southwest bank. Sample 
collected at a depth of 1.5 feet using a Kemmerer sampler. 

FMP-SW-08-001 

FMP-sw-09-002 

Clearwell - Sample collected from a small rowboat near the 
northwest comer of the clearwell. Sample was collected at 
a depth of 2.5 feet using a Kemmerer sampler. 

Clearwell - Sample was collected from the north end of the 
catwalk located near the southeast corner of the clearwell. 
Sample is a composite from depths of one, five, and nine 
feet. A Kemmerer sampler was used to obtain one-third of 
the total sample from each depth. 

SOURCE. RF. Weston, November 1987, "Characterization Investigation Study, Volume 2: Chemical 
and Radiological Analysis of Waste Pits." 
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analysis were shipped to Weston Analytics Laboratory in Lionville, Pennsylvania, while those 
requiring radiochemical analyses were sent to the TMA/Eberline latmatory. 0 
The majority of the samples collected for this effort were analyzed for a l l  inorganic and organic HSL 
compounds. In addition to the HSL Constituents, water samples were also analyzed for anions, 
including carbonate, bicarbonate, nitrate, phosphate, sulfate, chloride, and fluoride. Indicators 
including total dissolved solids and total suspended solids were also measured. Water samples were 
meaSured for total metals, and Ntered samples were analyzed for soluble metals. 

One sample collected from Waste Pit 4 was analyzed for Appendix IX constituents, which include 
volatiles, semivolatiles, organochlorine pesticides/PCBs, chlornphenoxy hefiicides, organophosphorus 
pesticides, metals, and inorganic anions. Analyses followed EPA Contract Laboratory Program (CLP) 
methodology. 

All water samples were analyzed for total radionuclides. Radiochemical analyses included isotopes of 
uranium, thorium, plutonium, technetium, strontium, and neptunium. The radiochemical procedures 
used for these analyses are TMA/Eberline corporate procedures that were adapted from the procedures 
of the Environmental Measurements Laboratory, the EPA-, and several DOE national laboratories. The 
analyses for the isotopes of cesium, ruthenium, and radium used gamma spectroscopy. 

3.1.3.5 "Addendum To Best Management Practices Plan: Storm Water Sampling Pmm Results," 
Weston (1988) 
Obiectives and Context 
Storm water sampling at the FEMP was performed in 1988 as part of the Best Management Practices 
(BMP) Plan. Two rounds of sampling were conducted: (1) a base flow (dry weather conditions) 
sampling on April 27, 1988; and (2) a mm flow sampling on July 20-21, 1988, during which sixteen 
manholes and twelve drainage ditches were sampled. Figures 3-15 and 3-16 illustrate the locations of 
the drainage ditches and manholes, respectively. 

0 

Methods 
Thirty storm sewer (manhole accessed) and twelve drainage ditch surface water samples were 
collected. All samples were analyzed for eleven metals and nine other general water quality 
parameters (e.g., pH, specific conductance, total suspended solids, and nitrate). The volatile organic 
compounds 1.1.1-trichloroethane, trichloroethene, and perchloroethene were analyzed in the samples 
collected at manholes MH-20, MH-33, and MH-58 because of their location near specific use areas. 
All samples were analyzed for isotopic uranium and gross alpha and gross beta activity. Thorium 
isotopes (Th-228, -230, and -232) were analyzed in samples from three manholes (MH-17, MH-18, 
and MH-20) located near mas where materials containing thorium were stored. 
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Radium isotope analyses were performed on samples from four drainage ditch locations OD-08, DD- 
14. DD-17, and DD-19) in areas near the waste pits and Silos 1 and 2. 

Sampling followed methods in "Sampling Plan for the Characterization of Stormwater Runoff at the 
Feed Materials Production Center," October 1987 and "Quality Assurance and Quality Control Plan for 
the Preparation of Best Management Practices (BMP) Plan for the Feed Materials Production Center," 
October 30,1987. Customdesigned, stainless steel, self-tipping bailers with teflonaated steel cables 
were used to sample the manholes. Drainage ditch samples were collected using a dipper or by 
immersion of the sample bottles, depending on the conditions at the sample station. 

3.1.3.6 A ComDilation of U.S. GeoloPrical Survey Water-Oualitv Data Collected from the Great Miami 
River Gaging Station at New Baltimore, Ohio for the Years 1985 - 1990 
Obiections and Context 
This report was prepared by the National Stream Quality Accounting Network (NASQAN) data 
management system of the USGS. The NASQAN system is a national data collection network 
developed to meet the information needs of government agencies and other groups involved in general 
or regional waterquality planning and management. The objectives of NASQAN are: 1) to obtain 
infomation on the quality and quantity of water moving within and from the United States through a 
systematic and uniform process of data collection, summarization, analysis, and reporting such that the 
data may be used for, 2) description of the areal variability of water quality in the nation's rivers 
through the analysis of data from this and other programs; 3) detection of changes or trends over time 
in the pattern of occurrence of waterquality characteristics; and 4) providing a nationally consistent 
database useful for waterquality assessment and hydrologic research. 

A NASQAN station is located on the Great Miami River at the New Baltimore (Station 03274600). 
The USGS provided a computer summary of the information collected for the New Baltimore station 
for the period of 1985 through 1990. These data provide information on the concentrations of 
dissolved metals in the Great Miami River downstream from the FEW. 

Methods 
The general procedures for on-site measurements and for collecting, treating, and shipping samples are 
described in the USGS publication series titled "Techniques of Water-Resources Investigations." 
Additional infoxmation on specific aspects of sample collection, mtment,  and shipment of samples 
from the New Baltimore station are available from the Geological Survey District office. 

The water samples are typically collected on a quarterly or bimonthly basis and analyzed for a variety . 

of parameters, such as pH, turbidity, total dissolved solids, total dissolved oxygen, hardness (calcium 
carbonate), and other dissolved species including: calcium, sulfates, chlorides, phosphorous, and 
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nitrates. Dissolved metal species are part of this analysis and are the primary focus of their inclusion 
inthisreport. 

3.1.3.7 "Oualitv Monitor - An Amraisal of Conditions in the Ohio Rivers and Some of Its 
Tributaries." (auarterlv water aualitv rem m). Ohio River Vallev Sanitation Commission (ORSANCO), 
J1989a-d - 19911 8 

Obiectives and Context 
The quarterly ORSANCO water quality report provides information about the water quality of the 
Ohio River and its major tributaries. The water quality data are collected through the Commission's 
monitoring systems, which include manual collection of samples by ORSANCO field personnel, a 
water users network, and an organics detection system. The manuallyallected samples provide 
information on the dissolved metal concentrations in the river water of the Great Miami River at points 
approximately 15 miles downstream of the FEW. 

Methods 
A monitoring station at Elizabethtown, Ohio (RM 5.5) was in use for the period of January 1989 
through March 1991. Following the March 1991 sampling, the monitoring location was moved to a 
point upstream in Cleves, Ohio (RM 7.9). At the time of preparation of this report, the fourth quarter 

- data for 1991 was not available. e 
Samples are collected monthly firom sites along the Ohio River and the lower reaches of its major 
tributaries. Manually collected samples are analyzed for certain physical and chemical characteristics 
by Stilson Laboratories, Inc. located in Columbus, Ohio. Specific analytical techniques are not 
described in the reports. The quarterly reports present the analytical results of the individual monthly 
sampling events for the quarter. ORSANCO has adopted dual criteria for several organic toxicants to 
protect against chronic (long term) and acute (short term) toxicity to aquatic life. The criteria for 
cadmium, copper, lead, and zinc vary with water hardness. 

The information provided in these reports is similar to that in USGS (1985-1990) and presents both 
theconcentrations of water quality parameters (calcium, sulfate, chloride, phosphorous, nitrate, etc.) 
and several dissolved metals species. The ORSANCO data provide the range of observed dissolved 
metals concentrations for the Great Miami River at a point several miles downstream of the FEW, 
permit the calculation of average metals concentrations in the river water for this downstream location, 
and allow for comparison with the upstream New Baltimore data. 

' 

3.1.3.8 FEW Remedial InvestigatioWFeasibilitv Study 
Obiectives and Context 
The general objective and scope of the RVFS is described in Section 3.1.1.3. The surface water and 
sediment sampling programs have been combined into a single Surface Water and Sediment Sampling 
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Plan due to their similarity in objectives (RVFS Sampling Plan, Revision 3, 1988). The objective of 
the surface water and sediment sampling was to supplement the existing monitoring network so that 
potential radionuclide or chemical point source contributors to the Great Miami River (i.e., the FEW 
efftuent line, Paddys Run, and the storm sewer outfall ditch) were adequately monitored to evaluate 
water quality impacts of the FEW. The specific sampling objectives include: 

Identify the trend and spatial distributions of the r(tdio1ogical and hazardous substances in 
surface water along drainage pathways and discharge points that lead to Paddys Run and 
along Paddys Run 

Identify the extent of radiological constituents in the sediments of the Great Miami River, 
Paddys Run, and soufces to Paddys Run 

Determine if the FEMP is a source of organics and selected inorganics to the Great Miami 
River and Paddys Run downstream from the FEW 

Based on these objectives, the sampling of surface water and sediments has been conducted along the 
Great Miami River, Paddys Run, the storm sewer outfall ditch, the former production area, the waste 
storage area, and several other locations. 

Methods 
Samples were collected from the Great Miami River, Paddys Run and the storm sewer outfall ditch by 
placing the mouth of a clean grab bottle into the water. The bottle opening was positioned toward the 
current flow away from the hand of the collector and away from the shore, the side of the sampling 
platform, or the boat. Samples were collected approximately six inches below the water surface. The 
water in the grab bottle was then transferred to individual sample containers. When more than one 
grab bottle volume was required to fill the necessary sample containers, the water from the grab 
bottles was composited in a holding container prior to filling the individual sample containers to 
provide homogeneity of the collected sample. The sampling crew member was positioned downstream 
from the collection point to prevent any possible contamination from disturbance of bottom sediments 
during sample collection. Flow measurements were made at each sample location at the time of 
sampling except at the Great Miami River sites, which were obtained from the USGS Hamilton gage. 

Smaller drainages and seeps, having little flow, were sampled by hand using a pond or dip sampler. 
Samples were collected directly into the sample container if the water was deep enough; otherwise, a 
dip sampler was used. Sampling equipment was decon taminated prior to use to ensure that there was 
no cross contamination of the samples. 

The field analyses performed on the surface water samples included the following parameters: pH, 
temperature, conductivity, and dissolved oxygen. The samples ,were analyzed for radionuclides, total 

organic carbon, total organic halogens, and general water quality parameters (Table 3-12), including: 
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TABLE 3-12 
SUMMARY OF SURFACE WATER AND SEDIMENT 

RADIOLOGICAL ANALYTICAL PARAMETERS 

Parameters 
Total uranium 
Isotopic uranium 
Isotopic plutonium 
Technetium - 99 
Cesium - 137 
Radium - 226 

Methods' 
RSL-001 
RSL-002 
RSL- 102 
RSL- 103 
RSL-104 
RSL- 105 
RSL- 106 
RSL- 107 
RSL- 108 
RSL- 109 
RSL-110 
RSL-111 . 
RSL-112 
RSL-113 
RSL-201 
RSL-304 
RSL-305 
RSL-308 
RSL-309 
RSL-310 
RSL-501 
RSL-601 
RSL-602 
RSL-603 
RSL-703 
RSL-801 
RSL-802 
RSL-901 
RSL-902 
RSL-903 
RSL-904 
RSL- 1001 
RSL- 1002 
RSL- 1004 

Total thorium 
Isotopic thorium 
Strontium - 90 
Radium - 228 
Neptunium - 237 

Ruthenium - 106 

Acquisition and Use of Standard Reference Material 
Standardization of Canier Solutions 
Operation of Alpha Spectrometer Systems 
Calibration of Liquid Scintillation Counting Systems 
Operation of Low Background Alpha/Beta Counting Instruments 
Calibration of Alpha Spectrometer Systems 
Calibration of Alpha/Beta Counting Instruments 
Operation of Liquid Scintillation Counting Instruments 
Operation of Alpha Scintillation Counting Instruments 
Background Determination of a Germanium Detector Spectroscopic System 
Determination of Germanium Detector Counts Reproducibility 
Linearity Check of Germanium Gamma-Ray Spectroscopic Systems 
Operation of Germanium Gamma Spectrroscopic System (ND 66/680) 
Determination of Germanium Detector Counts Reproducibility 
Samples Preparation 
Determination of Selected Alpha Emitting Isotopes 
Determination of Strontium-89,-90 in Water Samples 
Determination of Gross Alpha and/or Beta Activity 
Determination of Radium-226,-228 in Aqueous Samples 
Determination of Technetium-99 
Data Verification 
Perfonning Interlaboratory Quality Control Analyses 
Performing Interlaboratory Quality Control 
Internal Surveillances and Audits 
Storage and Maintenance of Records 
Instructions for Glassware Cleaning and Laboratory Housekeeping 
checking Laboratory Measuring and Test Equipment 
Training and Qualifications of Laboratory Technicians 
QA Orientation of New Employees 
Materials and Equipment Procurement, Receipt, Storage and Control 
Reporting of Defects and Noncompliances per 1-1 
Sample Receiving 
Radiological Screening and Classification of Mixed Waste Samples 
Sample and Data Flow 

IT/RSL Radioanalytical Methodology and Procedures Manual. 
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a 

Alkalinity a 

Ammonia 
Arsenic 
BariUm a 

Cadmium a 

calcium a 

Carbnate/bi&nate *- 
Chloride a 

Chromium a 

(hexavalent, total) 
Copper a 

Fluoride 
Gross alpha 
Gross beta 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Nitrate 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

PH 
Phenols 
PhOsphate 
Potassium 
Selenium 
Silver 
Sodium 
SUlfate 
Specific conductance 
Total organic nitrogen 

Surface water samples collected from a limited number of locations (ASIT-020, ASIT-021, ASlT-030, 
ASIT-031, W-10, W-11 and W-7) (Figures 3-10 and 3-17) were also analyzed for extended HSL 
parameters. Extended HSL parameters are defined to include organic volatiles and semivolatiles, 
inorganics, pesticides/PCBs (Table 3-13), primary drinking water organics and OrganophosphoIus 
pesticides. Surface water from W-7 was not analyzed for pesticides. 

Samples were transferred to clean containers with the appropriate pre-added preservatives. The 
samples were stored in an ice-filled chest in the field prior to shipment and maintained at 
approximately 4°C. Samples were labeled and chainsf-custody records, sample collection logs, water 
quality field collection reports, and request-for-analysis forms were filled out. 0 
Sediment samples from flowing water courses and ponds were collected below the water surface ushg 
a stainless steel scoop or Ponar dredge. Surface sediment samples from dry stream channels or 
drainages were collected by ushg a stainless steel scoop to scrape away and collect the upper inch of 
sediments. Five scoops of sediment were collected at each location. For stream channel and principal 
drainageways, sediment samples were collected at quarterpoints acmss the channel and composited. 
These samples were collected to a depth of approximately six inches below the sedimenthater 
interface. 

Sediment samples were screened in the field for radionuclides using a large volume scintillation 
detector (SPA-3). The sample with the highest reading at each location was selected for further 
laboratory analysis; the other samples were archived. Sediment samples were analyzed for 
radionuclides (Table 3-12), and extended HSL parameters. 

Great Miami River 
Seven locations were established in the Great Miami River for the RI surface water and sediment 
sampling program (Figure 3-10). In addition to Stations W1, W3, and W4, sampling was performed 
just upstream from the main effluent line discharge (Station GMRl), just downstream' h m  the effluent 
line (Station GMR2), between the effluent line and the New Baltimore Bridge (Station GMR3). 
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TABLE 3-13 
HAZARDOUS SUBSTANCE LIST PARAMETERS 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-butanone 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlomthane 
2chloroethylvinyl ether 
Chloroform 
Chloromethane 
cis- 1.3-dichloropropene 
Dibromochloromethane 
1,l -dichloroethane 
1.2-dichloroethane 
1.1 -dichloroethene 

Acenaphthene 
Acenaphthylene 
Aniline 
Anthracene 
Benzidine 
B enzo(a)anthracene 
B e m (  a)p y rene 
Benzo(b)fluoranthene 
B enzo(ghl)perylene 
Benzo(k) fluoranthene 
Benzoic acid 
Benzyl alcohol 
bis(2-chlomthoxy)methane 
bis(2chloroethyl)ether 
bi s( 2-chloroi sopropy1)ether 
bis(2-ethylhexyl)phthalate 
4-bromophenyl phenyl ether 
Butylbenzyl phthalate 
4-chloro-3-methylphenol 
4-chloroaniline 
2-chloronaphthalene 
2-chlorophenol 
4-chlorophenyl phenyl ether 
Chrysene 

12-dichloropropane 
Ethylbenzene 
2-hexanone 
4-methyl-2-pentanone 
Methylene chloride 
Styrene 
1,122-telrachloroethane 
Tetrachloroethene 
Toluene 
Total xylenes 
trans- 12dichloroethene 
trans- 1.3-dichloropropene 
1.1.1-trichloroethane 
1.1,2-trichloroethane 
Trichlomthene 
Vinyl acetate 
Vinyl chloride 

Dimethyl phthalate 
2,4dimethylphenol 
2.4-dinitrophenol 
2.4dinitrotoluene 
2.6dinitrotoluene 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlom y clopentadiene 
Hexachloroethane 
Meno( 12.3-cd) pyrene 

2-methy14,6-dinitrophenol 
2-methylnaphthalene 
2-methylphenol 
4-methylphenol 
N-nitrosodi-n-propylamine 
N-nitrosodimethylamine 
N-nitrosodiphen ylamine 
Naphthalene 
2-nitroaniline 
3-nitroaniline 
4-nitroaniline 

ISOphOrolR 
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TABLE 3-13 
(Continued) 

Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibem(i4l)anthraCene 
Dibenzofuran 
1.2-dichlorobenzene 
1.3-dichlorobenzene 
1.4-dichlorobenzene 
3.3-dichlorobenzidine 
2.4-dichlorophenol 
Diethyl phthalate 

Aldrin 
Alpha-BHC 
Beta-BHC 

Chlordane 
Delta-BHC 

4,4'-DDD 
4,4'-DDE 
4.4 * -DDT 
Dieldrin 
Alpha-endosulfan 
Beta-endosulfan 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 

Aluminum 
Antimony 
Arsenic 
BiUilUll 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 

Iron 
Copper 

Nitrobenzene 
2-nitrophenol 

Pentachlorophenol 
phenanthrene 
phenol 

1.2.4-trichlombenzene 
2.43-trichlorophenol 

dnitrophenol 

Pyrene 

2,4.6-tri~hl0rophen01 

Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Lindane 
Methoxychlor 
PCB-1016 
F'CB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB- 1254 
PCB- 1260 
Toxaphene 

Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanadium 
Zinc 
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and just downstream from the confluence of Paddys Run with the Great Miami River (Station GMR4). 
Surface water and sediment samples were collected from each location on an approximately quarterly 
basis in 1988 and early 1989. Sediment samples were collected from several points along a transect at 
each location, with laboratory analysis performed on one sample based on field observations as to 
which sample would have the highest pmbability of contamination. In most cases, the sediment 
sample submitted for laboratory analysis conesponded to the most likely depositional or floodplain 
area acmss tfie transect. This location would be the lowest energy environment and contain the 
highest proportion of finer grain sediments. All surface water and sediment samples were analyzed for 
a full set of radiological parameters. Surface water samples were also analyzed for a suite of general 
water quality parameters. One surface water sample from each location was analyzed for HSL metals. 

Paddvs Run 
Surface water and sediment samples wen also collected from Paddys Run at Station W10, Station 
W11, and Station W7 (Figure 3-10). In addition, sediment saxhples were collected from Station W5, 
which is upstream from the FEMP. Surface water samples were collected in January and May 1989, 
while sediment samples were collected in June and August 1988 and in April 1989. The lack of 
surface water in Paddys Run during the three rounds of sediment sampling prevented the concurrent 
sampling of surface water and sediment. Both filtered and unfiltered surface water samples were 
analyzed for radionuclides. Single surface water samples were also analyzed for HSL metals, HSL 
organic compounds, and general water quality parameters. All sediment samples were analyzed for the 
full suite of radionuclides, while a single round of sediment samples collected from each location in 
January 1989 was analyzed for HSL organic compounds and the metals as listed: 

e 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
chromium 

Cobalt 

Cyanides 
Iron 
Lead 
Magnesium 
Manganese 

Copper 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 

Storm Sewer Outfall Ditch 
Three samples (ASIT-001, ASIT-002, and ASlT-003) were collected from the stom sewer outfall 
ditch (Figure 3-17). Location ASIT-001 is located furthest upstream and is situated near the spillway 
of the oldest stomwater retention basin. Location ASIT-002 is located just below the active flyash 
pile. Station ASK403 is located furthest downstream and is approximately 25 feet upstream from the 
confluence of the storm sewer outfall ditch and Paddys Run. ASlT-001 and ASIT-OM were sampled 
once and ASlT-003 was sampled twice during the spring of 1989. All surface water samples were 
analyzed for radium-226, radium-228, and total uranium. The second sample from ASIT-003 was also 
analyzed for a full suite of other radiological parameters. One surface water sample each from ASIT- 
002 and ASIT-003 was analyzed for general water quality parameters as well as the metats listed: 
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Aluminum 
Arsenic 
Barium 
Cadmium 
Calcium 
Chmmium 
Copper 

Iron Potassium 
Lead selenium 
Magnesium Silicon 
Manganese Silver 
Mercury Sodium 
Molybdenum Vanadium 
Nickel 

A single sediment sample was collected at each of the three sampling locations, ASIT-CKIl, ASIT-02, 
and ASIT-003, in June 1988, and analyzed for the full set of radiological parameters. In addition, 
sediment samples were collected for the extended HSL analysis at two locations; a point just upstream 
from the confluence with Paddys Run (downstream from the flyash piles), and a point of depression in 
the channel pathway near the midpoint of the ditch length (upstream from the flyash piles). 

Former Production Area 
The surface water and sediment sampling in the former production area was Limited because this area 
is serviced by a stonn sewer system that collects surface runoff. One-time surface water and sediment 
samples were collected at six locations (Figure 3-18). Both filtered and non-filtered surface water 
samples were taken. One location (ASIT-17) was sampled once for sediment only. 

Waste Storage Area 
Surface water samples were collected at 12 locations during a single round of sampling along 
drainageways at points downstream from potential releases within the waste storage area (Figure 3-19). 
Samples from ASIT-27, -28, -29, and -38 were analyzed for total uranium, radium-226, and radium- 
228. Samples from the other eight locations were analyzed for the radiological and chemical 
parameters listed in Tables 3-12 and 3-13. 

3.1.4 Groundwater 
Existing and potentid future groundwater contamination associated with the FEW is a major focus of 
investigations at the site. Numerous well identification systems have been used throughout the years 
of groundwater monitoring programs conducted at or in the vicinity of the FEW. Individual program 
identifications of the= wells are presented in the following sections. CorrespOnaing RI/FS monitoring 
well identification numbers have been assigned to these wells and a List of cross-references of these 
well identifications is included in Appendix J. 

3.1.4.1 "Interim Rewrt - Air, Soil. Water, and Health Risk Assessment in the Vicinitv of the FMPC, 
Femald, Ohio," IT (19861 
Obiectives and Context 
This study is described in Section 3.1.3.1. Objectives of the hydrology assessment in this program 
were to review and evaluate existing hydrologic, hydrogeologic and geochemical data, define the 
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boundaries of the buried channel aquifer within the study area, determine the directions of groundwater 
and surface water movement, and assess groundwater quality in the vicinity of the FEW. I )  
Methods 
Groundwater samples were collected from 12 on-property wells and 36 off-property wells during 
March and April of 1986 and analyzed for general chemical, radiological, inorganic, and organic 
constituents (Figure 3-20). Twenty-nine metals were analyzed in 42 groundwater samples collected 
from 41 locations: 

Aluminum 
Barium 
Chromium 
Lead 
Manganese 
Selenium 
Strontium 
Zinc 
Antimony 
Boron 

Cobalt 
Lithium 
Mol ybdenum 
Silicon 
Thallium 
Arsenic 
Cadmium 
Copper 
Mercury 
Nickel 

Silver 
Tin 
Beryllium 
Calcium 
Iron 
Magnesium 
Potassium 
Sodium 
Vanadium 

Seventy-eight groundwater samples collected from 44 locations were analyzed for radiological 
parameters, including gross alpha, gross beta, total uranium, uranium-234, uranium-235, uranium-236, 
strontium-90, technetium-99, total thorium, thorium-232, radium-226, and radium-228. The total 
uranium concentration in groundwater was the main focus (Table 3-14). 

0 
Twenty samples collected from 20 locations were analyzed for volatile organic compounds (VOCs), 
semivolatile baseheutral acid extractable organic compounds (BNAs), pesticide, and Pas. 

3.1.4.2 Annual Environmental Monitoring Reports 
Obiectives and Context 
The FEMP environmental monitoring program is described above in Section 3.1.1.1. The groundwater 
monitoring program was developed to determine the presence of contaminants in groundwater and to 
track the movement of any contamination identified. Many private wells have been involved over the 

years in the sampling program; off-property wells sampled for the environmental monitoring program 
have changed throughout the years depending on the owners’ willingness to be included in the 
program. 

Methods 
In 1983 and 1984, samples were collected on a quarterly basis from three on-property production wells 
and 10 on-property test wells located in the vicinity of the waste storage area (Figure 3-21). In 1983, 
samples were collected montNy from 21 off-property monitoring wells (i.e., Wells 1 to 21) in the 
vicinity of the FEMP (Figure 3-22). All samples collected in 1983 were analyzed for total uranium. 
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TABLE 3-14 
SUMMARY OF GROUNDWATER SAMPLES ANALYZED FOR TOTAL URANIUM 

As PART OF THE 1986 INTERIM REPORT 

Laboratory Sample 
Field Sample Sample Mapped well E-W N-S Collection 

Number Numbef Locationb (fi) (ft) Date 

FLSGW-A1 8131 1A 1376540 487800 27-6 

FLSGW-H123 8132 H-123 1377190 476500 27h4ar86 

FLSGW-STATE 16 8133 Stak 16 1372807 479621 27-6 
FLSGW-12-3 8134 A 12-3 1375070 4762 10 27Mar86 
FLSG W- 12-3 8134 B* 12-3 1375070 476210 27Mar86 

FLSGW-EMR3 8135 RB 1376759 485834 27Mar86 
FLSGW-STATE 10 8136 State 10 13.73125 490900 27Mar86 
FLSGW-H120 

FLSGW-STATE8 

FLSGW-1NH 

FLS-GWIT-4 

FLS-GW-IT-2 
- 

FLS-GW-5B3 

FLS-GW-EMR-8 

FLS-GW-IT3 

FLS-G W-IT3 

FLS-GWSB3 

FLS-GWIT-4 

FLS-GWIT-2 

FLS-GW-5 

FLSGWIT- 1 

FLSGWIT- 1 

FLSGWIT-5 

FLSSW-m 

FLS-GW-EMRl 1 

FLS-GW-EMR 12 

FLS-GW-EMR 12 

FLS-GW-EMR- 19 

FLS-GW-EMR-21 

8137 

8138 

8 140 

8520 

852 1 

8522 

8523 

8524 

8781 

8782 

8783 

8784 

8785 

8786 A 

8786 B* 

8787 

8790 

879 1 

8792 

8793 

8794 

8795 A 

H- 120 

State 8 

1NH 

IT4 

IT-2 

B-3 

collector 2 

IT-3 

IT-3 

B -3 

IT4 

IT-2 

IT-5 

IT- 1 

IT- 1 

IT-5 

P-3 

KY 

H-K-S/D 

H-K-S/D 

RE 

MVRM 

1384460 

1374050 

1365530 

1384984 

1382997 

1385018 

1388520 

1383292 

1383292 

138501 8 

1384984 

1382997 

1382029 

1381391 

1381391 
1382029 

1379900 

1378970 

138001 1 

138001 1 

1380243 

1381290 

479500 

489025 

472790 

481528 

479761 

481514 

481400 

481657 

48 1657 

481514 

48 1528 

479761 

476752 

478683 

478683 

476752 

479820 

476200 

475865 

475865 

472495 

472450 ' 

28Mar86 

28Mar86 

28Mar86 

10Apr86 

08Apr86 

08Apr86 

1 lApr86 

10Apr86 

lOApr86 

lOApr86 

10Apr86 

10Apr86 

lOApr86 

09Apr86 

09Apr86 

09Apr86 

09Apr86 

1 lApr86 

11Apr86 

1 lApd6 

1 lApr86 

11Apr86 
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(Continued) 

LabOratOIy Sample 
Field Sample Sample Mapped Well E-W N-S Collection 

Number Nllmbef Locationb (fi) (fi) Date 

FLS-GW-EMR-2 1 

FLS-GW-EMR- 18 

FLS-GW-rr-6 

FLs-Gwrr-6 

FLSGW-EMR-8 

FLSGWEM-9 

FLSGW-0013-D 

FLSGW-0013-S 

FLSGW-00 13-S 

FLSGW-0018-D 

FLSGW-0018-S 

FLSGW-0012 

FLSGW-OIlT 

FLSGW-EMR-14 
FLSGW-H-112 

FLSGW- 127H 

FLSGW-EMR- 16 

FLSGW-H-113 

FLSGW-EMR-3 

FLSGW-EMR-5 

FLSGW-EMR-6 

FLSGW-EMR- 19 

FLSGW-EMR- 15 

FLSGW-€I-115 

FLSGW-EMR-21 

FLSGW-EMR-18 

FLSGW-EMR-18 

FLSG W-Eh4R-I 0 

FLSGW-EMR- 12D 

FLSGW-EMR-12S 

8795 B* 
87% 

8838 

8839 

8902 

8903 

7216 

7217 

7218 

7219 

7220 

722 1 

7227 

7228 

7317 

7318 

7319 

7320 

7321 

7322 

7323 

7324 

7325 

7326 

7321 

7328 

7329 

7330 

7426 

7427 

MVRM 
DE 

rr-6 

rr-6 
collector 2 

collector 1 

FMPC-13 

FMPC-13 

FMPC-13 

FMPC-18 

FMPC-18 

FMPC- 12 

FMPC-11 

BLK 
H-112 

H-127 

CHMHP 

H-113 

RB 
cw 
AL 

RE 
DS 

H-115 

MVRM 

DE 

DE 

BPH 

HK-D 

HK-S 

3-67 

1381290 

1382241 

1380706 

1380706 

1388520 

1388610 

1382100 

1382100 

1382100 

1378650 

1378660 

1381000 

1377958 

1383957 

1377460 

1385433 

1384467 

1376767 

1376759 

1380460 

1383799 

1380243 

1379666 
1379932 

1381290 

1382241 

1382241 

1377655 

138001 1 

138001 1 

472450 

473619 

476416 

4764 16 

48 1400 

479530 

48 17 10 

481700 

481700 

479300 

479300 

483600 

48227 1 

4769 18 

479290 

479115 

475625 

482 146 

485834 

4841 10 

484863 

472495 

474775 

472521 

472450 

473619 

473619 

477575 

475865 

475865 

1 lApr86 

1 lApr86 

1 lApr86 

1 IAprs6 

22Apr86 
22Apr86 

07Mar86 

07Mar86 

07Mar86 

06-6 

06Mar86 

06Mar86 

06Mar86 

08Mar86 

10Mar86 

10-6 

10Mar86 

11-6 

11Mar86 

11-86 

1 lMar86 

10Mar86 

lOMar86 

10Mar86 

10Mar86 

10Mar86 

10Mar86 

10Mar86 

08Mar86 

08Mar86 
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(Continued) 

Laboratory Sample 
Field Sample Sample Mapped Well E-W N-S Collection 

Number Numbef Locationb (a) 0-0 Date 
~~ 

FLSGW-EMR- 13 

FLSGW-EMR-1 

FLSGW-EMRS 

FLSGW-18s 

FLSGW- 18D 

FLSGW- 18D 

FLSGW-TI 1 

FLSG W-EMR9 

FLSGW-EMR14 

FLSGW-EM15 

FLSGW-EMRlS 

FLSGW-2CW 

FLSGW-H112 

FLSGW-EMR17 

FLSGW-A1 

FLSGW-A 1 

FLSGW-STATE16 

FLSGW-EMR3 

FLSGW-STATE 10 

FLSGW-2CW 

7428 

7429 

7430 

81 14 

8115 A 

8115 B* 
81 16 

81 17 

8118 

81 19 

8120 

8121 

8122 

8123 

8124 A 

8124 B* 

8125 

8126 

8127 

8128 

~ 

WK 

DH 
collector 2 

FMPC-18 

FMPC-18 

FMPC-18 

FMPC-11 

collector 1 

BLK 
DS 

DS 

2cw 

H-112 

AW 

1A 

1A 

State 16 

RB 
State 10 

2cw 

1381660 

1377310 

1388520 

1378660 

1378650 

1378650 

1377958 

1388610 

1383957 
1379666 

1379666 

1403488 

1377460 

1379612 

1376540 

1376540 

1372807 

1376759 

1373125 

1403488 

476300 

487220 

481400 

479300 

479300 

479300 

48227 1 

479530 

4769 18 
474775 

474775 

486368 

479290 

474015 

487800 

487800 

479621 

485834 

490900 

486368 

08Mar86 

08h4ar86 

09Mar86 

%Mar86 

%Mar86 

%Mar86 

%Mar86 

26Mar86 

26Mar86 
%Mar86 

26-6 

28Mar86 

26Mar86 

%Mar86 

%Mar86 

26Mar86 

%Mar86 

%Mar86 

%Mar86 

27Mar86 

489025 27Mar86 FLSGW-STATE8 8129 State 8 1374050 

FLSGW-1NH 8130 1NH 1365530 472790 27-6 

A and B are duplicate analyses: B* represents analyses derived from a spike 
See Figure 3-20 
State PIanar Coordinates 

SOURCE: IT (1986) 
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In 1984, samples from on-property wells were analyzed for pH, alpha and beta activity, uranium, 
chloride, sulfate, and nitrate. Samples from off-property wells were analyzed for uranium and nitrate 
only, with the exception of Wells 8 and 9 (owned by SOWC), both of which were also analyzed for 
radium-226 and radium-228. Sample collection procedu.res and analytical method numbers were not 
provided in the report. 

From 1985 to 1989, samples were collected quarterly from 13 on-property wells at 11 different 
locations (Figure 3-21). In 1987, the on-property monitoring wells were renumbered using a 200-, 
300-, and 400-series nomenclature. In late 1988, these monitoring wells were m u m b e d  again 
using a 2000-, 30oO-, and 4000-series nomenclature. Table 3-15 is a conversion chart showing on- 
pmperty well name equivalents for 1986 and 1987. Figure 3-23 provides these on-property sampling 
locations with the corresponding well numbers. This numbering system indicates the approximate 
depth of each monitoring well by defining into which water-bearing zone it extends as: 

200/2000 Series Wells 

300/3000 Series Wells 

400/4000 Series Wells 

The upper portion of the sand and gravel aquifer (approximately 70 feet deep). 

The lower portion of the sand and gravel aquifer above the "blue clay." 

The sand and gravel aquifer which underlies the "blue clay." 

From 1985 to 1988, quarterly samples from the on-property wells were analyzed for uranium, alpha 
and beta activity, nitrate, chloride, sulfate, and pH. In 1989, the on-property production wells 4101, 
4102, and 4103 were sampled four times for uranium and three times for alpha and beta activity and 
nitrate. The other on-pmperty monitoring wells were sampled three times for uranium and twice for 
alpha and beta activity. The sampling and analysis of samples from off-property wells varied among 
years (Figure 3-22, Table 3-16). 

Metal analysis was not reported in any monitoring reports until 1985, when barium was the only metal 
included. The results were used to determine any possible effects of the barium chloride 
prOcessing/storing facilities at the FEMP on the local groundwater. A summary of these barium 
analytical results is included in Table K-1 of Appendix K. From 1986 to 1990, analysis for these 
sixteen metals were also included annually in groundwater samples collected from off-property wells. 

0 Arsenic 
0 Barium 
0 calcium 
0 Cadmium 
0 chromium 
0 Copper 

0 Iron 
0 Lead 
0 Magnesium 
0 Manganese 
0 Nickel 

0 Potassium 
0 Selenium 
0 Silver . 

0 Sodium 
0 Zinc 

The results are summarized in Table K-1 of Appendix K. 
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TABLE 3-15 

FOR ENVIRNOMENTAL MONITORING REPORTS 
HISTORICAL ON-PROPERTY WELL NAME EQUIVALENTS 

Well Name Well Name Well Name 
Prior to 1987 During 1987 and 1988 After 1988 

P-1 P-1 4103 

P-2 

P-3 

Tls 

Tld 

T3 

T4 

T5 

P-2 

P-3 

301 

40 1 

303 

204 

305 

4102 

4101 

3001 

4001 

3003 

2004 

3005 

T8s 308 3008 

T8d 408 4008 

T9 309 3009 

T10 3 10 3010 

T11 21 1 201 1 

SOURCES: FMPC Environmental Monitoring Reports for 1983 and 1984, NLO, 1984 and 1985 
FMPC Environmental Monitoring Reports for 1985 to 1990, WMCO, 1986 to 1991 
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TABLE 3-16 

OFF-PROPERTY GROUNDWATER SAMPLING 
WEMCO PROGRAM, 1985-1989 

Number of 
Wells Locations sampling constituents 

Year Sampled Sampled' m y z e d  

1985 26 1 - 26 Monthly uranium, nitrate 

1986 28 1 - 28 Monthly UraniUm, 
total metals 

1987 30 1 - 30 Monthly UraniUm, 
total metals 

1988 28 1 - 3 1  Monthly UraniUm, 
(2.6.20 total metals 

not sampled) 

1989 30 1 - 30, Monthly 
32, 34, 35 
(2, 6, 20 

not sampled) 

Total Uranium, 
16 Metalsb 

(Ag, As, Ba, Ca, 
Cd, Cr, Cu, Fe, 
K, Mg, Mn, Na, 
Pb, Se, Zn, Ni) 

' See Figure 3-16 for sampling locations. 
Individual metal analyses were conducted on July 1989 samples only. 
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In late 1989, the Environmental Monitoring Groundwater Surveillance Program expanded to become 
the Comprehensive Groundwater Monitoring Program. In 1990,227 FEMP wells and 36 privately 
owned wells were sampled for the Comprehensive Groundwater Monitoring Program. Locations of 
these wells can be found in the 1990 Environment Monitoring Report (WMCO, 1991). These samples 
were analyzed for radionuclides and nonradioactive constituents on the EPA Hazardous Substance List 
(HSL). A complete list of all of the chemicals sampled for can be found in the 1990 Draf€ 
Groundwater Monitoring Annual Report (FEMP, November 1991). 

The sampling and analysis procedures performed for the Environmental Groundwater Surveillance 
Program followed the Quality Assurance Plan developed by the FEMP to meet the requinzments of 
American National Standards Institute/American Society of Mechanical Engineers Nuclear Quality 
Assurance (NQA-1) standard "Quality Assurance Program Requirements for Nuclear Facilities." The 
compliance of the QA program with NQA-1 has been confirmed through a number of external audits 
conducted by DOE. 

3.1.4.3 "RCRA Groundwater Monitoring Rewrt, Vol. 1 to 5 ,  Rounds 1 - 5 Samdinn." Dames and 
Moore 1986(a.b) - 1987 (a.b,c) 
Objectives and Context 
These reports were prepared for WMCO. The RCRA groundwater monitoring program was initiated 
to characterize groundwater quality at the FEW and to assist in identifying RCRA-regulated 
hazardous and radionuclide constituents which may be present in the groundwater. To assist in 
identifying if RCRA-regulated constituents have entered the groundwater, a total of 41 on-property and 
off-property wells were selected for sampling. The wells monitor two distinct water-bearing units; a 
shallow clayey till layer and a deeper sand and gravel aquifer. The shallow system is monitored by 
wells MW-12, MW-W19, Mw-TP20, MW-TP21, MW-"22, and OS-1A. The remaining 35 wells 
are all  completed in the sand and gravel aquifer at various depths in order to provide information on 
the vertical movement of above-background constituents. 

# 

Methods 
Round 1 sampling occurred in three phases with different wells being sampled during each phase 
(Figure 3-24). Sampling for Phase 1 of Round 1 was performed on August 1, 1985, when four 
W o w  on-property wells (MW-12, MW-TP19, MW-Tp;!l, and MW-TP22) were sampled. phase 2 of 
Round 1 sampling was performed on August 27, 1985, when seven wells in the sand and gravel 
aquifers (SW-2, MW-ld, Mw-10, MW-14, M w - 1 4 ~ ~  MW-18s, and MW-19s) were sampled. The 
sampling for Phase 3 of Round 1 was performed on January 8 and 9,1986, when 32 on-property and 
off-property wells were sampled. Two wells sampled during this phase, MW-12 and SW-2, had 
previously been sampled during Phase 1 or 2. 0 
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flGURE 3-24 ROUNDS 1, 2, 3, 4, 5, AND 6 RCRA PROGRAM 
GROUNDWATER MONITORING WELL LOCATIONS 
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Samples were collected quarterly during Rounds 2 through 5, on May 19 and 20, 1986 (Round 2), 
August 27 and 28, 1986 (Rowd 3). November 18 and 19, 1986 (Round 4). and May 26 and 27, 1987 
(Round 5). 

Before collecting groundwater samples, the following information was recorded: 

e 

e 

e 

e 

e 

m 

e 

e 

e 

e 

e 

Name of person sampling, affiliation, date 
Well number and location 
Equipment used to evacuate well 
Equipment used to sample well 
Weather conditions 
Well condition (if abnormal - Le., broken casing, uncovered, etc.) 
Depth to static water 
Depth of well (total) 
Height of water column in well 
Volume of water in well 
Volume of water to be pumped before sampling 

The total well depth was measured using a weighted tape to an accuracy of 0.01 feet and the water 
level was measured using a water-level indicator to an accuracy of 0.01 feet. Three to ten well casing 
volumes of water were removed by pumping or bailing prior to sampling the well. Dedicated 3.75- 
inch submersible pumps and discharge tubing were installed in the majority of the wells. These 
pumps were used to purge and sample the wells. For wells that did not have a dedicated pump, a 3.5- 
inch portable submersible pump was used to purge the wells. The pump and associated tubing were 
cleaned after each use. The recovery of several of the shallow wells was too slow to allow for 
continuous pumping. These wells were purged using a two-foot long, 1.75-inch I.D. stainless steel 
bailer with a teflon check valve. If the well was bailed dry before removing the required volume, the 
well was allowed to reach 80 percent of recovery before sampling. Dedicated rope was used for each 
well and purge equipment was decontaminated before each use. 

.. 

For samples collected using pumps, the pump discharge tubing was placed near the bottom of the 
sample bottle and gradually withdrawn as the container filled. Because of the relatively low turbidity 
of the groundwater at this site, no field filtering of samples was performed. The remaining 
groundwater samples were collected using a two-foot long, 1.75-inch I.D. stainless steel bailer with a 
teflon check valve. All sampling equipment was decontaminated before sample collection. The 
samples were then sent to Howard Labs Inc. in Dayton, Ohio for analysis. 

To minimize the possibility of cross contamination, samples were collected beginning at the well least 
likely to contain elevated levels of hazardous wastes or their constituents (upgradient well) and ending 
at the well most likely to contain elevated levels of hazardous wastes or hazardous waste constituents. 
The sampling order for monitoring well locations is indicated in Table 3-17. During the field 0 
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TABLE 3-17 
MONITORING WELL SAMPLING ORDER 

Sampling Order Well Number Location 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

27 

28 

29 

30 

31 

. 12 

sw-2 

P- 1 

P-2 

P-3 
OS-1 deep 

OS-1 dug 

15s' 

16db 

16s 

17d 

17s 

18d 

18s 

2od 

20s 

2 m  

14d 

14s 

9 

11 

13d 

13s 

8d 

8s 

3 

4 

5 -  

Id 

1s 

Off North access road 

Southwest collector 

West side production area 

West side production area 

Water treatment plant 

Farm house on Willey Road 

Farm house on Willey Road 

Pasture on Willey Road 

Guard training area 

Shooting range 

WiUey Road Bridge 

Willey Road Bridge 

South of production area 

South of production area 

Southwest of production area 

Southwest of production area 

Southwest of production area 

Confluence of SSOD with Paddys Run 

Confluence of SSOD with Paddys Run 

PaddyS RU-Eat  bank 

North of production area 

East of scrap metal site 

East of scrap metal site 

South of waste Waste Pit storage area 
South of waste Waste Pit storage area 
East of waste Pit 3 area 
south of waste Pit 3 

south of waste Pit 3 

North Of K-65 tanks 
North Of K-65 tanks 
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TABLE 3-17 
(Continued) 

Sampling Order Well Number Location 

32 19d East of waste Pit 4 

33 19s East of waste Pit 4 

34 1WP East of waste Pit 4 

35 21s south of waste Pit 4 

36 21TP south of waste Pit 4 

37 22s West of Waste Pit 4 

38 22TP West of Waste Pit 4 

39 os- 1 Exterior tap in yard of farm house off Willey 
Road 

40 os -2  East side of Paddys Run Road 

41 OS-3 East side of Paddys Run Road 

@ 's denotes a "shallow well" screened in the upper portions of the Great Miami Aquifer. 
bd denotes a "deep well" screened in the lower portions of the Great Miami Aquifer. 
TP denotes a shallow test pit well (glacial till material). 

SOURCE: Dames and Moore, 1986b. "RCRA Groundwater Monitoring Report, Vol. 2- 
Round 2 Sampling." 
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sampling activities, the wells were grouped into on-property and off-property locations. Each 
sampling'team then sampled a series of wells in the prescribed order. 

Samples were analyzed for 95 parameters (Table 3-18). Table 3-19 summarizes the analytical methods 
used. Trip blanks and rinsateS were prepared for sample collection quality assurance/quality control 
(QWC). 

Selected samples from Rounds 3 and 4 were sent to EAL and TMA/Nonal Labs, respectively, in 
Richmond, California for radionuclide analysis as a check on the Howard Lab analysis. Additionally, 
WEMCO analyzed a l l  samples from Rounds 3 and 4 for uranium. Spiked water samples (containing 
known concentrations of various constituents) were also sent to Howard Labs for testing as a check on 
chemical analysis procedures during Round 3. 

3.1.4.4 "RCRA Groundwater Monitoring ReDort Vo1.6 - Round 6 SamDling," ASIKI' (19882 
Objectives and Context 
This report is described in Section 3.1.4.3. AS1 and IT Corporation replaced Dames & Moore as the 
contractors preparing the groundwater monitoring reports. 

0 Methods 
The sixth round of quarterly groundwater samples were collected from 40 monitoring and water supply 
wells between November 30 and December 7, 1987 (Figure 3-24). Only 40 wells were sampled in 
Round 6 because MW-14s was dry and could not be sampled. The depth to water was measured using 
a water-level indicator. 

Three to five times the well casing volume of water was removed before sampling the well by 
pumping. The pumping rate and volume were meaSured using a five-gallon container. Field 
measurements such as pH, conductivity, percent dissolved oxygen, and temperature were made initially 
and were observed continuously throughout the well evacuation process and recorded in the Field 
Collection Report. If the well was bailed dry prior to mov ing  the required volumes, the well was 
allowed to m v e r  before sampling. The time w i r e d  for well recovery was noted in the Field 
Collection Report. 

The volatile organic compound samples were collected first, followed by acidbase neutral compounds, 
pesticides/PCBs, dissolved metals, general chemistry, and radionuclide samples. The samples were 
collected using a teflon bailer, when possible, and collected with a submersible pump when bailing 
was not possible. All sampling equipment was decontaminated prior to sample collection. The 
samples were then sent to Howard Labs Inc. in Dayton, Ohio for analysis. 
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TABLES18 . 

SUMMARY OF RCRA ROUNDS 1 THROUGH 6 
GROUNDWATER ANALYTICAL PARAMETERS 

For General Water Oualitv 

Chloride 
Iron 
Manganese 

Phenols (total) 
Sodium 
Sulfate 

For Indicators of Contamination (Ouadrudicate An’alvsisl 

PH Total Organic Carbon (TOO 
Specific Conductance Total Organic Halogen VOX)  

For Drinking Water Suitability 

Arsenic 
Barium 
Cadmium 
Chromium-hexavalent-total 
Fluoride 
Lead 
Mercury 
Nitrate (as N) 
Selenium 
Silver 

Other Metals, Organics, and Site-Suecific Parameters 

Nickel 
Cyanide 
Copper 
Zinc 
Magnesium 
Calcium 
Phosphorus 
Chlorobenzene 
Chlorodibromomethane 
Chlomthane 
2chlomthylvinyl Ether 
chloroform 
Dichlorobromomethane 
Dichlorodifluoromethane 
Total dissolved solids 
Total potassium 
Biochemical oxygen demand 
cis- 1,2-DicNoroethylene 
Tributylphosphate 

Gross alpha 
Gross beta 
Radium 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 

2,4,5-TP Silvex 
Coliform Bacteria 

2.4-D 

Acrolein 
Vinyl Chloride 
Acrylonitrile 
Benzene 
bis(chloromethy1) ether 
Bromoform 
Bromadichloromethane 
Bmmomethane 
Carbon tetrachloride 
Chloromethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-DichlorobenZene 
1 , 1 -Dichlomethane 
1 ,ZDichloroethane 
1,l -Dichlomethylene 
1,ZDichloropropane 
Ethylbenzene 
Methylbromide 
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TABLE 3-18 
(Continued) 

Methylchloride 
trans- 1.2-Dichloroethylene 
1,3-Dichloropmpene 
1,1,2,2-TetraChloroethane 

Radionuclides 

Potassium40 
Total Uranium 
Radium-225 
Radium-228 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 

Telrachloroeth ylene 
Toluene 

1.1.2-Trichloroethane 
Trichloroethylene 
Trichlorofluoromethane 

1 , 1 , 1 -TriChlOr~etfiane 

Cesium- 137 
Strontium-90 
Ruthenium-106 
Neptunium-237 
Plutonium-238 
Pl~toni~m-239 
Pl~toni~m-240 

Schedule 

Quarterly for one (1) year, semiannual thereafter (or as necessary according to regulations). 

NOTE: Perchloroethylene analysis was not performed during Round 6. 

SOURCES: Dames and Moore, 1986 (a,b) - 1987 (a,b,c), "RCRA Groundwater Monitoring 
Report, Vol. 1-5 Round 1-5 Sampling." 
ASI/IT, 1988, "RCRA Groundwater Monitoring Report, Vol. 6 Round 6 
Sampling." 
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TABLE 3-19 
ANALYTICAL METHODS FOR GROUNDWATER SAMPLES 

Parameter Analytical Method' 

General Water Quality 

Chloride 325.3 

Iron 236.2 

Manganese 243.2 

Phenols (total) 420.3 

Sodium 273.2 

Sulfate 375.2 

Indicators of Contamination 

PH 
Specific Conductance 

Total Organic Carbon 

Total Organic Halogen 

Drinking Water Suitability 

Arsenic 

Barium 

Cadmium 

Chromium-hexavalent 

Chromium-total 

Fluoride 

Lead 

Mercury 

Nitrate (as N) 

Selenium 

Silver 

Gross alpha 

Gross beta 

Radium 

Endrin 

Lindane 

150.1 

120.1 

415.1 

N A ~  

206.2 

208.2 

2 13.2 

218.4 

218.2 

340.2 

239.2 

245.2 

352.1 

270.2 

272.2 

900.0 
900.0 

900.1 

608 

608 
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(Continued) 

Parameter Analytical Method' 

Methoxychlor 

Toxaphene 

2,4-D 

2.45-Tp Silvex 

Coliform bacteria 

Other Metals, Organics & Site S~ecific Parameters 

Nickel 

Cyanide 

Copper 
Zinc 

Magnesium 

CalCiUm 

Phosphorus 

Chlorobenzene 

Chlorodibromomethane 

Chloroethane 

2-Chloroethylvinyl ether 

Chlorofom 

Dichlorobromomethane 

Dichlorodifluoromethane 

Total dissolved solids 

Total potassium 

Chemical oxygen demand 

Perchloroethylene 

cis- 1 ,2-Dichloroethylene 

Tributylphosphate 

Acrolein 

Acrylonitrile 

Benzene 

bis (Chloromethyl) ether 

608 

608 

608 

608 

NA 

249.2 

335.3 

220.2 

289.2 

242.1 

215.1 

365.4 

1624 

.1624 

1624 

1624 

1624 

1624 

1624 

NA 

258.1 

405.1 

NA 

1624 

NA 

NA 

NA 

1624 

NA 
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Parameter Analytical Method' 

Bromoform 

Bmmodichloromethane 

Bromomethane 

Carbon tetrachloride 

Chloromethane 

12-DicNorobenxne 

1,3-Dichlorobenzene 

1.4-Dichlorobenzene 

1.1 -Dichloroethane 

1,2-Dichloroethane 

1.1 -Dichloroethylene 

1,ZDichloropropane 

1.2-Dichloropropylene 

Ethylbenzene 

Methylbromide 

Methylchloride 

trans- 1.2-Dichloroethylene 

1.3-Dichlompmpene 

1.1.2.2-Tetrachloroethane 

Tetrachloroethylene 

1.1 ,l-Trichloroethane 

1.1.2-Trichloroethane 

Trichloroethylene 

Trichlorofluoromethane 

Vinyl Chloride 

Radionuclides 

Cesium-137 

Strontium-90 

Ruthenium-1 06 

Neptunium-237 

1624 

1624 

1624 

1624 

1624 

1625 

1625 

1625 

1624 

1624 

1624 

1624 

NA 

1624 

1624 

1624 

1624 

NA 

1624 

1624 

1624 

1624 

1624 

1624 

1624 

901.0 

905.0 

NA 

NA 
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Parameter Analytical Method' 
~~ 

Plutonium-239 

Plutonium-240 

potassium4 

Radium-226 

Radium-228 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Urani~m-233/234 

Urani~m-235 

Urani~m-238 

NA 

NA 

NA 

903. I 
904.0 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

' Listed numbers are EPA approved test procedure codes for the constituents (see 40 CFR, Part 136). 
Approved analytical method not available. Analysis performed according to generally accepted 0 
analytical procedures. 

SOURCES: Dames and Moore, 1986b. "RCRA Groundwater Monitoring Report, Vol. 2, Round 2 
Sampling." 

ASI/IT, 1988, "RCRA Groundwater Monitoring Report, Vol. 6, Round 6 Sampling." 
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0 Samples were analyzed for 94 parameters @ercNoroethylene was not analyzed) (Tables 3-18 and 
3-19). Duplicate samples were collected every loth well, and a triplicate every 20th well for sample 
collection QNQC. Rinsate samples and trip blanks were also collected for QNQC purposes. 

3.1.4.5 "History of FMPC Radionuclide Dischame" NLO (1985a) and Revision. WMCO (1986) 
This report and revision presented information on the discharge of radionuclides from the FEW 
between 1954 and 1984. When historic evidence was not available, estimates were made concerning 
the time and amount of releases from the FEW. In 1984.22 off-property wells were sampled and 
analyzed for uranium (Figure 3-22). Momation on sample collection methods or laboratory analytical 
methods was not provided in the report. 

3.1.4.6 FEMP Remedial Investiaation/Feasibilitv Study 
Objectives and Context 
The general objective and scope of the RI/FS is described in Section 3.1.1.3. The field phgram has 
been designed to determine the effect that the operations and the waste disposal practices at the FEMP 
have had on groundwater quality. The objectives of the groundwater sampling program include 
identifying sources of groundwater contamination, pathways for contaminant transport, and receptors 
or potential receptors of the contaminants (RWS Sampling Plan, Revision 3, 1988). 

@ Methods 
Quarterly sampling was conducted under the RVFS from the second calendar quarter of 1988 through 
the first calendar quarter of 1989. RI/FS wells that had not been completed were sampled quarterly 
until four quarters of sampling had been completed. Wells installed under addenda to the RVFS were 
sampled at the time of installation and the next calendar quarter. Samples collected in June, August, 
and November 1989 by the RVFS sampling team are included in the RVFS data set. Other data 
collected by the RI/FS sampling team as a result of the continued installation of additional wells have 
also been included as available through December 1991. Beginning in the first calendar quarter of 
1990, the responsibility for routine groundwater monitoring was shifted to WEMCO, under the Long- 
Tern Gmundwater Monitoring Program at the FEW. 

RI/FS wells were installed to four depths (Figure 3-25). Wells screened in the glacial overburden are 
numbered in the 1000 series. Wells screened at the water table in the Great Miami Aquifer are in the 
2000 series. Wells screened 10 feet above the clay interbed layer (sometimes present near the middle 
of the Great Miami Aquifer), or at the equivalent elevation if the clay is not encountered, are in the 
3OOO series. Wells screened 10 feet above bedrock at the bottom of the aquifer are in the 4OOO series. 
The three digits to the right of the thousands number identify the location of the well. There is no 
geographic significance to the three-digit location number, they were assigned in sequence with respect 
to time. Well clusters, wells installed at different levels in the aquifer at the same location, have the 
Same three-digit identifier. 
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0 A total of 152 wells was originally identified for RVFS groundwater sampling. Groundwater samples 
were collected from the new Rl/FS wells, selected existing wells at the FEW, and selected off- 
property private wells. The RI/FS wells originally included 42 lOOo-series, 22 2000-series, 22 3000- 
series wells, and tfyee 4OOO-series wells. Forty-five additional wells existed on-property, including 
three new RCRA wells and five off-property wells then being sampled under the RCRA monitoring 
program. Additionally, approximately six 1Wseries  wells, six 2OOO-series wells, and six 4000-series 
wells were selected and sampled at upgradient locations to establish background wmtmtions. As 
wells and piezometers were added to the RyFS through addenda to the Work Man, they were 
incorporated into the groundwater sampling well network. The 1OOo-series wells were sampled 
quarterly from March 1988 to August 1989 (Figure 3-26). The UXXF, 3OOo-, and 4o-series wells 
were sampled quarterly from March 1988 to August 1990 (Figures 3-27, 3-28, and 3-29). In addition, 
the wells located in the F'EMP production area (Figures 3-30,3-31, and 3-32) were sampled on 
completion and a minimum of once more under different seasonal conditions. Initial water samples 
collected from the 2000-series wells were analyzed for full HSL and full radiological parameters. 

Subsequent analyses were for general groundwater quality parameters and full radiological parameters. 
Samples from piezometers were analyzed for total uranium, total thorium, and nitrates at the time of 
completion and again approximately two months later. 

To obtain a representative groundwater sample, a minimum of thm well volumes of water were 
pumped, or bailed from the wells that could not be pumped, or wells were bailed dry prior to 
sampling. For wells or piezometers that could be pumped or bailed dry, the well was evacuated and 
allowed to m v e r  prior to sample withdrawal. If the nxovery rate was fairly rapid and if time 
allowed, more than one well volume of water was evacuated; otherwise, sampling was conducted after 
sufficient recovery had occurred to allow sampling. After the well adequately recovered, water 
samples were collected following a priority list based on the stability and volatility of the parameter 
being analyzed. Samples for unstable and volatile parameters, such as HSL volatile organic 
compounds, pH, specific conductivity, and temperabre, were collected first Samples associated with 
less sensitive parameters were sampled next 

A stainless steel submersible pump was used to purge the 3000- and 4OOO-series wells before sample 
collection. A water level measurement was taken to determine the depth to groundwater in the casing. 
A submersible pump was then lowered five to ten feet below the water level, but always above the 
well screen. The well was initially purged from this depth so water fnrm the formation passed through 
the screened interval and moved upward through the casing to completely flush the well. The 
pumping rate was maintained at less than 20 gallons per minute and continued until field pH, 
temperature, and conductivity readings stabilized. 0 
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a A stainless steel submersible pump and/or stainless steel and teflon positive displacement pump was 
used to purge the 2000-series wells before sample collection. A stainless steel and/or teflon bailer was 
used to purge low-yielding 1000-series wells before sample collection A water level measurement 
was initially taken to dekrmine the depth to groundwater in the casing. 'Ihe well was then bailed dry, 
if possible. All bailers, purge pumps, and lines were decontaminated prior to use. 

Once the well was purged and allowed to recharge, water samples were collected using a stainless 
steel submersible pump, stainless steel and teflon positive displacement pump, or teflon bailer. During 
sampling, the pump was operated continuously but the flow rate was reduced to approximately one 
literbinUte. Volatile organic compound samples were always collected with a bailer. Nonvolatile 
organic compound water samples were collected at the discharge hose if the submersible or positive 
displacement pump was used. If the water samples were collected with a teflon bailer, the water 
sample was collected by pouring directly from the bailer into the sample bottle. To more efficiently 
collect the groundwater samples, the sampling team often sampled the well with a teflon bailer after 
the well purging pump was removed from the well. When the pump and lines were removed from a 
well, they were placed on plastic sheeting to avoid contact with the ground. 

When sampling for dissolved metals or radionuclides in water, the samples were filtered in the field as 
soon as possible after collection. The water sample was either filtered at the well site with portable 
sample filtering equipment or taken to the sample collection trailer for filtration. length of time 
elapsed prior to filtration for each sample may have significant impact on analytical results of certain 
constituents. However, when sampling several wells in one day, it was more efficient to transport the 
samples to the sample collection trailer for filtration. A Milipore filtration apparatus equipped with a 
0.45-micron filter was used. A hand vacuum pump was used in the field and a peristaltic jnmp was 
used at the sample collection trailer to draw the sample through the filter. The filtering apparatus was 
cleaned prior to filtering each sample. The first 100 to 150 m4 of filtrate from each sample was 
discarded to rinse the Nter and filtration apparatus of any residual substances. After the sample was 
filtered, it was immediately transferred to the appropriate sample bottle containing the comxt 
preservative. Samples that were excessively turbid were prefiltered before final filtration with the 
Odimicron filter. The prefilter mesh size depended on the amount of suspended material in the 
sample. The water generated from purging and development was mtainerized and transferred to the 
FEW waste water treatment facilities. 

All groundwater samples were analyzed in the field for pH, temperature, conductivity, dissolved 
oxygen, and iron prior to filtration. All groundwater samples were also analyzed for radiological 
parameters that include radionuclides handled at the FEMP (Table 3-20) and for parameters used as 
indicators of drinking water quality under the RCRA program. Groundwater samples were analyzed 
for organics and other toxic inorganics on a limited basis. To confvm that the potential organic 
contamination detected in the RCRA program is of a limited nature and extent, 36 selected 
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TABLE 3-20 
SUMMARY OF ANALYTICAL PARAMETERS AND METHODS 

FOR GROUNDWATER SAMPLING 

L. RADIOLOGICAL ANALYSIS 

Parameters 
Gamma Spectral Analysis 
Total Uranium 
uranium-234 
Uranium-235 
Uranium-236 
Uranium-238 
Radium-226 
Radium-228 
Technetium-99 
Thorium-228 

Methods 
RSL-001 
RSL-002 
RSL- 102 
RSL- 103 
RSL- 104 
RSL- 105 
RSL- 106 
RSL- 107 
RSL-108 
RSL- 109 
RSL-110 
RSL- 1 1 1 
RSL-112 
RSL- 1 13 
RSL-201 
RSL-304 
RSL-305 
RSL-308 
RSL-309 
RSL-310 
RSL-501 
RSL-601 
RSL-602 
RSL-603 
RSL-703 
RSL-801 
RSL-802 
RSL-90 1 
RSL-902 
RSL-903 
RSL-904 

Thorium-230 
Thorium-232 
Cesium-137 
Strontium-90 

Neptunium-237 
Rutfrenium-106 

Plutonium-238 
Plutonium-239 
Pl~toni~m-240 

Acquisition and Use of Standard Reference Material 
Standardization of Canier Solutions 
Operation of Alpha Spectrometer Systems 
Calibration of Liquid Scintillation Counting Systems 
Operation of Low Background Alpha/Beta Counting Instruments 
Calibration of Alpha Spectrometer Systems 
Calibration of Alphaeta  Counting Instruments 
Operation of Liquid Scintillation Counting Instruments 
Operation of Alpha Scintillation Counting Instruments 
Background Determination of a Germanium Detector Spectroscopic System 
Determination of Germanium Dewtor Counts Reproducibility 
Linearity Check of Germanium Gamma-Ray Spectroscopic Systems 
Operation of Germanium Gamma Spectroscopic System (ND 66/680) 
Determination of Germaum Detector Counts Reproducibility 
Samples Preparation 
Determination of Selected Alpha Emitting Isotopes 
Determination of Strontium-89, -90 in Water Samples 
Determination of Gross Alpha and/or Beta Activity 
Determination of Radium-226, -228 in Aqueous Samples 
Determination of Technetium-99 
Data Verification 
Performing Interlaboratory Quality Control Analyses 
Performing Interlaboratory Quality Control 
Internal Surveillances and Audits 
Storage and Maintenance of Records 
Instructions for Glassware aeaning and Laboratory Housekeeping 
Checking Laboratory Measuring and Test Equipment 
Training and Qualification of Laboratory Technicians 
QA Orientation of New Employees 
Materials and Equipment Procurement, Receipt, Storage and Control 
Reporting of Defects and Noncompliances per lOCFR21 
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TABLE 3-20 
(Continued) 

RSL-1001 Sample Receiving 
RSL-1002 
RSL-1004 Sample and Data Flow 

Radiological Screening and Qassification of Mixed Waste Samples 

II. DRINKING WATER QUALITY INDICATORS (RCRA) 

Parameters 
PH 
Specific conductance 
Chloride 
Iron 
Manganese 
Phenols (total) 
Sodium 
Sulfate 
Gross alpha 
Gross beta 
Alkalinity as CaCO, 
Cart>onate/bicabnate 
Copper 
Nickel 
Potassium 
Phosphate 

0 

Arsenic 
Barium 
Cadmium 
Chromium (total) 
Fluoride 
Lead 
Mercury 
Nitrate 
Selenium 
Silver 
Ammonia 
Total organic nitrogen 
Molybdenum 
Calcium 
Magnesium 
Sodium 

Methods 

Inductively Coupled Argon Plasma Spectrometry (re) (U.S. EPA Method 200.7 CLP-M) for 
the analysis of Al, As, Ba, Be, B, Cd, Ca, Cr, Co, Fe, Pb, Mg, Mn, Mo, Ni, Si, Na, Th, V, and 
m 
Graphite Furnace Atomic Absorption Spectrophotometry for Arsenic (U.S. EPA Method 206.2 
Q9-M) and Selenium (U.S. EPA Method 270.2 CLP-M) 

Cold Vapor Atomic Absorption Spectrophotometry for Mercury (U.S. EPA Methods 245.1 
CLP-M and 245.2 CLP-M) 

Alkaline Extraction and Colorimetric Determination of Hexavalent chromium (US. EPA 
Methods 3060 and 7196) 

Digestion/Distillation and Titrametric/Colorimetric Determination of Cyanide (U.S. EPA 
Method 335.2 CLP-M) 

Bellack Distillation and Specific Ion Electrode Determination of Fluoride (U.S. EPA Method 
340.2) 

Colorimetric Determination of Nitrate Nitrogen (U.S. EPA Method 352.1) 
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TABLE 3-20 
(Continued) 

ID. EXTENDED HSL ANALYSIS 

Parameters 
HSL inorganics 
HSL volatiles 
HSL semivolatiles 
HSL pesticides/PCBs 
Primary drinking water organics 
Organophosphorus pesticides 
Dioxin and furans 

Methods 

U.S. EPA, 1985, "Chemical Analytical Services for Multi-Media Multi-Concentration Organics, 
GC/MS Techniques." 
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groundwater samples were analyzed for extended HSL parameters as specified in Table 3-20 (also see 
RI/FS Work Plan, Revision 3, 1988). Twenty-nine wells in or near the waste storage area were 
sampled for the extended HSL parameters (Table 3-21). 

Wells 1016,2014,2015, and 2016 near the flyash piles, in addition to Wells 1013,2064, and 2065 
near the former production area, were also sampled and analyzed for dioxin, 2,3,7,8-TCDD/rcDF, and 
FCDD/PCDF (Table 3-20). The well'locations were selected following well development, with 
emphasis on their proximity to the Bum Pit, Waste Pit 4, or the solid waste landfill, and on the 
likelihood of the area having, received chlorinated hydrocarbons. These samples were visually 
inspected for free products during collections. A sample of treated water from the FEW production 
well was also analyzed for extended HSL parameters and dioxins. 

3.1.4.7 RCRA Groundwater Assessment Promam 
Obiectives and Context 
After the completion of the RCRA Groundwater Detection Program, the U.S. EPA and the OPEA 
were notified by DOE, in a submittal dated November 13,1987, that Waste Pit 4 at the FEW could 
be affecting groundwater quality. This notification was based on statistical comparisons conducted on 
the results of groundwater samples monitored by the Groundwater Detection Program and was in 
accordance with 4OCFR265.93 and OAC 3745-65-93 (RCRA 1989 Annual Report). The purpose of 
the RCRA Groundwater Assessment Program is to determine the concentration and the rate and extent 
of migration of any hazardous waste or hazardous waste constituents in the groundwater that could be 
attributed to leakage from Waste Pit 4. The sampling for the RCRA Groundwater Assessment 
Program started in May 1988. The analytical results collected from th is  program are stored and 
available in the Femald database. 

@ 

The RCRA Groundwater Assessment Program and the CERCLA monitoring programs were 
consolidated due to the similarity of their objectives. Consequently, data for the RCRA Groundwater 
Assessment Program were collected during the first four rounds of sampling for the lU/FS program. 

Methods 
Forty-three wells installed under the RI/FS program were selected for the assessment monitoring. The 
wells are organized inm four categories according to their relationship to Waste Pit 4: upgradient till 
wells, downgradient till wells, upgradient sand and gravel wells, and downgradient sand and gravel 
wells. These wells are sampled quarterly for general water quality indicators, radionuclides, and site- 
specific parameters. They are also sampled annually for inorganics, volatile organics, semivolatile 
organics, and pesticides. 
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TABLE 3-21 
WASTE STORAGE AREA WELLS 

SAMPLED FOR EXTENDED HSL PARAMETERS 

1ooo-SerieS 2WSeries 

1004 

1010 

1019 

1021 

1025 

1028 

1029 

1031 

1072 

1073 

1074 

1075 

1076 

1078 

1083 

2001 2021 

2004 2022 

2008 2027 

2010 2034 

201 1 2037 

2019 2042 

2020 2052 
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3.15 Surface Soils 
Surface soils have been potentially exposed to contamination by both radionuclide and chemical 
constituents associated with activities at the FEMP. This section describes investigations focused on 
these soils at and adjacent to the FEW. The majority were concerned with the detection of 
radionuclides, particularly uranium. 

3.15.1 ”Interim Remrt - Air. Soil. Water. and Health Risk Assessment in the Vicinity of the FMPC, 
Femald. Ohio.” lT (198Q 
This investigation is described above in Section 3.1.3.1. Surface soil samples were collected to meet 
several objectives. First, a sufficient number of samples was collected in close proximity to locations 
sampled in the NLO annual monitoring report for 1984 to independently establish confidence in the 
1984 data. second, the variability among uranium concentrations within a four-square-meter area was 
investigated by collecting nine samples at the node points of a two-by-two-meter grid in two locations 
specifically chosen to represent areas of observed high and low concentration (EG&G Measurements). 

Third, samples were collected to assess the regional distribution of uranium within a five-mile radius 
of the FEMP. Fourth, the sampling program investigated variation in uranium concentration with 
depth of soil down to 15 centimeters (approximately six inches). Samples of vegetation were also 
collected, where feasible, to assess the relationship between uranium concentrations in the soil and 
surface vegetation. A total of 939 soil samples were collected at 31 1 locations in and around the 
FEMP (Figure 3-33). Vegetation samples were taken at 235 of these locations. Sample collection 
methods, analytical methods and sample numbers were not provided in the report. 

3.1.5.2 Annual Environmental Monitoring Remrts 
Obiectives and Context 
The FEMP environmental monitoring program is described above in Section 3.1.1.1. The surface soil 
sampling program was developed to estimate contribution of fallout from stack effluent to uranium 
concentrations in the soil. 

Methods 
In 1984, surface soil samples were collected at 15 locations inside and outside the FEMP property 
boundary (Figure 3-34). In addition, samples were collected at twenty-five other off-property locations 
(Figure 3-35). Each soil sample was a composite of nine cores each 2 cm in diameter and 5 cm deep 
and exclusive of plant matter when possible. The cores were taken from the top layer of the soil at 
each coordinate of a four-square-meter grid. These samples were analyzed for uranium. 105 
additional samples from locations outside the FEMP boundary were collected to construct a surface 
map showing the uranium concentration profile in the top 5 cm of soil. Twenty-five of these 
additional surface samples were analyzed for thorium-228. -230, -232, plutonium-238, -239, -240, 
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neptunium-237, and technetium-99. Sample collection methods, analytical methods and sampling dates 
were not provided in the report. 0 
From 1985 to 1990, surface soil samples were collected at various localions on and off FEW property 
with the number of samples taken varying from year to year (Figures 3-36A, 3-36B and Table 3-22). 
Samples were analyzed for total uranium. Sampling methods, analytical methods and sample dates 
were not provided in any of the annual reports. 

In 1985, surface soil samples were collected from 15 locations (Table 3-22). Other samples were 
collected at 21 locations corresponding to grass sampling sites (Figure 3-37). Each soil sample 
consisted of a composite of nine cores each 2 cm in diameter and 5 cm deep and exclusive of plant 
matter, if possible. The cores were taken from the top layer of the soil at each coordinate of a four- 
square-meter grid. 

In 1986, surface soil was sampled from each of the 15 locations as in 1985 and at 13 f w g a r d e n  
produce sites (Figure 3-38) that were either remote or close to the FEMP (Table 3-22). Each sample 
was a composite of 10 cores two cm in diameter and five cm deep. The cores were taken at two 
depths, 0-5 cm and 5-10 cm, from each comer and from the center of two one-square-meter grids. In 
1987, soil samples were collected at 18 locations and at 20 additional locations for the vegetation/ soil 
analysis (Figure 3-39). Sampling methodology was the same as in 1986. 

During 1988, the routine soil sampling and parallel soil and vegetation sampling programs were 
reviewed. Routine soil sampling meant that only soil is sampled at a location, while parallel soil and 
vegetation sampling meant that samples of both soil and vegetation were taken at the same location at 
the same time. It was found that many of the sampling locations of both programs were situated very 
close to one another. The programs were combined to increase sampling efficiency and effectiveness, 
reducing the number of sampling locations to 29 from 38 (Figure 3-36B. Table 3-22, and Table 3-23). 
In addition, care was taken to avoid fertilized areas because sample results could have been biased 
from high concentrations of uranium found in some fertilizers. Soil samples were collected at a depth 
of 0-5 cm and 5-10 cm at the 29 selected locations. 

Surface soil samples were collected from 30 locations in 1989 and 1990 from depths of 0-5 cm and 
5-10 cm (Table 3-22). 

3.1 S.3 "Characterization Investigation Study," Weston (1987a-c) 
Obiectives and Context 
This study is described in Section 3.1.3.4. The investigation was limited to the waste storage area and 
related waste units (e.g., waste pits, the flyash piles, and the solid waste landfill). Surface soil 
analyses focused on uranium. 
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TABLE 3-22 
SURFACE SOIL SAMPLING LOCATIONS - WEMCO 1985-1990 

1985 Location 1986 Location ' 1987 Location 

1 

2 

1 1 

2 

3 3 3 

4 4 4 

5 

6 

7 

8 

9. 
IO 

11 

12 

13 

14 

15 
a - 
- 
- 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
- 
- 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1988 Location 1989 Location 1990 Location 

1 - 11 Same 

13 

14 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

- 
- 

1 - 11 Same 

12 

13 

14 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 
- 
- 

28 

29 

30 

31 

32 

33 
- 

1 - 11 Same 

12 

13 

14 

15 

17 

18 

19 

20 

21 

22 

23 
24 

25 
._ - 

- 
28 

29 

30 

31 
- 

33 

34 

4340 

Not sampled 
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TABLE 3-23 
Sampling Locations for Soil and Vegetation, 1988 

1987 Location 1988 Location 

Routine Soil Parallel SoWegetation Soil/Vegetation 

1 1 

2 

3 

2 

3 

4 4 

5 5 

6 6 

7 

15 

7 

12 

17 

19 

14 

4 

20 

21 

17 

15 

13 

8 

22 

23 

24 \ 17 

25 5 

'Not Sampled 

3-1 14 
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Methods 
Surface soil sampling followed the protocol in Procedures for Sam~lina Radium-Contaminated Soils 
(GJllTvlC-13 UC-70 1985). These techniques included the use of "hg"  samplers and stainless steel 
trowels to obtain samples down to six inches. Below this depth, the technicians w d  trowels and 
posthole samplers to reach a depth of 18 inches. Before surface samples were collected, a gamma-ray 
measurement was made on the surface using a FIDLER. If elevated radioactivity was detected, then a 
0-2 inch sample was taken, followed by a 2-6 inch sample. The 0-2 inch sample was taken to develop 
the field correlations of uranium-238 activity concentrations to FIDLER count rates. The 0-2 inch 
interval was used because the thorium-232 63 kiloelectron volt photon is attenuated below two inches. 

For this report, the 0-2 inch and 2-6 inch activity concentration results were mathematically com- 
posited to give a 0-6 inch sample interval for reporting in the graphics. After the samples were col- 
lected to six inches, a probe was placed in the cavity and another measurement was made. If the 
resulting radiation level was higher than one would expect due to the change in detector-soil geometry, 
an intermediate depth sample (6 to 12 inches) was collected. This was repeated, as needed, to a depth 
of 18 inches. In a few cases, an 18-24 inch 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 
nine-inch diameter of the FIDLER housing, too much time was required to enlarge the hole for 
successive depth readings, so the 2.5-inch scintillation detector (SPA-3) probe was used. 

The sample was placed into a plastic bag and homogenized. An aliquot from the bag was then sealed 
into a 477 mQ, plastic jar. The sample container was then labeled, and the sample number, location, 
date, time, technician, depth, chain-of-custody, laboratory location, and significant comments were 
recorded in the surface soil sample logbook. 

Numerous surface soil samples were taken throughout the waste storage area and the related storage 
areas (Figures 3-40 and 3-41). Samples were analyzed for parameters representative of materials 
found at the FEW including: 

Gamma spectral analysis Radium-226, -238 
Isotopicuranium Neptunium-237 
lsotopicthorium Ruthenium-106 
Isotopic plutonium Cesium-137 
Strontium-90 Technetium-99 

3.1.5.4 "FMPC Samdinn and Analysis Remrt," DOE (1988) 
Obiectives and Context ' 

This report is described in Section 3.1.1.2. In 1988, DOE conducted surveys of surface soils at the 
FEW as part of the identification of existing environmental problems and areas of environmental risk 0 
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at DOE facilities. Surface soil samples were taken as part of four environmental investigations; the 
K-65 sluny line, production area soils, nonproduction area soils, and soils south of the former 
production area (Table 3-24). 

Methods 
Samples of surface soil were taken from the following areas at the FEW: the K-65 slurry line, the 
pilot plant tile field (Figure 3-42). the flyash pile area (Figure 343). and the prior location of the Cone 
house (Figure 3-44. sample numbers 0126 and 0127). 

Soil grab samples were collected using precleaned stainless steel s m p s  and/or hand trowels. Soil 
samples were transferred directly from the parent material to the sample container. Composite samples 
were obtained by using precleaned stainless steel scoops and garden trowels to collect surface soil 
using the one-square-meter composite method (a square meter is measured on the ground and 
individual aliquots collected from the four comers and the center, clearing any vegetation). 
Cornpositing was performed either by mixing the aliquots in the sampled area or in a precleaned 
aluminum pan. Soil samples were not screened in the field to eliminate large material. 

Sampling equipment was cleaned prior to use according do the following procedure: 

All excess dirt and other material is removed by scraping and/or rinsing the article 
The article is washed in a low-phosphate detergent using a plastic bristle scrubber and/or 
sponge 
The article is rinsed first in distilled water, then in ethanol, and allowed to air dry 
Clean and dry articles are wrapped in aluminum foil and stored 

Surface soil samples were analyzed for uranium, volatile organics and radionuclides uranium-235 
and -238, bismuth-214, cesium-137, radium-226, and thorium-228 and -232. 

3.1 S.5 FEW Remedial InvestigationFeasibilitv Study 
Obiectives and Context 
This study is described in detail in Section 3.1.1.3 Investigations conducted for the RI/FS were more 
extensive in area, methodology, and analyses because they were intended to fill data gaps in 
determining the extent of on-site soil contamination by radionuclides and hazardous substances and to 
confirm the contamination in critical areas reported in previous investigations. Part of the RI/FS 
surface soil sampling program was completed in 1988 with the collection of more than loo0 samples 
property-wide. 

Surface soil sampling continues in support of Operable Unit 2 and Operable Unit 5 investigations. 
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Specific objectives of the surface soil sampling program were to: 

. Collect sufficient data for determining the extent of COntammab 'on by radioactive 
substances on site 

Confirm areas of surface radiological contamination identified in the radiation 
measurements survey and quantify the types and concentrations of radionuclides found 

Provide data to characterize the source term for all radionuclides with the potential to 
contribute to off-site environmental doses 

. Provide additional sampling to chamterize surface soil contamination by radionuclides 
along the FEMP perimeter and in off-site locations 

. Identify the types, concentrations, and areal extent of hazardous substances contamination 
in surface soils on site 

. Provide data to determine where future surface soil sampling may be necessary 

These data were evaluated along with the surface soil sampling data fmm previously conducted 
programs to: 

. Develop a graphic representation of radiological contamination in surface soils on and near 
the FEW 

Evaluate the potential pathways for surface migration of radiological and chemical 
constituents away from the FEW 

Evaluate the actual and potential risk to public health and the environment resulting from 
surface soil contamination 

Identify the need for remedial action alternatives for contaminated surface soils 

Methods 
Surface soil samples were taken in several mas within the FEW, along the property boundary, and in 
off-property areas (Figures 345,346, and 347). The mas within the FEMP included the production 
area, the sewage treatment area, the perimeter of the waste storage area, and remaining areas within 
the FEMP site boundary at 1000-foot grid points. The site boundary and off-property areas included 
locations at 250-foot intervals along the northern and eastern property boundaries, eight locations at 
2Wfoot intervals along a line extending due east from the eastern property boundary at the sewage 
treatment area, and 16 additional off-site locations in areas where previous sampling programs did not 
provide sufficient sample density. In addition, surface soil samples were taken at locations off- 
property where vegetation samples were collected and locations on-property where they were required 
to provide data for field calibration of radiation measurement instruments. e 
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AU off-property sampling was contingent upon obtaining approval of the affected property owners. If 
approval was not obtained, a location was selected as close as possible to the initially specified 
location. Laboratory analysis on these samples was for isotopic uranium. Samples for radiological 
analysis were taken at three depths at each sampling point. Samples were taken at six-inchdepth 
increments within the production area and sewage treatment area, and at two-inch-depth increments 
outside the fenced areas, along the FEMP property boundary, and off-property locations. The 
uppermost soil sample was analyzed prior to the two lower samples. The two lower samples were 
analyzed if concentrations exceeding the reference levels of radiological parameters, as defined in the 
Radiation Measurement Plan, were detected in the upper sample. If contaminants were detected in al l  
three samples, the location was noted as a potential location for deeper soil sampling. 

0 

Sampling consisted of the following steps: 

Trim existing vegetation from the sample location 
Attach a clean cookie cutter bit to the sampler handle 
Drive the bit into the soil to a specified depth 
Remove the soil from the bit and place the soil sample into a plastic bag 
Place the plastic bag containing the soil sample into a cardboard container 
Place custody tape over the lid of the container 

Before taking another sample, the bit was removed from the handle, the handle was wiped with 
disposable alcohol wipes, and a clean bit was attached. All contaminated bits and other sampling 
equipment were decontaminated according to procedures specified in the RIPS Sampling Plan 
(ASI/IT 1988). 

0 

Soil samples collected within the property boundaries were analyzed for p m e t e r s  representative of 
the materials found at the FEMP, as follows: 

Gamma spectral analysis Cesium- 137 . Ruthenium-106 Neptunium-237 
Radium-226, -228 Technetium-99 
Isotopicuranium Isotopicthorium 
Isotopic plutonium Total unnium 

9 Strontium-90 

Soil samples designated for chemical analysis were collected at any known accidental spill sites, areas 
adjacent to storage tanks, areas adjacent to railroad tracks, and areas adjacent to transformer pads. 
These samples were analyzed for the following extended HSL parameters: inorganics, volatiles, 
semivolatiles, pesticidesPCBs, primary drinking water organics, and organophosphorus pesticides. 
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3.1.6 Subsurface Soils 
This section describes investigations of subsurface soils at the FEW. These investigations have been 
conducted for several purposes. The CIS (weston 1987a-c) was designed to characterize the waste 
storage area, while the subsurface sampling conducted by DOE (1988) was intended to identify areas 
of environmental risk RUFS sampling was designed to provide additional data on subsurface 
conditions within the FEMP that may define or influence contaminant migration pathways. In a l l  of 
these studies, samples were analyzed for radiological and chemical parameters. 

I 

3.1.6.1 "Characterization Investigation Studv," Weston (1987a-Q 
Obiectives and Context 
This report is described in Section 3.1.3.4. The sampling was restricted to the waste storage area, the 
lime sludge ponds, the solid waste landfill, and the flyash piles. Weston designated these areas as 
either dry or wet pits. on the basis of their existing condition rather than the historical designation of 
the physical condition at disposal. The number of borings made in each pit varied from three to 
twelve. In general, the smaller pits, or those of less concern, had fewer borings than the larger pits. 
An attempt was made to designate the sampling locations at well-spaced intewals within pits, but the 
final determination was made by reviewing the geophysical survey data to avoid mas with high 

potential for buried metal objects. 

Methods 
The pits designated as dry included Waste Pits 1 through 4, the Bum Pit, the solid waste landfill, the 
south lime sludge pond, and the flyash piles (Figure 3-48 and 3-49). Each of these areas was sampled 
using the three-inch outer diameter, hollow-stem auger sampling technique. Samples were obtained 
using a 24-inch drive split-spoon sampler. The sampling of these pits was performed using ASTM , 

Method D 1586-84, Penetration Tests and SDlit Barrel SamDling of Soils. 

AU subsurface boring locations were sampled continuously, with samples taken at intervals of two feet. 
Sampling continued until reaching a depth at which a geologist identified the residue or wasteJnatural 
clay interface. When the split-spoon sampler was taken to the sample preparation table, technicians 
uncased and split the core lengthwise. Immediately, a section of the inner core was placed in a 
volatile organic analysis bottle and sealed. Half of the core was placed in 477-mP Nalgene jars used 
for radiological samples. The remainder of the sample was placed in a covered, large stainless steel 
bowl and stored for compositing with the remaining samples from the boring. 

This subsurface sample preparation procedure was performed for each sample interval from the pit 
boring. Once sampling was completed at each boring location, the material remaining in the stainless 
steel bowls was composited. Pomons of the composited sample were placed in the appropriate 
container (amber glass jar or wide-mouth plastic bottle) for nonvolatile chemical analysis. A portion 
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of the composite was placed in a 477 mP Nalgene container for radiological analysis. The remaining 
composited material from the borehole was placed in plastic containers for geotechnical and physical 
parameter analyses in a soils laboratory established in the F E M P  laboratory building. 

The wet pits include the Clearwell. the north lime sludge pond, and Waste Pits 5 and 6 (Figure 3-48). 
The Clearwell sediment was sampled using a stainless steel Ponar dredge. The residues from Waste 
Pits 5 and 6 and the north lime sludge pond were sampled from a floating sampling platform using a 
three-inch diameter stainless steel piston-type sampler designed by Weston. This sampler consisted of 
a stainless steel rod spaced with stainless steel piston rings at three 20-inch intewals. The rod/piston 
assembly was inserted into a stainless steel tube sleeve and lowered to the desired depth. As the 
sleeve was raised, pit residue flowed around the rod and piston. The sleeve was then lowered around 
the rodlpiston assembly, sealing the three samples. This device was used to obtain 20-inch 
incremental samples for the entire depth of the pit residue or until the sampler met n?sistance. At that 
time, a decision was made either to abandon the boring or to stop at that depth and use the existing 
sample. 

Radionuclide analyses included the following: 

Gamma spectral analysis Isotopic uranium 
Isotopic thorium Strontium-90 
Radium-226, -228 Isotopic plutonium 
Cesium- 137 Neptunium-237 

Inorganic and organic chemical analyses included the following: 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Methylene chloride 
Acetone 
Chloroform 
2-butanone 
1.l.l-tri- 

chloroethane 
Toluene 

2-methyl- 
naphthalene 

Ethylbenzene 
4,4ddt 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Silver 
Sodium 
Di-n-butyl 
phthalate 
Di-n-oc tyl 
phthalate . Aroclor-1248 
Aroclor-1254 

Technetium-99 
Americium-241 

Vanadium 
Zinc 
Aroclor-1260 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Bis(2ethyl- 

hexy1)phthalate 
3,3dichloro- 

benzidine( 3) 
Fluoranthene 
Naphthalene 
Phenanthrene 
Pyrene 
Tetrachloroethene 
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3.1.6.2 "FMPC Samuling and Analysis Rewrk" DOE (19881 
Obiectives and Context 
This report is described in Section 3.1.1.2. In 1988, DOE conducted surveys of subsurface soils at the 
FEMP as part of the identification of existing environmental problems and areas of environmental risk 
at DOE facilities. Subsurface soil samples were taken as part of three environmental investigations: 
production area soil, non-production area soil, and soils south of the production area 

Methods 
Samples of subsurface soil were taken from the following areas at the FEW: Plant 1, Plant 4, Plant 
6, the pilot plant, Building 69, the fire training area, the sewage treatment plant, the active and inactive 
flyash piles, and test pits 14-17 (Figure 3-50, 3-51, and 3-52 and Table 3-25). 

Three methods of subsurface sampling were employed: split-spoon, trenching, and auger. Split-spoon 
samples were collected using a split-spoon sampler which had been stripped of paint and cleaned. Soil 
samples were collected from an open trench by removing grab samples brought to the surface in a 
backhoe bucket from the appropriate depth. Grab samples were collected using precleaned stainless 
steel scoops and/or trowels. Auger samples were collected directly from the auger by transferring the 
soil from the auger flights into individual containers using precleaned stainless steel scoops and 
trowels. 

Sampling equipment was cleaned before use as follows: 

All excess dirt and other material was removed by scraping and/or rinsing the article 
The article was washed in a low-phosphate detergent using a plastic bristle scrubber and/or 
sponge 
The article was rinsed first in distilled water, then in ethanol, and allowed to air dry 
Clean and dry articles were wrapped in aluminum foil and stored 

Subsurface soil samples were analyzed for uranium, volatile organics and the radionuclides 
uranium-235 and -238, bismuth-214, cesium-137, radium-226, and thorium-228 and -232. 

3.1.6.3 FEMP Remedial InvestigationFeasibility Study 
Obiectives and Context 
This study is described in Section 3.1.1.3. The primary objective of the subsurface soils investigations 
was to provide additional data on subsurface conditions within the FEW that may define or influence 
contaminant migration pathways. To accomplish this, physical and chemical properties of the 
subsurface soils were evaluated. Borehole locations were selected based on unresolved technical issues 
and related data needs identified from the data quality objectives process (Figure 3-53 and 3-54). 
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Methods 
The subsurface soil sampling program was an integral part of the groundwater monitoring well 
installation program. It was addressed separately from the surface soils program because of the 
difference in objectives and the specificity of methods and equipment. Boreholes for subsurface soil 
sampling were used for installing monitoring wells. Perched water in the till was monitored by 
installing 1000-series wells. The 2000-series wells were used to monitor the upper portion of the 
Great Miami Aquifer, 3OOO-series wells to monitor the lower portions of the Great Miami Aquifer, and 
4000-series wells to monitor the lower portions of the Great Miami Aquifer near the bedrock. In 
addition, slant brings were conducted to investigate the soils underlying Silos 1 and 2 for possible 
leakage. 
During the monitoring well drilling program, standard penetration tests were conducted and subsurface 
soil samples were collected using an 18-inch drive, split-spoon sampler in accordance with ASTM 
Method D1586-84. The soils were sampled continuously in the glacial overburden; thereafter, samples 
were taken at five-foot intervals to the total depth of the borehole. The Unified Soils Classification 
(USC) system was used in logging the soils. Immediately upon opening each split spoon, the samples 
were screened for volatile organics using an organic vapor analyzer or an HNu photoionization 
detector. If volatiles were detected, a sample of the soil core was to be submitted for full HSL 
analysis. This same approach was applied for soils exhibiting unusual odors or evidence of visual 
contamination. The field screening pmedure for radionuclides used 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 analysis. 

. 

0 
Subsurface soil samples were collected from all locations where new wells were installed. The 
laboratory analysis program associated with these samples consisted of four elements: a radiological 
analysis, a geochemical analysis, geotechnicaVengineering properties testing, and an organic/iiorganic 
analysis. All samples were archived for additional testing, as deemed appropriate based on the initial 
testing results. Samples were selected for radiological analysis based on the results of field screening. 
At least one sample per horizon (till, upper portion of upper sand and gravel, lower portion of upper 
sand and gravel, and lower portion of sand and gravel) per location underwent radiological analysis. 

The sample selected for laboratory analysis was that which exhibited the highest relative reading above 
the screening for the given location and horizon. 
All samples sent to the laboratory were tested for a set of radionuclides historically used, stored, or 
produced at the FEMP including: 

Gamma spectral analysis Thorium-228, -230, -232 
Totaluranium Uranium-234, -235, -236, -238 
Cesium-137 Strontium-90 
Ruthenium-106 Neptunium-237 
Radium-226, -228 Plutonium-238. -239, -240 
Technetium-99 Thorium-228 
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Geochemical analyses were performed on selected samples based on differences in visual properties 
(Le., color, texture) with spatial distribution being a second criterion. The soil properties selected as 
indicators of contaminant migration and attenuation were total cation exchange capacity, total organic 
carbon, and grain size. 

In addition to the common indicator parameters listed above, leachable iron and manganese can also 
be used to assist in determining contaminant migration and attenuation. Iron and manganese occur as 
oxide coatings on soils and sediments in areas where conditions are reducing. They have very high 
adsorption capacities and very high affinities for heavy metals. They axe sensitive to changes in 
oxidation potential @E) and pH within certain ranges, and are thus leachable. Their presence as 
determined by leach tests can be quantified and used to assist in the determination of contaminant 
attenuation. Since the degree of variability was expected to decrease as one proceeded downward 
through the soil horizons, most of the samples for geochemical analysis were taken from the glacial 
overburden, with the remainder being collected from the Great Miami Aquifer. 

Engineering properties tested included: 

Vertical Permeability 
Unconfined Compression (ASTM D2166) 

Modified Proctor Compaction Test (ASTM D1557) 

Triaxial Shear Test (consolidated isotropically undrained, with pore pressure - ASTM 
D2850) 
Vertical Consolidation (dial readingtime technique - ASTM D2166). 

Geotechnical (engineering) properties testing was performed on undisturbed soil (Shelby Tube) 
samples. An exception was the Modified Proctor compaction testing, which used larger volumes of 
soil using a backhoe or similar equipment. 

. 

A sample was subjected to a full HSL analysis if the sample had unusual odor or visual evidence of 
organic or inorganic contamination or if a relatively high reading occurred during the field screening 
for voIatile organics. Any samples meeting either of these criteria (with a minimum of two samples 
per borehole where either one or both criteria were met) were subjected to a full HSL analysis for 
volatile organics, semivolatile organics, and inorganic metals. 

3.1.7 Ecology 
A number of investigations have been conducted to support site-specific ecological assessments at the 
FEMP. In addition, several general studies of flora and fauna in Paddys Run and the Great Miami 
River are relevant to the ecology of the FEW. Overall, the ecological studies fall into three 
categories: 1) characterizations of habitats and species compositions, 2) analyses of organisms for 
uptake of FEMP contaminants, and 3) tests for toxicity of FEMP effluent, soils, and sediments. 
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This section describes the sampling programs and methods of the ecological studies summarized in 
Sections 2.0,4.0, and Part 11, Section 6.0 (Ecological Assessment). Detailed descriptions of sampling 
programs and methods of the RVFS-specific ecological studies are also provided in Appendices B and 
D through H. 

a 
3.1.7.1 Ecological Characterization Studies 
"Biological and Ecological Characterization of the Feed Materials Production Center," Facemire et al. 

Obiectives and Context 
This study was conducted by investigators from Miami University in 1986-1987 under contract to 
WEMCO. The objectives of the study were as follows: 

I19901 

Plan and lay out permanent transects to be used in gathering biological and ecological data 
Identify aquatic and terrestrial life forms within the environs of the FEMP 
Prepare a catalog documenting the location and associated habitat of all species found 
Determine species distributions and abundance 
Determine the possibility of stress-induced differences between on-property and 
off-property plant and animal populations using electrophoretic techniques 
Interpret the results of the study 

0 This study is the primary source of habitat descriptions and data on potential ecological receptors at 
the FEMP, as summarized in Section 2.0. A FEMP species list based on the study appears in 
Appendix A. The portions of the study addressing potential stress effects of the FEMP on ecological 
receptors are discussed in Part 11, Section 6.0. 

Methods 
Facemire et al. (1990) established permanent transects in six major terrestrial habitats within FEMP 
boundaries, excluding the production area: riparian, deciduous woodlots, pine plantations, the 
"reclaimed flyash pile," which overlaps the South Field and part of the inactive flyash pile, and grazed 
and ungrazed pastures (Figure 3-55). They also established eight on-property sampling stations along 
Paddys Run (Figure 3-56) 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. 

In addition, Facemire et al. (1990) sampled a number of flora and fauna species for genetic analysis 
using starch gel electrophoresis of protein extracts (Table 3-26). Facemire et al. (1990) also examined 
reproductive success in American robins (Turdus mimatorim) and mouming doves (Zenaida 
macroura), recorded as clutch size, several morphological measurements of fledglings, and fledghng 
survival. Details of methods and loci examined in genetic studies are provided in the report. 
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TABLE 3-26 4 3 4 0  
PLANT AND ANIMAL SPECIES SAMPLED FOR GENETIC ANALYSIS" 

Common Name Latin Name 

Plants 
Common Dandelion 
Milkweed 

AmDhibianS 

spring peeper 
American toad 

Fish - 
Blacknose dace 
Bluntnose minnow 
Stoneroller minnow 
Silverjaw minnow 
Spotfin shiner 
Rosefin shiner 
White sucker 
Johnny darter 
Orangethroat darter 
Fantail darter 

Benthic macroinvertebrates 

Mayfly 
Midge 
Isopod 

Mammals 
Eastern cottontail 

Insects 
Grasshopper 
Grasshopper 

Taraxacum officinale 
AscleDias svrica 

Hvla crucifer 
Bufo americanus - 

Rhinichthvs atratulus 
PimeDhales notatus 
CamDostoma anomalum 
Ericvmba buccata 
Notro~us S D ~ ~ O D ~ ~ I U S  

NotroDis ardens 
Catostomus commersoni 
Etheostoma nimum 
Etheostoma swtabile 
Etheostoma flabellare 

Stenonema feoraturn 
Chironomus tentans 
Lirceus fontinalis 

Svlvilams floridanus 

Melanoplus femorubm 
~noceDhalus Strictus 

~~ 

"Facemire et al. (1990) 
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"Characterization of the Tree Frog Null Allele." Guttman (1990. 19911 
These two studies were conducted by investigators from Miami University under contract to WEMCO. 
The studies were designed as followup investigations of a portion of the Facemire et al. (1990) 
characterization study. Using electrophoretic techniques, Facemire discovered a null allele for the 
enzyme glucose phosphate isomerase (GPI) in a population of tree frogs @vla crucifer) at the FEW. 
The objectives of the Guman studies were to examine the geographic distribution of the GPI null 
with &spect to the FEW and to determine if the allele is lethal in homozygous condition. The 1990 
study examined tree frogs collected from a number of additional off-property locations. The 1991 
study, currently undergoing technical review, continued this activity and included genetic crossing 
experiments designed to determine the lethality of the null allele in homozygous condition. Details of 
methods are provided in the reports. Results are discussed in Part II, Section 6.0, Ecological 
Assessment. 

Remrts on SDecies commsition of fish in the Great Miami River, Miller et al. (1987, 1988, 1989, 

These studies are conducted annually by University of Cincinnati researchers under contract to 
WEMCO. The objectives are to characterize fish populations in the Great Miami River above and 
below FEMP influence and to provide fish for radionuclide analysis to WEMCO. Results of these 
analyses are reported in annual environmental monitoring reports, discussed below. The fish species 
composition data is referenced in Section 2.0 and is summarized in Appendix A. 

"ReDroduction and Growth in American Robins at the Feed Materials Production Center," Osbome 
J1990, 1991) 
These two studies were conducted in May through July 1990 by investigators from Miami University, 
as followup studies to Facemire et al., who reported that four of five measured growth parameters in 
American robin fledglings (Turdus mimatorius) were lower in on-property populations than in off- 
property populations. The objectives of the Osbome studies were to confirm these observations and to 
test the hypothesis that the observed differences could be explained by food chain uptake via 
earthworms of radionuclides or hazardous chemicals from FEW soils. Robin populations were 
examined on-property and at several off-property locations, recording the same variables as in the 
previous study. Details of methods are provided in the reports. These studies were not yet complete 
on December 1, 1991, the cutoff date for SWCR data, but results available at that time are discussed 
in Part 11. Section 6.0. 

1990) 

0 

"Radionuclide Contamination as an Influence on the Morpholom and Genetic Structure of Periodical 
Cicada (Manicicada Cassini) Pomlations." (Reding and GuUman 1991) 
This study was part of the original Facemire et al. (1990) study but was reported separately. Its 
objective was to determine if population genetic differences, as determined by electrophoretic 
techniques, existed between on- and off-property populations of emerging periodical cicadas 

' 
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Magicicada Cassini). Periodical cicadas were collected in May 1987 from the FEW and from four 
Lff-property reference areas and analyzed for morphological charactem and proteins as in the original 
study. Details of methods and loci examined are provided in the report. 

Delineation of Jurisdictional Wetlands at the FEW 
Obiectives and Context 
This study was conducted in support of the RVFS. Section 121 of CERCLA requires that remedial 
actions at hazardous waste sites meet the substantive, but not the administrative or permitting 
requirements of other federal and state environmental laws, including the CWA. Section 404 of the 
CWA prohibits discharge of dredge or fill material into any watem of the United States, including 
wetlands, without a permit from the U.S. Army Corp of Engineers. Additionally, Executive Order 
(E.O.) 11990, Protection of Wetlands, requires federal agencies to 

avoid to the extent possible the long and short term adverse impacts associated with 
the destruction or modification of wetlands and to avoid direct or indirect support of 
new construction in wetlands wherever there is a practicable alternative ... 

Where no practicable alternative exists, proposed actions must include "all practicable measures to 
minimize ham to wetlands which may result from such use." 10CFR1022 also q u i r e s  DOE to 
formally assess impacts of any actions which may affect wetlands or floodplains. In order for 
remedial activities at the FEW to meet the substantive requirements of these regulations, 
jurisdictional wetlands at the FEW were delineated following methodology in the "Federal Manual 
for Identifying and Delineating Jurisdictional Wetlands" (FICWD 1989). 

Methods 
Details of methods are provided in Appendix B. The following is a brief summary. Jurisdictional 
weff ands are identified by the presence of hydric soils, hydrophytic vegetation, and wetlands hydrology 
(FICWD 1989). Hydric soils have the seasonal high water table within six inches of the surface for at 
least one week during the growing season, and typically become depleted of oxygen as a result. 
Hydrophytic plants can grow in water or in soils at least periodically depleted of oxygen due to water 
saturation, and may be restricted to wetlands (obligate) or able to grow in both wetlands and uplands 
(facultative). Wetland hydrology is defined as permanent or periodic inundation or soil saturation for 
a week or more during the growing season. All three criteria must be met for an area to be classified 
as a jurisdictional wetland. 

Wetlands within FEW boundaries were identified using the "off-site" method described in FICWD 
(1989). supplemented by a limited field reconnaissance. For this study, "off-site" was defined as "in 
the laboratory", rather than "in the field", distinct from the CERCLA definition. The off-site method 
is based on a review of USGS topographical information, National Wetland Inventory maps (if they 
exist), soil surveys, aerial photographs, and site-specific vegetation, soils, and hydrological e 
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information. This provides an approximation of wetland boundaries based on available information. 
and was appropriate for the FEMP due to its large size and the availability of site-specific vegetation 
and soils information. A National Wetland Inventory map has not been completed for the FEW. 

FEMP topography was reviewed using the USGS 7.5 minute series, Shandon, Ohio, quadrangle. In 
addition, the slope classifications in the soil surveys for Butler and Hamilton counties (USDA 1980, 
1982) were reviewed. Additional topographic information was obtained from existing reports. Based 
on the soil survey review, areas within FEW boundaries mapped as somewhat poorly drained to very 
poorly drained soils were identified. These potentially hydric soils along with a hydric Ragsdale unit 
north of the production area (Figure 2-13) were noted on a base map as areas to be field checked. 

Site-specific vegetation data were collected at the FEMP during the characterization study of Facemire 
et al. (1990). Data were collected along eleven 600 m transects distributed among six habitat types 
(riparian, deciduous woodlots. pine plantations, reclaimed flyash pile, and grazed and ungrazed 
pastures). Details of the methods used by Facemire et al. (1990) are provided in that report. Although 
these data were not collected for the purpose of making wetland determination, they did provide 
information useful for wetlands identification. The data were used in two ways: to determine the 
dominant plant species or taxa for each transect, and to identify any additional nondominant obligate 
wetland plant species recorded on property. The wetland indicator status was then recorded for each 
dominant species for each transect using the "National List of Plant Species that Occur in Wetlands: 
National Summary" (Reed 1988). This list is described by the FICWD (1989) as follows: 

The list separates vascular plants into four basic groups, commonly called "wetland 
indicator status," based on a plant species' frequency of occurrence in wetlands: (1) 
obligate wetland dants (OBL) that occur almost always (estimated probability >99%) 
in wetlands under natural conditions; (2) facultative wetland dants (FACW) that 
usually occur in wetlands (estimated probability 67-99%). but occasionally are found 
in non-wetlands; (3) facultative dants (FAC) that are equally likely to occur in 
wetlands or non-wetlands (estimated probability 34-66%); and (4) facultative udand 
plants (FACU) that usually occur in non-wetlands (estimated probability 67-99%). but 
occasionally are found in wetlands (estimated probability 1-338). If a species occurs 
almost always (estimated probability >99%) in non-wetlands under natural conditions, 
it is considered an obligate uuland dant (UPL). 

A hydrophytic vegetation determination for each transect was made by calculating the percentage of 
dominant species (from all layers combined) with an indicator status of FAC or wetter. A 
determination of hydrophytic was made for those transects in which the proportion of dominant 
species FAC or wetter exceeded 50 percent; a determination of non-hydrophytic was made for those 
transects in which the proportion of dominant species FAC or wetter was 50 percent or less (FICWD 
1989). In addition, the indicator status was determined for each nondominant species, and obligate 
wetland species were noted. e 
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A set of eight aerial photographs interpreted by U.S. EPA's Environmental Photographic Interpretation 
Center (Sitton 1988) was evaluated for signs of wetlands such as hydrophytic vegetation, flooded 
pasture, and stressed crops, an indicator of soil saturation. Locations and directions of flow of water 
bodies and water courses, as well as changes in water courses, ditches, and ponds during the period 
covered by the photopphs were noted. These photographs date back to 1950, though special 
attention was paid to the most recent photograph, April 1988. The photographs assisted in verifying 
the approximate wetland boundary by identifying potential wetland areas and identifying areas to be 
field checked. 

0 

A limited field r eco~a i s san~e  was conducted in April 1990 to confirm the presence of wetlands and 
to determine approximate wetland boundaries, based on the three wetlands criteria previously described 
and in FICWD (1989). This investigation focussed on those areas where soils, vegetation, and/or 
hydrological data (derived from the topographical maps and aerial photographs) indicated a potential 
for the presence of wetlands. The specific areas investigated were a hydric soil area in the deciduous 
woodlots and pine plantation north of the former production area, the riparian areas along Paddys Run, 
and the Inactive Flyash Pile. Areas with somewhat poorly drained soils were also examined. 
Dominant plants in each area investigated were estimated visually, and a hydrophytic vegetation 
determination was made where the proportion of dominants FAC or wetter exceeded 50 percent. Soil 
borings were taken by hand auger and the profiles were reviewed using a Munsell chart to determine 
the colors of matrix and mottles. A hydric soil determination was made on the basis of soil colors and 
other field indicators. A wetland hydrology determination was made based on field indicators such as 
surface scouring and drift lines. If all three criteria were satisfied, the area was mapped as wetland on 
the most recent aerial photograph available (April 1988). which was also used for orientation and as a 
base map during the field investigation. UplanWwetland boundaries were determined on the basis of 
changes in the vegetation, soils, or hydrologic indicators, and their approximate locations were 
sketched onto the aerial photograph in the field. This information was then transferred to a CAD base 
map of the FEMP (Figure 2-17). Approximate acreages of FEMP wetlands were estimated from the 
CAD map. 

Benthic Macroinvertebrate Surveys of the Great Miami River and Paddvs Run 
Obiectives and Context 
The objective of this study, which was conducted in support of the RI/FS, was to characterize the 
macroinvertebrate communities of Paddys Run and the Great Miami River upstream of, adjacent to, 
and downstream of FEMP influence. This infomation could be used in turn to examine baseline 
effects of the FEMP on aquatic communities and to assist in evaluating potential effects of remedial 
actions which may alter water quality in the two streams. This study is summarized in Section 4.1.7 
and is provided in full as Appendix D. 
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Methods 
Benthic machinvertebrate surveys were conducted five times on the Great Miami River and four times 
on Paddys Run between October 1988 and August 1990 (Table 3-27). Sampling locations on each 
stream were chosen upsveam from, adjacent to, and downstream from FEMP influence (Figure 3-57). 
On the Great Miami River, this was deiined as above and below the FEMP effluent discharge at RM 
24.1. 

TABLE 3-27 
DATES OF RVFS MACROINVERTEBRATE SAMPLING 

Sampling Period Sampler Deployment Sampler Retrieval 

1' 

2 

3 

4 

5 

October 27-28, 1988 

May 9-10. 1989 

November 7-9, 1989 

March 28-29, 1989 

December 1-2, 1988 

June 12-15, 1989 

December 11-13, 1989 

May 1-2, 1990 

June 26-27, 1990 August 1-2, 1990 

a Great Miami River only 

Macroinvertebrates were sampled from both the Great Miami River and Paddys Run with Hester- 
Dendy artificial substrate samplers. Artificial substrates, which are placed in the field for colonization, 
permit quantitative comparison of community composition at different locations without the potential 
confounding effects of varying s u b s m  composition. Hester-Dendy samplers consist of a stack of 
wooden squares assembled on an eyebolt with plastic spacers separating the squares. Clusters of 
samplers were fastened to concrete block anchors with a floating plastic jug to mark the location. 
Samplers were placed in the field for four to six weeks (Table 3-27), retrieved, and returned to the 
laboratory, where all organisms were removed, preserved, counted, and identified. Calculation of the 
Ohio EPA Invertebrate Community Index (ICI), described below, depends on data collected using this 
technique. 

Macroinvertebrates were also sampled from natural substrates using either an Emery pipe dredge 
(Great Miami River) or a Surber sampler (Paddys Run). The Emery pipe dredge consists of a 45 cm 
(18 inches) long, 15 cm (6 inches) diameter steel pipe which is open on one end. A pivoting steel 
bridle on the open end allows a towing line to be attached. This device, which provides a qualitative 
sample, is effective in coarse gravel and rocky areas and can be used in the strong currents which 
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occur on the Great Miami River. The dredge was towed behind a boat at a slow speed for 
approximately 200 feet at each sampling station. The Surber sampler consists of a 0.595 mm mesh 
bag approximately 70 cm (27 inches) long, held open by a one square foot metal frame hinged at one 
side to another one square foot frame (quadrat). Surber samples were collected following ASTM 
standard practice 1973. as follows: 

The sampler is brought down quickly on the substrate to reduce the loss of 
rapidly moving organisms 

The sampler is positioned securely with the net pointing downstream 

. Gaps between the substrate and the sampler frame are eliminated by shifting 
rocks and gravel along the outside edge of the sampler 

All mks and large stones within the square foot quadrat are carefully rubbed 
with the hands to dislodge clinging or attached organisms. The rocks and 
stones are examined visually to ensure that organism removal is complete 

The remaining sediment is agitated with the hands to a depth of two to four 
inches (depending upon sediment composition) to dislodge epibenthic and 
burrowing organisms 

. The quadrat is visually examined and any remaining organisms are placed in 
the mesh bag 

ASTM recommendations are that current velocity be 0.5 meter per second or greater, and that water 
depth not exceed one foot for this type of sampler (ASTM 1973). Five replicate Surber samples were 
collected from each station on Paddys Run upon retrieval of the Hester-Dendy samples. All organisms 
were carefully removed from the Surber bag with forceps, placed in 10 percent buffered formalin, and 
transported to the laboratory for microscopic examination and identification. Because stations PR-6 
and PR-8 have no pool areas with depth adequate for artificial substrate deployment, Surber samples 
were collected only once at PR-6 and twice at PR-8. 

Five Emery dredge samples were collected from each station on the Great Miami River upon retrieval 
of the Hester-Dendy samples, at five points along transects at each station. The sampling points (SPs) 
were located as follows (left to right, facing downstream): 

SP3-midstream 

SPl - adjacent to the left bank 
Sp2 - one half the distance between SPl and midstream 

SP4 - one half the distance between SP5 and midstream 
SP5 - adjacent to the right bank 
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The samples were placed into one gallon polypropylene sampling jars and were preserved with 10 
percent formalin. In the laboratory, all samples were screened using a number 35 U.S. Standard 
testing sieve (500 p openings). The number 35 sieve retains all organisms large enough to allow 
accurate identification. The resulting material was sorted and the organisms preserved in 70 percent 
ethyl alcohol. 

0 

During the October - December 1988 sampling, samples well: collected from the Gneat Miami River 
by divers using SCUBA. The samples were collected with stainless steel trowels and placed directly 
into one gallon polypropylene jars. The sample collection points and handling methods were identical 
to those for the Emery pipe dredge samples described above. 

Organisms were identified to genus where possible and to family where genus determination was not 
possible. Identification of organisms was made using the keys developed by Mason (1973), Memtt 
and Cummins (1984). Panis (1975) and Pennak (1978). Final identification was made using Pennak 
(1978). Current taxonomic classification of macroinvertebrates was made using the taxonomy of 
Peckarsky et al. (1990) and Pennak (1978). A reference collection of identified genera was developed 
and updated with the ongoing sampling. Identified genera were numbered and a representative 
individual used for the reference collection. 

Community compositions of different locations were compared using the ICI, organism density, 
diversity and evenness. The ICI, developed by OEPA (1988b. 1989a) is based on ten metrics of the 
macroinvertebrate community (Table 3-28). Metrics 1-9 were calculated from Hester Dendy data and 
Metric 10 was calculated from either the Surber samplers or dredge data. Further details on IC1 

a calculation are provided in Appendix D and in OEPA (1988b. 1989a). Density was calculated as the 
number of organisms per square meter from the Hester Dendy and Surber sampler data. Density 
cannot be calculated for the qualitative samples provided by the Emery dredge. Diversity (H) was 
calculated as: 

k 
n log n - X  f i  log f i  

H =  i= I 
n 

where 
k = numberofspecies 
n = totalnumberoforganisms 
fi = number of organisms of species i 

(The logarithmic base e was used in the calculations) 

The maximum possible diversity for a set of data consisting of k categories was calculated as follows: 

H,, = log k. . (2) 
0 
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TABLE 3-28 
MACROINVERTEBRATE COMMUNITY METRICS AND CORRESPONDING SCORES 

FOR CALCULATING THE INVERTEBRATE COMMUNITY INDEX' 

Metric 0 2 4 6 

1. Total number of taxa 

2. Total number of mayfly taxa 

3. Total number of caddisfly taxa 

4. Total number of dipteran taxa 

5. Percent mayfly composition 0 >os10 >lo@ >25 

6. Percent caddisfly composition 

7. Percent tribe Tanytarsini midge composition 0 >0 ,~10  >10,cJ5 >25 

8. Percent other dipteran and non-insect composition 

Varies with drainage area 

Varies with drainage area 

Varies with drainage area 

Varies with drainage area 

Vanes with drainage area 

Vanes with drainage area 

9. Percent tolerant organisms 
(as defined by OEPA (1988b)) 

10. Total number of qualitative Ephemeropted 
Diptera/rrichoptera (EFT) taxa 

Vanes with drainage area 

Vanes with drainage area 

' A detailed description of Invertebrate Community Index metrics is provided in Appendix D, 
Attachment D- 1. 

SOURCE: OEPA (1988b) 
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Because the diversity calculation depends on independent properties of a community, the interpretation 
of diversity data can be ambiguous. A community with few species that are evenly distributed may 
have a calculated diversity similar to a community with many species and uneven abundance. In order 
to correctly interpret diversity values it is essential to also calculate evenness. Evenness (4 was 
calculated according to Pielou (1966) as the ratio of the calculated diversity to the maximum diversity 
for a community of k species, as follows: 

J =  H 
Hm, 

(3) 

Species were also classified by tolerance index following the procedures of Weber (1973). 

Water quality data were also collected coincident with macroinvertebrate sample collection at each 
location, both when artificial substrates were deployed and when they were retrieved. The variables 
measured were dissolved oxygen, temperature, pH, conductivity, oxidation reduction potential, current 
velocity, and Secchi depth (a measure of tufiidity). These data, as well as the macroinvertebrate data, 
are summarized in Section 4.0 and provided in full in Appendix D. 

Surveys for Threatened and Endangered Species at the FEMP 
Obiectives and Context 
This study was conducted in support of the RWS. The ESA of 1973, Section 7(a)(2), requires federal 0 
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' Further, EPA guidance on ecological investigations at CERCLA 
sites (EPA 1988, 1989) emphasizes identification of the threatened and endangered species resident on 
the site, including delineation of any critical habitat essential to the survival of these organisms. In 
order for remedial activities at the FEW to meet the requirements of ESA, CERCLA, and associated 
EPA guidance, it was therefore necessary to determine whether threatened or endangered species were 
present at the FEMP, and to identify any critical habitat. 

. 

Preliminary discussions with officials of FWS and ODNR (Appendix G) identified one federally-listed 
endangered species, the Indiana bat (Mvotis sodalis), and one state-listed endangered species, the cave 
salamander (Eurvcea lucifuga), whose ranges overlap the area of the FEW. The Indiana bat was 
listed as an endangered species under the authority of the ESA (5OCFR17 Rev. 8/77), and the cave 
salamander was listed as a state endangered species under authority of the ODNR @OW Order 
1501:31-23-01). Detailed surveys were performed to determine whether these species or associated 
critical habitats were present at or in the vicinity of the FEMP. These studies are summarized in 
Section 2.0 and provided in full as Appendix G. 

, 
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Methods 
A survey was conducted to evaluate potential Indiana bat habitat'and attempts to capture bats were 0 
made during June to August 1988. The area covered by the survey consisted of the riparian habitats 
and floodplains of the Great Miami River and Paddys Run (Figure 2-20). Surveys were conducted 
along the Great Miami River beginning at the 1-275 bridge, 0.5 RM south-southeast of the bridge at 
Miamitown, and extending to the Bolton Water Works, 1.7 RM northeast of U.S. Route 27. Paddys 
Run was surveyed from the point where it cmsses State Route 126 to its confluence with the Great 
Miami River. The study area covered a total of 13.9 miles of the Great Miami River and 4.7 miles of 
Paddys Run. 

Habitats along the Great Miami River were surveyed visually from mads and from a boat. Paddys 
Run was surveyed on foot. Habitat was classified by its potential for use by Indiana bats as follows: 

. 

Excellent - Mature woodland with dead trees, extending more than thirty yards beyond 
the stream edge on one or both banks 
Good - Mature woodland on one or both banks but not extending far beyond the 
stream edge 
Fair - Immature woodland on one or both banks 
Poor - No woodland habitat on one or both banks 

The percentage of total habitat in each category was estimated by dividing the river miles in the 
category by the total surveyed river miles. Following identification of habitats with a high potential 
for supporting Indiana bats, owners of the adjacent land were approached and permission was obtained 
to study these areas more intensively by monitoring echolocation sounds and attempting to capture 
bats. 

0 

Bats were captured using mist nets at eight sites (Figure 2-20), located over small streams and other 
flyways, on 13 nights between June 24, 1988 and August 10, 1988. The nets were positioned under 
overhanging vegetation and suspended by mpes from trees or stretched on poles to completely enclose 
the open space. Garden net was used in some cases to help seal openings mund  the mist nets. At 
times this positioning was not possible, and mist nets were raised with considerable open space mund 
them. Nets were tended from dusk until after midnight. Captured bats were identified to species, age, 
sex, and reproductive condition, temporarily marked for individual recognition, and released at the site 
of capture. 

Bat activity was also monitored with echolocation detection equipment, which converts ultrasonic 
sounds produced by bats to the human hearing range and allows identification of bats to genus. 
Echolocation detection equipment was used at five net sites over eight nights, as well as at five 
additional sites over five nights where netting was impractical duem the density of the vegetation. 
Sites where only echolocation detection equipment was used to census bats were assigned consecutive 
capital letters in the order in which they were used. Bat activity was recorded in terms of bat passes. 
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Each pass consisted of a series of echolocation pulses separated from other series by more than two 
seconds. 

A survey was performed during May to August, 1988 to locate potential cave salamander habitat and 
look for individuals at the FEW and in the vicinity. The study a m  extended from the Great Miami 
River north to New London Road in Butler County (Figure 2-21). The northeastern border of the 
study area was formed by Layhigh Road, and the western border was formed by Paddys Run Road. 
ODNR (1986) provided a list of known locations of salamanders in Hamilton County. Additionally, 
local investigators were contacted to detennine where populations of cave salamanders may exist 
within or near the study area. Local museums and published accounts were consulted for prior 
documentation of local populations and museum-accessioned specimens. 

An initial field reconnaissance was conducted to establish familiarity with the study area and to 
identify potential habitat for a detailed survey. The initial reconnaissance was conducted by driving 
roads within the study area and talking with local residents to identify areas for further study. The 
areas that appeared to have potential as cave salamander habitat were surveyed on foot, with a 
thorough investigation for individuals, larvae, eggs, or other signs. Permission was obtained to survey 
in detail the Ross Trails Girl Scout Camp, located in the northeastern portion of the study area, and 
Camp Fort Scott, located in the southeastern portion of the study area near the Great Miami River. 
Privately owned lands were surveyed following landowner approval. Surveys were also conducted 
along Paddys Run and in the deciduous woodland in the northern part of the FEW. 

"Macroinvertebrate Surveys of the Great Miami River." OEPA (1982, 1989) 
These studies, conducted by OEPA as part of a regular program to assess water quality in the Great 
Miami River, contain data useful for assessing potential effects of the FEW on the Great Miami 
River, including macroinvertebrate species composition data comparable to that collected for the RI/FS 
and described in Appendix D. One river segment assessed by OEPA, RM 25.6 to 15, lies adjacent to 
the FEW. Relevant observations from OEPA (1982, 1989) are summarized in Sections 2.0.4.0, and 
Part 11, Section 6.0. 

A ComDilation of U.S. Geological Survey Water-Quality Data Collected from the Great Miami River 
Ganing Station at New Baltimore, Ohio for the Years 1985 - 1990 
This continuing program, discussed in Section 3.1.3.4, also included collection and identification of 
phytoplankton in the Great Miami River from 1974 to 1982. This is the only identified source of data 
on the phytoplankton composition of surface waters adjacent to the FEW. A list of the genera 
identified is provided in Appendix A. 
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3.1.7.2 Contaminant UDtake Studies 

Obiectives and Context 
The FEMP environmental monitoring program is described in Section 3.1.1.1. WEMCO and its 
predecessor NLO have collected biota samples for uranium analysis since 1984 (NLO 1985b). The 
objective of this sampling is to examine the extent of uptake of FEMPderived uranium by plants and 
animals and the potential consequent effects on human health and the environment. 

Annual Environmental Monitorinn Reuorts 

Methods 
The general categories sampled are grass, fish, farm and garden produce, and milk from cows grazing 
on or near the FEMP. Samples of grass have been collected for uranium and fluoride analysis since 
1984. Under the current sampling program, grass samples are collected from 30 locations on or in the 
vicinity of the FEW, with several locations more distant (Figure 3-36, Tables 3-29A and 3-29B). 
The locations are the same as those used for soil sampling. Grass samples are composites of three 
samples clipped near the ground and airdried at the laboratory before analysis. Sample locations and 
numbers before 1988 varied from year to year, with only four 1987 locations corresponding to those 
used later. 

Details of earlier sample locations are provided in the corresponding reports (WMCO 1986, 1987, 
1988; NLO 1985b). Data summaries provided in Section 4.0 include data from a l l  years in which 
sampling took place. 

0 
Farm and garden produce from a number of locations in the FEW vicinity has been sampled for 
uranium since 1984 . Specific sampling locations and numbers vary from year to year and a~ shown 
in the various reports. Milk has also been sampled adjacent to the FEW and from several reference 
locations. Samples are analyzed monthly for total uranium and one to two times a year for isotopic 
uranium, thorium, radium, strontium-90, and technetium-99. Sampling and analytical methods are not 
stated. A general summary of these data is provided in Section 4.0. 

Fish have been collected from three stations on the Great Miami River for umnium analysis since 1984 
(Figure 3-58). In 1989. the station farthest upstream was changed from RM 27 to RM 28, and in 
1990, two stations were added at RM 1.2 and RM 0.0, the confluence with lhe Ohio River. Fish are 
conected using a boat-mounted electmshocker, identified to species, and returned to the laboratory for 
analysis. Details of collection methods are provided in the reports of Miller et al. (1987, 1988, 1989), 
cited above. The resulting species lists and counts are used as an additional tool to assess river water 
quality. 

3-157 ' 357 



4340 
FEMP-SWCR-6 FINAL 

March 1993 

TABLE 3-29A 
VEGETATION SAMPLING LOCATIONS - WEMCO 1987-1990 

Location" 1987b 1988 1989 1990 

1 
2 
3 
4 
5 
6 ,  
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

12 

4 

17 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

17 
18 
19 
20 
21 
22 
23 
24 
25 

28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

17 
18 
19 
20 
21 
22 
23 
24 
25 

28 
29 
30 
31 

33 
34 

' See Figure 3-30. 
Matches 1988 locations. Complete l ist  is provided in Table 3-27B. 
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TABLE 3-29B 
VEGETATION SAMPLING LOCATIONS-WEMCO 1985-1987 

1985 1986 1987 
- 1 1 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

13 
14 
15 
16 
17 
18 
19 
20 

- 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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FEMP Remedial InvestigationJFeasibilitv Study 

This study is described in Section 3.1.1.3. Under the RVFS, a variety of biological samples was 
collected from the FEW and off-property reference areas to determine the level of potential 
WntamlMn t uptake by plants and animals. The objectives of this sampling were: 

. ObiectivesandContext 

To determine if any radiological or hazardous substance release to the FEMP environs has 
resulted in significant uptake, assimilation, and transfer through ecological habitats, 
including surface water, sediments and adjacent wetlands 

To determine if any radiological or hazardous substance release to the FEW environs has 
resulted in uptake and assimilation in agricultural products and crops 

The data are summarized in Section 4.0 and provided in detail in Appendix H. 

Methods 
Sampling for this program was conducted primarily in 1987 and was completed in 1988. On- and off- 
propeny samples included garden produce, agricultural crops, grasses, forbs (broad-leaved plants), 
wetland plants, shrubs, pine needles, mosses, and algae. Produce and crops were collected from the 
sites indicated in Figure 3-59 and from reference sites located upwind from the FEMP in Brookville, 
IN. The coordinates of the Indiana sites are stated in Figure 3-59. Sample locations for general flora 
Figure 3-60) were selected using the Ohio state Plane coodinate system ( 1 m f o o t  centers). 
Sampling was also conducted in habitats such as wetlands, where contaminants can become 
concentrated. Other sites were chosen because of their location relative to depositional patterns from 
FEW stack emissions. that is, to the north and east of the FEW (downwind), and to the south and 
west (upwind). 

0 

For general flora, at each sample location, a 0.5 x 0.5 m (0.25m2) quadrat was placed over vegetation 
at the 1000-foot grid stake, surveyed for sampling purposes. At the same site, a soil sample was 
collected from a point diagonally opposite the vegetation sampling point, always within 0.5 m of the 
vegetation sample. Collection procedures were as follows: 

Shears, trowels, and shovels were pre-washed at the decontamination facility using 
biodegradable soap, rinsed thoroughly with deionized water, and dried using alcohol wipes 
and paper towels. 

Following placement of the 0.5 m x 0.5 m quadrat, a staging area (polyethylene sheet) was 
placed on the ground and sample utensils were laid out, including: 
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- Shears - Polyethylene wash bottles - Markingpen 
- Trowel - Papertowels - Field notebook 
- Aluminum foil - Wash receptacle - Deionizedwater 
- Ziploc bags - Samplelabels - Methyl alcohol 
- Site - Cooler with blue ice - AlcohOlwipeS 

Vegetation samples were coll- by cutting shoots at ground level with the shears, dividing 
the materials into major groups (e.g., grass, forb, shrub, moss, pine needle), and placing the 
material on a sheet of aluminum foil. Samplels wore disposable latex gloves, which were 
changed after use at each site to prevent sample crosscon taminaton while clipping vegetative 
shoots and digging root samples. 

The plant material was wrapped in the aluminum foil sheet and placed in a ziploc bag. 

Sample labels were put on each ziploc bag indicating the sample location, date, time, sample 
type, sample collectors, analytical parameters, and a dedicated sample number. This 
information was also recorded on a sample collection log sheet and in the field notebook. 

This procedure was repeated for mot samples to a depth of approximately 15 cm at each 
sample site. To the extent possible, earth was removed from root samples prior to packaging. 

The samples were stored in a cooler with blue ice while other sites were being sampled. 

Shears, trowels, and shovels were decontaminated by washing with biodegradable soap and 
deionized water, drying with methyl alcohol, alcohol wipes, and paper towels, and were then 
placed in a clean polyethylene bag. 

Used latex gloves, wipes, paper towels, and label backing were placed in a polyethylene trash 
bag for appropriate disposal by WEMCO. 

. Sample bags were sealed with chain-of-custody tape and placed in a locked, dedicated freezer 
to await shipment to the analytical laboratory. 

Chain-of-custody forms and request-for-analysis forms were prepared to accompany samples 
to the analytical laboratory. Samples were shipped by the sample coordinator to the analytical 
laboratory in sealed coolers packed with blue ice. 

Sampling of farm and garden produce was coordinated with sampling conducted by WEMCO 
Environmental Compliance personnel, with assistance from the Public Affairs Department. Under the 
grower's supervision, RI team representatives collected samples of the produce available, e.g., fruits, 
leafy vegetables, grains, and root crops, and a representative soil sample. Sample collection and 
handling followed the procedures listed previously, except that a quadrat-bounded sample area was not 
used. 

Four wetland sites were sampled (Figure 3-60). Site 6A is a drainage ditch on the county line at the 
southeast corner of the northern pine plantation. Both cattail and sedge samples were collected from 
this site. Site 9A, a seep below the waste storage area on the eastern bank of Paddys Run, was 0 
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sampled for vegetation and soil. Site 9B, a pond and wetland occupying the drainage ditch below the 
solid waste landfill and collecting drainage water from the north and northwest of the FEW, provided 
samples of cattail. Site 19A, the drainage ditch near the main parking lot, was also sampled for 
cattails. Two algae samples were collected from Paddys Run in 1988 at sites PR-I and PR-2 
(Figwe 3-61). PR-1 was located at the northern property line of the FEMP, above the zone of 
potential FEMP influence, and PR-2A was located just downstream from the C & 0 Railroad bridge. 

On- and off-property faunal samples included mammals and fish. Sample locations were selected: 
1) m mas where the potential for contamination was high (i.e., near tfie flyash piles, incinerator, and 
waste pits), 2) in a drainage pond below the solid waste landfill, 3) in Paddys Run (on and off 
property), and 4) in the Great Miami River ( u p  and downstream from the FEMP outfall). Samples 
were also taken from road-killed mammals. AU faunal samples were collected under Scientific 
Collecting Permit No. 228 from the ODNR, Division of Wildlife. 

Tissue was sampled from small mammals collected from south of the flyash piles and near Waste Pit 
5 ,  as well as from the pine plantation just north and northeast of the production area (Figure 3-60). 
Small mammal samples included deer mouse, shrew, and cottontail rabbit. Tissue from two opossum 
was also analyzed as well as the kidney and liver of a mad-killed white-tailed deer. Mammals were 
captured using a combination of live and SMP traps. Traps were baited with rolled oats, apple, m t ,  
or peanut butter, as appropriate, and set in likely habitat. Larger mammals constituted individual 
samples, while small mammals were composited for each trap site. Samples were prepared as follows: 

0 
Animals were placed in appropriately labeled ziploc bags and stored in a locked, dedicated 
freezer until shipment to the analytical laboratory. Frozen samples were shipped via 
overnight courier in a cooler packed with blue ice to maintain sample integrity. 

All dissection of mammal tissue was performed in the laboratory to minimize the potential 
for cross-contamination. 

Decontaminated scalpel, forceps, and shears (decontaminated by washing in biodegradable 
soap, rinsing with deionized water, and wiping with an alcohol wipe) were used to excise 
tissues. 

Disposable latex gloves were worn to prevent contamination to workers and cross- 
contamination of samples. Gloves were disposed of after each use. 

Samples of muscle, internal organs (liver, kidney, and gonads), and/or bone were excised and 
placed on aluminum foil. 

Individual samples were wrapped in foil and placed in a ziploc bag with the appropriate 
sample label. 

Each sample was recorded on chain-of-custody and request-for-analysis forms. 
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Fish were collected from four sites each on Paddys Run and the Great Miami River in 1987 (Figure 
3-61). PR-I was located at the northern property line of the FEMP. PR-2 was located where the C h 
0 Railroad crosses Paddys Run. PR-3 was located downstream of PR-2, and PR-4 was just above the 
confluence of Paddys Run and the Great Miami River. The sites on the Great Miami River were 
located near the Bolton water treatment plant upstream from the FEW effluent line (GMR-2); just 
below the discharge point of the FEMP effluent line (GMR-4); at the confluence with Paddys Run 
(GMR-I); and approximately one mile south of 1-75 (GMR-3). Three samples of fish were collected 
and analyzed for radionuclides from a small pond at Site 9B (Figure 3-60). 

A combination of techniques, e.g., backpack shocker, seining, and dip netting was used to capture fish 
species for laboratory analyses. The small pond was sampled using a hand-held seine (1 m x 3 m). 
Two sweeps of the pond were sufficient to obtain specimens necessary for radionuclide analyses. 
Paddys Run consisted of only a few small pools with short riffle mas-at the time of sampling. A 
combination of electrofishing and seining was used to collect representative fish samples from each 
aquatic habitat. Each pool was sampled using a Coffelt Model BP4  backpack shocking unit equipped 
with two five-foot electrode handles. Fish shocked to the surface were captured in a hand-held dip net 
and transferred to a collecting pail. After approximately a half-hour of use at each collection site, the 
backpack shocking technique was replaced by seining to adequately sample smaller fish species in the 
shallower waters. Fish captured were identified, a sufficient number or mass retained for analysis, and 
the remainder returned to the water.. 

The Great Miami River was relatively low at the time of sampling. Therefore, fish collection was 
possible by wading and using both the Coffelt Model BP-4 backpack shocker and seines. Deeper 

' pools were sampled from the shore using a baited hook and line. Sample stations along the Great 
Miami River were approximately 100-150 m long. Electrofishing was used along the length of the 
sample station, followed by seining. Fish captured were identified, a sufficient number or mass 
retained for analysis, and the remainder returned to the water. 

Following collection, fish samples were prepared as follows: 

Holding pails and pans, rubber gloves, and fillet knives were pre-washed at the 
decontamination facility, using biodegradable soap, rinsed thoroughly with deionized water, 
and dried using alcohol wipes and paper towels. 

Samplers wore textured rubber gloves to prevent sample cross-contamination and aid in 
handling fish specimens while sorting, measuring, and weighing the specimens. 

A staging area (polyethylene sheet) w& prepared with the following sample utensils: 
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Field notebook - Scales 
Site maps - Fillet knife 

Marking pens - Ziploc bags 
Measuring board 

Sample labels - Aluminum foil 

- Papextowels 
-. . Deionized water 

- Cooler with blue ice 
- AlcOhOlwi~S 

Fish to be used for analysis were identified, measured, and weighed. 

Smaller fish were composited, larger fish were filleted, and sample tissue was placed on a 
dedicated sheet of aluminum foil. 

Fish tissue was wrapped in aluminum foil and placed in a ziploc bag. 

Sample labels were put on each ziploc bag indicating the sample location, date, time, sample 
type, sample collectors, and a dedicated sample number. 

The above information was recorded on a sample collection log sheet and in the field 
notebook. 

Samples were stored in a cooler packed with blue ice while other sites were being sampled. 

Equipment was decontaminated at the decontamination station by washing with 
biodegradable soap and deionized water, and drying with alcohol Wipes and paper towels. 
All equipment was stored in plastic bags for transport to the next sampling location. 

Used wipes, paper towels, label backing and other refuse were placed in polyethylene trash 
bags for appropriate disposal by WEMCO. 

Following collection of fish samples, the sample bags were sealed with chain-of-custody tape 
and placed in a locked, dedicated freezer to await shipment to the analytical laboratory. At 
this time both chain-ofcustody forms and quest for analysis forms were prepmd to 
accompany samples to the analytical laboratory. 

Benthic macroinvertebrate samples were collected from Paddys Run and the Great Miami River at the 
same time and locations that fish samples were collected (Figure 3-61). A S u h r  sampler, described 
previously. was used to collect benthos samples, with organisms from three collections composited to 
produce the final sample for laboratory analysis. Crayfish caught while seining for smaller fish were 
also sent to the analytical laboratory as benthos samples, although analytical results were derived 
separately for crayfish and composite samples of other macminvertebrates. 

Biological resource samples were analyzed for three basic types of contaminants: radiological, 
organic, and HSL inorganics. Radiological analyses in 1987 included the isotopes of uranium (U-234, 
-235, -236, and -238), strontium-90. and cesium-137. In 1988, 15 samples were collected and 
analyzed for these same radionuclides, technetium-99, and the following nonradioactive constituents: 

. 
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organics 
-Anthracene 
- Butyl benzyl phthalate 
- Chlordane 
- Chrysene 

- Fluoranthene 
- Nitrophenol 
- PCBS 
- Phenanthrene 
- -ne 

- DDT 

Metals 
- Aluminum 
- Arsenic 
- Barium 
- Cadmium 
- Lead 
- Mercury 
- Silver 
- Vanadium 
- zinc 

Inomanics 
- Fluoride 
- Sulfate 

These constituents were analyzed due to their potential presence at the FEMP. Technetium-99 was 
added due to its presence in FEW waste streams and to its solubility. 

3.1.7.3 Toxicity Tests 
Acute and chronic Toxicity Testing of FEMP Effluent 
Obiectives and Context 
The FEW main effluent line (Figure 2-8) is a permitted discharge regulated by a N P D S  permit and 
DOE orders, with compliance monitoring performed at Manhole 175 before the effluent leaves the 
FEMP boundary, as described in Section 2.0. Potential remedial actions and removal actions being 
considered for the FEW may affect the quantity or quality of FEMP effluent. For example, 
contaminated groundwater in the Great Miami Buried Valley Aquifer and in perched groundwater 
tables on the property may be pumped out, treated to remove radionuclides and other contaminants, 
and discharged to the Great Miami River via the main effluent line (DOE 1990a, b). To evaluate the 
potential existing effects or effects of changes in effluent composition or quality on aquatic organisms 
in the Great Miami River, it was necessary to determine the effects of the existing discharge on 
aquatic organisms. This was accomplished by testing the effluent for toxicity using standard EPA- 
approved tests’ (Homing and Weber 1985, Weber et al. 1989). This study is summarized in Section 
4.0 and is provided in full as Appendix E. 

@ 

Methods 
Effluent toxicity tests were conducted five times from 1988 to 1990 (Table 3-30). The following tests 
were conducted during each period, following the EPA-approved protocols of Homing and Weber 
(1985) and Weber et al. (1989): 

48-hour DaDhnia Dulex survival . 96-hour fathead minnow survival 
96-hour algal growth (Selanastm caDricomutum) 
7day Ceriodaphnia dubia survivalheproduction . 7day fathead minnow survivaVgrowth 
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TABLE 3-30 
FEMP EFFLUENT SAMPLE AND DILUTION WATER COLLECTION DATES 

Testing Period 

Sample September May June January May 
Identity 1988 1989 1989 1990 1990 

Effluent' 

Diluent" 

9/24b 518 

9/2Sb 5/9 

9/2? 5/10 

511 1 

5/12 

5/13 

5/14 

9/24 518 

9/27 5/9 

5/12 

611 3b" 

6/14 

6/15 

611 6 

6/17 

611 8 

6/19 

6/20 

611 3 

6/14 

6/15 

611 6 

6/20 

1/15 

1/16 

1/17 

111 8 

1/19 

1/20 

1/21 

1/15 

1/16 

1/17 

111 8 

1/19 

1/21 

4/30 

511 

5/2 

5/3 

514 

515 

516 

SDd 

4/30 

511 

5/2 

513 

514 

515 

516 

Effluent samples were 24-hour composite samples unless indicated. 
Collected as grab samples. 
Not used for tests. Malfunction of automated sampler prevented collection of a 24-hour 
composite. 
Used for algal test only. Malfunction of Psychothek incubator postponed initiation of 
algal test. 
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A summary of sampling and testing methods is provided below. Details may be found in Appendix E. 
During September 1988, FEMP effluent was collected as a grab sample by allowing effluent from the 
end of the discharge pipe, immediately before its release into the Great Miami River, to drain into a 
bucket. All other effluent collections (May 1989, June 1989, January 1990, and May 1990) were 24- 
hour composites consisting of samples collected every 30 minutes from Manhole 175 with an ISCO 
automated sampler. 

0 

All samples were tqnsferred into polypropylene bottles (cubitainers) and shipped on ice by overnight 
courier or handdelivered by sampling pelsonnel to the bioassay laboratory. Effluent samples from the 
FEMP were subsampled for radionuclide screening before shipment. Effluent samples received in the 
bioassay laboratory remained unopened until confirmation of their safety was received. Samples were 
held at 4°C in darkness until ready for use. Great Miami River water for acclimation, test controls, 
and effluent dilution was collected as grab samples from the south bank of the river upstream from the 
FEW effluent line and adjacent to the old State Route 126 bridge in Ross, Ohio, and shipped to the 
bioassay laboratory under the same conditions as effluent samples. Dates of effluent and diluent 
collections are listed in Table 3-29. At the laboratory, both effluent and diluent samples were passed 
through a 30-pm nylon mesh screen to remove indigenous organisms. In addition, the diluent used for 
the algal chronic test was passed through a 0.45-pm pore diameter filter before use. 

0 Stock cultures of Daphnia uulex and Ceriodaphnia dubia, which were routinely kept by the laboratory 
as reliable in-house sources of daphnids, were maintained following EPA guidelines (Peltier and 
Weber 1985). Stock cultures consisting of 20 to 30 mixed-age daphnids were fed the algae 
Ankistrodesmus falcatus or S e l e n a s m  CaDricomutum (Goulden and Henry 1984, C0wgl.l et al. 
1985). Daphnid species were cultured in filtered Round Valley Reservoir water from Lebanon, New 
Jersey, according to Goulden and Henry (1984). 

Cladocerans were acclimated to Great Miami River water collected at Ross Bridge for at least one 
week prior to the start of toxicity tests. Neonates less than 24 hours old were removed from stock 
cultures to start the acclimation cultures, which consisted of single-aged daphnids raised under optimal 
conditions. Optimal conditions included daily feedings, regular water changes, and daily removal of 
juveniles to avoid overcrowding. When all animals were reproducing, new acclimation cultures were 
started with neonates from the first acclimation cultures. These procedures continued until the tests 

began. All neonates drawn from the acclimation cultures just prior to test initiation were single-aged 
daphnids less than 24 hours old. 

Less than 24 hours before the start of the Daphnia uulex acute toxicity test, all existing neonates were 
removed from the acclimation cultures to ensure that all neonates were less than 24 hours old when 
introduced to test chambers. Replicate chambers of five effluent concentrations (100, 50, 25, 12.5, and 
6.25 percent effluent), plus controls of Great Miami River water, were prepared. Test chambers were 
250-mQ Tripour polypropylene beakers filled to a volume of 200 mQ. Ten DaDhnia Dulex neonates 

0 
37 1 
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were introduced to each replicate chamber with a wide-bore pipet, carefully releasing the animals 
below the aidwater interface to e m r e  that air would not be trapped under a daphnid’s carapace. 

Test solutions were prepared and replaced daily. Temperature, conductivity, dissolved oxygen, and pH 
were measured and recorded daily for the controls and the low (6.25 p e m t ) .  medium (25 percent), 
and high (100 percent) test concentrations, following EPA guidance (Peltier and Weber 1985). 
Alkalinity and hardness were measured daily for all test concentrations, except for the September 1988 
testing, when they were measured for control and 100 percent effluents only. The latter procedure is 
the minimum suggested by Peltier and Weber (1985). Due to the short duration of the test (48 hours), 
feeding of the organisms was not required (Peltier and Weber 1985). The effect measured for the 48- 
hour DaDhrIia Dulex acute toxicity test was mortality, in particular the median lethal concentration 
a&), the concentration at which 50 percent mortality would be observed. 

Fathead minnows (PimeDhales promelas) were cultured in accordance with Denny (1987). Sexually 
mature fish were maintained in 20 gallon all-glass aquaria containing soft-reconstituted water in tests 
before December 1989 or fresh water from Round Valley Reservoir (RVR) in Lebanon, New Jersey in 
tests after that. Eggs were laid on the underside of polyvinyl chloride huts, which were removed from 
the tanks daily. Huts were transferred to hatching trays, and a few drops of methylene blue were 
added to the water to prevent fungal growth. The eggs were allowed to hatch and the larvae were 
monitored for the first few days of life. Fathead minnows were fed brine shrimp (Artemia) twice 
daily. 

(1) 

Fathead minnows less than 30 days old were used for acute toxicity testing. Minnows used for acute 
testing were counted and transferred with a large-bore pipet to 20-gallon glass aquaria within 16 days 
of hatching. Gradual acclimation of minnows to Great Miami River water was conducted over 24 
hours by slowly dripping the water through 1/4 inch-diameter Tygon tubes into five-gallon glass 
aquaria until a greater than 90 percent replacement of water occurred. The minnows remained in 
Great Miami River water for at least an additional 24 hours before test initiation. 

* 

Acclimated minnows were tested under daily renewal conditions for 96 hours. Test chambers were 
5.7-liter all-glass aquaria Nled to a volume of 3.0 liters (September 1988). one-liter Tripour beakers 
filled to a volume of 1.0 liter (May 1989, June 1989 and January 1990), and one-liter glass beakers 
filled to a volume of 1.0 liter (May 1990). Replicate concentrations of effluent, plus controls of Great 
Miami River water, were prepared as described above. Ten minnows were exposed in each replkate 
chamber for a total of 20 organisms per concentration. The minnows were not fed during the test. 
Test solutions were prepared and replaced daily. Loading of fish in the test chambers conformed to 
EPA guidance (Peltier and Weber 1985), which states that loading must not exceed 0.4 g/Q of test 
solution at temperatures above 2PC. Water quality variables were measured as described above for 
the daphnid acute test. 
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The green alga Selenastnun cmricomutum was cultured in Woods Hole medium (Stein 1973). Batch 
cultures were inoculated aseptically to an initial density of approximately l0,OOO cells/mP, maintained 
in 250-mP Erlenmeyer flasks stopped with cotton. and held in an.environmental chamber at 2&2 "C 
in 24-hour continuous lighting (approximately 400 footcandles). 

Test chambers for the Selenastrum cauricomutum chronic toxicity test were sterilized 250-mP 
Ehdenmeyer flasks Nled to a volume of 125 m4 (September 1988) and 100 mP (May 1989, June 
1989, January 1990 and May 1990). Each test concentralion and control was prepared in triplicate. 
The algal test inoculum was prep& from a four- to sevenday old batch culture, centrifuged to 
prepare a concentrated inoculum. The cell density of the inoculum was checked and proper volumes 
of inoculum added to each flask to bring the initial cell density to 10,ooO cells/mP. Immediately after 
inoculation, a final check of the initial cell density on a representative sample of the flasks was made. 
Flasks were incubated under continuous illumination at 4O0&40 footcandles and 25+1 "C in a 
Psychrothem Model G21 incubator, according to Homing and Weber (1985) and Weber et al. (1989). 
Flasks were gently shaken by hand a minimum of twice daily during testing. At 96 hours, the test 
was terminated and algal growth in each flask was determined by counting cells in a representative 
sample of test solution using a hemacytometer. 

The NOEC and LOEC were calculated according to Homing and Weber (1985) and Weber et al. 
(1989). The NOEC is defined as the highest concentration of toxicant which causes no observable 
adverse effect on the test organism, for example inhibition of growth. The LOEC is defined as the 
lowest toxicant concentration which causes an adverse effect on the organism. The ChV was also 
calculated as the geometric mean of the NOEC and the LOEC. Water quality variables were measured 
as described above for the daphnid acute toxicity test. 

CeriodaDhnia dubia neonates used in chronic toxicity testing were less than 24 hours old and were 
born within a four-hour period. This was assured by drawing all neonates from the cultures either 
every two hours, and using the two oldest broods providing sufficient numbers for testing (September 
1988, May 1989, and June 1989). or every four hours and using the oldest brood (January 1990 and 
May 1990). Test chambers were 30 mP polypropylene cups filled to a volume of 15 mP. Ten 
replicates were prepared of each effluent concentration and control, with one organism in each test 
chamber. Fresh solutions were prepared daily in 30 mP cups, and the test organisms were transferred 
to the new solutions using a wide-bore pipet. Reproduction was measured at the end of each 24-hour 
period by counting the neonates in the "old" solution after transferring the test organism. The 
temperature was maintained at 2521 "C by placing test chambers in a Styrofoam float in a temperature 
controlled water bath (Forma Scientific). Ambient laboratory lighting (50 to 100 footcandles with a 
16-hour light and 8-hour dark photoperiod) was maintained. The test animals were fed daily as 
described above. The test was terminated after seven days, and the NOEC and LOEC for survival and 
reproduction calculated as described above. Water quality variables were measured as described 
above. 
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The sevenday chronic fathead minnow tests were conducted with newly hatched fry less than 24 
hours old. cultured and handled as previously described. Fathead minnow fry for chronic toxicity 
testing were acclimated by placing eggs in Great Miami River water. Twenty-four hours before the 
start of the test, any f r y  that had hatched were removed. This ensunxi that all f r y  used for tests were 
less than 24 hours old. Test chambers consisted of polypmpylene beakers filled to 1 liter (September 
1988) or 500 mP (May 1989, June 1989, January 1990, and May 1990). Effluent concenWons and 
control were prepared in duplicate (September 1988), triplicate (May 1989, June 1989 and January 
1990). and quadruplicate (May 1990). Ten fish were placed in each beaker. Fresh solutions were 
prepared and introduced to the test chambers as with the fathead minnow acute toxicity testing. 
Minnows were fed newly hatched brine shrimp (Artemia) twice daily. Remaining food and organism 
wastes were removed from the beakers daily by gentle siphon. After seven days of exposure, the test 
was ended and surviving fish were dried and weighed. These data were used to calculate the mean 
dry weight per fish per beaker, to ensure that the organism loading (weight per volume of test 
solution) was within J P A  guidelines. The NOEC and LOEC for survival and growth were calculated 
as described above. Water quality variables were measured as described above. 

To establish that organism responses to potential toxicants were consistent over time, the tests 
described above were periodically conducted using reference toxicants, following EPA guidance 
(Peltier and Weber 1985, Homing and Weber 1985, Weber et al. 1989, EPA no date a,b). Details and 
results of these tests are provided in Appendix E, as well as a description of statistical methods used to 
analyze the data for all  tests. 0 
Acute Toxicity Testing of Soils and Sediments from the FEMP 
Obiectives and Context 
Although radionuclide levels in FEW soils and sediments have been extensively characterized, data 
on inorganic and organic contaminants are limited. In addition, due to the complex nature of soils and 
sediments and their interactions with organisms, it is difficult to predict the effects of contaminants in 
these media using only data on contaminant concentrations. However, a variety of techniques have 
been developed to test the toxicity of complex media such as whole effluents and soils and sediments 
(e.g., Greene et al. 1988, Wan-en-Hicks et al. 1989). The results of these tests reflect not only the 
concentrations of the materials present, but also their availability to organisms (Greene et al. 1988). 
Further. toxicity tests are specifically recommended by EPA (1989) to support ecological risk 
assessments at hazardous waste sites. For these reasons, a prelimhag study was conducted to 
determine the toxicity of soils and sediments collected at the FEMP. Two soil and two sediment 
samples were tested for toxicity following standard pmtocols as described below. This study is 
summarized in Section 4.0 and is pmvided in full as Appendix F. 

Methods 
Tests were designed to assess the potential for the formation of toxic leachates from soil and sediment 
samples collected from the FEW. Two methods were employed, each designed to assay a different 
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compartment of the aquatic ecosystem. Solid phase testing represents the action of surface waters on 
stream bottoms and holding basins and will predict the ability of toxic materials to migrate from the 
substrate into the water column. Elutriate testing approximates formation of leachate by groundwater 
flowing thmugh contaminated substrates into a larger water body, e.g., a stream. In both cases, the 
migratory ability of pollutants is mediated by the physicochemical nature of the compounds, the 
composition of the substrate, and the chemistry of the receiving waters. As an example, highly 
lipophihc or organometallic compounds are nonpolar and tend to bind to substrate particles, decreasing 
their availability to aquatk organisms. Polar substances, however, may be solubilized into the water 
column, depending on hydrogen ion concentration @H) and the presence of other dissolved substances, 
increasing their bioavailability. The composition of the test medium, for example the quality of the 
water used, can therefore influence the outcome of toxicity tests. 

Fathead minnows (PimeDhales promelas) were used in one set of solid phase bioassays to assess the 
leachability of toxic substances from sediments and soils into the water column. Second instar larvae 

of the midge Chironomus tentans, detritivores which live in sediment, were used in a second set of 
solid phase bioassays. Fmally, neonates of the cladoceran Daohnia mama were exposed to elutriates. 

On May 2 and 4, 1990, two soil and two sediment samples were collected at the FEMP (Figure 3-62). 
The substrates were chosen on the basis of their relative radioactivity as determined by a Geiger- 
Mueller probe, after consulting RWS data to determine likely sites of relatively low and high 

radionuclide contamination. The coordinates of the sampling sites, in Ohio State Plane Coordinates, 
were: . Site 1535 (Higher Radioactivity Soil) -- E 1,382.881.83; N 480,145.86 

Site 1536 (Lower Radioactivity Soil) -- E 1,382,975.56; N 479,460.67 
Site 1537 (Higher Radioactivity Sediment) -- E 1,380,473.52; N 478,086.78 
Site 1538 (Lower Radioactivity Sediment) -- E 1,379,278.00, N 476,200.00 

Site 1535 and Site 1536 were north and south of the sewage treatment plant area, respectively. Site 
1537 was located in the storm sewer outfall ditch, which was dry at the time of sample collection. 
Site 1538 was located in Paddys Run at Willey Road, downstream from the confluence with the storm 
sewer outfall ditch. Samples were collected to a depth of six inches with a stainless steel trowel and 
sieved in the field using a No. 18 sieve. No additional water was added during sieving. The samples 
were placed in two-liter polypropylene bottles (cubitainers) and shipped on ice to the toxicology 
laboratory where they were stored at 4°C for up to 30 days before testing. Concurrently, subsamples 
were sent to an analytical laboratory for radiological screening and radionuclide analysis. All samples 
were determined to contain quantities of radioactive source material less than those which would 
require special handling under 1OCFR40.13 (less than 0.0005 percent of the sample by weight), and 
therefore no special handling was required. 

0 A sample of sediment from Spruce Run Creek in Clinton, New Jersey, was also c k x t e d ,  sieved and 
stored with the other samples to serve as a control sediment for solid phase testing. Fresh RVR water 
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served as the test water. control water, and elutriate diluent. The additional sediment sample is 
routinely run to ensure that any effects observed can be attributed to properties of the field samples, 
rather than to experimental error. The tests are intended to test soil and sediment effects, not water 
effects, so the water used was collected from a site known to have high and consistent water quality. 

Acute solid phase testing was conducted according to methodologies adapted from Nebecker et al. 
(1984) and Peltier and Weber (1985). A small amount of filtered RVR water was added to each 
sample, producing a sluny. The sediment slurry was swirled and shaken to provide a well-mixed 
sample. The sediment slurry was added in a 1:4 (v:v) substrate:water ratio with filtered RVR water to 
a one-liter polypmpylene beaker, with a final volume of one liter of liquid. The chambers were 
allowed to settle overnight and aeration was initiated one hour before introduction of the test 
organisms. The beakers were covered with mesh to support the Pasteur pipettes supplying aeration. 

Static nonrenewal solid phase bioassays were performed with juvenile fathead minnows (PimeDhales 
promelas). The fish were 29 days old and were cultured at the toxicology laboratory in RVR water. 
They were maintained on a regimen of TetraMina fish food and brine shrimp (Artemia naudii) until 

24 hours before the start of the test. The test was conducted from May 9 to May 13, 1990. 

Each beaker (three replicates per sample) received ten fathead minnows randomly selected from the 
culture aquarium. Since the testing pmtocols (Peltier and Weber 1985) require greater than 90 percent 
control survival for test validity, 11 test organisms were placed in control chambers to decrease the 
probability of test invalidity due to natural mortality. Dissolved oxygen and temperature were 
recorded daily. Conductivity. pH, alkalinity, and hardness were recorded at the beginning and end of 
the tests. Any water lost to evaporation was replenished as necessary, with the water added slowly 
through the mesh chamber covers to minimize disturbance of the sediments. Due to the turbidity of 
the water in the chambers, the fish were not counted until the end of the 96-hour test. Three fish from 
each chamber were also measured and weighed at the end of the test to determine the organism 
loading (weight per volume of test chamber) during the test, following Peltier and 
Weber (1 985). 

Static nonrenewal solid phase bioassays were performed using second instar midge larvae (Chironomus 
tentans) as the test species. Chironomids were cultured following the methodology of Nebecker et al. 
(1984). The organisms were maintained in all-glass aquaria with tom paper towels as substrate and 
fed a diet of powdered cereal leaves and T e W n @  fish food ad libitum. Moderately hard 
reconstituted water was used in al l  culture chambers and partially changed weekly, at which time water 
quality variables were measured as described above. 

Solid phase test organisms were obtained by removing adult flies from the culture aquaria via 
aspiration and placing them in a four-liter glass breeding chamber overnight. Egg masses were then 
collected and mnsferred to two-liter glass dishes containing a sprinkling of dried cereal leaves and 
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TetraMin@. Additional food was given ad libitum, with care taken to prevent detrimental fungal 
growth in the nurseries. The 10-day test was conducted from June 1 to June 11,1990. On 
June 1, 1990. 11-day old second instars were selected at random and pipetted into plastic cups for 
observation and counting prior to introduction into the triplicate test chambers. Twenty larvae were 
placed in each beaker. The controls contained 21 larvae in order to decrease the probability of test 
invalidity due to natural organism mortality. Initial and final water quality variables were recorded 
and dissolved oxygen and temperature were monitored for the lo-day duration of the test. At the end 
of the test the sediments were passed through a No. 18 sieve, retaining all surviving organisms which 
then were counted. 

Elutriates were prepared in accordance with U.S. Army Corps of EngineeMPA (1985) and Rltier 
and Weber (1985). Each sediment and soil sample was mixed in a 1:4 (VN) substrate:water ratio with 
filtered RVR water in a commercial variable-speed blender for 30 minutes and then allowed to settle 

for at least one hour. The supernatants were pipetted off and centrifuged at 10,OOO p for ten 
minutes in a Sorvall Superspeed Model RC2-B automatic refrigerated centrifuge with a SorvaU 
Instruments SS-34 rotor. They were then vacuum filtered through Whatman 0.45 pn membrane 
filters. Five dilutions of the frltered supernatants were prepared with RVR water, in duplicate, for 
testing: 100, 50, 25, 12.5, and 6.25 percent elutriate, plus a control of RVR water. 

0 Daphnids were grown in active culture at the toxicology laboratory following procedures outlined in 
Goulden and Henry (1984). They were held in filtered RVR water in two-liter glass beakers and fed 

the green alga Ankistrodesmus falcatus daily to an initial density of 2.0 x 105 cells/mQ of culture 
water. The organisms were cultured in an environmental chamber at 20 2 2°C with 16 hours light: 
8 hours dark. 

To start the test, ten neonatal Dwhnia magna (less than 24 hours old) were placed in a 250 m4 
beaker, with two beakers for each dilution of each elutriate. The daphnids were then monitored for 
immobility (equivalent to mortality) and behavioral abnormalities for 48 hours. Dissolved oxygen, pH, 
conductivity, temperature, alkalinity, and hardness were recorded at the beginning and end of the test. 
Alkalinity and hardness were measured only in control and 100 percent elutriate treatments. 

Each elutriate bioassay was performed with a separate lot of daphnids to assure a brood size of 
sufficient number for the tests. All broods were obtained from the same stock culture on successive 
days. The testing schedule was as follows: 

. High rad soil, May 15 to May 17, 1990 
9 Low rad soil, May 16 to May 18, 1990 . High rad sediment, May 17 to May 19, 1990 . Low rad sediment, May 18 to May 20, 1990 
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As part of standard quality assurance and quality contml measures, reference toxicant testing was 
initiated prior to the entire set of FEW bioassays. This procedure is used to document that test 
organisms are healthy enough for toxicity testing and that any differences in the ~esponses observed 
among treatments reflect real differences in the samples, rather than differences in the organisms used. 
Details are provided in Appendix F. 

3.2 FATE AND TRANSPORT MODELING 
Three environmental transport mechanisms at the FEW are capable of transporting a significant 
amount of an environmental contaminant to the vicinity of human or ecological receptors: 
atmospheric transporC groundwater, and surface water. This section introduces the technical 
approaches and models used to estimate contaminant transport via these media at the FEMP. Detailed 
descriptions of the technical approaches used to model environmental transport by the groundwater, 
surface water and air pathways are provided in as Appendices 0, P and Q, respectively. 

Fate and transport models were used to predict contaminant movement from source volumes (waste 
units) to receptor locations through various media. To achieve this, the dynamic interactions between 
the source,materials, transport media, and receptor were first identified. Knowledge of these 
interactions formed the basis of the conceptual models used to properly determine contaminant 
migration in the groundwater at the FEMP. These conceptual models were used to construct 
mathematical equations which attempt to quantify the observed interactions at the site and extrapolate 
them into the future. Often times, these mathematical representations of the conceptual model were 
quite complex. These complex mathematical equations are either incorporated into computer codes or 
existing codes are modified to provide a site-specific application of the equations. The computer 
codes used to estimate environmental transport at the FEMP are described in detail in the Risk 
Assessment Work Plan Addendum (DOE, 1992a). 

0 

Section 3.2.1 discusses groundwater fate and transport at the FEMP and the models used to estimate 
its capacity to convey contaminants to a human or ecological receptor and Section 3.3.2 presents the 
same for surface water and sediment transport at the FEMP. Section 3.3.3 includes an overview of the 
air transport dynamics of the site, and briefly discusses the modeling approach to be used to simulate 
those processes. 

3.2.1 Groundwater Fate and Trans~o rt Modeling 
In determining exposure concentrations in groundwater at the FEMP both location and time were 
considered. It was assumed that exposures could occur anywhere on or off the FEMP property and 
that the hypothetical maximum exposure to groundwater could occur anytime between now and IO00 
years in the future, as stated in the Risk Assessment .Work Plan Addendum (DOE, 1992a). e 
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3.2.1.1 Technical Amroach 
Each of the five operable units was subdivided into waste areas to allow each area to be modeled 
individually and as realistically as possible. The following waste areas were considered for long-term 
analysis of contaminant migration in groundwater at the FEMP (Figure 3-63): 

ODerable Unit 1 - Waste Pits 1 through 6, the Bum Pit, and the Clearwell 

ODerable Unit 2 - Solid Waste Landfill, North and South Lime Sludge Ponds, the Active 
and Inactive Flyash piles, and the South Field 

ODerable Unit 3 - Plant 1 storage pad and Buildings 60.64.65.67, and 68 

ODerable Unit 4 - Silos 1.2, and 3 

Owrablk Unit 5 - soils in the vicinity of Plant 2/3, Plant 6, Plant 9, and the Pilot Plant 

The extent to which contaminants may migrate through the groundwater system depends both on site 
characteristics and the nature of the contaminants. For example, the ovehurden may have p a t  
capacity for immobilization or retardation of certain contaminants due to adsorption, chemical 
precipitation, biodegradation, and radioactive decay. Because of the variety of the contents of the 
waste areas and the heterogeneity in the vadose zone beneath the waste areas, a separate conceptual 
model was developed for each waste area. 0 
Once the conceptual model was developed, a computer code that allowed the creation of a proper 
mathematical representation of the conceptual model was selected. The mathematical representations 
used at the FEW generally consider the rate at which the modeled processes occur, the interaction of 
different processes with each other, and the initial conditions of the waste area and its surrounding 
geohydrological formations. The major steps involved in constructing mathematical representations of 
the conceptual models used at the FEMP include: 

Quantification of the concentrations of constituents in the waste unit and the hydrologic 
processes previously identified 

Determination of the chemical speciation projected to result from the reactions of 
infiltrating water with the waste materials and the matrix of the glacial overburden through 
geochemical modeling 

Estimation of several "rate constants" including: the cationic retardation of the selected 
constituents, based on partitioning coefficients selected from the literature; the organic 
carbon retardation of the constituents, based upon the grain-size distributions and organic 
carbon present in the glacial overburden matrix; and the decay rates of selected 
constituents, based upon radioactive half-life and biodegradation half-lives in groundwater 
for radionuclides and organic chemicals, respectively 
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When computer codes and site-specific input parameters were selected, the codes were used to 
calculate constituent loading rates to the aquifer beneath the selected waste unit and to perfom flow 
and solute transport modeling to determine the effects of dispersion, retardation, and degradation on 
the projected water concentrations in the aquifer. The results included estimates of future 
concentrations in the aquifer. More detailed information on specific steps in this approach are 
provided in the following sections and Appendix 0. 

3.2.1.2 DeveloDment of the Concemal Models for the Unsaturated (Vadose) Zone 
Contaminant transport in the vadose zone includes the bulk migration of water and dissolved materials 
from source waste areas at the FEW to the Great Miami Aquifer. This occurs as surface water 
infiltrates from the surface, percolating through the source of contamination, into its sumunding soil, 
and into the saturated zone. The percolating water often reacts with the soil and/or waste through 
which it flows, mating a leachate with a specific chemical species composition. This composition 
determines how fast the leachate will move through the vadose gone. In this analysis, the composition 
of the leachate and the speed at which individual constituents migrate are treated individually. 

The conceptual model of the geochemical interactions in the vadose zone traces the chemical reactions 
which occur when water migrates through, and equilibrates with, solids in compositionallydistinct 
horizons (Figure 3-64). For example, percolating rainwater reacts with waste to fom leachate 
(Leachate A), followed by leachate migration in and reaction with the underlying glacial-overburden 
minerals to form a modified leachate (Leachate B). 

Downward movement of water, driven by the forces resulting from pvitational potential, capillary 
pressure, and other components of total fluid potential, mobilize the contaminants and cany them 
through the vadose zone. Figure 3-65 illustrates vertical contaminant transport through the vadose 
zone to the aquifer and horizontal contaminant transport through the aquifer to a well used by a 
potential human receptor. 

Because the waste areas vary considerably in content and in the physical and chemical characteristics 
of the vadose zone beneath them, modeling of the contaminant migration through the vadose zone was 
imperative for the estimation of contaminant loading rates for the regional aquifer model. It was 
necessary to adapt the generic conceptual model presented in the Risk Assessment Work Plan 
Addendum (DOE 1992a) into a series of waste-area-specific models identifying the following: 

Contents of the waste unit 
Presence of standing water 
Presence or absence of a discrete cap 
Identifiable geologic strata beneath the waste unit 
Thickness of each layer in the vadose zone 
Vertical permeability of the layers 
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Interstitial fluid velocity through each layer based on saturation 
Dispersion coefficients of each layer 

Appendix 0 contains detailed infomation on the conceptual models used for specific waste areas. 

3.2.1.3 Develoument of the Concemal Model for the Saturated Zone 
After percolating through the vadose zone, the contaminants enter the saturated zone of the Great 
Miami Aquifer. The aquifer is a well-sorted sand and gravel water table system consisting of glacial 
outwash deposits located within a 2- to 3-mile-wide subterranean valley known as the New Haven 
Trough. This aquifer is divided by a 10- to 20-foot-thick clay aquitard at an approximate depth of 120 
feet. The receptor pathway considered for this analysis is the upper part of the Great Miami Aquifer, 
above the clay aquitard. 

The composition and flow regimes in the aquifer vary from one location to the next. Beneath the 
waste pits and solid waste landfill, the flow is eastward toward the Great Miami River and the SOWC 
collector wells. In the area between the waste pits and the lime sludge ponds, flow is split into 
easterly and southeasterly components, while beneath the fly ash disposal areas and the South 
Field, flow was predominantly southward. 

The varying nature of the aquifer over distance and depth required the development of a conceptual 
model which could consider the following: 

Location of the FEW over a thick, highly-permeable, irregular-shaped aquifer in a bedrock 
valley with low-permeability walls 

Horizontal and vertical variations in hydraulic conductivity 

A clay interbed beneath the FEW that separates the aquifer into upper and lower parts, but 
does not extend far beyond the site 

Several contaminant source areas with different strengths and periods of release 

Water supply wells that serve potential receptors, draw water from various depths within 
the aquifer, and influence the groundwater flow over a large area 

The imgular course of the Great Miami River, a potential receptor location 

River and aquifer interrelationships involving flow from the river to the groundwater near 
the collector wells and flow of water from the groundwater to the river in other reaches 

Large changes in horizontal hydraulic gradients across the study area 

Significant vertical hydraulic gradients within the study area 
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Variation of areal recharge through different surficial materials composed of glacial 
overburden, flood plain, and alluvial deposits 

Periodic significant recharge to the aquifer from Paddys Run 

The computer modeling of this complex system involved setting up a grid, dividing the subsurface of 
the modeled area into rectangular volumes called cells (Figure 3-66). Appendix 0 includes a complete 
description of the conceptual model for aquifer modeling at the FEW. 

3.2.1.4 Description of Unsaturated (Vadose) Zone Models 
Two types of analytical models were used to predict the migration of contaminants from the source to 
the Great Miami Aquifer through the vadose zone: geochemical models to estimate leachate 
concentrations expected to result when percolating water contacts a soil or waste matrix containing 
contaminants and fate and transport models to predict the long-term migration potential of waste 
constituents after they leave the source contamination. Together, these models produce a 
representation that simulates transport in the groundwater system at the FEW. 

Geochemical Computer Codes 
The FEMP source areas generally consist of solids. The potential for migration of chemicals from 
these solids to groundwater depends on their concentrations in the water percolating through these 
solids. This mixture of water and dissolved chemicals is called leachate. Geochemical modeling is 
performed for the waste areas (Leachate A) and for the glacial overburden beneath the waste areas 
(Leachate B) to estimate these chemical concentrations when measured leachate concentrations were 
not available. Leachate B is used as the source term for the linked fate and transport models. 

0 

Geochemical modeling was conducted with the EQ3NR and EQ6 (EQ3/6) geochemical code developed 
at Lawrence Livermore National Laboratory for predicting the behavior of metals, radionuclides, and 
other contaminants in the natural environment (Wolery, 1983, 1984; Wolery and Daveler, 1989). The 
code accesses a database containing the thermodynamic properties of 78 elements, 862 aqueous 
species, 886 minerals, and 76 gases. This data base includes 57 aqueous uranium species and 160 
uranium-bearing minerals, constituting the most complete data base available for modeling the 
behavior of uranium in natural waters. EQ3/6 is an industry-standard geochemical code that perfoms 
solubility and speciation calculations (determinations of maximum concentrations) and reaction-path 
modeling (simulations of reactions occuning during migration). The code was restricted to inorganic 
systems, because thermodynamic data were not available for fhe organic constituents of concern. 

EQ3/6 has been validated using standard geochemistry problems, such as the speciation of sea water 
(Nordstrom, 1979). basalrhea water interactions (Bowers et al., 1985), and numerous comparisons with 
experimentally determined mineral solubilities (Jackson, 1988). Benchmark comparisons with the 
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results of similar codes (e.g., PHREEQE) have been performed by INTERA (1983), Nordstrom (1979). 
Kincaid and Morey (1984), and Kemsk (1981). 

Appendix 0 includes a detailed description of the development of the geochemical conceptual model, 
the results of calculations for Leachate A and Leachate B, and a discussion of the limitations and 
assumptions for the pmedure used to develop them. 

Concentrations of organic compounds in leachate were determined using several methods. The 
preferred method was to use results of TCLP tests, where available. When TCLP d t s  were not 
available, surface water or perched groundwater concentrations were considered. 

The Hydrologic Evaluation of Landfill Performance (HELP) model (EPA 1984) was used to project a 
steady-state water balance for the site. The program models the effects of hydrologic processes 
including precipitation, surface storage, runoff, infiltration, percolation, evapotranspiration, soil 
moisture storage, and lateral drainage, using a quasi-twodimensional approach. This projected water 
balance determined the infiltration rates of water through the waste areas. The infiltration rate was 
used to calculate the total time for source depletion. 

If source depletion is estimated to occur in less than 70 years, 0.143 ( l / lO)  of the waste inventory was 
assumed to leach into the groundwater in each year @PA 1988, Superfund Exposure Assessment 
Manual). Seventy years was also the default depletion time for constituents for which no data were 
available. This method is likely to be the most conservative approach (Le., result in the greatest 
contaminant concentration) for most constituents. The possible exceptions are those soluble elements 
which are present in small quantities (e.g., cesium in the waste pits). The impact of these exceptions 
on the magnitude of potential exposure and risks to potential receptors is insignificant when compared 
to the remaining constituents. 

@ 

Unsaturated (Vadose) Zone ComDuter Codes 
The following criteria were used in selecting specific analytical fate and transport models for the 
vadose zone: 

Capability of Wting adsorption, radioactive decay, and longitudinal dispersion 
Ability to calculate concentrations at large times and distances 
Availability of the code 
Degree of code documentation and code verification 

. Based on these criteria, the models selected to evaluate flow in the vadose zone were STlD (IT 1990) 
and ODAST (Javendel et al. 1984). STlD, a onedimensional analytical solution, was used for the 
initial screening of constituents for mobility. Because this model does not incorporate contaminant 
decay rates and, therefore, is highly sensitive, it was used to mate  the worst scenario that was used 
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as the benchmark for doing the specific modeling using ODAST. ODAST, also a onedimensional 
analytical solution, was used after the initial screening to determine fate and transport of the 
constituents that remained as probable contaminants of concern. The model incorporates retardation, 
source depletions, and decay rates of the contaminants and, therefore, has high specificity. 

Both of these computer codes are based on the solution originally developed by Ogata and Banks and 
calculate the normalized concentrations of a given constituent in a uniform flow field from a source 
having a constant or varying concentration in the initial layer (Ogata and Banks 1961). STlD and 
ODAST have been extensively verified against !XRPlB (Batu 1989). 

3.2.1.5 Saturated Zone Models 
The modeling of the Great Miami Aquifer was considerably more complex than that for the vadose 
zone. In the vadose zone, the migration of the contaminants was essentially in the vertical direction, 
whereas, in the Great Miami Aquifer the migration can be both horizontal and vertical. As such, the 
model selected for Great Miami Aquifer was a three-dimensional model. Minimum requirements for 
the model code were determined to be: 

Threedimensional modeling capability to account for possible vertical flow through the 
clay interbed and to simulate the effects of vertical hydraulic gradients caused by pumping 
at depth 

Capacity to quantitatively predict contaminant concentration at receptor locations to fully 
satisfy the requirements of the WS. Only codes with options to model solute transport 
and associated attenuatiordretardation processes were considered. 

Adequate verification of the code and previous applications under similar project settings 

Availability of the modeling code and accompanying documentation 

Additional criteria were applied to refine the selection process of the model code with respect to the 
specific site conditions and study requirements, including: capacity to model water table aquifer 
conditions; ability to model decay chains; option to consider density variations and temperature or 
concentration effects on fluid viscosity; and convenience of model application based on features such 
as pre-processing and post-processing capabilities, user documentation mesh generation, solution 
method, restart capability, applicability to available computer systems, and user familiarity. 

Saturated Zone ComDuter Codes 
SWIFT III satisfies the full set of selection criteria. SWIFT In is an extended version of SWIFT 
(Sandia Waste Isolation Flow and Transport) computer code developed for the U.S. Nuclear 
Regulatory Agency by Sandia National Laboratory in Albuquerque, New Mexico. The code is a fully- 
coupled, transient, three-dimensional model using a finitedifference algorithm to solve the equations @ 
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describing flow and vansport and to account for the decay of radionuclides during transport through 
the geologic media. 

Because SWIFT Ill perfoms satisfactorily in relation to other wellestablished codes, it can be used 
with a high degree of reliability and confidence in the site-wide RWS modeling studies at the FEW. 
More infomation about this code can be obtained from the Groundwater Report (DOE 1990g). And 
Appendix 0 presents more infomation about the specific application of the code to the FEW 

Property. 

3.22 Surface Water Trans~o rt 
Surface water flowing acmss the surface of a soil or waste formation can pick up soil particles and/or 
dissolve soluble constituents and cany them to the vicinity of a receptor. Because some limited 
surface contamination has been identified down-gradient of the production and waste storage areas of 
the site, the effect of surface water transport of contaminants on down-gradient exposures was 
investigated. 

3.2.2.1 Technical Amroach 
The surface water assessment began by identifying areas on the site with the potential to be sources of 
surface water contamination and which are either currently exposed to the elements or could become 
exposed after the passage of time. The contents and physical dimensions of the potential source areas 
were examined to deterahe the types and amounts of contamination which might be present. Other 
physical characteristics of the source areas which affect the volume and rate of runoff were also 
quantified, including surface area, slope, soil type, and the amount and types of vegetation present. 

0 

After the source terns were identified, potential flow pathways were investigated. A topographic map 
of the FEMP was used to divide the study area into distinct drainage basins, each a watershed of one 
of the primary drainage features on the site. The source areas located within each drainage basin were 
identified as potential sources of contaminated runoff in that basin. All potential sources were grouped 
according to the watercourse draining it. 

The waterway within each drainage basin was then examined. Infomation on the waterway's physical 
characteristics was collected and used to quantify its ability to convey both dissolved and suspended 
materials downstream. Data included flow pattern (constant flow, intermittent flow), flow rates (peak, 
minimum, and average), the surface area of the watershed drained, and the concentrations of 
contaminants along the watercourse. 

Surface erosion at a site in a humid climate is dependent on the amount of rain received. Rainfall, 

measured as an annual average and as the amount received during a maximum credible event, was 
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collected and used to quantify the amount of water available to mobilize surface contaminants at the 
FEMP. 

Information on real and selected hypothetical receptors along the waterway was also collected and 
included distance downstream, volume of water in the receiving body, nxeptor lifestyle, and feasible 
means of exposure to contaminated surface water and sediments to receptors. 

Mathematical models were selected to represent runoff and erosion at the FEMP. Site-specific 
information was then used to estimate the concentration of contaminants at selected locations in 
smams down-gradient of the FEW. 

3.2.2.2 Conceptual Model for Surface Water 
The FEW is located on a gently sloping plateau bounded on the north and east sides by distinct 
drainage divides and on a third side by Paddys Run, a small intermittemt stream. Surface water 
transport of contaminants at the FEMP occurs intermittently, principally during rainstorms. Free- 
flowing surface water on the FEMP eventually flows down one of three separate drainage basins to the 
Great Miami River, as depicted in Figure 3-67. 

I) Two of these watersheds are drained by Paddys Run or the storm sewer outfall ditch, the primary 
drainage features on the property. The small watershed in the northeast comer which drains to the 
east was eliminated from further study because it contains no discemable source area. 

Several areas are served by a system of engineered drainage features such as ditches and runoff 
collection basins, as described in further detail in WMCO (1991). The two most significant areas 
drained by this system are the production area and the waste storage area. 

3.2.2.3 Surface Water Models Selected 
Two separate models were selected to estimate contaminant concentrations in surface water and 
sediment at the FEW: the Universal Soil Loss Equation (USLE) and the Modified Universal Soil 
Loss Equation (MUSLE). They were obtained fmm the Suwrfund Exposure Assessment Manual 
(EPA 1988c) and are described in detail in the Risk Assessment Work Plan Addendum. 

These models calculate the total mass of soil lost each year from a study area. The USLE model is 
areadependent and was used in situations requiring an estimate of the average annual runoff at the 
site. MUSLE, with event-specific runoff volume and flow rate variables, was used to model expected 
runoff/erosion from specific events. 

Additional models were used to describe contaminant partitioning between soil and water in the 
receiving water body. These partitioning models, also described in the FEMP Risk Assessment Wok 
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Plan Addendum, provide an estimate of the contaminant concentration in surface water mff and in 
the soil canied with the runoff and subsequently deposited in the sediments of receiving surface water 
bodies. 

3.2.4 Atmos~heric Trans00 rt 
During conditions of turbulent wind conditions, particles of contaminated soil or other surface 
materials can become resuspended in ambient air and thus accessible for human inhalation. As noted 
in Section 2.3, some limited surface contamination has been identified off-property and aerial 
deposition is postulated as the source of this contamhation. In addition, fenceline air monitoring 
stations have occasionally detected elevated levels of airborne uranium. Therefore, aerial dispersion of 
contaminants from the FEMP was investigated. 

3.2.4.1 Technical Amroach 
The air transport assessment began with the identification of areas on the site with the potential to be 
sources of airborne contamination and which are either currently exposed to the elements or could 
become exposed after the passage of time. The contents and physical dimensions of the potential 
source areas were examined to determine the types and amounts of contamination which might be 
present. Other physical characteristics of the source areas which affect the volume and rate of 
resuspension were also quantified, including surface area, slope, soil type (particle size, density, and 
moisture content), and the amount and types of vegetation present. From this information, 
resuspension rates and/or gas' emanation rates were calculated for each source. A detailed discussion 
of surface water fate and transport modeling presented in Appendix P. 

I )  

The surrounding population distribution was then examined to determine the locations of potential 
receptors in the vicinity of the FEMP. Local land use pattern were studied to determine the actual 
and potential lifestyles of near-by receptors. Site-specific meteorological data was obtained from the 
on-property meteorological stations (60 and 10 m heights) including daily records of rainfall and wind 
speed and direction. 

A conceptual model was then constructed of the airborne contamination transport S R M ~ ~ O S  most likely 
to be encountered at the FEW. Attention was focused on chronic exposures from ground level area 
sources. An air dispersion model was then selected which was capable of simulating the processes 
identified in the conceptual model. 

3.2.4.2 ConceDtual Model 
The FEMP is located in a humid area of the country, has low topographic relief, and is covered with 
vegetation. The property contains many structures of various sizes and shapes and large portions of 
the property are currently paved. The prevailing winds are from the southwest. 
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The FEMP contains approximately 30 separate potential sources of aerial contamination (F@ure 3-68). 
Each of these sources contains a unique mixture of materials and contaminants. Many of these 
sources are currently packaged in containers or protected by earthen caps and some am covered by 
water for most or all  of the year. These 30 sources are expected to generate both particulates (dust) 
and gases (radon and low levels of volatiles). Under moderate wind conditions, resuspension occurs 
simultaneously from several souw. Each of these sources and its associated emissions are described 
in detail in Appendix Q. 

a 

3.2.4.3 Air Trans~o rt Model 
The Industrial Source Complex model (ISC), a well-documented and widely-used EPA guideline 
model (EPA 1987). was selected. The long term version, ISCLT, calculates annual average 
concentrations of an a i h m e  contaminant at user-selected receptor locations. It is a steady state 
Gaussian plume model for use in flat or gently rolling terrain. It is the most suitable model available 
for this application because it permits resuspension rates to v&y with wind speeds. Other desirable 
features include its ability to process actual, on-site meteorological information and its lack of 
restrictions on the number and locations of user-specified source locations and receptor sites. 
Additional information on the site-specific application of this code are available in Appendix Q. 
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FIGURE 3-68 SOURCE TERMS USED TO MODEL THE POTENTIAL FOR 
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