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It also provides a summary-level presentation of environmental data for groundwater, 
surface water and treated effluent. This summary report also includes an exposure 
pathway dose assessment for 2011 and a naturaltesources update. 

• Appendices A tlll'ough D -The appendices present the detailed compilation of 
environmental data for 2011, and primarily consist of graphs and tables. This detailed 
infonnation suppmis the findings and data interpretations presented in the summary 
report. 

The summaty repmi is intended to serve the same audience as past annual repmis and will be 
distributed to Femald Preserve stakeholders. The appendices are intended to serve a more technical 
audience such as the regulatory agencies; therefore, distribution will be more limited. 
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also be made available on the Department ofEnergy Office of Legacy Management's internet 
site (http://www.lm.doe.gov) under the Legacy Management Sites icon. 
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Attachment 1 

Proposed Changes to Environmental Monitoring at the Fernald Preserve 

Appendix A, Attachment A.2 

Heavy rain events in 2011 damaged Flume 2 in the Storm Sewer Outfall Ditch. Stoller 
proposes to remove the flume and only calculate infiltration rates when flow down this 
channel is not occtrrring. Infiltration assessments would be made over shorter time 
periods when flow measurem~nts in the remaining flumes'indicate that infiltration could 
be occurring. The calculation would rely mostly on flow measmements in Flumes 1, 4, 
and 6 with minor contributions from Flumes 3 and 5. 

Appendix A, Attachment A.S 

• If the first quarter 2012 tritium data is similar to the three quarter's of data collected in 
2011, all tritium monitoring will be discontinued for all of the on-site disposal facility 
(OSDF) cell$. 

• Anunonia. was detected for the first and second time in the OSDF Cell 3 leak detection 
system (LDS) in 2009 and 201 0. Be9ause the Cell 3 LDS was dry for all of 2011, 
rurunonia will be monitored in the Cell 3 LDS the next time a sample can be collected. 

• Chromium was detected in the leachate collection system (LCS) of Cell 6 for a second 
time in 2011. It was first detected in2010. Because chromium has been detected two 
consecutive times in the LCS, chromium will be monitored h1 the LDS of Cell 6 dming 
the next subsequent scheduled sampling event. 

• Because 1, 1-dichloroethene continues to be detected in the Cell 7 LCS, it will continue to 
be monitore4 in the Cell 7 LDS, 

• Chromium has been sampled at least eight times in the LCS of Cell 7 and detected at 
least 25 percent of the time. Because it failed the null hypothesis of-the Tarone-Ware test, 
it will be added to the quarterly sampling list for the LCS, LDS, and Great Miami Aquifer· 
wells of each cell beginning h1 January 2013. · 

• Sulfate had previously been removed from the horizontal till well (HTW) monitoring at 
all cells. It is being added back into the Cell 8 HTW monitoring list in order to provide 
data needed to construct a uranium-sulfate bivariate plot for Cell 8. 

AppendixD 

• The Wetland Mitigation Monitoring Report is the.primary driver for fdture monitoring 
activities. The report specifies that intensive anmml monitoring of mitigation wetlands is 
no longer required. However, as stated in the report, wetlarids will continue to be 
evaluated on a three-year rotation, as part of a continued functional monitoring program. 
Hydrologic monitoring will continue as well. · 

• Pursuant to the Natural Resource Restoration Plan, implementation monitori"ng will 
continue as well, with a second year of herbaceous cover in tQ,.~ Resolution No. 3 project 
areas. Several restoration projects are planned for 2012, and th~~e will be evaluated for 
herbaceous cover and woody vegetation survival. Project-specllic species inventory 
activities will also continue. 
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' Measurement Abbreviations 

em 

ft 
gpm 
kg 

km 
lb 
Lpm 

m 
Mgal 
M liters 
mg/L 
mGy/day 
mrem/yr 
mSv/yr 
pCi/L 
rem 
).!giL 

centimeter 
feet 
gallons per minute 
kilogram 

kilometer 
pound 

liters per minute 
meter 
million gallons 
million liters 
milligrams per liter 
milligray per day 
millirem per year 
millisieverts per year 
picocuries per liter 

roentgen equivalent man 
micrograms per liter 
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Units (Abbreviations) and Conversion Table ) 
\ 
I 

Multi I B To Obtain Multi To Obtain 
(1 

inches 2.54 centimeters (em) em inches . ") i -· 
feet (ft) 0.3048 meters (m) m 3.281 ft f 
miles (mi) 1.609 kilometers (km) km 0.6214 mi I ) 

pounds (lb) 0.454 kilograms (kg) kg 2.205 lb ( ) 

gallons 3.785 liters (L) L 0.2642 gallons ) 

square feet (ft2) 0.0929 square meters (m2) m2 10.76 ft2 ( ) 

acres 0.4047 hectares hectares 2.471 acre 

cubic yards (yd3) 0.7646 cubic meters (m3) m3 1.308 yd3 

cubic feet (ft3) 0.02832 cubic meters (m3) m3 35.31 ft3 

picocuries (pCi) 10-12 curies (Ci) · Ci 1012 pCi 

pCi/L 10-6 microcuries per liter (f.!Ci/L) ftCi/L 106 pCi/L 

millirem (mrem) 0.001 rem rem 1000 mrem . .) 

mrem 0.01 millisievert (mSv) mSv 100 mrem i' ') '1:":, . 

rem 0.01 sievert (Sv) Sv 100 rem f") 

mSv 0.001 Sv Sv 1000 mSv C) 

person-rem 0.01 person-Sv person-Sv 100 person-rem 

rad 0.01 gray (Gy) Gy 100 rad ) 

milligray (mGy) 0.001 Gy Gy 1000 mGy I ) 

milligrams per liter 1000 micrograms per liter (f.lg/L) f.lg/L 0.001 mg/L ' ) 
(mg/L) 
Fahrenheit CF) CF-32) X 5/9 Celsius CC) ·c cc X 9/5) + 32 .F 

) 
For Natural Uranium in Water () pCi/L 0.0015 mg/L mg/L 675.7 pCi/L 

pCi/L 1.48 f.lg/L f.lg/L 0.6757 pCi/L 
( : . 

~g/L 0.6757 pCi/L pCi/L 1.48 ftg/L t 
I .") u 

For Natural Uranium in Soil (:) 
pCi/g 1.48 ftg/g f.lg/g 0.6757 pCi/g 

mg/kg ftg/g f.lg/g mg/kg 
<.) 

' : ) 
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Executive Summary 

The 2011 Fernald Preserve Site Environmental Report provides stakeholders with the results 
from the Fernald, Ohio, Site's environmental monitoring programs for 2011; a summary of the 
U.S. Department ofEnergy's (DOE's) activities conducted on site; and a summary ofthe Fernald 
Preserve's compliance with the various environmental regulations, compliance agreements, and 
DOE policies that govern site activities. This report has been prepared in accordance with 
DOE Order 436.1, Departmental Sustainability, and the "Integrated Environmental Monitoring 
Plan," which is Attachment D of the Comprehensive Legacy Management and Institutional 
Controls Plan (LMICP) (DOE 2010). 

·The Fernald Preserve has been successfully remediated with the exception of the groundwater 
remedy, and the care and maintenance of the onsite disposal facility (OSDF), which are the only 
ongoing components of remediation. 

During 2011, activities at the Fernald Preserve included: 

• 

• 

• 

• 

• 

• 

• 

• 

Environmental monitoring activities related to direct radiation, groundwater, and 
surface water. 

Prescribed bums . 

Ecological restoration activities as well as inspections, care, and monitoring of the site and 
the OSDF to ensure that provisions of the LMICP are fully implemented. 

Collection, monitoring, and treatment of leachate from the OSDF . 

Extraction, monitoring, and treatment of contaminated groundwater from the Great Miami 
Aquifer (Operable Unit 5). 

Ongoing operation of the Fernald Preserve Visitors Center, associated outreach, and 
educational activities. 

National Pollution Discharge Elimination System permit monitoring . 

Completion of the third Comprehensive Environmental Response, Compensation, and 
Liability Act 5-year review report. 

Environmental monitoring programs were developed to ensure continued protection of the 
remediation. The requirements of these programs are described in detail in the LMICP and 
reported via this site environmental report as outlined below. 

Liquid Pathway Highlights 

Groundwater Pathway 

The groundwater pathway at the Fernald Preserve is routinely monitored to: 

• Verify .that hydraulic capture is maintained, track the restoration of the total uranium plume, 
including non-uranium constituents, and evaluate water quality conditions in the aquifer that 
may indicate a need to modify the design or the operation of restoration modules. 

• Meet compliance-based groundwater monitoring obligations. 
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During 2t> 11, active restoration of the Great Miami Aquifer continued. A total of 140 monitoring 
wells were sampled semiannually to determine water quality. Aquifer water elevations were 
measured quarterly in 178 monitoring wells. The following highlights describe the key findings 
from the 2011 groundwater data: 

• Two billion, four hundred and thirty-one million gallons (9,201 million liters) of 
groundwater were extracted from the Great Miami Aquifer, and 544 pounds (lb) 
(247 kilograms [kg]) of uranium were removed from the aquifer. 

• The results of the groundwater capture analysis and monitoring for total uranium and 
non-uranium constituents indicate that the design of the groundwater remedy for the aquifer 
restoration system is appropriate for capture of the plume. 

• Pumping of the South Plume/South Plume Optimization Module continued to meet the 
objective of preventing further southward migration of the southern total uranium plume 
beyond the extraction wells. 

• Since 2005, the percentage of treatment needed to achieve discharge limits has decreased 
significantly. The aquifer remedy can now achieve uranium discharge limits without 
groundwater treatment. 

On-site Disposal Facility Monitoring 

Engineered features within the OSDF continue to perform as designed, indicating that a leak 
from the facility is not occurring. Leachate flow continues to diminish as expected, and LDS 
flow volumes indicate that the cell liners are performing well within design specifications. 

Surface Water and Treated Effluent Pathway 

Surface water and treated effluent are monitored to determine the effects of Fernald Preserve 
activities on Paddys Run (an intermittent stream), the Great Miami River, and the underlying 
Great Miami Aquifer and to meet compliance-based surface water and treated effluent 
monitoring obligations. In addition, the results from sediment sampling are discussed as a 
component of this primary exposure pathway. 

In 2011, 21 surface water and treated effluent locations were sampled at various frequencies. The 
following highlights describe the key fmdings from the 2011 surface water and treated effluent 
monitoring programs: 

• Five hundred and sixty-two pounds (255 kg) of uranium were discharged in treated effluent 
to the Great Miami River, which was below the limit of 600 lb (272 kg) per year. 
Approximately 126lb (57.5 kg) ofuranium were released to the environment through 
uncontrolled storm water runoff. Therefore, the total amount of uranium released through 
the treated effluent and uncontrolled surface water pathways during 20 11 was estimated to 
be 688 lb (313 kg). 

• Analytical results of 27 surface water samples exceeded the final remediation level (FRL) 
for total uranium, the site's primary contaminant. The 27 exceedances were from SWD-09, 
which was established to monitor the maintenance action completed west of the former 
Waste Pit Area. The surface water at location SWD-09 does not flow off property. There 
were no FRL exceedances for any other constituent. 
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• Compliance sampling, consisting of sampling for nonradiological pollutants from 
uncontrolled runoff and treated effluent discharges from the Fernald Preserve, is regulated 
under the state-administrated National Pollutant Discharge Elimination System (NPDES) 
program. Discharges were in compliance with effluent limits identified in the NPDES permit 
100 percent of the time. 

Direct Radiation Pathway Highlights 

The direct radiation pathway is routinely monitored to assess the impact of direct radiation on the 
surrounding public and environment. In addition, the data are used to demonstrate compliance 
with various regulations and DOE orders. Eleven dosimeters (four trail locations, five boundary 
locations, one location at the Visitors Center, and one background location) were used in 2011 to 
determine compliance with the applicable limits. 

The direct radiation levels measured in 2011 indicate that the individual measurements obtained 
in the northeast quadrant of the site are slightly higher than background, but annual averages for 
onsite and background locations are not significantly different. The highest value for an onsite 
dosimeter produces a dose of 12 millirem per year (mrem/yr) (0.12 millisievert per year 
[mSv/yr]) above background to an individual who spends the entire year (24 hours a day) at the 
location. 

Estimated Dose 

In 2011, the maximally exposed individual, standing at the northeastern boundary monitor with 
the highest above-background reading, could receive a dose of 12 mrem (0.12 mSv). This 
estimate represents the maximum incremental dose above background attributed to direct 
radiation. This dose is 12 percent of the adopted DOE limit, which is 100 mrem/yr (1 mSv/yr) 
above background, as established by the International Commission on Radiological Protection. 

Natural Resources 

Natural resources include the diversity of plant and animal life and their supporting habitats in 
and around the Fernald Preserve. A number of ecological activities were conducted in 2011. 
Maintenance in ecologically restored areas included prescribed burning of prairies, minor erosion 
repair, mowing, spot herbicide application, and hazing for control of nuisance geese. Monitoring 
focused on continued wetland mitigation monitoring and forest functional monitoring. For the 
wetland monitoring program, a jurisdictional wetland delineation was conducted, as well as 
hydrologic monitoring, vegetation surveys, amphibian surveys, and soil and water sampling. 
Follow-up implementation monitoring of several restoration projects was also conducted. 

Quarterly site and OSDF inspections continued in 2011. No major issues were identified. There 
were no unexpected discoveries of cultural resources. An archaeological survey was conducted 
on a portion of the western edge of the site in preparation for a 2012 ecological restoration 
project. No prehistoric or historic properties were identified. 
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1.0 Site Background 

Abbreviated Timeline 
1951 Construction of the Feed Materials Production Center began. 
1952 Uranium production started. 
1986 EPA and DOE signed the Federal Facilities Compliance Agreement, thus 

initiating the remedial investigation/feasibility study process under the 
National Contingency Plan. 

1989 Uranium production was suspended. The Fernald site was placed on 
the National Priorities List, which is the list of CERCLA sites most in need 
of cleanup. 

1990 As part of the Amended Consent Agreement, the site was divided into 
operable units for characterization and remedy determination. 

1991 Uranium production formally ended. The site mission changed from uranium 
production to environmental remediation and site restoration. 

1994 Decontamination and dismantling of the first building was completed under 
the Operable Unit 3 Interim Record of Decision. 

1996 The last operable unit's Record of Decision was signed, signifying the end of 
the 10-year remedial investigation/feasibility study process. (The Operable 
Unit 4 Record of Decision was later re-opened.) Construction began in 
support of the Operable Unit 1 selected remedy. Soil remedial excavation 
began as part of the Operable Unit 5 selected remedy. 

1997 Construction of Cell 1 of the onsite disposal facility took place, and the first 
waste placement began in December. Environmental monitoring and 
reporting were consolidated under the Integrated Environmental Monitoring 
Plan (IEMP) to align with remediation efforts. 

1998 Operable Unit 2 remedial excavations began. 
1999 Excavation of the waste pits was initiated under the Operable Unit 1 Record 

of Decision, and the first rail shipment of waste material was transported to 
Envirocare of Utah, Inc. 

2000 The Record of Decision Amendment for Operable Unit 4 Silos 1 and 2 
Remedial Actions was signed by EPA, thus establishing a new selected 
remedy for Operable Unit 4. 

2001 Cell 1 of the onsite disposal facility was capped. Remediation of the 
Southern Waste Units was completed. 

2002 The Silos 1 and 2 Radon Control System began operation and successfully 
reduced radon levels within the silos. The offsite transfer of nuclear product 
material was completed. Wastes were placed into Cells 2 through 5 of the 
onsite disposal facility. 

2003 All major Operable Unit 2 remedial actions were completed. In addition, 
approximately 412,000 cubic yards (315,015 cubic meters) of waste were 
placed in Cells 3 through 6 of the onsite disposal facility. 

2004 Removal of Silos 1 and 2 wastes from the silos to the holding tank facility 
began. Plans to reduce the size of the site's wastewater treatment 
infrastructure were approved and implemented. The last of Fernald's 
10 uranium production complexes, plus an additional35 structures and 
73 trailers, were demolished. Also, all eight cells of the onsite disposal facility 
were capped or received waste, and approximately 513,000 cubic yards 
(392,240 cubic meters) were placed in Cells 4 through 8. 

2005 Removal of Silo 3 waste began, and the first shipment of waste arrived at 
Envirocare of Utah. Remedial actions for Operable Unit 1 were completed in 
June. The first shipment of Silos 1 and 2 wastes arrived at Waste Control 
Specialists in Texas. 

2006 Remediation of the Fernald site was completed on October 29, 2006, and the 
site was officially transferred into DOE's Office of Legacy Management on 
November 17,2006. 

2008 The old Silos Warehouse was remodeled into the new Fernald Preserve 
Visitors Center and opened to the public in August 2008. In addition, the 
community was allowed unescorted access at the Fernald Preserve. 

In 1951, the U.S. Atomic 
Energy Commission, a 
predecessor agency of the 
U.S. Department of Energy 
(DOE), began building the 
Feed Materials Production 
Center on a 1,050-acre 
(425-hectare) tract ofland 
outside the small farming 
community ofFemald, 
Ohio. The facility's mission 
was to produce "feed 
materials" in the form of 
purified uranium 
compounds and metal 
for use by other government 
facilities involved in the 
production of nuclear 
weapons for the nation's 
defense. 

Uranium metal was 
produced at the Feed 
Materials Production Center 
from 1952 through 1989. 
During that time, more than 
500 million pounds (lb) 
(227 million kilograms [kg]) 
of uranium metal products 
were delivered to other sites. 
These production operations 
caused releases to the 
surrounding environment, 
which resulted in 
contamination of soil, 
surface water, sediment, and 
groundwater on and around 
the site. 

In 1991, the mission of the 
site officially changed from uranium production to environmental cleanup under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA, also 
known as Superfund), as amended. The site was renamed the Fernald Environmental 
Management Project in 1991. In 2003, the site name changed to the Fernald Closure Project to 
reflect the mission of the site as on a path to closure. In 2007, the site name changed to the 
Fernald Preserve to reflect the completion of the cleanup (with the exception of groundwater) 
ushered by the successful transition to the DOE Office of Legacy Management (LM) in 
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late 200li, and the new mission to be an asset to the community as an undeveloped park with an 
emphasis on wildlife. 

S.M. Stoller Corporation, the LM Support contractor, continues to be responsible for site 
activities, including the ongoing groundwater remedy. The U.S. Environmental Protection 
Agency (EPA) Region 5 and the Southwest District Office of the Ohio EPA provide regulatory 
oversight. 

In the 1980s, the goals of environmental monitoring activities were to assess the impact of 
production operations and monitor the environmental pathways through which residents of the 
local community might be exposed to contaminants from the site (exposure pathways). The 
environmental monitoring program provided comprehensive on- and off-property surveillance of 
contaminant levels in surface water, groundwater, air, and biota (produce). The goal was to 
measure the levels of contaminants associated with uranium production operations and report 
this infonnation to the regulatory agencies and stakeholders. 

Exposure Pathways 

An exposure pathway is a route that materials can 
travel between the point of release (a source) and the 
point of delivering a radiation or chemical dose 
(a receptor). At the Fernald Preserve, two primary 
exposure pathways (water and air) have been identified. 
A primary pathway is one that may allow pollutants to 
directly reach the public or the environment. Therefore, 
the water and air pathways provide a basis for 
environmental sampling and information useful for 
evaluating potential dose to the public or the 
environment. 

Secondary exposure pathways have been thoroughly 
evaluated under previous environmental monitoring 
programs. Secondary exposure pathways represent 
indirect routes by which pollutants may reach receptors. 
An example of a secondary pathway is produce. Through 
the food chain, one organism may accumulate a 
contaminant and then be consumed by humans or other 
animals. The contaminant travels through the air to the 
soil, where it is absorbed into produce through the roots 
and is consumed by humans or animals. An evaluation of 
past monitoring data has shown that secondary exposure 
pathways at the Fernald Preserve are insignificant routes 
of exposure to offsite receptors. Therefore, the main 
focus of the site monitoring program (described in the 
IEMP) is on the primary exposure pathways. 

Refer to Section 5 of this report for information pertaining 
to 2011 dose calculations from all pathways. 

After the conclusion of the site's uranium 
~ production and the completion of the CERCLA 

remedy selection process, the focus was on the 
safe and efficient implementation of 
environmental remediation activities and facility 
decontamination and dismantling operations. In· 
recognition of this shift in emphasis toward 
remedy implementation, the environmental 
monitoring program was revised in 1997 to align 
with the remediation activities planned for the 
Fernald site. The site's environmental monitoring 
program is described in the "Integrated 
Environmental Monitoring Plan" (IEMP), which 
is Attachment D of the Comprehensive Legacy 
Management and Institutional Controls Plan 
(LMICP) (DOE 2010). The environmental 
monitoring program is designed to ensure the 
continued protectiveness of the completed 
remedial actions as well as implementation of the 
ongoing groundwater remedy and performance of 
the onsite disposal facility (OSDF). 

This Fernald Preserve 2011 Site Environmental 
Report summarizes the findings from the IEMP monitoring program and provides a status on the 
progress toward final site restoration. This report consists of the following: 

Summary Report. The summary report (Sections 1 through 6) documents the results of 
environmental monitoring activities at the F emald Preserve in 2011. It includes a discussion of 
ongoing groundwater remediation activities and summaries of environmental data from 
groundwate:.;, surface water and treated effluent, direct radi~tion, and natural resources 
monitoring programs. It also summarizes the information contained in the appendixes. 
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Appendb;:es. The detailed appendixes provide the 2011 environmental monitoring data for the 
various media, primarily in the form of graphs and tables. The appendixes are generally 
distributed only to the regulatory agencies. However, a complete copy of the appendixes is 
available on the LM website at http://www.lm.doe.gov/fernald/Sites.aspx and by contacting LM 
at (513) 648-7500 or S.M. Stoller Public Affairs at (513) 648-4026. 

CERCLA Remedial Process 

The process of cleaning up sites under CERCLA consists of the following 
general phases: 

Site Characterization-During this phase, contaminants are identified and 
quantified, and the potential impacts of those contaminants on human 
health are determined. This phase includes the remedial investigation and 
the baseline risk assessment. 

Remedy Selection-During this phase, cleanup alternatives are 
developed and evaluated. Activities include the feasibility study and 
proposed remedial action plan. After public comments are received, a 
remedy is selected and documented in a Record of Decision. 

Remedial Design and Remedial Action-This phase of the CERCLA 
process includes the detailed design and implementation of the remedy .. 
The CERCLA process ends with certification and site closure. 

A CERCLA 5-year review process is triggered by the onset of construction 
for the first operable unit remedial action that will result in hazardous 
substances, pollutants, or contaminants remaining at the site above levels 
that allow for unlimited use and unrestricted exposure. Of all the operable 
units, the site preparation construction to support the Waste Pits Project 
under the Operable Unit 1 Record of Decision (DOE 1995a) was the first 
such action. This construction began on April 1, 1996. Three CERCLA 
5-year reviews have been conducted and approved by the regulatory 
agencies to date (April2001 [DOE 2001a], April2006 [DOE 2006a], and 
September 2011 [DOE 2011]). These reviews ensure that the remedy 
remains effective and continues to be protective of human health and the 
environment. The next scheduled 5-year review is in early 2016. 

Site closure, relative to the completion of remediation, was defined in the 
contract between Fluor Fernald, Inc. and DOE as the physical completion 
of the scope of work required by the five Records of Decision with the 
exception of the groundwater remedy. 

LM assumed the long-term surveillance monitoring and maintenance of the 
Fernald site on November 17, 2006, to ensure continued protection of 
human health and the environment and continued operation of the 
groundwater remedy. The Comprehensive Legacy Management and 
Institutional Controls Plan (DOE 2010) defines the activities to be 
conducted with respect to long-term stewardship at the Fernald Preserve. 
The CERCLA 5-year review process will continue to provide stakeholders 
with information on the remedy performance and with long-term 
stewardship information. 

The rest of this introductory section 
provides: 

• An overview of the 
environmental remediation 
completed as well as ongoing 
remedy implementation. 

• 

• 

1.1 

A description of environmental 
monitoring activities at the 
Fernald Preserve. 

A description of the physical 
and ecological characteristics 
ofthe area. 

The Path to Site 
Closure 

In1986, the Fernald site began 
working through the CERCLA 
process to characterize the nature 
and extent of contamination at the 
site, establish risk-based cleanup 
standards, and select the 
appropriate remediation 
technologies to achieve those 
standards. To facilitate this process, 
the site was organized into five 
operable units in 1991. The purpose 
of the operable unit concept under 
CERCLA was to organize site 

components by geographical function and by the potential for similar technologies to be used for 
environmental remediation. The remedy selection process culminated in 1996 with the approval 
of the final Records of Decision for all five operable units. However, several ofthe Records of 
Decision (including those for Operable Units 1, 4, and 5) have subsequently been modified 
through issuance of Explanation of Significant Differences or Amendment documents. These 
documents were prepared, submitted for EPA and public review, and issued in accordance with 
CERCLA regulations. Following approval of the initial Records of Decision, work began on the 
design and implementation of the operable unit remedies. Table 1 describes each operable unit 
and an overview of its associated remedy. 
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Table 1. Operable Unit Remedies 

Operable 
Unit 

2 

3 

Description 

• Waste Pits 1-6 

• Clearwell 

• Burn pit 

• Berms, liners, caps, and soil 
within the boundary 

• Solid waste landfill 

• Inactive fly ash pile 

• Active fly ash pile (now inactive) 

• North and South Lime 
Sludge Ponds 

• Other South Field areas 

• Berms, liners, and soil within the 
operable unit boundary 

Former Production Area, associated 
facilities, and equipment (includes all 
above- and below-grade 
improvements), including but not 
limited to: 

• All structures, equipment, 
utilities, effluent lines, and 
K-65 transfer line 

• Wastewater treatment facilities 

• Fire training facilities 

• Coal pile 

• Scrap metals piles 

• Drums, tanks, solid waste, waste 
product, feedstocks, and thorium 
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Remedy Overview 

Record of Decision approved: March 1995 

Explanation of Significant Differences approved: September 2002 

Record of Decision Amendment approved: November 2003 

Excavation of materials with constituents of concern above final 
remediation levels (FRLs), waste processing and treatment by 
thermal drying (as necessary), offsite disposal at a permitted 
facility, and soil remediation/certification. 

Remedial actions completed: June 2005 
Final Remedial Action Report approved: August 2006 

Record of Decision approved: May 1995 

Post-Record of Decision Fact Sheet approved: April1999 

Excavation of all materials with constituents of concern above 
FRLs, treatment for size reduction and moisture control as 
required, onsite disposal in the OSDF, and offsite disposal of 
excavated material that exceeded the waste acceptance criteria 
for the OSDF. 

Remedial actions completed: June 2006 
Final Remedial Action Report approved: September 2006 

Record of Decision for Interim Remedial Action approved: 
June 1994 

Record of Decision for Final Remedial Action approved: 
August 1996 

Adoption of Operable Unit 3 Interim Record of Decision; 
alternatives to disposal through the unrestricted or restricted 
release of materials as economically feasible for recycling, reuse, 
or disposal; treatment of material for on- or offsite disposal; 
required offsite disposal for process residues, product materials, 
process-related metals, acid brick, concrete from specific 
locations, and any other material exceeding the OSDF waste 
acceptance criteria; and onsite disposal for material that meets the 
OSDF waste acceptance criteria. 

Remedial actions completed: October 2006 
Final Remedial Action Report approved: February 2007 

U.S. Department of Energy 
May2012 

( 

( ', 

C' 

l.·. 
' 

r.• \:.' 

( ·. -

IS. 



•':. 

(.· 

Table 1 (continued). Operable Unit Remedies 

Operable 
Unit 

4 

5 

Description 

• Silos 1 and 2 (containing 
K-65 residues; demolished 
in 2005) 

• Silo 3 (containing cold metal 
oxides; demolished in 2006) 

• Silo 4 (empty and never used; 
demolished in 2003) 

• Decant tank system 

• Berms and soil within the 
operable unit boundary 

• Groundwater 

• Surface water and sediments 

• Soil not included in the definitions 
of Operable Units 1 through 4 

• Flora and fauna 
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Remedy Overview 

Record of Decision approved: December 1994 

Explanation of Significant Differences for Silo 3 approved: 
March 1998 

Record of Decision Amendment for Silos 1 and 2 approved: 
July2000 

Record of Decision Amendment for Silo 3 approved: 
September 2003 

Explanation of Significant Differences for Silos 1 and 2 approved: 
November 2003 

Explanation of Significant Differences for Operable Unit 4 
approved: January 2005. 

Removal of Silo 3 materials for treatment and Silos 1 and 2 
residues and decant sump tank sludges with onsite stabilization of 
materials, residues, and sludges followed by offsite disposal. 
Excavation of silos area soils contaminated above the FRLs with 
onsite disposal for contaminated soils and debris that meet the 
OSDF waste acceptance criteria; and site restoration. Concrete 
from Silos 1 and 2, and contaminated soil and debris that 
exceeded the OSDF waste acceptance criteria were disposed 
of offsite. 

Remedial actions for Silo 3 completed: April2006 
Remedial actions involving the completion of the shipment of 
stabilized Silos 1 and 2 material to a temporary storage 
facility in Texas was completed in May 2006. 
Final Remedial Action Report approved: September 2006 
Permanent disposal of the 3,776 containers of Silos 1 and 2 
material began on October 7, 2009, and the last container 
was placed November 2, 2009. 

Record of Decision approved: January 1996 

Explanation of Significant Differences was approved in 
November 2001, formally adopting EPA's Safe Drinking Water Act 
maximum contaminant level for uranium of 30 micrograms per 
liter (f.Jg/L) as both the FRL for groundwater remediation and the 
monthly average uranium effluent discharge limit to the Great 
Miami River. 

Extraction of contaminated groundwater from the Great Miami 
Aquifer to meet FRLs at all affected areas of the aquifer. 
Treatment of contaminated groundwater, storm water, and 
wastewater to attain concentration and mass-based discharge 
limits and FRLs in the Great Miami River. Excavation of 
contaminated soil and sediment to meet FRLs. Excavation of 
contaminated soil containing perched water that presents an 
unacceptable threat through contaminant migration to the 
underlying aquifer. Onsite disposal of contaminated soil and 
sediment that meet the OSDF waste acceptance criteria. Soil and 
sediment that exceeded the waste acceptance criteria for the 
OSDF was treated, when possible, to meet the OSDF waste 
acceptance criteria or was disposed of at an offsite facility. Also 
includes site restoration, institutional controls, and 
post-remediation maintenance. 

Interim Remedial Action Report approved: August 2008 
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1.2 Environmental Monitoring Program 

In the 1980s, an environmental monitoring program was initiated to assess the impact of past 
operations on the environment and monitor potential exposure pathways to the local community. 
Additionally, characterization activities were conducted at the Fernald site for nearly 10 years 
through the remedial investigation phase of the CERCLA process. The initial environmental 
evaluations performed during the remedial investigation/feasibility study process were used to 
select the final remedy for Operable Unit 5, which addressed contamination in soil, groundwater, 
surface water, sediment, air, and biota-in short, all environmental media and contaminant 
exposure pathways affected by past uranium production operations at the site. The selected 
remedy for Operable Unit 5 defined the site's final contaminant cleanup levels and established 
the extent of on- and off-property remedial actions necessary to provide permanent solutions to 
environmental concerns posed by the site. 

The Operable Unit 5 remedy included plans for removing the contamination that might be 
released through these exposure pathways and for monitoring these pathways to measure the 
site's continuing impact on the environment as remediation progresses. The characterization data 
used to develop the final remedy were also used to focus on and develop the environmental 
monitoring program documented in the IEMP. The following describes the IEMP's key 
elements: 

• The IEMP defines monitoring activities for environmental media, such as groundwater, 
surface water and treated effluent, sediment, direct radiation, and natural resources. In 
general, the primary exposure pathway (water) is monitored, and the program focuses on 
assessing the effect on the surrounding environment. 

• The IEMP establishes a data evaluation and decision-making process for each environmental 
medium. Through this process, environmental conditions at the site are continually 
evaluated. These evaluations sometimes affect decisions made about the implementation of 
remediation activities. For example, environmental data are routinely evaluated to identify 
any significant trends that may indicate the potential for an unacceptable future impact to the 
environment if action is not taken. 

• The IEMP is reviewed annually and revised as necessary to ensure that the monitoring 
program adequately addresses changing activities. 

• The IEMP consolidates routine reporting of environmental data into this comprehensive 
annual report. 

1.3 Characteristics of the Site and Surrounding Area 

The natural settings of the F emald Preserve and nearby communities were important factors in 
selecting the final remedy and remain important in the continual evaluation of the environmental 
monitoring program. Land use and demography, local geography, geology, surface hydrology, 
meteorology, and natural resources all impact monitoring activities and the implementation of 
the site remedy. 

1.3.1 Land Use and Demography 

Economic activities in the area rely heavily on the physical environment. Land in the area is used 
primarily for livestock, crop farming, and gravel pit excavation operations. There also is a 
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private water utility approximately 2 miles (3.2 kilometers [km]) east of the Fernald Preserve 
that pumps groundwater primarily for industrial use. 

Downtown Cincinnati is approximately 18 miles (29 km) southeast of the Fernald Preserve 
(Figure 1). The cities of Fairfield and Hamilton are 6 and 8 miles (10 and 13 km) to the east and 
northeast, respectively (Figure 2). Scattered residences and several villages, including Fernald, 
New Baltimore, New Haven, Ross, and Shandon, are located near the site. 

1.3.2 Geography 

Figure 3 depicts the location of the major physical features of the site, such as the buildings and 
supporting infrastructure. The Former Production Area and the OSDF dominate this view. The 
Former Production Area occupies approximately 136 acres (55 hectares) in the center of the site, 
and the OSDF occupies approximately 120 acres (48.6 hectares). The Great Miami River cuts a 
terraced valley to the east of the site, and Paddys Run (an intermittent stream) flows from north to 
south along the site's western boundary. In general, the site lies on a terrace that slopes gently 
among vegetated bedrock outcrops to the north, southeast, and southwest. 

1.3.3 Geology 

Bedrock in the area indicates that approximately 450 million years ago a shallow sea covered the 
Cincinnati area. Sediments that later became flat-lying shale with interbedded limestone were 
deposited in the shallow sea, as evidenced by the abundance of marine fossils in the bedrock. In 
the more recent geologic past, the advance and retreat of three separate glaciers shaped the 
southwestern Ohio landscape. A large river drainage system south of the glaciers created river 
valleys up to 200 feet (ft) (61 meters [m]) deep, which were then filled with sand and gravel 
when the glaciers melted. These filled river valleys are called buried valleys. 

The last glacier to reach the area left a glacial overburden-a low-permeability mixture of clay 
and silt with minor amounts of sand and gravel-deposited across the land surface. The site is 
situated on a layer of glacial overburden that overlies portions of a 2- to 3-mile-wide 
(3- to 5-km-wide) buried valley. This valley, known as the New Haven Trough, makes up-part of 
the Great Miami Aquifer. The impermeable shale and limestone bedrock that defines the edges 
and bottom of the New Haven Trough restricts the groundwater to the sand and gravel within the 
buried valley. Where present, the glacial overburden limits the downward movement of 
precipitation and surface water runoff into the underlying sand and gravel of the Great 
Miami Aquifer. 

The Great Miami River and its tributaries have eroded considerable portions of the glacial 
overburden and exposed the underlying sand and gravel of the Great Miami Aquifer. Thus, in 
some areas, precipitation and surface water runoff can easily migrate into the underlying 
Great Miami Aquifer and transport contaminants to the aquifer as well. Natural and man-made 
breaches of the glacial overburden were key pathways where contaminated water entered the 
aquifer, causing the groundwater plumes that are being addressed by aquifer restoration 
activities. Figure 4 provides a view of the structure of subsurface deposits in the region along an 
east-west cross section through the site, and Figure 5 presents the regional groundwater flow 
patterns in the Great Miami Aquifer. 
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1.3.4 Sbrface Hydrology 

The Fernald Preserve is located in the Great Miami River drainage basin (Figure 6). Natural 
drainage from the site to the Great Miami River occurs primarily via Paddys Run. This 
intermittent stream begins losing flow to the underlying sand and gravel aquifer south of the 
former Waste Pit Area. Paddys Run empties into the Great Miami River 1.5 miles (2.4 km) south 
of the site. The Great Miami River, 0.6 mile (1 km) east of the Fernald Preserve, runs in a 
southerly direction and flows into the Ohio River about 24 miles (39 km) downstream of the site. 
The segment of the river between the Fernald Preserve and the Ohio River is not used as a source 
of public drinking water. 

The average flow volume for the Great Miami River in 2011 was 7,977 cubic feet per second 
(225.9 cubic meters per second). This average is based on daily measurements collected at the 
U.S. Geological Survey (USGS) Hamilton stream gauge (USGS 3274000) approximately 
10 river miles (16 river km) upstream of the site's effluent discharge. 

In 2011, 60.20 inches (152.9 centimeters [em]) of precipitation were measured at the Butler 
County Regional Airport. This is higher than the average annual precipitation of 41.28 inches 
(1 04.9 em) for 1951 through 2011. Figure 7 shows the average precipitation recorded at the 
Fernald Preserve for each year from 2001 through 2011 and the annual average precipitation for 
the Cincinnati area from 19 51 through 2011. Figure 8 shows monthly precipitation at the site for 
2011 compared to the Cincinnati area average monthly precipitation from 1951 through 2011. 

1.3.5 Natural Resources 

Natural resources have important aesthetic, ecological, economic, educational, historical, 
recreational, and scientific value to the United States. Their establishment and protection is an 
ongoing process at the Fernald Preserve. Section 6.0 discusses the site's diverse natural and 
cultural resources, and it summarizes 2011 inspection, monitoring, and maintenance activities. 
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The Fernald Preserve covers about 1,050 acres (425 hectares). 

Figure 1. Fernald Preserve and Vicinity 
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Figure 3. Fernald Preserve Perspective 
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2.0 Remediation Status and Compliance Summary 

This section provides a summary of CERCLA remediation activities in 2011 and summarizes 
compliance activities with other applicable environmental laws, regulations, and legal agreements. 
Compliance under CERCLA dictates the environmental remediation of the Fernald Preserve. 

EPA and Ohio EPA enforce the environmental laws, regulations, and legal agreements governing 
work at the Fernald Preserve. EPA develops, promulgates, and enforces environmental 
protection regulations and technology-based standards. EPA regional offices and state agencies 
enforce these regulations and standards by review of data collected at the Fernald Preserve. EPA 
Region 5 has regulatory oversight of the CERCLA process at the Fernald Preserve, with active 
participation from Ohio EPA. 

For some programs, such as those under the Resource Conservation and Recovery Act (RCRA), 
as amended, the Clean Air Act, as amended (excluding National Emissions Standards for 
Hazardous Air Pollutants compliance), and the Clean Water Act, as amended, EPA has 
authorized or delegated the State of Ohio to act as the primary enforcement authority. For these 
programs, Ohio promulgates state regulations that must be at least as stringent as federal 
requirements. Several legal agreements among DOE, EPA Region 5, and Ohio EPA identify site
specific requirements for compliance with the regulations. To comply with these regulations, 
DOE-Headquarters issues directives to its field and area offices and conducts audits to ensure 
compliance with all regulations. 

2.1 CERCLA Remediation Status 

In October 2006, remedial actions were completed for four of the five operable units. As of, 
October 29, 2006, the only active remedy implementation efforts remaining involved the 
continuation of the groundwater remedy under Operable Unit 5. Other activities under CERCLA 
during 2011 involved monitoring the performance of the completed remedies, implementing the 
requirements of the LMICP, and completion of the third CERCLA 5-year review. 

All cleanup-related CERCLA documentation, including a copy of the Administrative 
Record (AR), is available online at http:/ /www.lm.doe.gov/CERCLA _ Home.aspx. The original 
and a copy of the AR are located in the records warehouse at the LM Business Center in 
Morgantown, West Virginia. A copy of the AR is also located at EPA's Region 5 office in 
Chicago, Illinois. The Fernald Preserve records staff can be contacted by phone at 
(513) 648-4449 for assistance in searching for a document in the CERCLA AR. The CERCLA 
AR will be updated as new documents are created. 

The completion and closure of a National Priorities List (NPL) site encompasses several 
milestones and specific documentation requirements for each milestone completed (EPA 2000). 
These milestones begin with remedial action completion and end with deletion from the NPL 
and include: 

• Remedial action completion (Final or Interim Remedial Action Reports). 

• Construction completions (Preliminary Closeout Report)-all construction activities are · 
complete, immediate threats are addressed, and long-term threats are under control. 
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• Site tompletion (Final Closeout Report)-all site cleanup goals are met, all Records of 
Decision are complete, institutional controls are in place, and site conditions are protective 
ofhumanhealth and the environment. 

• Site deletion from the NPL (Notice of Intent to Delete). 

Final Remedial Action Reports have been prepared and approved by both EPA and Ohio EPA 
for Operable Units 1, 2, 3 and 4. The Interim Remedial Action Report for Operable Unit 5 
(DOE 2008) was approved by EPA in August 2008. That report details the ongoing aquifer 
restoration activities and provides information indicating that all required groundwater 
infrastructure has been installed and is functioning as designed. Further, the report provides 
information that all soils have been remediated (except those associated with the groundwater 
infrastructure) and that the OSDF is functioning as designed. Operable Unit 5 will remain open 
until a future final Remedial Action Report for Operable Unit 5 has been prepared. This report 
will be developed once groundwater actions are complete, and all soils and infrastructure 
associated with the groundwater remedy have been adequately addressed (estimated completion 
date in 2026, based on modeling projections). EPA issued the Preliminary Closeout Report 
US. DOE Feed Materials Production Center, Fernald, Ohio (EPA 2006) in December 2006. 

CERCLA also requires a 5-year review process of remedial actions implemented under the 
signed Record of Decision for each operable unit. The purpose of a 5-year review is to 
determine, through evaluation of performance of the selected remedy, whether the remedy at a 
site remains protective of human health and the environment. The first 5-year review report for 
the Fernald Preserve (DOE 200la) was approved by EPA in September 2001. The second 5-year 
review report was submitted in April2006 (DOE 2006a) and approved by EPA in 
September 2006. The third 5-year review report was submitted to EPA in March 2011 
(DOE 2011) and approved by EPA in August 2011. 

CERCLA remediation highlights during 2011 included the following: 

• The performance of the OSDF was satisfactory during 2011. The cap underwent four formal 
inspections. Leachate generation has continued to decline, and liner performance is meeting 
design requirements. Leachate/leak detection performance is discussed in Section 3. Cap 
performance is discussed further in Section 6. 

• Figure 9 indicates soil areas that remain uncertified pending the end of the groundwater 
remedy and the decontamination and decommissioning of the related facilities and the 
associated utilities. Elevated uranium concentrations persist in surface water in an area 
adjacent to former Waste Pit 3. No specific actions other than continued monitoring were 
conducted in 2011. This issue is further explained in Section 4. 

• Monitoring and maintenance of ecologically restored areas continued during 2011, and 
required site inspections were performed. Other than occasional instances of hikers straying 
off trail, there were no instances ofbreaches in or violations of the institutional controls 
established in the LMICP. Further discussion of the site inspection process is included in 
Section 6. 

For 2011, the ongoing groundwater remedy resulted in a total of 2,431 million gallons (M gal) 
(9 ,201 million liters [M liters]) of groundwater being extracted from the Great Miami Aquifer, 
and 544lb (247 kg) ofuranium 'Yere removed from the aquifer. Section 3 discusses groundwater 
monitoring and remediation performance. 
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2.2 Summary of Compliance with Other Requirements 

CERCLA requires compliance with other laws and regulations as part of remediation of the 
Fernald Preserve. These requirements are referred to as applicable or relevant and appropriate 
requirements (ARARs ). ARARs that are pertinent to remediation of the Fernald Preserve are 
specified in the Record of Decision for each operable unit. This s~ction of the report highlights 
some of the major requirements related to environmental monitoiing and waste management and 
describes how the Fernald Preserve complied with these requirements in 2011. 

The regulations discussed in this section have been identified as ARARs within the Records of 
Decision. The Fernald Preserve must comply with these regulations while site remediation under 
CERCLA is underway; compliance is enforced by EPA and Ohio EPA. Some of these 
requirements include permits for controlled releases, which are also discussed in this section. 

2.2.1 RCRA 

RCRA regulates the treatment, storage, and disposal of hazardous waste and mixed waste that 
contains radioactive and hazardous waste components. These wastes are regulated under RCRA 
and Ohio hazardous waste management regulations; therefore, the Fernald Preserve must comply 
with legal requirements for managing hazardous and mixed wastes. Ohio EPA has been 
delegated or authorized by EPA to enforce its hazardous waste management regulations in lieu of 
the federal RCRA program. In addition, hazardous waste management is subject to the 1988 
Consent Decree, the 1993 Stipulated Amendment between the State of Ohio and DOE, and a 
series of Director's Final Findings and Orders issued by Ohio EPA. 

2.2.1.1 RCRA Property Boundary Groundwater Monitoring 

The Director's Findings and Orders for Groundwater, which were signed September 10, 1993, 
described an alternate monitoring system for RCRA groundwater monitoring. A revision of this 
document was approved on September 7, 2000, to align with the groundwater monitoring 
strategy identified in the IEMP. The. Property Boundary Groundwater Monitoring program is 
discussed in Section 3. 

2.2.1.2 Waste Management 

Although the RCRA regulations remain applicable, the Fernald Preserve had no hazardous 
waste treatment, storage, or disposal activities during 2011. Wastes managed during 2011 were 
limited to universal waste, uncontaminated solid wastes, and small quantities oflow-level 
radioactive wastes. 

2.2.2 Clean Water Act 

( .: 

( \ 
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~ .... 

i ,. 
c··· 

Under the Clean Water Act, as amended, the Fernald Preserve is governed by the National (I 
Pollutant Discharge Elimination System (NPDES) regulations that require the control of 
discharges of nonradiological pollutants to waters of the state of Ohio. The NPDES permit, 
issued by the State of Ohio, specifies discharge and sample locations, sampling and reporting 
schedules, and discharge limitations. The Fernald Preserve submits monthly reports on NPDES 
activities to Ohio EPA demonstrating compliance with stipulated discharge limits. There were no 
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instances 'of noncompliance during 2011. Section 4 discusses the surface water and treated 
effluent information in detail. 

2.2.3 Clean Air Act 

Ohio EPA is authorized to enforce the state of Ohio's air standards for particulate matter at the 
Fernald Preserve. Compliance is accomplished by implementing the Fugitive Dust Control 
Policy negotiated between DOE and Ohio EPA in 1997. The policy allows for visual observation 
of fugitive dust and implementation of dust control measures. 

2.2.4 Superfund Amendments and Reauthorization Act of 1986 

The Superfund Amendments and Reauthorization Act of 1986 (SARA) amended CERCLA and 
was enacted, in part, to clarify and expand CERCLA requirements. SARA Title III is also known 
as the Emergency Planning and Community Right to Know Act. 

A letter was submitted to Ohio EPA, to the local emergency plaooing committees of Hamilton 
and Butler Counties, and to the Crosby Township Fire Department on February 28, 2011, stating 
that the Fernald Preserve was not required to submit the SARA Title III, Section 312, Emergency 
and Hazardous Chemical Inventory Report for 2011. During 2011 there were no chemicals 
stored on the Fernald Preserve above threshold planning quantities. 

Another SARA Title III report, the Section 313 Toxic Chemical Release Inventory Report 
(Form R), is required if quantities of chemicals released at the Fernald Preserve exceed an 
applicable threshold for any SARA 313 chemical. If required, the Toxic Chemical Release 
Inventory Report lists routine and accidental releases and information about the activities, uses, 
and waste for each reported toxic chemical. No chemical releases have exceeded the threshold 
for several years. On June 21, 2011, a negative survey report was submitted to Ohio EPA 
documenting that no such chemicals above thresholds were on site at any time during 2011. No 
chemical exceeded a reporting threshold during 2011. 

Also under SARA Title III, any offsite release meeting or exceeding a reportable quantity as 
defined by SARA Title III, Section 304, requires that immediate notifications be made to local 
emergency planning committees and the state emergency response commission. Notifications are· 
also made to the National Response Center and other appropriate federal, state, and local 
regulatory .entities. All releases that might occur at the Fernald Preserve are evaluated and 
documented to ensure that proper notifications are made in accordance with SARA, and under 
CERCLA Section 103, RCRA, the Toxic Substances Control Act, the Clean Air Act, the Clean 
Water Act, and Ohio environmental laws and regulations. There were no releases at the Fernald 
Preserve that met the reporting criteria under CERCLA during 2011. 

2.2.5 Other Environmental Regulations 

The Fernald Preserve is also required to comply with other environmental laws and regulations 
in addition to those described above. Table 2 summarizes compliance with each of these 
requirements for 2011. 

U.S. Department of Energy 
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Table 2. Compliance with Other Environmental Regulations 

Regulation and Purpose 

Toxic Substances Control Act 
Regulates the manufacturing, use, 
storage, and disposal of toxic 
materials, including polychlorinated 
biphenyl (PCB) and PCB items. 

Ohio Solid Waste Act 

Background Compliance Issues 

The last routine Toxic Substances Control Act inspection of the 
Fernald Preserve's program was conducted by EPA Region 5 on 
September 21, 1994. No violations of PCB regulations were 
identified during the inspection. 

Regulates infectious waste. The Fernald Preserve was registered with Ohio EPA as a 
generator of infectious waste (generating more than 50 lb [23 kg] 
per month) until December 6, 1999, when Ohio EPA concurred 
with the Fernald Preserve's qualification as a small quantity 
generator. 

Federal Insecticide, Fungicide, and Rodenticide Act 
Regulates the registration, storage, The last inspection of the Federal Insecticide, Fungicide, and 
labeling, and use of pesticides Rodenticide Act program conducted by EPA Region 5 on 
(such as insecticides, herbicides, September 21, 1994, found the Fernald Preserve to be in full 
and rodenticides). compliance with the requirements mandated by the Federal 

Insecticide, Fungicide, and Rodenticide Act. 
National Environmental Policy Act 
Requires the evaluation of 
environmental, socioeconomic, 
and cultural impacts before any 
action, such as a construction or 
cleanup project, is initiated by a 
federal agency. 
Endangered Species Act 
Requires the protection of any 
threatened or endangered species 
found at the site as well as any 
critical habitat that is essential for 
the species' existence. 

An Environmental Assessment for proposed final land use was 
issued for public review in 1998. It was prepared under DOE's 
guidelines for implementation of National Environmental Policy 
Act, 10 CFR 1021. The assessment requires consulting the 
public before any decisions on land use are made; it includes 
previous DOE commitments. 

Ecological surveys conducted by Miami University and DOE, in 
consultation with the Ohio Department of Natural Resources and 
the U.S. Fish and Wildlife Service, have established the following 
list of threatened and endangered species and their habitats 
existing on site: 

Cave salamander, state-listed endangered-marginal habitat, 
none found; Sloan's crayfish, state-listed threatened-found on 
northern sections of Paddys Run; Indiana brown bat, federally 
listed endangered-found in riparian areas along Paddys Run. 

2011 Compliance Activities 

No PCB liquids Were shipped in 2011. 

No infectious waste activities were required 
in 2011. 

Pesticide applications at the Fernald Preserve 
were conducted according to federal and state 
regulatory requirements. 

No National Environmental Policy Act activities 
were required in 2011. 

No surveys were conducted specifically for 
endangered species in 2011. 
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Table 2 (continued). Compliance with Other Environmental Regulations 

Regulation and Purpose Background Compliance Issues 

Floodplains/Wetlands Review Requirements 
DOE regulations require a A wetlands delineation of the Fernald Preserve, completed in 
floodplain/wetlands assessment 1992 and approved by the U.S. Army Corps of Engineers in 
for DOE construction and August 1993, identified 36 acres (15 hectares) of freshwater 
improvement projects. wetlands on the Fernald Preserve property. 

National Historic Preservation Act 
Establishes a program for the 
protection, maintenance, and 
stewardship of federal prehistoric 
and historic properties. 

The Fernald Preserve is located in an area of sensitive historic 
and prehistoric cultural resources that are eligible for or on the 
National Register of Historic Places. These cultural resources 
include historic structures, buildings, and bridges, plus Native 
American villages and campsites. 

Native American Graves Protection and Repatriation Act 
Establishes a means for Native 
Americans to request the return or 
"repatriation" of human remains 
and other cultural items. Federal 
agencies must return human 
remains, associated funerary 
objects, sacred objects, and objects . 
of cultural patrimony to the Native 
American nations or tribes with 
cultural affiliation to the remains 
or material. 

Native American remains have been discovered during 
remediation activities at the Fernald Preserve. Native American 
remains and artifacts have been removed or left in place, with 
consultation from Native American nations, tribes, and groups. 

2011 Compliance Activities 

No assessments were performed in 2011. 

An archeological survey was conducted on 
approximately 4 acres along Paddys Run Road. 
This survey was conducted in advance of 
planned restoration activities in 2012. No cultural 
resources were identified. Monitoring for 
unexpected discoveries was conducted during 
sitewide field activities. 

No Native American remains were discovered or 
repatriated to Native American nations, tribes, or 
groups in 2011. As stated within the 
"Background Compliance Issues" column, 
monitoring for unexpected discoveries was 
conducted during sitewide field activities. 



Table 2 (continued). Compliance with Other Environmental Regulations 

Regulation and Purpose Background Compliance Issues 

Natural Resource Requirements Under CERCLA and Executive Order 12580 
Requires DOE to act as a trustee DOE and the other trustees, which include Ohio EPA and the 
(i.e., guardian) for natural resources U.S. Department of the Interior (administered by the U.S. Fish 
at its federal facilities. and Wildlife Service), meet regularly to discuss potential impact 

to natural resources and to coordinate trustee activities. The 
trustees also interact with the Fernald Community Alliance. 

2011 Compliance Activities 

In November 2008, the State of Ohio and DOE 
reached a settlement of the 1986 Natural 
Resource injury claim at Fernald. While the 
components of restoration had been established 
through a 2001 Memorandum of Understanding 

. (DOE 2001 d) and restoration of the site 
continues, the State of Ohio and DOE settled 
outstanding issues such as the payment of 
monetary penalties, establishment of 
environmental covenants, and a mutually agreed 
upon Natural Resource Restoration Plan 
(NRRP), which is Appendix B of the Partial 
Consent Decree Resolving Ohio's Natural 
Resource Damage Claim against DOE (State of 
Ohio 2008). In 2009, activities commenced as 
required in the final NRRP. Activities in 2011 
included the third year of wetland mitigation 
monitoring. A jurisdictional wetland delineation 
was conducted along with monitoring for 
hydrology, vegetation, and soil chemistry. The 
3-year mitigation monitoring effort was reported 
in the Fernald Preserve Wetland Mitigation 
Monitoring Reporl (DOE 2012), which was 
submitted to the trustees. Additional 
monitoring activities included forest functional 
monitoring across the site and an evaluation of 
areas that were seeded in 2010. Section 6 
provides a summary of trustee activities and 
monitoring data. 
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2.2.6 dther Permits 

Certain environmental laws are implemented through permits. However, there are no other 
permits currently in effect other than the Fernald Preserve's permit for discharging water under 
NPDES regulations discussed in Section 2.2.2. 

2.2. 7 Pollution Prevention and Source Reduction 

The Fernald Preserve is actively involved in an effort to reduce solid, hazardous, radioactive, and 
mixed waste generation and to eliminate or minimize pollutants released to all environmental 
media. Various waste streams were recycled during 2011, including: 

• 7,187lb (3,260 kg) of paper 

• 106lb (48.1 kg) of aluminum 

• 228 lb (1 03
1 
kg) of batteries 

• 2,879 lb (1 ,306 kg) of electronic equipment (universal waste) 

• 163 lb (73.9 kg) of toner cartridges 

• 164,244lb (74,500 kg) of concrete 

• 17,480 lb (7,929 kg) of iron/steel 

• 1,677lb (760.7 kg) of copper 

• 5,983 lb (2, 714 kg) of commingled cardboard, glass, plastic, and paper 

• 77,000 lb (32,930 kg) ofbaled hay (reused as soil amendment) 

The Fernald Preserve's affirmative procurement program involves source reduction and the use 
of EPA-designated materials to increase the market for recovered materials. In accordance with 
Executive Order 13514, Federal Leadership in Environmental, Energy, and Economic 
Performance, and Executive Order 13423, Strengthening Federal Environmental, Energy and 
Transportation Management, the Fernald Preserve uses 30 percent post-recycled-content copier 
paper. The Fernald Preserve generated and submitted an annual report demonstrating compliance 
with these orders in December 2011. 

As part of the Annual Site Sustainability Plan required underDOE Order 436.1, the Fernald 
Preserve generated and submitted a summary report of waste generated and pollution prevention 
progress in December 2011. 

2.2.8 Federal Facilities Compliance Agreement 

In July 1986, DOE entered into a Federal Facility Compliance Agreement (FFCA) with EPA, 
which requires the Fernald Preserve to: 

• Maintain a sampling program for the South Plume extraction wells and report the results to 
EPA, Ohio EPA, and the Ohio Department of Health. The sampling program conducted to 
address this requirement has also been modified over the years and is currently governed by 
an agreement reached with EPA and Ohio EPA on May 1, 1996. These data are reported in 
Appendix A. 
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• Mai:tltain a continuous sample collection program for radiological constituents at the treated 
effluent discharge points and report the results to EPA, Ohio EPA, and the Ohio Department 
of Health. The sampling program to address this requirement has been modified over the 
years and is currently governed by an agreement reached with EPA and Ohio EPA that 
became effective May 1, 1996. These data are reported in Appendix B. 

2.2.9 Environmental Management Systems Requirement 

DOE requires that sites develop and implement an Environmental Management System as a 
means of systematically planning, implementing, evaluating, and improving processes and 
actions undertaken to achieve environmental goals. This requirement is specified in DOE 
Order 436.1, Departmental Sustainability. 

The implementation of an Environmental Management System ensures that sound stewardship 
practices protective of the air, water, land, and other natural and cultural resources potentially 
affected by operations are employed throughout the project. An Environmental Management 
System is a systematic process for reducing the environmental impacts resulting from DOE and 
contractor work activities, products, and services and directs work to proceed in a manner that 
protects workers, the public, and the environment. The process adheres to "Plan-Do-Check-Act" 
principles, mandates environmental compliance, and integrates green initiatives into all phases of 
work, including scoping, planning, construction, subcontracts, and operations. Proposed site 
maintenance activities will be assessed for opportunities to improve environmental performance 
and sustainable environmental practices. Some areas for consideration include reusing and 
recycling products or wastes, using environmentally preferable products (i.e., products with 
recycled content, products with reduced toxicity; and energy efficient products), using alternative 
fuels and renewable energy, and making environmental habitat improvements. 

2.3 Split Sampling Program 

Since 1987, DOE has participated in the split sampling program with Ohio EPA. Split samples 
are obtained when technicians alternately add portions of a sample to two individual sample 
containers. This collection method helps ensure that both samples are as close as possible to 
being identical. The split samples are then submitted to two analytical laboratories; this allows 
for an independent comparison of data to ascertain quality assurance for laboratory analysis and 
field sampling methods. Ohio EPA performs independent sampling in addition to split sampling. 

In 2011, DOE and Ohio EPA cooperated in the split sampling program. Table 3 provides the 
analytical results of split groundwater samples, and Figure 10 shows the split sample locations. 
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• Table 3. 2011 DOE/Ohio EPA Groundwater Split Sampling Comparison 

Sample 2011 Constituent 
DOE Result Ohio EPA FRLC 

Location a Sample Date (IJg/L)b Result (IJg/L) (IJg/L) 

2060 April Total Uranium 38.7 44.3 30 

2060 November Total Uranium 53.1 52.3 30 

13 April Total Uranium 15.4 16.7 30 

13 November Total Uranium 10.3 9.46 30 

14 April Total Uranium 4.09 4.31 30 

14 November Tota.l Uranium 3.94 3.25 30 

a Refer to Figure 10 for groundwater split sample locations . 
b f.lg/L = micrograms per liter 
c The groundwater pathway and final remediation levels (FRL) are discussed in Section 3. 
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3.0 Groundwater Pathway 

Results in Brief: 2011 Groundwater Pathway 

Groundwater Remedy 

Since 1993 
• 32,183 M gallons (121,813 M liters) of water have been pumped from 

the Great Miami Aquifer. 
• 10,805 net lb (4,905 kg) of uranium have been removed from the 

Great Miami Aquifer. 

During 2011 
• 2,431 M gallons (9,201 M liters) of water were pumped from the 

Great Miami Aquifer. 
• 544 lb (247 kg) of uranium were removed from the Great Miami Aquifer. 

Groundwater Monitoring Results-Historically high precipitation levels in 2011 
resulted in high water levels in the Great Miami Aquifer. High water levels in the 
aquifer provide ideal conditions to update the dimensions of the maximum uranium 
plume because more of the vertical component of the plume can be sampled. DOE 
took full advantage of high water levels in 2011 to update maximum uranium plume 
dimensions. The data collected in 2011 indicate that uranium concentrations within 
the footprint of the maximum uranium plume continue to decrease in response to 
pumping. The footprint of the maximum uranium plume in 2011 was approximately 
144 acres (a decrease of approximately 21.7 percent from what was mapped in 
2010 [184 acres]). 

Groundwater elevation data continue to show that the uranium plume is being 
captured by the pumping wells. 

As predicted, the percentage of treatment needed to achieve uranium discharge 
limits has been decreasing. This is a normal operational progression seen in pump
and-treat remediations. The aquifer remedy can continue without groundwater 
treatment and achieve uranium discharge limits. In 2011, DOE, EPA, and Ohio EPA 
agreed to proceed with reducing the treatment capacity of Converted Advanced 
Wastewater Treatment facility from approximately 1,800 gpm to 500 to 600 gpm. 
The reduced capacity will be maintained to handle other site water treatment needs 
and to provide for a contingency for the limited treatment of groundwater if deemed 
necessary. 

OSDF Monitoring-In 2011, every sampling horizon of each cell was sampled 
quarterly for up to 23 parameters. The leachate collection system was sampled 
annually for Ohio Administrative Code 37 45-27-10 Appendix I constituents and 
PCBs. Flow data from the engineered facility, coupled with the water quality 
monitoring results and the results of quarterly disposal facility physical inspections, 
indicate that the facility performed as designed in 2011. 

This section provides 
background information on the 
nature and extent of 
groundwater contamination in 
the Great Miami Aquifer due to 
past operations at the 
Fernald Preserve and 
summarizes aquifer restoration 
progress and groundwater 
monitoring activities and results 
for 2011. 

Restoration of the affected 
portions of the Great Miami 
Aquifer and continued 
protection of the groundwater 
pathway are primary 
considerations in the 
groundwater remediation 
strategy for the 
Fernald Preserve. The 
groundwater pathway will 
continue to be monitored 
following remediation to 
ensure the protection of this 
primary exposure pathway. 

3.1 Summary of the Nature and Extent of Groundwater Contamination 

Groundwater Modeling at the Fernald Preserve 
The Fernald Preserve uses a computer model to make predictions 
about how the concentration/location of contaminants in the aquifer 
will change over time. Because the model contains simplifying 
assumptions about the aquifer and the contaminants, the predictions 
about future behavior must be verified with laboratory analyses of 
groundwater samples collected during monitoring activities. 

The nature and extent of groundwater 
contamination from operations at the 
Fernald site were investigated, and the 
risk to human health and the 
environment from those contaminants 
was evaluated in the Operable Unit 5 
Remedial Investigation Report 
(DOE 1995b). As documented in that 
report, the primary groundwater 
contaminant at the site is uranium. 

If groundwater monitoring data indicate the need for operational 
changes to the groundwater remedy, the groundwater model is run 
to predict the effect those chang~s might have on the aquifer and the 
contaminants. If the predictions indicate the proposed changes 
would increase cleanup efficiency and reduce the cleanup time and 
cost, the operational changes are made, and monitoring data are 
collected after the changes to verify whether model predictions were 
correct. If model predictions prove to be incorrect, modifications are 
made to the model to improve its predictive capabilities . 

Groundwater contamination resulted 
from infiltration of contaminated surface water through the bed of Paddys Run, the storm sewer 
outfall ditch (SSOD), the Pilot Plant drainage ditch, and the Old Drainage Ditch from the Plant 1 
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Pad (see Figure 18). In these areas, the glacial overburden is absent (eroded), creating a direct 
pathway between surface water and the sand and gravel of the aquifer. To a lesser degree, 
groundwater contamination also resulted where past excavations (such as the waste pits) 
removed some of the protective clay contained in the glacial overburden and exposed the aquifer 
to contamination. 

3.2 Selection and Design of the Groundwater Remedy 

While a remedial investigation and feasibility study was in progress and a groundwater remedy 
was being selected, off-property contaminated groundwater was being pumped from the South 
Plume area by the South Plume Removal Action System (referred to as the South Plume 
Module). In 1993, this system was installed south ofWilley Road and east ofPaddys Run Road 
to stop the uranium plume in this area from migrating any farther to the south. Figure 11 shows 
South Plume Module extraction wells 3924, 3925, 3926, and 3927. These extraction wells have 
successfully stopped further southern migration of the uranium plume beyond the wells and have 
contributed to significantly reducing total uranium concentrations in the off-property portion of 
the plume. 

After the nature and extent of groundwater contamination was defined in the Remedial 
Investigation Report for Operable Unit 5 (DOE 1995b), various remediation technologies were 
evaluated in the Feasibility Study Report for Operable Unit 5 (DOE 1995c). Remediation cost, 
and various land-use scenarios were considered during the development of the preferred remedy 
for restoring the quality of groundwater in the aquifer. The Feasibility Study Report for Operable 
Unit 5 recommended a concentration-based, pump-and-treat remedy for the groundwater 
contaminated with uranium, consisting of 28 groundwater extraction wells located on and off 
property. Computer modeling suggested that the 28 extraction wells pumping at a combined rate 
of 4,000 gallons per minute (gpm) (15,140 liters per minute [Lpm]) would remediate the aquifer 
within 27 years. 

The recommended groundwater remedy, that included state and community acceptance, was 
presented in the Proposed Plan for Operable Unit 5 (DOE 1995d) as the preferred groundwater 
remedy. Once the proposed plan was approved, the Record of Decision for Remedial Actions at 
Operable Unit 5 (OU5 ROD) (DOE 1996) was issued .. The OU5 ROD formally defmes the 
selected groundwater remedy and establishes final remediation levels (FRLs) for all constituents 
of concern. 

Re-injection at the Fernald Site 

From 1998 to 2004, re-injection was an enhancement to the 
groundwater remedy at the Fernald site, supplementing 
pump-and-treat operations. The term "well-based" refers to 
the injection of treated groundwater through specially 
designed re-injection wells. Groundwater pumped from the 
aquifer was treated via ion exchange to remove 
contaminants and then re-injected into the aquifer at 
strategic well locations. Because the treatment process was 
not 1 00 percent efficient, a small amount of uranium was 
re-injected into the aquifer with the treated water. The 
re-Injected groundwater increased the speed at which 
dissolved contaminants moved through. the aquifer and were 
pulled by extraction wells, thereby decreasing the overall 
remediation time. Based on updated groundwater modeling 
and the unfavorable results of a cost/benefit analysis, 
well-based re-injection was discontinued in 2004. 
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The OU5 ROD commits to an ongoing 
evaluation of innovative remediation 
technologies so that remedy performance can 
be improved as such technologies become 
available. As a result of this commitment, an 
enhanced groundwater remedy was presented 
in the Operable Unit 5 Baseline Remedial 
Strategy Report, Remedial Design for Aquifer 
Restoration (Task 1) (DOE 1997). 
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Ground~ater modeling studies conducted to design the enhanced groundwater remedy suggested 
that, with the early installation of additional extraction wells and the use ofre-injection 
technology, the remedy could potentially be reduced to 10 years. EPA and Ohio EPA approved 
the enhanced groundwater remedy that relied on pump-and-treat and re-injection technology. 
The groundwater remedy included the use of well-based re-injection until September 2004. 

Evolution of the enhanced groundwater remedy has been documented through a series of 
approved designs. These designs are: The Operable Unit 5 Baseline Remedial Strategy Report, 
Remedial Design for Aquifer Restoration (Task 1) (DOE 1997), Design for Remediation of the 
Great Miami Aquifer in the Waste Storage and Plant 6 Areas (DOE 2001 b), Design for 
Remediation of the Great Miami Aquifer South Field (Phase II) Module (DOE 2002a), 
Comprehensive Groundwater Strategy Report (DOE 2003), the Groundwater Remedy 
Evaluation and Field Verification Plan (DOE 2004), and the Waste Storage Area Phase II 
Design Report and Addendum (DOE 2005a). 

The enhanced groundwater remedy commenced in 1998 with the startup of the South Field 
(Phase 1), the South Plume Optimization, and the Re-injection Demonstration Modules. It 
focused primarily on the removal of uranium but was also designed to limit further expansion of 
the plume, achieve removal of all targeted contaminants to concentrations below designated 
FRLs, and prevent undesirable groundwater drawdown impacts beyond the site boundary. 
Startup of the enhl;l.nced groundwater remedy included a year-long re-injection demonstration 
that began in September 1998. Through the years, extraction and re-injection wells have been 
added to and removed from these initial restoration modules. 

In 2001, EPA and Ohio EPA approved the Design for Remediation of the Great Miami Aquifer 
in the Waste Storage and Plant 6 Areas (DOE 2001b). Approval of this design initiated the 
installation of the next planned aquifer restoration module. The design specified three extraction 
wells in the Waste Storage Area to address contamination in the Pilot Plant drainage ditch plume 
(Phase I) and two extraction wells to address the remaining contamination after the waste pits 
excavation was completed (Phase II). One of the three Phase I Waste Storage Area wells 
(Well32761) was installed in 2000 to support an aquifer pumping test to help determine the 
restoration well field design. The remaining two Phase I wells (Well33062 and Well33063) 
were installed in summer 2001 after EPA and Ohio EPA approved the design. All three wells 
became operational on May 8, 2002. Well33063 was abandoned in 2004 to facilitate site 
remediation work. A replacement well (Well33334) was installed and began operating in 2006. 
Well locations are shown in Figure 11. 

The Design for Remediation of the Great Miami Aquifer in the Waste Storage and Plant 6 Areas 
(DOE 2001 b) also provided data indicating that the uranium plume in the former Plant 6 Area 
was no longer present. It was believed that the uranium concentrations in the plume had 
decreased to levels below the FRL as a result of plant operations shutting down in the late 1980s 
and the pumping of highly contaminated perched water as part of the Perched Water Removal 
Action No. 1 in the early 1990s. Because a uranium plume with concentrations above the 
groundwater FRL was no longer present in the former Plant 6 Area at the time of the design, a 
restoration module for the area was determined to be unnecessary. Groundwater monitoring 
continues in the former Plant 6 Area with one well (Well2389) in the area having sporadic total 

'uranium FRL exceedances. The location of monitoring well2389 is shown in Figure 14. 
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In 2002, EPA and Ohio EPA approved the next planned groundwater restoration design 
document, the Design for Remediation of the Great Miami Aquifer South Field (Phase II) 
Module (DOE 2002a). The Phase II design presents an updated interpretation of the uranium 
plume in the South Field area along with recommendations on how to proceed with remediation 
in the area, based on the updated plume interpretation. Installation of Phase II components was 
initiated in 2002. The overall system (Phases I and II) is referred to as the South Field Module. 

In 2003, groundwater remediation approaches were evaluated to determine the most cost
effective groundwater remedy infrastructure, including the wastewater treatment facility, to 
remain after site closure. An evaluation of alternatives was presented in the Comprehensive 
Groundwater Strategy Report (DOE 2003). In October 2003, initial discussions were held with 
the regulators and the public concerning the various alternatives identified in the report. These 
discussions culminated in an identified path forward to work collaboratively with the Fernald 
Citizens Advisory Board, EPA, and Ohio EPA to determine the most appropriate course of 
action for the ongoing aquifer restoration and water treatment activities at the Fernald site . 

In 2004, a decision regarding the future aquifer restoration and wastewater treatment approach 
was made following regulatory and public input. In May, EPA and Ohio EPA approved the 
decision to reduce the size of the advanced wastewater treatment facility; in June, they approved 
the decision to discontinue the use of well-based re-injection. Reducing the size ofthe advanced 
wastewater treatment facility provided the opportunity to dismantle and dispose of 
approximately 90 percent of the existing facility in the OSDF in time to meet the 2006 closure 
schedule. This resulted in a protective, more cost-effective, long-term water treatment facility to 
complete aquifer restoration. Well-based re-injection was discontinued in 2004 on the basis of 
groundwater modeling cleanup predictions presented in the Comprehensive Groundwater 
Strategy Report (DOE 2003) and the Groundwater Remedy Evaluation and Field Verification 
Plan (DOE 2004). The updated modeling indicated that the aquifer restoration time frame 
would likely be extended beyond dates previously predicted as a result of refined modeling 
input. The updated modeling also indicated that continued use of the groundwater re-injection 
wells would shorten the aquifer remedy by approximately 3 years. Therefore, the benefit of 
continuing re-injection did not justify the cost. Well-based re-injection was discontinued in 
September 2004 to support construction of the Converted Advanced Wastewater Treatment 
facility (CA WWT). All re-injection wells remain in place as potential groundwater remedy 
performance monitoring locations. 

In 2005, the Waste Storage Area Phase II Design Report (DOE 2005a) was issued. Comments 
received from EPA and Ohio EPA resulted in the issuance of an addendum to the report in 
December 2005. The design consisted of the installation of one more extraction well 
(Well33347) in the former Waste Storage Area, near the former silos area. Well33347 is shown 
in Figure II. 

In 2005, an infiltration test was conducted in the SSOD. The test consisted of gauging the flow into 
and out of the SSOD with six Parshall flumes to obtain the overall infiltration rate along the SSOD. 
Findings from the test were included in the Storm Sewer Outfall Ditch Infiltration Test Report 
(DOE 2005b ). The decision was made that natural storm water flow into th~ SSOD will be 
supplemented with pumped clean groundwater. 

The Fernald Groundwater Certification Plan was issued and approved by EPA in 2005 
(DOE 2006b ). Ohio EPA approved Revision 2 of the plan in 2006. Revision 2 addressed 
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comments that the Ohio EPA had on the 2005 submittal. The certification plan defmes a 
programmatic strategy for certifying completion of the aquifer remedy. It was developed through 
a series of four technical information exchange meetings held in 2005 among DOE, EPA, and 
Ohio EPA. The Fernald Groundwater Certification Plan (DOE 2006b) identifies that the IEMP 
will continue to be the plan that includes remedy performance monitoring requirements. 

In 2006, the Waste Storage Area Phase II Module components became operational, marking 
completion of the groundwater remediation system design. Completion of the Waste Storage 
Area Phase II Module brought the total number of extraction wells in the former Waste Storage 
Area to four (Wells 32761, 33062, 33334, and 33347). These four well locations are shown in 
Figure 11. 

On December 14, 2006, the site began pumping clean groundwater from three existing construction 
wells located on the east side of the Fernald Preserve to the former SSOD. This water is being 
pumped as needed to maintain a flow of approximately 500 gpm (1,890 Lpm) into the former SSOD. 
Pumping will continue until the existing wells, pumps, or motors are no longer serviceable. At that 
time the operation will be suspended, pending a determination by DOE regarding the benefits to the 
aquifer remedy. Also, with the completion of site soil remediation, surface water runoff from 
portions ofthe Former Production Area is being directed to the former SSOD. 

Figure 11 shows the extraction well locations that were active in 2011. The operational information 
associated with these modules is presented in the following subsections. 

3.3 Groundwater Monitoring Highlights for 2011 

For this annual site report, groundwater monitoring results are discussed in terms of restoration 
and compliance monitoring. 

The key elements of the Fernald Preserve groundwater monitoring program design are 
described below. 

Sampling-Sample locations, frequency, and constituents address operational assessment, 
restoration assessment, and compliance requirements. Monitoring is conducted to ascertain 
groundwater quality and groundwater flow direction. 

As part of the comprehensive groundwater monitoring program specified in the current IEMP, 
140 wells were monitored for water quality in 2011. Figure 12 is a diagram of a typical 
groundwater monitoring well. Figure 13 illustrates monitoring well depths and screen locations. 
Figure 14 and Figure 15 identify the locations of the current water quality monitoring wells. In 
addition to water quality monitoring, 178 wells were monitored quarterly for groundwater 
elevations to determine groundwater flow direction. Figure 16 depicts the routine water level 
(groundwater elevation) monitoring wells. 

Additionally, 28locations were sampled using a direct-push sampling tool in 2011. Results are 
provided in Appendix A, Attachment A.2. 
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Groundwater Monitoring Wells 

The aquifer horizon monitored by a 
well is denoted by the first digit of 
the monitoring well number. 
Monitoring wells completed in the 
upper portion of the sand and 
gravel of the Great Miami Aquifer 
are denoted as Type 2 monitoring 
wells. Type 3 monitoring wells are 
completed in the middle portion of 
the sand and gravel aquifer. Type 4 
monitoring wells are completed in 
the lower portion of the sand and 
gravel aquifer just above the 
bedrock. Type 6 monitoring wells 
are co,mpleted between Type 2 and 
Type 3 monitoring wells. Type 8 
wells are continuous multi-channel 
tubing wells; instead of having one 
screen, they have three or six 
individual screens in order to 
discretely monitor the entire vertical 
thickness of the plume. 

*Not Drawn to Scale 
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Figure 12. Diagram of a Typical Groundwater Monitoring Well 
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Data Evdluation-The integrated data evaluation process involves review and analysis of the 
data collected from wells and direct-push sampling locations to determine capture and restoration 
of the uranium plume, capture and restoration of non-uranium FRL constituents, water quality 
conditions in the aquifer that indicate a need to modify the design and installation of restoration 
modules, and the impact of ongoing groundwater restoration on the Paddys Run Road Site plume 
(a separate contaminant plume unrelated to the Fernald Preserve, resulting from industrial 
activities in the area located south of the Fernald Preserve along Paddys Run Road). 

Reporting-All data are reported in the annual Site Environmental Reports. 

3.3.1 Restoration Monitoring 

In general, restoration monitoring tracks the progress of the pump-and-treat stage of the 
groundwater remedy and water quality conditions. All operational modules are evaluated during 
the year to determine the progress of aquifer remediation. Uranium concentration maps are 
developed from analytical data and compared with groundwater elevation maps to verify capture 
of the uranium plume. 

Appendix A provides more-detailed information. Sections that follow identify the specific 
attachment of Appendix A where the detailed information can be found. 

3.3.1.1 Operational Summary 

The amount of groundwater that needs to be treated to maintain compliance with the monthly 
average uranium discharge concentration limit has decreased dramatically over the last 6 years. 
The aquifer remedy can now achieve the uranium discharge limits (i.e., average monthly 
concentration ofless than 30 micrograms per liter [!lg/L] and 600 lb [272 kg] annually) 
established in the OU5 ROD without groundwater treatment. In 2011, DOE, EPA, and Ohio EPA 
agreed to proceed with reducing the treatment capacity of CA WWT from approximately 1,800 
gpm (6,814 Lpm) to 500 to 600 gpm (1,893 to 2,271 Lpm). 

Figure 11 shows the extraction well locations associated with the restoration modules operating 
in 2011. Table 4 summarizes the mass of uranium removed and the volume of groundwater 
pumped during 2011. Unplanned operational disruptions in 2011 were minimal. Additional 
details are provided in the module operational summaries in Sections 3.3.1.2 through 3.3.1.4. 
Figure 17 identifies the yearly and cumulative mass of uranium removed from the Great Miami 
Aquifer from 1993 through 2011. 

Since 1993: 

• 32,183 M gallons (121,813 M liters) of water have been pumped from the Great 
Miami Aquifer. 

• 1,936 M gallons (7,328 M liters) of treated water have been re-injected into the Great 
Miami Aquifer. 

• 10,805 net lb ( 4,906 kg) of total uranium have been removed from the Great Miami Aquifer. 

Appendix A, Attachment A.l, provides detailed operational information on each extraction well. 
The following sections provide an overview of the individual modules. 
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Restoration Wells 

South Plume/ 
South Plume Optimization 
Module: 
3924,3925,3926,3927, 
32308,32309 

South Field Module: 
31550,31560,31561, 
32276,32446,32447, 
33061,33262,33264, 
33265,33266,33298, 
33326 

Waste Storage Area 
Module: 32761, 33062, 
33334,33347 

Aquifer Restoration 
System Total Pumped 

U.S. Department of Energy 
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Table 4. Groundwater Restoration Module Status for 2011 

Target Pumping 

gpm Lpm 

1,200 4,542 

2,575 9,746 

1,000 3,785 

4,775 18,073 

Volume Pumped 
Uranium Removed (Millions) 

gallons 

621 

1,291 

520 

2,431 

liters lb kg 

2,350 108 49 

4,886 338 153 

1,968 98 44 

9,204 544 247 
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3.3.1.2 South Plume/South Plume Optimization Module Operational Summary 

The four extraction wells (3924, 3925, 3926, and 3927) of the South Plume Module began 
operating in August 1993. The two extraction wells (32308 and 32309) of the South Plume 
Optimization Module began operating in August 1998. Figure 18 illustrates the southern extent 
of capture observed for the South Plume/South Plume Optimization Module in the fourth quarter 
of2011. 

During 2011, 621 M gallons (2,350 M liters) of groundwater and 108lb (49 kg) of uranium were 
removed from the Great Miami Aquifer by the South Plume/South Plume Optimization Module. 
Based on analysis of the data collected in 2011, the module continues to meet its primary 
objectives as demonstrated by the following: 

• Southward movement of the uranium plume beyond the southernmost extraction wells has 
not been detected. 

• Active remediation of the central portion of the off-property uranium plume continues to 
reduce plume concentration. Nearly the entire off-property uranium plume concentration is 
now below 100 1-1g/L. When pumping began in 1993, areas in the off-property uranium 
plume had concentrations over 300 1-1g/L. 

• Paddys Run Road Site.plume, located south of the extraction wells, is not being pulled 
toward the South Plume Extraction Wells. 

3.3.1.3 South Field Module Operational Summary 

The South Field Module was constructed in two phases. Phase I began operating in July 1998, 
and Phase II began operating in July 2003. During 2011, 13 extraction wells were operational. 

The 10 original extraction wells installed under Phase I were 31550, 31560, 31561, 31562, 
31563,31564,31565,31566,31567, and 32276. Six ofthe originallO wells have been shut 
down(31564, 31565,31566,31563,31562, and31567). 

• Extraction wells 31564 and 31565 were shut down in December 2001 and May 2001, 
respectively, because these wells were located near the upgradient edge of the plume, 
uranium concentrations in that region of the aquifer were low, and soil remediation was 
underway in the area around the wells. 

• Extraction well 31566 was shut down in August 1998 and was replaced by extraction 
well33262, which was installed as part of South Field (Phase II) Module. 

• Extraction well 31563 was shut down in December 2002 and converted to a re-injection well 
that operated in 2003 and 2004. 

• Extraction well31562 was shut down in March 2003 and replaced by extraction well33298. 

• Extraction well31567 was shut down in September 2005 and replaced by extraction 
well33326. 
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Three new extraction wells (32446, 32447, and 33061) were added to the South Field Module 
between 1998 and 2002. These new wells were installed in the eastern, downgradient portion of 
the South Field plume, at locations where total uranium concentrations were considerably above 
the FRL. Two of these three wells (32446 and 32447) were installed in late 1999 and began 
pumping in February 2000. The third extraction well (33061) was installed in 2001 and became 
operational in 2002. 

Phase II components of the South Field Module are described in the Design for Remediation of 
the Great Miami Aquifer, South Field (Phase II) Module (DOE 2002a), which was issued in 
May 2002. The design provides an updated characterization of the uranium plume in the Great 
Miami Aquifer beneath the southern portion of the site and a modeled design for the South Field 
Module located in that area. All Phase II design components became operational in 2003. The 
components include: 

• Four additional extraction wells, one in the former Southern Waste Units area (extraction 
well33262) and three along the eastern edge of the on-property portion of the southern 
uranium plume (extraction wells 33264, 33265, and 33266). 

• One additional re-injection well in the former Southern Waste Units area (re-injection 
well 33263). 

• An extraction well (31563) that was converted into a re-injection well. 

• An injection pond that was located in the western portion of the former Southern Waste 
Units excavations. 

South Field Module re-injection components were shut down in September 2004. 

During 2011, the South Field Module removed 1,291 M gallons (4,886 M liters) of groundwater 
and 338lb (153 kg) ofuranium from the Great Miami Aquifer. 

3.3.1.4 Waste Storage Area Module Operational Summary 

The Waste Storage Area Module was constructed in two phases. Phase I became operational on 
May 8, 2002, nearly 17 months ahead of the October 1, 2003, start date established in the 
Operable Unit 5 Remedial Action Work Plan. Phase I consisted of three extraction wells 
(32761, 33062, and 33063). These three wells were installed to remediate a uranium plume in the 
Pilot Plant drainage ditch area, according to the Design for Remediation of the Great Miami 
Aquifer in the Waste Storage and Plant 6 Areas (DOE 2001b). In July 2004, extraction 
well33063 was plugged and abandoned to make way for surface excavation activities required 
for site remediation. A replacement well for extraction well 33063 was installed in 2005 
(extraction well33334) and became operational June 29, 2006. Phase II consisted of one 
additional extraction well (extraction well 3 3 34 7), which became operational on 
October 5, 2006. 

During 2011, 520 M gallons (1,968 M liters) and 98lb (44 kg) ofuranium were removed from 
the Great Miami Aquifer through the Waste Storage Area Module. 

U.S. Department of Energy 
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3.3.1.5 Monitoring Results for Total Uranium 

The Waste Storage Area (Phase II) 
Design remediation footprint 
illustrates how far a particle of water will 
travel in response to pumping over the 
16-year time perioq modeled for the 
Waste Storage Area (Phase II) Design. 

Total uranium is the primary FRL constituent because it is 
the most prevalent site contaminant, and it has affected the 
largest area of the aquifer. Figure 18 shows general 
groundwater flow directions observed during the fourth 
quarter of 2011 and the interpretation of the uranium plume 
in the aquifer updated through the end of 2011. The shaded 

areas represent the interpreted size of the maximum uranium plume that is above the 30 J..Lg/L 
groundwater FRL for total uranium. 

Historically high precipitation levels in 2011 resulted in high water levels in the Great Miami 
Aquifer. High water levels in the aquifer provide ideal conditions to update the dimensions of the 
maximum uranium plume because more of the vertical component of the plume can be sampled. 
DOE took full advantage of high water levels in 2011 to update maximum uranium plume 
dimensions. The data collected in 2011 indicate that uranium concentrations within the footprint 
of the maximum uranium plume continue to decrease. At the end of2011, the footprint of the 
maximum total uranium plume was approximately 144 acres (58 hectares), a decrease of 
approximately 21.7 percent from 2010 (184 acres [74 hectares]). Capture observed during the 
fourth quarter of 2011 for the active restoration modules is also identified in Figure 18. The 
map indicates that the existing extraction system is capturing the South Plume and preventing 
further movement of uranium to the south of the extraction wells. Figure 18 also depicts the 
time-of-travel remediation footprint that was predicted by modeling the Waste Storage Area 
(Phase II) Remediation Design. 

Appendix A, Attachment A.2, provides detailed uranium plume maps for 2011. Appendix A, 
Attachment A.3, provides quarterly groundwater elevation maps and capture interpretations, 
along with graphical displays of groundwater elevation data. Highlights for 2011 for the former 
Waste Storage Area, former Plant 6 Area, and South Field/South Plume area are provided below. 

Geoprobe (Direct-Push Sampling) 

The Geoprobe, a hydraulically powered, direct-push 
sampling .tool, is used at the Fernald Preserve to obtain 
groundwater samples at specific intervals without 
installing a permanent monitoring well. Direct-push means 
that the tool employs the weight of the vehicle it is 
mounted on and percussive force (hammering) to push 
into the ground without drilling (or cutting) to displace soil 
in the tool's path. The Fernald Preserve uses this 
technique to collect data on the progress of aquifer 
restoration and to determine the optimal location and 
depth of additional monitoring and extraction wells that 
may be installed in the future. 

Former Waste Storage Area-This area includes 
the Pilot Plant Drainage Ditch Plume. The 
mapped footprint of the maximum uranium 
plume in the Former Waste Storage Area at the 
end of2011 was 26.3 acres (10.6 hectares). This 
is a decrease of 45.7 percent from the 2010 
estimate of 48.4 acres (19.6 hectares). 
In 2011 direct-push samples were collected from 
seven locations in the former Waste Storage 
Area to supplement routine sampling of 
monitoring wells. 

Data are presented in Appendix A, Attachment A2. Figure 18 shows the outline of the maximum 
uranium plumes in the former Waste Storage Area, as measured during the second half of 2011. 

Former Plant 6 Area-Plans for a restoration module in the former Plant 6 Area were abandoned 
in 2001 based on the outcome of the Design for Remediation of the Great Miami Aquifer in the 
Waste Storage and Plant 6 Areas (DOE 2001 b). The design data indicated that the total uranium 
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plume in the former Plant 6 Area was no longer present. EPA and Ohio EPA concurred with this 
decision. Monitoring in the area continues. 

Monitoring well2389 is the only well remaining in the area. Sporadic uranium FRL exceedances 
were detected at this well between 2002 and 2007, and again in 2011. As discussed in past 
reports, sporadic FRL exceedances occur in this area when the water table in the aquifer is high. 
The high amount of precipitation in 2011 resulted in high water table conditions. The two 
samples collected in 2011 at monitoring well2389 had uranium concentrations of78.2 J..lg/L and 
43.2 J..lg/L. A direct-push sample was also collected in the Former Plant 6 area in 2011. The water 
table was high enough to detect a uranium FRL exceedance of 37.7 J..lg/L. The Former Plant 6 
area will continue to be targeted for additional direct push sampling when the water table is high 
to determine if the uranium groundwater FRL exceedance is dissipating over time. 

South Field and South Plume Areas-The mapped footprint of the South Field/South Plume 
Maximum Uranium Plume was 118 acres (47.8 hectares), a reduction of approximately 
13.2 percent over 2010 estimates (136 acres [54.8 hectares]). Direct-push samples were collected 
at 18locations. Direct-push data for 2011 are presented in Appendix A, Attachment A.2. 

An off-property portion of the uranium plume Gust south of Willey Road) was better delineated 
in 2011 by the collection of direct-push data. The plume area appears to be impacted by a 
stagnation zone within the aquifer. Stagnation zones are created by the competition of extraction 
wells for water within the aquifer. The water in a stagnation zone is essentially pulled from 
different directions, resulting in its being held in place rather than moving toward an extraction 
well. This has the potential to extend remediation completion times. Potential ways to improve 
the aquifer remedy in this area are being explored to see if remediation of the lobe can be 
improved. 

3.3.1.6 Monitoring Results for Non-Uranium Constituents 

Although the groundwater remedy is primarily targeting remediation of the uranium plume, other 
FRL constituents within the uranium plume are also being monitored. Figure 19 identifies the 
locations of the wells that had non-uranium FRL exceedances. Table 5 shows the number of 
wells with constituents exceeding FRLs in 20 11, the number of wells with constituents 
exceeding FRLs outside the Waste Storage Area (Phase II) remediation footprint, the 
groundwater FRLs, and the range of 20 11 data inside and outside the Waste Storage Area 
(Phase II) remediation footprint. 

During 2011, eight non-uranium FRL constituents had FRL exceedances. Exceedance locations 
are shown in Figure 19. Several of the locations are outside the Waste Storage Area (Phase II) 
remediation footprint. No plumes for the non-uranium constituents above FRLs at the locations 
outside the Waste Storage Area (Phase II) remediation footprint were identified in the extensive 
groundwater characterization efforts evaluated as part of the Remedial Investigation Report for 
Operable Unit 5 (DOE 1995b). · 
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Table 5. Non-Uranium Constituents with Results Above FRLs During 2011 

Number of Wells Range of 2011 Range of 2011 Data Exceeding the 
Number Data Inside the Outside the 

Constituent of Wells F~~~:~t~;:.~~e Grou;:~ater Waste Storage Waste Storage 
Exceeding Area (Phase II) Area (Phase II) 

the FRL Area (Phase II) Remediation Remediation 
Remediation Footprint3 Footprint3 

Foot~rint 

General Chemistry (mg/L)b (mg/L) (mg/L) 
Nitrate/Nitrite as N 9 0 11c 11.3 to 85.5 NA 

lnorganics 
Antimony 0.0060 NA 0.00669 
Lead 1 1 O.Q15 NA 0.0154 
Manganese 10 6 0.90 1.29to3.15 .0.994 to 2.31 
Molybdenum 1 0 0.10 0.587 to 0.794 NA 
Zinc 2 2 0.021 NA 0.0323 to 0.0751 

Volatile Organics (J.lg/L) (J.lg/L) (J.lg/L) 
Trichloroethene 2 0 5.0 7.53 to 14.7 NA 

Radionuclides (pCi/L) (pCi/L) (pCi/L) 
Technetium-99 7 0 94 103 to 1660 NA 

aNA= not applicable 
b mg/L = milligrams per liter 
c FRL based on nitrate, from OU5 ROD, Table 9-4; however, the sampling results are for nitrate/nitrite as nitrogen. 

Non-uranium constituents with FRL exceedances at the well locations outside the Waste Storage 
Area (Phase II) remediation footprint were further evaluated to determine if they were random 
events or if they were persistent according to criteria discussed in Appendix A, Attachment A.4. 
One of the exceedances in 2011 was classified as persistent (manganese at monitoring 
well22204). Manganese concentrations have exceeded the FRL at location 22204 since 2004. 
In past years, many of the exceedances identified as persistent became non-persistent in later 
years. A change in the design of the aquifer remedy to address the persistent exceedance at 
monitoring well 22204 is not planned. Additional sampling for manganese near the OSDF was 
conducted in 2008 (and reported in the Site Environmental Report [DOE 2009]) to determine if a 
localized manganese plume was present. Results did not support the presence of a localized 
manganese plume. 

The manganese FRL is 0.90 mg/L and is based on background values in the aquifer. 
Unconsolidated glaciofluvial aquifers in Ohio have relatively high manganese concentrations 
naturally. Manganese is an impurity in shale, which is a major component of bedrock in the area. 
The background value upon which the groundwater FRL is based may not be representative of 
the aquifer. 
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3.3.2 Other Monitoring Commitments 

Two other groundwater monitoring activities are included in the IEMP: private well monitoring 
and property boundary monitoring. As stated earlier, the groundwater data from these activities, 
along with the data from all other IEMP groundwater monitoring activities, are collectively 
evaluated for total uranium and, where necessary, non-uranium constituents of concern. The 
discussion that follows provides additional details on the two compliance monitoring activities. 

The three private wells (monitoring wells 2060, 13, and 14, see Figure 10) located along Willey 
Road are monitored under the IEMP to assist in the evaluation of the uranium plume migration. 
Off-property groundwater contamination was initially detected at one of these wells (well2060) 
in 1981. In 1997 a DOE-sponsored public water supply became available to Fernald site 
neighbors who were affected by off-property groundwater contamination. The availability of the 
public water supply resulted in the discontinuation of monitoring at many private wells in off
property areas. Data from the three private wells sampled under the IEMP were incorporated into 
the uranium plume map shown in Figure 18. 

During 2011, Property/Plume Boundary monitoring consisted of36 monitoring wells located 
downgradient of the Fernald Preserve, along the eastern and southern portions of the property 
boundary. Twenty-five of these wells were monitored along the eastern Fernald Preserve 
boundary and slightly downgradient of the South Plume to determine if contaminants were 
migrating offsite. Eleven of these wells were sampled in the Paddys Run Road area to document 
the influence, or lack thereof, that pumping in the South Plume was having on the Paddys Run 
Road Site plume. Data from the Property/Plume Boundary wells were integrated with other 
groundwater data for 2011 and were incorporated into the uranium plume maps shown in 
Figure 18 and in Appendix A, Attachment A.2. Non-uranium data from these wells are included 
in Section 3.3.1.6. 

As indicated in Section 2, Ohio EPA issued the Director's Findings and Orders on 
September 7, 2000. These orders specify that the site's groundwater monitoring activities will be 
implemented in accordance with the IEMP. The revised language allows modification of the 
groundwater monitoring program as necessary, via the IEMP revision process (subject to Ohio 
EPA approval), without issuance of a new Director's Order. As determined by Ohio EPA, the 
IEMP will remain in effect following remediation. 

3.4 Groundwater Remediation Assessment 

Historically high precipitation levels in 2011 resulted in high water levels in the Great Miami 
Aquifer. High water levels in the aquifer provide ideal conditions to update the dimensions of the 
maximum uranium plume because more of the vertical component of the plume can be sampled. 
DOE took full advantage of high water levels in 2011 to update maximum uranium plume 
dimensions. The data collected in 2011 indicate that uranium concentrations within the footprint 
of the maximum uranium plume continue to decrease in response to pumping. The footprint of 
the maximum uranium plume in 20 11 was approximately 144 acres (a decrease of approximately 
21.7 percent from what was mapped in 2010 [184 acres]). Additional information concerning the 
dimensions of the maximum uranium plume is provided in Appendix A, Attachment A.2. 

Groundwater elevations collected in 2011 continue to show that capture of the uranium plume is 
being maintained by the pumping wells. Natural groundwater flow directions within the aquifer 
are being enhanced and modified through pumping to achieve capture of the uranium plume. 
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Appendix A, Attachment A.3 provides additional information concerning capture of the 
uranium plume. 

Data collected in 2011 continue to show that the mass of uranium being removed from the 
aquifer is in close agreement to groundwater model predictions, rndicating that the pumping 
system remains effective in removing uranium from the aquifer. Appendix A, Attachment A.l 
provides additional information concerning the mass of uranium removed from the aquifer. 

Computer modeling was used in 2005 to support the fmal groundwater remediation design and to 
predict how uranium concentrations would decrease during the remedy. An assessment using 
2010 uranium data indicates that the groundwater model predictions made in 2005 are remaining 
reasonable over time. The next assessment is scheduled for 2015. 

Direct-push sampling south ofWilley Road in 2011 was used to better define an area of the 
plume that is not responding to remediation as quickly as predicted. This area has been identified 
as having the potential to extend the remediation completion time beyond that predicted by the 
groundwater model (DOE 2011 ). Potential ways to improve the aquifer remedy design in this 
area are being explored to see if remediation times can be improved (e.g., change the pumping 
rates of existing extraction wells, convert an out-of-service injection well into an extraction well, 
install a new extraction well). DOE will discuss improvements options with EPA and Ohio EPA 
before taking any action to proceed with an option. 

3.5 OSDF Monitoring 

Monitoring of the OSDF is conducted in the Leachate Collection System (LCS), leak detection 
system (LDS), glacial till (perched water), and the Great Miami Aquifer. Figure 20 identifies the 
OSDF footprint and monitoring well locations for Cells 1 through 8. Flow is being monitored 
within the LCS and LDS to determine if the facility is operating as designed. Water quality is 
being monitored in the LCS, LDS, perched groundwater in the glacial till, and in groundwater in 
the Great Miami Aquifer to determine if a leak from the facility might be occurring. 

LCS and LDS flow data collected in 2011 indicate that engineered features within the OSDF 
continue to perform as designed, indicating that a leak from the facility is not occurring. 
Leachate flow continues to diminish as expected, and LDS flow volumes indicate that the cell 
liners are performing well within design specifications. 

A comparison of water quality data collected in 2011 from within the facility (LCS and LDS) to 
water quality data collected beneath the facility (perched groundwater in the glacial till and 
groundwater in the Great Miami Aquifer) indicates that a leak from the OSDF is not occurring. 
Table 6 summarizes the groundwater, LCS, and LDS monitoring information for Cells 1 
through 8 of the OSDF, by providing the range of total uranium concentrations measured 
in 2011. The majority of uranium concentrations measured in 2011 fell within the historical 
range of concentrations previously measured for that monitoring horizon. New low and high 
concentrations measured in 2011 are identified with bold font on Table 6. Concentrations of two 
non-uranium constituents (manganese and zinc) exceeded groundwater FRLs in OSDF aquifer 
monitoring wells in 2011. Appendix A, Attachments A.4 and A.5 provide additional information 
on non-uranium groundwater FRL exceedances and on the groundwater, LDS, and LCS 
sampling results for the OSDF. · 
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Table 6. OSDF Groundwater, Leachate, and LOS Monitoring Summary 

Cell (Waste Monitoring Monitoring Zone 
Date Sampling Total# Range of Total Uranium 

Placement Start Date) Location Started Samples Concentrations• (IJg/L) 

12338C LCS Feb. 17, 1998 55 ND-206 

123380 LOS Feb. 18, 1998 38 1.5-37.0 
Cell1 12338 Glacial Till Oct. 30, 1997 75 ND-19 

(Dec. 1997) 
22201 Great Miami Aquifer Mar. 31, 1997 70 ND-11.2 

22198 Great Miami Aquifer Mar. 31, 1997 103 0.577-15.2 

12339C LCS Nov. 23, 1998 51 4.51-404 

123390 LOS Dec. 14, 1998 21 4.08-22.3b 
Cell2 12339 Glacial Till Jun.29, 1998 74 ND-36.9 

(Nov. 1998) 
22200 Great Miami Aquifer Jun.30, 1997 65 ND-1.11 

22199 Great Miami Aquifer Jun.25, 1997 78 ND-12.1 

12340C LCS Oct. 13, 1999 48 9.27-113 

123400 LOS Aug.26,2002 20 8.9-27.7b 
Cell3 12340 Glacial Till Jul. 28, 1998 67 ND-5.8.5 

(Oct. 1999) 
22203 Great Miami Aquifer Aug.24, 1998 63 ND-7.92 

22204 Great Miami Aquifer Aug.24, 1998 77 ND-22.9 

12341C LCS Nov.04,2002 34 4.41-171 

123410 LOS Nov.04,2002 34 5.74-21.3 
Cell4 12341 Glacial Till Feb.26,2002 47 4;82-7.91 (Nov. 2002) 

22206 Great Miami Aquifer Nov.06,2001 51 ND-5.78 

22205 Great Miami Aquifer Nov.05,2001 64 0.446-19.7 

12342C LCS Nov.04,2002 36 3.39-285 

123420 LOS Nov.04,2002 33 2.93-27.1 
Cell5 12342 Glacial Till Feb.26,2002 48 7.45-21.1 

(Nov. 2002) 
22207 Great Miami Aquifer Nov.06,2001 51 ND-4.48 

22208 Great Miami Aquifer Nov.05,2001 66 ND-2.1 

12343C LCS Oct. 27,2003 33 8.03-197 

123430 LOS Oct. 27,2003 32 3.1-43.7 
Cell6 

12343 Glacial Till Mar. 14, 2003 40 ND-24.2 
(Nov. 2003) 

22209 Great Miami Aquifer Dec. 16, 2002 46 ND-2.43 

22210 Great Miami Aquifer Dec. 16,2002 58 ND-1.02 

12344C LCS Sep.02,2004 29 4.72-355 

123440 LOS Sep.02,2004 27 12.2-33.7 
Cell? 12344 Glacial Till Feb.24,2004 37 0.674-8.61 

(Sep. 2004) 
22212 Great Miami Aquifer Jan.21,2004 39 ND-5.53 

22211 Great Miami Aquifer Jan.21,2004 48 ND-3.21 

12345C LCS Oct. 18,2004 28 1.51-335 

123450 LOS Oct. 18,2004 26 9.38-64.4 

12345 Glacial Till May 19,2004 20 3.48-7.3 
CeliS 22213 Great Miami Aquifer Mar. 31, 2004 38 ND-0.627 

(Dec. 2004) 
22214 Great Miami Aquifer Mar. 31, 2004 48 ND-2.95 

22215 Great Miami Aquifer Aug.22,2005 29 ND-16.4 

22217° Great Miami Aquifer Aug.22,2005 28 ND-18.3 

• NO = not detected. Bold text indicates a new high or low detected m 2011. 
b Some data are not considered representative of true LOS uranium concentrations in Cell 2 (December 14, 1998, through 
May 23, 2000, data set) due to malfunction in the Cell 2 leachate pipeline and the resulting mixing of individual flows. Additionally, 
it is suspected that some November 2004 samples (i.e., 12339C with 123390 and 12340C with 123400) were switched. If data 
from these events were included above, the maximum total uranium concentrations would be 71 j.Jg/L for 123390 and 72.4 j.Jg/L 
for 123400. 
c Monitoring location 22216 was plugged and abandoned in April 2006. Monitoring location 22217 is its replacement. The results 
listed for location 22217 also include the results for location 22216. 
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Surface Water and Treated Effluent Pathway 

Results in Brief: 2011 Surface Water 
and Treated Effluent Pathway 

Surveillance Monitoring-No treated 
effluent analytical results from samples 
collected in 2011 exceeded the surface 
water FRL for total uranium, the primary site 
contaminant. Twenty-five surface water 
analytical results exceeded the surface 
water FRL for total uranium. Sample results 
from three surface water cross-media 
locations exceeded the groundwater FRL 
for total uranium. 

Uranium Discharges-In 2011, 562 lb 
(255 kg) of uranium were discharged in 
treated effluent to the Great Miami River. 
Approximately 126 lb (57.5 kg) of uranium 
were released to the .environment through 
uncontrolled storm water runoff. The 
estimated total pounds of uranium released 
through the surface water and treated 
effluent pathway was approximately 
688 lb (313 kg). 

This section presents the 2011 monitoring activities and 
results for surface water, treated effluent, and sediment to 
determine the effects of site activities on the surface 
water pathway. 

In general, low.levels of contaminants enter the surface 
water pathway at the Fernald Preserve by two primary 
mechanisms: treated effluent that is monitored as it is 
discharged to the Great Miami River, and uncontrolled 
runoff entering the site's drainages from remediated areas 
that are now certified and restored. Because these 
discharges have continued through remediation and legacy 
management, the surface water and sediment pathways 
will continue to be monitored. Effective use of the site's 
wastewater treatment capabilities and implementation of 
runoff and sediment controls minimize the site's impact 
on the surface water pathway. 

4.1 Summary of Surface Water and Treated Effluent Pathway 

To assist in the understanding of this section, the 
following key definitions are provided: 

• Controlled runoff is contaminated storm 
water that is collected and, under normal 
circumstances, treated and discharged to the 
Great Miami River as treated effluent. 
However, currently the only storm water that is 
controlled is associated with the footprint of the 
outdoor processing activities at the wastewater 
treatment facility. 

• Uncontrolled runoff is storm water that is not 
collected for treatment, but enters the site's 
natural drainages. 

• Treated effluent is water that is treated 
through the site's wastewater treatment facility 
and then discharged to the Great Miami River. 

• Surface water is water that flows within 
natural drainage features. 

The treated effluent pathway consists of flows 
discharged to the Great Miami River via the Parshall 
Flume (PF 4001 ). Discharges through this point are 
considered under the control of wastewater 
operations. Treated effluent is currently composed of 
treated and untreated groundwater, leachate from the 
OSDF, and storm water associated with the footprint 
of the outdoor processing activities at the wastewater 
treatment facility. 

The volume and flow rate of uncontrolled runoff 
dtzyends on the amount of precipitation within any 
given period of time. Figure 8 in Section 1 shows 
monthly precipitation totals for 2011. Figure 21 
shows the site's natural drainage features. The site's 
natural surface water drainages include several 

tributaries to Paddys Run (e.g., SSOD) as well as the northeast drainage that flows to the Great 
Miami River. The arrows on Figure 21 indicate the general flow direction of uncontrolled runoff 
that is determined from the topography. Uncontrolled runoff from the Fernald Preserve leaves 
the property via two drainage pathways: Paddys Run and the northeast drainage ditch. 
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4.2· Remediation Activities Affecting the Surface Water Pathway 

Activities that had the potential to affect the surface water pathway included routine operation 
and maintenance activities of the OSDF and theCA WWT, and ecological restoration activities 
conducted throughout the property, including repairing areas of erosion. 

Now that remediation has Been completed and the infrastructure to continue the groundwater 
remedy has been installed, the restored areas of the Fernald Preserve will be the primary focus 
relative to uncontrolled runoff. Controls to mitigate sediment leaving the site will be primarily 
based on the vegetation and stabilization practices within the restored areas. 

Surface water monitoring conducted in a small area west of the former waste pits continued to 
show elevated uranium concentrations. The location in question is a series of small puddles and 
drainage ditches due west of the center of former waste pit 3, which drain generally south to a 
depression near the former cement pond. This area does not drain directly to Paddys Run. 

After a limited maintenance activity was completed in the fall of2007, DOE committed to 
continued monitoring of the area. Two monitoring points (SWD-05 and SWD-09) were added to 
the surface water program to fulfill this monitoring commitment (Figure 22). These two locations 
are sampled weekly, when water is present. In 2011, there was a sufficient amount of surface 
water necessary to collect 25 samples at SWD-05 and 38 samples at SWD-09. 

4.3 Surface Water, Treated Effluent, and Sediment Monitoring Program 

Surface water, treated effluent, and sediment are sampled to determine the effect of the Fernald 
Preserve's activities on the environment. Surface water is sampled at several locations in the 
site's drainages and analyzed for various radiological and nonradiological constituents. Treated 
effluent is sampled prior to discharge into the Great Miami River. Sediment is sampled for total 
uranium in the Great Miami River. 

The key elements of the surface water and treated effluent program design are: 

• Sampling--Sample locations, frequency, and constituents were selected to address . 
requirements of the NPDES Permit, the FFCA, and the OU5 ROD and to provide a 
comprehensive assessment of surface water quality at key locations, including two 
background locations (refer to Figure 22 and Figure 23). Surface water is monitored for 
16 FRL constituents. 

• Data Evaluation--The integrated data evaluation process focuses on tracking and 
evaluating data compared with background and historical ranges, FRLs, and NPDES limits. 
This information is used to assess impacts on surface water due to site remediation activities 
affecting uncontrolled runoff or treated effluent. The assessment also includes identifying 
the potential for impacts from surface water to the groundwater in the underlying Great 
Miami Aquifer. The ongoing data evaluation is designed to support remedial action 
decision making. 

• Reporting--Surface water and treated effluent data are reported through the annual Site 
Environmental Report. Monthly discharge monitoring reports required by the NPDES 
permit are submitted to the Ohio EPA. 
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In 2009, the IEMP sediment monitoring sampling frequency was changed from annual to once 
every 5 years at the suggestion of Ohio EPA according to DOE/EH-0173T (1991), 
Environmental Regulatory Guide for Radiological Effluent Monitoring and Environmental 
Surveillance. The data are reported through the annual Site Environmental Report. The next 
sediment sampling event will occur in 2014. 

Data from samples collected under the IEMP are used to fulfill surveillance and compliance 
monitoring functions. Surveillance monitoring results of the IEMP surface water and treated 
effluent program are used to assess the collective effectiveness of site storm water controls and 
wastewater treatment processes in preventing unacceptable impacts to the surface water and 
groundwater pathways. Compliance monitoring includes sampling at storm water and treated 
effluent discharge points and is conducted to comply with provisions in the NPDES permit, the 
FFCA, and the OU5 ROD. The data are routinely evaluated to identify any unacceptable trends 
and to trigger corrective actions when needed to ensure protection of these critical environmental 
pathways. Figure 22 depicts IEMP/NPDES surface water and treated effluent sample locations; 
Figure 23 shows IEMP background sample locations. 

4.3.1 Surveillance Monitoring 

Treated effluent is discharged to the 
Great Miami River through the effluent 
line identified on Figure 22. Samples of 
the treated effluent are collected at the 
Parshall Flume (PF 4001). The 
resulting data are used to calculate the 
concentration of each FRL constituent 
after the effluent water mixes with the 
water in the Great Miami River. 

Data resulting from 2011 semiannual sampling events were 
evaluated to provide surveillance monitoring of site activities. 
This evaluation indicated that during 2011, 27 surface water 
analytical results from sampling location SWD-09 exceeded 
the surface water FRL for total uranium. SWD-09 is a surface 
water monitoring point established to monitor the area west of 
the former Waste Pits Area where elevated surface water 
uranium concentrations have been detected in the past. There 

were no exceedances of total uranium in any of the treated effluent samples, and there were no 
non-uranium FRL exceedances. 

The following two key sample locations represent points where surface water or treated effluent 
leaves the site: 

• Paddys Run at the Willey Road property boundary (surface water sample location SWP-03). 

• PF 4001. is located at the entry point of the treated effluent line leading to the Great 
Miami River. 

There were no exceedances of the surface water FRLs during 2011 at these two locations. 
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The max1mum total uranium concentration at SWP-03 during 2011 was 3.53 J.tg/L, well below 
the surface water total uranium FRL of 530 J.tg/L. Figure 24 shows the annual average total 
uranium concentration in Paddys Run at Willey Road for the period 1985 through 2011. This 
figure illustrates the decrease of the total uranium concentration in Paddys Run from 1986. 

Samples collected at PF 4001 are used in the surveillance evaluation because this is the last point 
where treated effluent is sampled prior to discharge to the Great Miami River. The maximum 
daily total uranium concentration at PF 4001 in 2011 was 31.8 J.tg/L, well below the surface 
water total uranium FRL of 530 J.tg/L. Data collected from this location cannot directly be 
compared to the surface water FRL without considering the effect of the effluent waters mixing 
with the Great Miami River. This comparison is done through the use of a mixing equation when 
constituents exceed the FRL. The mixing equation is discussed further in Appendix B. After the 
actual flow rate in the Great Miami River and the discharge flow rate in which this maximum 
uranium concentration was observed were accounted for, the resulting concentration in the river 
was estimated to be 2.61 J.tg/L. 

Evaluation of surface water data is also performed to provide an ongoing assessment of the 
potential for cross-media impacts from surface water to the underlying Great Miami Aquifer. In 
areas where there is no glacial overburden, a direct pathway exists for contaminants to reach the 
aquifer. This contaminant pathway to the aquifer was considered in the design of the 
groundwater remedy. The groundwater remedy includes placing groundwater extraction wells 
downgradient of these areas where direct infiltration occurs in order to mitigate any potential 
cross-media impacts during surface remediation. To provide this assessment, sample locations 
were selected to evaluate contaminant concentrations in surface water just upstream of, or 
within, those areas where site drainages have eroded through the protective glacial overburden. 
The locations are SWP-02, SWD-02, SWD-03, SWD-04, SWD-05, SWD-07, SWD-08, and 
STRM4005. 

In 2011, surface water cross-media impact locations STRM 4005, SWD-04, and SWD-05 had 
sample results that exceeded the total uranium groundwater FRL of 30 J.tg/L. Additional details 
of the FRL exceedances are presented in Appendix B. 

4.3.2 Compliance Monitoring 

4.3.2.1 FFCA and OUS ROD Compliance 

The Fernald Preserve is required to monitor treated effluent discharges at PF 4001 for total 
uranium mass discharges and total uranium concentrations. This requirement is identified in the 
July 1986 FFCA and the OU5 ROD. The OU5 ROD requires treatment of effluent so that the 
mass of total uranium discharged to the Great Miami River through PF 400 1 does not exceed 
600 lb (272 kg) per year. The OU5 ROD (DOE 1996) and the subsequent Explanation of 
Significant Differences for Operable Unit 5 (DOE 2001c) also require that the monthly average 
total uranium concentration in the effluent must be at or below 30 J.tg/L. 

Figure 25 shows that the cumulative mass of total uranium discharged to the Great Miami River 
during 2011 was 562 lb (255 kg), which is below the annual discharge limit of 600 lb (272 kg). 
Figure 26 shows that the monthly average total uranium concentration was below the 30 !lg/L 
limit every month during 2011. 
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Figure 24. Annual Average Total Uranium Concentrations in Paddys Run at Willey Road (SWP-03) Sample Location, 1985-2011 
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Figure 26. 2011 Monthly Average Total Uranium Concentration in Water Discharged 
Through the Parshall Flume (PF 4001) to the Great Miami River 



4.3.2.2 NPDES Permit Compliance 

Compliance sampling, consisting of sampling for nonradiological pollutants from 
uncontrolled runoff and treated effluent discharges from the Fernald Preserve, is regulated under 
the state-administrated NPDES program. A new permit was received from Ohio EPA on 
April1, 2009, and is effective until March 31, 2014. There were no incidents ofNPDES 
noncompliance in 2011. 

4.3.3 Uranium Discharges in Surface Water and Treated Effluent 

As identified in Figure 25, 562lb (255 kg) of uranium in treated effluent were discharged to the 
Great Miami River through PF 4001 in 2011. In addition to the treated effluent, uncontrolled 
runoff is also contributing to the amount ofuranium entering surface water. Figure 27 presents 
the mass of uranium from the uncontrolled runoff and controlled discharges from 1993 
through 2011. 

A loading term is used to estimate the pounds of uranium discharged to Paddys Run via 
uncontrolled runoff. This loading term was revised and approved in August 2004 based on total 
uranium data, which reflect the decreasing total uranium concentrations measured at points 
discharging to Paddys Run. Total uranium concentrations measured in Paddys Run were 
decreasing through remediation as a result of significant improvements in the capture of 
contaminated storm water and should remain low now that soil remediation has been completed. 
The loading term is 2.1lb (0.95 kg) of uranium per inch (2.54 em) of rainfall. 

During 2011, 60.20 inches (152.9 em) of precipitation fell at the Fernald Preserve; therefore, an 
estimated 126lb (57.5 kg) of uranium entered the environment through uncontrolled runoff. 

The estimated total amount of uranium discharged to the surface water pathway for the year, 
including controlled treated effluent discharges and uncontrolled runoff, was approximately 
688 lb (313 kg). 
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·s.o Direct Radiation Pathway and Radiation Dose 

Results in Brief: 2011 Estimated Doses 

Direct Radiation-The estimated 2011 effective dose 
equivalent at the northeastern boundary of the site 
was 12 mrem/yr (0.12 mSv/yr). This is 12 percent of 
the 100-mrem/yr (1-mSv/yr) DOE limit. 

Dose to the maximally exposed individual (ME I)
The dose to the MEl for 2011 was estimated to be 
12 mrem/yr (0.12 mSv/yr) at the northeastern 
boundary of the site. This is 12 percent of the 
100-mrem/yr (1-mSv/yr) DOE limit. 

This section provides the 2011 results for direct 
radiation monitoring and the estimated dose to the 
public from the direct radiation pathway. It also 
addresses biotic dose to aquatic organisms from 
remedial actions associated with the groundwater 
restoration program. 

In the past, the Fernald Preserve demonstrated 
compliance with the DOE effective dose limit of 
100 millirem per year (mrem/yr) (1 millisievert per 

year [ mSv/yr]) from exposure pathways (excluding radon) using direct radiation measurements 
and data collected from samples of airborne emissions to estimate the total dose to the maximally 
exposed individual (MEl). In consultation with EPA, DOE ended air monitoring for particulate 
emissions on January 4, 2010, because 3 years of post-remediation data indicated emissions are 
at or near background. Therefore, the 2011 dose estimate reflects the incremental dose above 
background that is attributed to direct radiation. 

This section also provides an assessment of dose to aquatic organisms that may be affected by 
the site's effluent to nearby streams and rivers. An assessment of dose to biota (i.e., aquatic and 
terrestrial organisms) is one of the requirements of DOE Order 5400.5. By limiting the dose to 
aquatic organisms, DOE Order 5400.5 seeks to limit the severity and likelihood of offsite 
environmental impacts attributable to the aquifer restoration effort at the Fernald Preserve. The 
dose assessment to biota is performed through the use of a computer model that estimates dose 
from measured radionuclide concentrations in Paddys Run and effluent discharged to the Great 
Miami River. 

5.1 Monitoring for Direct Radiation 

Direct radiation originates from sources such as cosmic radiation, naturally occurring 
radionuclides in soil and food, and anthropogenic radioactive materials. Gamma rays and X-rays 
are the dominant types of radiation that create a public exposure concern because they penetrate 
into the deep tissttes of the body. The largest historical source of direct radiation at the Fernald 
Preserve was waste material associated with the Silos Project. The last waste material associated 
with the Silos Project was removed from the site in 2006. Presently, there are no significant 
sources for direct radiation at the Fernald Preserve. During 2011, direct radiation levels at the 
Fernald Preserve were continuously measured at four trail locations, the Visitors Center, five 
boundary locations, and one background location with optically stimulated luminescence (OSL) 
dosimeters. The background location is 3.2 miles from the center of the Fernald Preserve 
(Figure 28). 
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Table 7 provides the annual range of direct radiation measurements for 2010 and 2011, and 
Figure 29 illustrates the quarterly results for 2011. Each quarterly result is the average of three 
measurements obtained from three separate dosimeters placed at each location. In general, the 
first-quarter results are less than other quarters because the first qumier had fewer exposure days, 
and the winter months may hold more moisture in the ground, which can attenuate radiation 
emitted from soil particles. Compared to background result&, many of the onsite results are 
slightly higher, and the Visitors Center results are lower due to the shielding provided by the 
building materials. However, as noted in Appendix C, Attachment C.1, the mean of the quarterly 
boundary measurements is similar to background when statistical variability is evaluated, which 
is in agreement with removal of the last direct radiation waste sources in 2006. 

On site 
Minimum 

Maximum 

Location 

Background3 

Minimum 

Table 7. Direct Radiation (OSL) Measurement Summary 

Direct Radiation (mrem) 
Sum of 2011 Quarterly Results Sum of 2010 Quarterly Results 

16 
33 

21 

18 
28 

18 
Maximum 21 18 
a The minimum and maximum results are identical because there is only one ,background dosimeter. 

5.2 Direct Radiation Dose 

Direct radiation dose to deep tissue is primarily the result of gamma and X-ray emissions from 
radionuclides. The largest historical source of direct radiation at the site was the waste materials 
stored in the silos. This and all other significant surface radiation sources were removed from the 
site in 2006. Remaining surface sources for radiation are soil, which contains radium, thorium, 
and uranium isotopes at activities that are below the FRLs established in the OU5 ROD 
(DOE 1996), and small pieces of debris that are exposed by soil erosion. 

From the data in Table 7, the maximum measurement is 33 mrem/yr (0.33 mSv/yr) at OSL-2 and 
OSL-8A (Figure 28), and the background dose is 21 mrem/yr (0.21 mSv/yr). The difference in 
the OSL dose between OSL-2 or OSL-8A dosimeters and the background dosimeter is . 
12 mrem/yr (0.12 mSv/yr), which is assumed to be the direct radiation dose for a hypothetical 
individual who stands at the OSL-2 or OSL-8A location for 1 year. This is a very conservative 
estimate of the dose, as an individual would not spend an entire year at OSL-2 or OSL-8A. 
Additionally, Appendix C, Attachment C.1 shows that the present quarterly measurements at the 
boundary are indistinguishable from background results when statistical variability is considered. 
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5.3 Total of Doses to the Maximally Exposed Individual 

The MEl is the member of the public who receives the highest estimated effective dose based on 
the sum of the individual pathway doses (as noted above, direct radiation is the only pathway 
considered in 2011). It is the maximum dose because the MEl is assumed to spend 24 hours a 
day, 365 days a year at the location where the maximum direct radiation is measured. As shown 
in Table 8, the 2011 dose to the MEl is 12 mrem/yr (0.12 mSv/yr) and represents the sum of the 
estimated dose from direct radiation at OSL-2 or OSL-8A. The conservative exposure 
assumptions used to estimate the dose ensures that the dose to the MEl is the maximum possible 
dose any member of the public could receive. 

Table 8. Dose to ME/ 

Pathway Dose Attributable 
to the Fernald Preserve Applicable Limit 

Direct radiationa 12 mrem/yr (0.12 mSv/yr) 100 mrem/yr (1 mSv/yr) (total for all pathways) 

MEl 12 mrem/yr (0.12 mSv/yr) 100 mrem/yr (1 mSv/yr) (total for all pathways) 
a Represents the sum of the estimated dose from direct radiation at OSL-2 or OSL-8A. 

The estimate represents the incremental dose above background attributable to the Fernald 
Preserve. Figure 30 provides a comparison between the average background radiation dose at the 
background location (21 mrem/yr [0.21 mSv/yr]) and the dose to the MEl (12 mrem/yr 
[0.12 mSv/yr]), relative to the annual DOE limit (100 mrem/yr [1 mSv/yr]). 

5.4 Significance of Estimated Radiation Doses for 2011 

One method of evaluating the significance of the estimated doses is to compare them with doses 
received from background radiation. Background radiation delivers an annual dose of 
approximately 100 mrem/yr (1 mSv/yr) from natural sources, excluding radon. For example, the 
dose received each year from cosmic and terrestrial background radiation contributes 
approximately 26 mrem/yr (0.26 mSv/yr) and 28 mrem/yr (0.28 mSv/yr), respectively. This sum 

;.) (54 mrem/yr) is about 2.5 times greater than the direct radiation dose of21 mrem/yr at the 
background location, and it is about four times greater than the dose of 12 mrem/yr above. 
background estimated for the individual at OSL-2 or OSL-8A. The 100 mrem/yr per person 
background also includes dose from the ingestion of food and from medical X-rays (about 

r •. ·; 

46 mrem/yr), which is not recorded by the direct radiation OSLs at the boundary and background 
locations. In addition, the background radiation dose will vary in different parts of the country. 
Living in the Cincinnati, Ohio, area contributes an annual dose of approximately 110 mrem/yr 
(1.1 mSv/yr), whereas living in Denver, Colorado, increases the background to approximately 
125 mrem/yr (1.25 mSv/yr) (National Academy of Science 1980, National Council on Radiation 
Protection and Measurements 1984). 
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Another method of determining the significance of the estimated dose is to compare it with dose 
limits developed to protect the public. The International Commission on Radiological 
Protection has recommended that members ofthe public receive less than 100 mrem/yr (1 mSv/yr) 
above background. As a result of this recommendation, DOE has incorporated 100 mrem/yr 
(1 mSv/yr) above background as the limit in DOE Order 5400.5. The sum of all estimated doses 
from 2011 site operations (12 mrem/yr [0.12 mSv/yr]) is considerably below this limit (Figure 30). 

5.5 Estimated Dose to Biota 

DOE Order 5400.5 requires that populations of aquatic biota be protected at a dose limit of 
1 rad/day (10 milligray per day [mGy/day]). DOE has issued a technical standard entitled 
A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota 
(DOE 2002b) and supporting software (RAD-BCG) for use in the evaluation and reporting of 
biota dose limits. 

In general, the dose and compliance assessment process involves comparing radionuclide 
concentrations measured in surface water or sediment samples to biota concentration guides 
(BCGs) established by researchers. The BCGs are set so that biota exposed at the BCG level 
would not be expected to exceed the biota dose limit of 1 rad/day (10 mGy/day) during a 
calendar year. The measured radionuclide concentration in water or sediment is divided by the 
appropriate BCG value, and if the resulting fraction is less than 1.0, compliance with the biota 
dose limit is demonstrated for that radionuclide. BCGs have been established for radionuclides 
that are relatively common constituents in past releases to the environment from DOE facilities. 
At facilities such as the Fernald Preserve, where multiple contaminants (e.g., radiqm, thorium, 
and uranium) can be released, a "sum-of-the-fractions" rule applies. The sum-of-the-fractions 
rule means each radionuclide fraction (i.e., the measured concentration divided by the BCG for 
that nuclide) must be summed, and the sum of all radionuclide fractions must be less than 1. 0. 

For 2011, compliance with the dose limit to aquatic biota was determined by using the maximum 
concentration of each radionuclide found in Paddys Run at Willey Road (SWP-03) and effluent 
discharged from PF 4001 to the Great Miami River (refer to Section 4). The maximum 
concentration in water delivered from the Parshall Flume and Paddys Run is multiplied by the 
annual volume of water discharged from the Parshall Flume and Paddys Run to obtain a net mass 
for each nuclide delivered to the Great Miami River. The net mass is divided by the sum of the 
discharge volumes and low-flow volume from the Great Miami River to derive input 
concentrations to the RAD-BCG computer model. The results of this assessment indicate that the 
sum of the fractions for radium-226 (Parshall Flume only) and uranium isotopes is 0.006, which 
is well below the compliance threshold value of 1.0. Appendix C, Attachment C.2 provides 
additional information on the biota dose assessment. 
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6.0 Natural Resources 

This section provides background information on the natural resources associated with the 
Fernald Preserve and summarizes the activities in 2011 relating to these resources. Included in 
this section is a discussion of the following: 

Results in Brief: Ecological Monitoring 
Activities 

Wetland Mitigation Monitoring 

• Jurisdictional wetland delineation acreage 
was surveyed to determine which onsite 
wetlands meet the Army Corp of Engineer's 
standards for wetland vegetation, hydrology, 
and soils. A total of 31.3 acres (12.7 hectares) 
of wetlands were delineated, well above the 
17.9 acres (7.24 hectares) that DOE is 
required to restore pursuant to the NRRP. 

• Comparisons of other measurements to 
wetland performance standards were mixed. 
Most site wetlands have sufficient water levels 
(i.e., hydrology). Native wetland vegetation is 
well established, but not all wetlands met the 
vegetation standards. Soil biogeochemistry 
standards were mostly not met. Long periods 
of time are required for development of the 
organic soils found in natural wetlands. 

Forest Functional Monitoring 

• Forest areas showed general improvement, 
but some concern remains with respect to 
impacts from invasive species. 

Site and OSDF Inspections 

• No major issues were observed with respect 
to institutional controls or the integrity of the 
OSDF cap. Findings focused mainly on 
invasive plants and woody vegetation in the 
vicinity of the OSDF, and debris in portions of 
the Former Production and Former Waste 
Pits areas. 

• Ecological restoration activities. 

• Fernald Preserve site and OSDF inspections. 

• Affected habitat areas. 

• Threatened and endangered species. 

• Cultural resources. 

Much of the 1,050 acres (425 hectares) of the 
Fernald Preserve property is u~developed land that 
provides habitat for a variety of animals and plants. 
Wetlands, deciduous and riparian (streamside) 
woodlands, old fields, grasslands; and aquatic 
habitats are among the site's natural resources. Over 
900 acres (364 hectares) of the site have undergone 
ecological restoration. Figure 31 shows the 
restoration project areas that have been completed. 
Some of these areas provide habitat for state and 
federal endangered species. These endangered 
species are identified in Section 6.4. Cultural 
resources, such as prehistoric archaeological sites 
have also been surveyed. 

Monitoring of these natural and cultural resources is 
addressed in the Natural Resource Monitoring Plan, 
which is included in the IEMP. The Natural 
Resource Monitoring Plan presents an approach for 

monitoring and reporting the status of several priority natural resources to remain in compliance 
with pertinent regulations and agreements. The approach for monitoring and maintenance of 
ecologically restored areas was expanded in 2009. DOE and Ohio EPA signed a Consent Decree 
in November 2008 that settled a long-standing natural resource damage claim under Section 107 
of CERCLA. As a result, the Fernald Natural Resource Trustees (DOE, Ohio EPA, and the 
U.S. Department of Interior) have finalized the Natural Resource Restoration Plan (NRRP), 
which is Appendix B of the Consent Decree Resolving Ohio's Natural Resource Damage Claim 
against DOE (State of Ohio 2008). The NRRP specifies an enhanced monitoring program for 
ecologically restored areas at the site. This includes an enhanced wetland mitigation monitoring 
program and a functional monitoring program that evaluates restored communities. 

These monitoring activities continued in 2011, with a third year of wetland monitoring that 
included vegetation surveys, amphibian.sampling, hydrologic monitoring, and soil and water 
sampling. A jurisdictional wetland delineation was also conducted. For functional monitoring, 
2011 activities included vegetation surveys of forest communities. The site and OSDF inspection 
process, which is defined in the LMICP, was also continued in 2011 to evaluate the condition of 
natural resources at the Fernald Preserve. 
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6.1 Ecological Restoration Activities 

The Fernald Preserve's mission oflong-term stewardship under LM includes the establishment, 
management, and monitoring of ecologically restored areas across the site. In 2011, repair and 
enhancement of ecologically restored areas was limited to minor erosion repair in several 
locations within the Former Production Area. Maintenance in ecologically restored areas 
included continued control of noxious weeds and invasive plants, and limiting impacts due to 
nuisance animals (e.g., deer and geese). In addition, the use of prescribed bums continued at the 
Fernald Preserve. 

6.1.1 Ecological Restoration Repair, Maintenance, and Enhancement 

An erosion repair effort was conducted within the Former Production Area (Figure 31). This 
project involved regrading and seeding to repair a gully that formed following heavy rains. 
Coir matting has been installed over the repaired area, which can be seen from the access road to 
the Visitors Center. Dormant willow cuttings were used to revegetate several other minor 
erosion areas. 

Spot spraying with a broad-leaf herbicide, in conjunction with mowing and manual cutting, was 
continued in 2011 to control Canada thistle and other noxious weeds across the site. Manual 
cutting, followed by herbicide application to the stumps, was also used to remove bush 
honeysuckle and Callery pear from several areas along the eastern side of the site and within the 
Wetland Mitigation Phase I project. Callery pear is an emerging nuisance at the site. Callery pear 
is the common name for any of a variety of common commercial landscape trees, such as 
Bradford pear. These trees have been observed in the northeastern portion of the site, as well as 
within the OSDF. These non-native plants crowd out more desirable native species. 

The use of prescribed bums continued at the F emald Preserve in 2011. Prescribed burning has 
several benefits. The tallgrass prairie species that have been seeded at the Fernald Preserve are 
well adapted to periodic fires. Most prairie species are deep-rooted. They have an extensive root 
system that is developed before the stem and leaf clump form above the surface. The root system 
allows them to be burned, eliminating the above-surface plant clump, without killing the plant. 
After a bum, when prairie plants grow back from the roots, they are vibrant. The bums convert 
the plant material to ash, reducing the accumulation of thatch. The ash is in contact with the soil 
and breaks down quickly, and the nutrients in the ash become available in the soil. Also, the 
blackened, ash-covered ground absorbs more heat from sunlight and warms the soil. As a result, 
the soil reaches a temperature conducive to germination and native plant growth earlier in the 
spring. The growing season for the grasses and wildflowers is increased, and the sunlight on the 
soil surface promotes the growth of new plants and increases the productivity of existing plants. 

Three areas were burned in 20 II, totaling approximately 17 acres ( 6.9 hectares). Figure 31 
shows the location of the bum areas. The Base Comer burn, located in the Lodge Pond area, was 
conducted in November. The other two burns were conducted in March. Each burn was 
conducted safely with no incidents. 

Several areas were mowed, raked, and baled in order to discourage cool seasoq. grasses and 
weedy vegetation following seeding. These aree~:s included Non-Design Areas east of the 
CA WWT and south of the OSDF. The area east of the CA WWT, known as the Prairie Area, was 

U.S. Department of Energy 
May 2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. 808629 

Page 83 



seeded in 2010 as part of the Natural Resource Trustee Resolution No.3 projects. A portion of 
the restored prairie was mowed on the east side of Paddys Run Road in anticipation of 
restoration activities that will take place in 2012. The Triangle Area west ofPaddys Run Road 
was mowed as well. Figure 31 shows the location of mowed areas. 

The primary nuisance animals on site are white-tailed deer and Canada geese, which are an 
ongoing concern. Existing deer exclosure fencing was maintained sitewide to prevent deer from 
browsing and rubbing the planted trees. The goose-hazing program, which began in 2007, uses 
trained border collies to harass the geese. This program continued in 2011. The dogs, brought 
onto the Fernald Preserve by their handlers, try to herd the geese. The geese believe the dogs are 
predators and fly off. This hazing is effective at keeping geese from both land and water. The 
goal is to keep the geese from areas that have been seeded so that the vegetation has time to 
become established. Once the grasses become tall, the geese are no longer attracted to those 
areas. A second goal is to make the geese too uncomfortable to nest at the Fernald Preserve. 
Habitat conditions change across the site due to maintenance activities. Geese congregate in 
mowed and burned areas, so while portions of the site become less hospitable to geese, other 
areas open up; therefore, goose hazing will continue in 2012. 

6.1.2 Ecological Restoration Monitoring 

Vegetation Monitoring Parameters 
There are a number of ways to evaluate the type and quality of 
vegetation wiihin an area. At the Fernald Preserve, vegetation 
monitoring focuses on determining the extent of native species 
composition and calculating a Floristic Quality Assessment 
Index (FQAI). The FQAI process is described in the Floristic 
Quality Assessment Index for Vascular Plants and Mosses for 
the State of Ohio (Andreas 2004). The specific parameters 
used at the Fernald Preserve include the following: 

• 

• 

• 

• 

• 

Total Species: The total number of species sampled 
within a given area. 

Native Species: The total number of species native to 
Ohio. The Ohio Vascular Plant Database is used to 
determine whether a species is native (Andreas 2004). 

Percent Native Species: The number of native species 
divided into the total number of species. Relative 
frequency of native species has also been used in the 
past. This is calculated by dividing the frequency (or 
number of times a species is observed) into the total 
number of observations for a given area. 

Average Coefficient of Conservatism (CC): The CC is a 
number between 0 and 10 that has been assigned to 
virtually every species that may be found in Ohio. The CC 
value is related to how "tolerant" a species is and what its 
habitat requirements are. Non-native plants have a CC of 
0. Common species that can grow in a wide variety of 
habitats are considered "tolerant," and are scored a CC 
between 0 and 3. Native plants with very specific habitat 
requirements are scored high CC values, in the 7 to 
10 range. The Ohio Vascular Plant Database lists the CC 
for each plant found in Ohio (Andreas 2004). 

Floristic Quality Assessment Index (FQAI}: The CC 
·values described above are used to calculate the FOAl. 
The FQAI is the sum of CC values divided by the square 
root of the tot'al number of species for a given· area. 

Ecological restoration monitoring in 2011 
centered on completion of the expanded 
wetland mitigation monitoring program. 
DOE has the responsibility to create 
17.9 acres (7 .22 hectares) of jurisdictional 
wetlands at the Fernald Preserve. While over 
80 acres (32 hectares) of wetland habitat have 
been created as part of ecological restoration 
activities, DOE is required to demonstrate 
that a minimum of 17.9 acres (7 .22 hectares) 
of these meet the definition of a jurisdictional 
wetland. A wetland is considered 
jurisdictional if it meets specific criteria 
regarding vegetation, hydrology (water), and 
soils. To accomplish this, the Fernald 
Preserve Wetland Mitigation Monitoring 
Plan (DOE 2009) was developed to establish 
performance standards and monitoring 
requirements for wetland mitigation projects 
at the Fernald Preserve. The plan adopts 
existing Ohio EPA performance standards. 
and monitoring protocols for emergent 
wetlands. A series of parameters was 
evaluated between 2009 and 2011, including 
the shape and size of wetlands, water 
elevations, soil and water chemistry, 

vegetation, amphibians, and other wildlife. Evaluation of these parameters ensures that the 
functions and services that wetlands provide are addressed. 
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Additional monitoring of restored areas has been divided into two phases: the implementation 
phase and the functional phase. Implementation phase monitoring is conducted to ensure that 
restoration projects are completed as intended in their designs. This effort involves the mortality 
counts and herbaceous cover estimates that are conducted after a project is completed. 
Herbaceous surveys of the Natural Resource Trustee Resolution No.3 projects were conducted 
in 2011. · 

Functional phase monitoring is more general and considers projects in terms of their contribution 
to the ecological community as a whole. This is accomplished by comparing projects to 
pre-remediation baseline conditions and to ideal reference sites. The NRRP, which was finalized 
in November 2008 with settlement of the Natural Resource Damage Claim (State of Ohio 2008), 
reinstituted the use of functional-phase monitoring as a means of evaluating restored 
communities. In 2011, functional monitoring centered on forest communities. 

6.1.2.1 Wetland Mitigation Monitoring 

Hydrophytic Vegetation: Vegetation that is adapted to 
grow in soil that is periodically deficient in oxygen as a result 
of excessive water content. 

Hydric Soil: Wetland soil that is saturated, ponded, or 
flooded long enough during the growing season that oxygen
deficient conditions form. 

Wetland Hydrology: A measurement of how much water is 
present within a wetland area. 

. Morphometry: A measurement of the shape of a wetland 
area, as in the steepness of side slopes. 

Vegetation Index of Biotic Integrity: A scoring system 
using vascular plants as a means of assessing the quality of 
a given community. 

Amphibian Index of Biotic Integrity: A scoring system 
using amphibians as a means of assessing the quality of 
wetland communities. 

For 2011, monitoring activities included a 
jurisdictional wetland delineation. Additional 
efforts focused on an evaluation of the design 
of the created wetlands, hydrologic 
monitoring, vegetation surveys, characterizing 
amphibian communities, and soil 
biogeochemical sampling. A summary of these 
efforts is provided below . 

Mitigation wetland acreage was estimated via 
jurisdictional wetland delineation. The 
1987 U.S. Army Corps ofEngineers (USACE) 
Wetland Delineation Manual (USACE 1987) 
and associated Interim Regional Supplement to 
the Corps of Engineers Wetlands Delineation 
Manual: Midwest Region (USACE 2008) were 

used to delineate wetland boundaries within all wetland basins evaluated. Delineation involved 
sampling selected points within major landscape or vegetation units throughout the wetland. 
Each point was evaluated for hydrophytic vegetation, hydric soils, and wetland hydrology. Any 
point that showed presence of all three indicators was considered to be within the wetland 
boundary. All sampling points and boundaries were mapped with Global Positioning System. 
Figure 32 shows the delineation boundaries that were identified for each of the mitigation 
wetlands. A total of31.3 acres (12.7 hectares) were delineated. Table 9 provides the delineated 
acreage for each basin. 

Additional evaluation of the wetland design was conducted using Geographic Information 
System technology. Basin morphometry, which is a way of measuring the form of a wetland, 
was calculated based on site topography. Mitigation wetlands should have less thim a 15 to 1 
(horizontal to vertical) side slope. The performance standard is met when over. 50 percent of the 
area meets this level. Percentages for each basin are presented in Table 9. All of the basins 
except Basin FP A W7 met the performance standard. 
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Hydrologic monitoring is a way of measuring how much water is present within a wetland. Daily 
water level readings from shallow wells (piezometers) are collected from each of the wetland 
areas. Figure 32 shows the locations of piezometers within site wetlands. Parameters and 
associated performance standards include average depth to groundwater (less than 11.6 inches 
[29 .4 em]), the percent of time water is present in the root zone (greater than 53 percent of the 
year), and flashiness index (less than 2.0). The flashiness index is a measurement of how fast 
wetlands fill and release water following a storm event. Table 9 summarizes the 2011 findings. 
Most areas met the standards for hydrologic monitoring. 

The method for vegetation survey involved the use of fixed plot quadrats pursuant to Ohio EPA 
monitoring protocols. Figure 32 shows the location of fixed plot grids within each of the wetland 
basins evaluated. Data collected from these grids are used to calculate several performance 
standards, including Vegetation Index of Biotic Integrity (VIBI). Table 9 summarizes the 
findings. The Fernald Preserve Wetland Mitigation Monitoring plan (DOE 2009) sets a VIBI 
goal of 48 to 63 for restored wetlands. Comparison to performance standards showed mixed 
results. Nearly half of the basins met the VIBI standards, including all basins within the Wetland 
Mitigation Phase II project and the North Pines Plantation project. The other two performance 
standards include greater than 75 percent native perennial hydrophytes (native wetland plants 
that are perennial, meaning they survive for multiple years) and less than 10 percent unvegetated 
open water. The results show that diverse wetland communities have been established, but 
additional long-term vegetation monitoring is needed. 

Soil samples were also collected throughout the wetlands. Samples were analyzed for total 
nitrogen, total organic carbon, and percent solids. These parameters provide an indication of 
wetland soil development. Long periods of inundation cause a number of chemical changes to 
natural wetland soils. These unique properties help wetlands provide some of their important 
ecological functions, such as filtering and storing capacity. Table 9lists the performance 
standards for soil biogeochemistry and summarizes the results. Nearly all basins failed to meet 
the standards for soil chemistry parameters. These findings are expected for the relatively young 
age of the wetlands evaluated. 

Amphibian monitoring involved surveying wetlands using funnel traps. Ten traps were placed in 
a wetland basin and left for 24 hours. Amphibians and other wildlife easily crawl or swim into 
the traps but have a difficult time escaping. Field personnel return the following day and record 
and release whatever is found. Wildlife are usually returned to their environment unharmed. 
Fifteen wetland basins were included in the amphibian monitoring program. Figure 32 shows the 
location of basins surveyed. This amphibian information is used to calculate an Amphibian Index 
of Biotic Integrity (AIBI) score. Table 10 provides a summary of species findings and calculated 
AIBI score for each basin monitored. Although there is no numerical performance standard for 
AIBI, there are several noteworthy findings, including a total of four different species of mole 
salamander (ambystomatid salamanders). As in the past, the Northern Pine Plantation and 
Wetland Mitigation Phase II (WM2) wetlands score relatively high because of the abundance of 
salamander fmdings. In 2011, a salamander was trapped in the Wetland Mitigation Phase I 
(WM1) wetlands. 
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Table 9. Wetland Mitigation Monitoring Results • 

Design Parameters Hydrologic Regime Paramaters Vegetation Parameters 

Water in Root Mean Depth of Flashiness Unvegetated 
Native Vegetation 

Delineation Morphometry 
Zone Water Index Open Water 

Perennial Index of Biotic 
Hydrophytes Integrity 

>50% is less 
Performance 17.85 Acres than 15:1 side >53% <29.4 em <2.0 <10% >75% 48-63 

Standard slope 
Restoration Project Area Basin 

BAPW2 NA8 NA8 70% 17 0.6 1.3% 84.3% 46 
BAPW3 2.8 84% 81% 5 0.7 2.0% 67.2% 42 

Borrow Area (BAP) BAPW4 3.0 86% 81% 13 0.7 1.3% 61.8% 23 

BAPW7 NN NA* 79% 22 0.4 1.8% 55.5% 50 
BAPW9 7.3 76% 77% 10 0.9 3.0% 70.2% 29 
FPAW2 2.0 84% 78% 22 0.4 40.0% 96.1% 40 
FPAW4 1.4 76% 85% 13 0.3 26.0% 42.0% 18 

Former Production Area (FPA) 
FPAW5 1.2 85% 81% 18 0.4 11.5% 56.0% 54 
FPAW7 1.4 48% 80% 19 0.8 1.0% 29.1% 13 
FPAW9 0.5 68% 76% 30 0.3 2.8% 58.3% 56 
PREW6 2.8 75% 83% 4 0.5 17.3% 46.2% 25 

Northern Pine Plantation NPPW4 0.7 73% 76% 14 0.1 5.3% 72.1% 58 
Enhancement (NPP) NPPW5 0.2 98% 73% 18 0.7 3.8% 79.6% 61 

WM1W1 0.9 68% 55% 39 0.7 1.3% 47.2% 39 
WM1W2 1.1 91% 74% 27 0.3 2.1% 60.6% 61 

Wetland Mitigation Phase I 
WM1M3 0.8 80% 69% 33 0.7 3.8% 75.6% 46 
WM1W4 0.8 88% 79% 20 0.4 8.0% 60.2% 54 

(WM1) 
WM1W5 0.2 71% 67% 26 1.3 0.0% 71.0% 32 
WM1W6 1.5 83% 46% 53 0.5 1.3% 42.8% 48 
WM1W7 0.5 76% 66% 21 0.5 2.9% 64.0% 42 

Wetland Mitigation Phase II 
WM2W1 1.2 55% 97% 3 0.9 1.0% 63.8% 53 
WM2W2 0.6 89% 60% 19 0.1 13.8% 81.0% 49 

(WM2) 
WM2W3 0.5 53% 96% 3 0.5 20.5% 55.6% 51 

All Basins 31.3 

8 NA = Not Applicable. BAPW2 and BAPW7 were combined during the delineation. The acreage for these three areas is included in the delineation acreage and morphometry calculation for BAPW9. 
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Soil Chemistry Parameters 

Percent Solids 

<46.6% 

75.4% 
74.3% 
74.6% 

67.3% 
85.7% 
75.0% 
60.0% 
55.3% 
79.6% 
85.9% 
74.9% 

78.0% 
71.2% 
78.2% 
77.8% 
83.8% 
76.3% 
79.5% 
85.5% 
84.3% 
73.9% 
85.0% 
78.6% 

Percent Total Percent Total 
Organic Carbon Nitrogen 

>3.9% >0.5% 

1.2% 0.2% 
0.5% 0.1% 
0.9% 0.1% 

1.6% 0.2% 
1.5% 0.4% 

6.0% 0.2% 
4.5% 0.1% 
3.3% 0.2% 
5.7% 0.2% 
4.3% 0.1% 
0.4% 0.1% 
0.8% 0.1% 
0.6% 0.1% 
1.7% 0.1% 
1.1% 0.3% 
1.3% 0.2% 
0.6% 0.1% 
1.5% 0.1% 
1.1% 0.1% 
1.9% 0.1% 
0.5% 0.0% 
0.1% 0.1% 
0.3% 0.0% 
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All of the data collection discussed above was summarized and reported in the Wetland 
Mitigation Monitoring Report (DOE 2012), which was submitted to the Fernald Natural 
Resource Trustees in December 2011. Although the monitoring results show mixed compliance 
with performance standards, the field data collected, along with wildlife observations and 
progress photographs, indicate that quality wetlands are forming. The approximately 31 acres 
(13 hectares) of mitigation wetlands are likely ofhigher quality than the cattail marsh 
impoundments that were replaced. Appendix D provides additional detail regarding 
basin-specific data collection, calculation of monitoring parameters, and comparison to 
performance standards. The Wetland Mitigation Monitoring Report was approved in April2012. 

Table 10. Wetland Mitigation Amphibian Monitoring Summary 

Species and Number of Individuals .................. r ............. "i .. : .. ir: ............ l ......... ir· .. ·····il········ .. ·······r········· .. ···· ..... :.f" .... r ...... ili·~·l ................. r·······~·· 
i ..Q 'g u !U -I M .£: ! 3 ! ~I f .Q i ·- i-c c: I I' :t: ~! iii .. [,Q)o..gs,. 't:' Q)l u..!!l! E:!"-·~ g 

c:i .£:l Eoj~u,,c~l~~~~ }. _ :1; i .m~: .. .s.~ -o:!'--.;. 
IJI !l! '"!!!' ~l'"'!l!lo..:.-ao!!!IO. ::~u I uloo.jK!IIll~u 

~·aiG~~t: 'iiit:I~E Et:!t-"'i:;""'l·ulll 1:11111 il:llllli~~~~~·-IIIIGI·!I:! 
'- ... m 1-o -o o tn a !"'CC o ·.!'! o! c W ·1- (I) it» ~ c S 1 o ~ ! ~ · ~ !! G.\ ti 

LL ... ;u; c .... 'a ... ! c "'I"' .. I"' 2 lu. 2! c. ::l "'Ill l.t Ill! c Ill,. c. Ill ·IQ. !II 
t~~iEe~~~~e~icn~j.!:!m·t:>.icn"'i .!:!-g lc-gi~-g 11)-g a't:i 

!Wetland, ti ·~I m..!! ~ -e oll~ !..!! ~I~~ IE~ '11= ~ ~~ Q)E .. 'S ,. g: 'S 1€ 'S !:II'S !·E i 
• • . a 1:::: ..., i ..= ftl ~ ftl I ra .Iii: I tD ~ I 0 c: I 0 ·- .. ·- ! 0 ...... I e ·- i a. jl) Restoration ProJect Area 1 Area 1 AlB I u ~ 'II) II) ~ . ::::!! _ ,II) ~ 1 j:: ~ 1 .q ~ , u.. ~ It- ~ .q d. 1 w d. i z d. u.. :::1. , II) e.,. 

Borrow Area (SAP) l:~~~W4:::::!::::::::~::::::: :::::::~::::::::I::::::::::J:::::::::::I::::::::~:::::::l::::::l::::::l::::::::~:::::::I:::::::§:::::::J::::::::~:::::::I::::::::~:::::::J:::::::::::~::::::::::::I::::::::i::::::::l:::::::~::::::::l:::::::~::::::l::::::::~::::::: 
•BAPW7 ! 13 1 I 0 i 0 I 0 j 0 i 0 j 0 I 0 j 0 I 1 I 1 I 1 I 1 

Northern Pine Plantation 1NPPW4 ! 33 40 0 ! 0 i 1 i 1 . 0 I 0 l 0 I 4 ! 2 ! 1 i 0 I 0 
···············-····........................... ..... ················-r·········-·······•··················•··················~··················•··················•··················•···································································-··················l·-·······-······ 

Enhancement (NPP) iNPPWS I 0 0 ! 0 ! 0 I 0 i 0 i 0 l 0 i 3 i 0 I 0 i 0 i 14 

Wetland Mitigation 
Phase I (WM1) 

Wetland Mitigation 
Phase II (WM2) 

iWM1W1 i 3 0 i 0 ! 0 I 1 l 0 ! 0 ! 0 i 0 I 1 i 3 i 0 i 0 i 0 

IY:!.M:iw.~:::l:::::::~::::::: :::::I:::::r:::::::::::~:::::::::::r::::::!l.:::::::r::::::P.::::::::r:::::P.:::::::t::::I:::::r:::::P.::::::::r:::::::g::::::::r:::::::::i§::::::::::r:::::r::::r:::::~::::::::r::::~:~:::::r::::::~::::::: 
!WM1W7 i 0 0 i 0 i 0 I 0 i 0 i 0 i 0 ! 0 ! 0 i 0 i 0 ! 0 i 40 
!WM2W1 i G 0 ! 2 j 0 i 7 i 0 I 0 i 0 i 10 i 98 i 2 ! 2 I 0 I 0 

IY'i.M:~W.?.:J:::::::~:::::: ::::::§::::::r::::::::::t:::::::::::t:::::::t::::::t::::::P.:::::::t::::::P.::::::::I:::::::P.:::::::t:::::!l.:::::::t::~EJ::::::::::::~::::::::::::!:::::::r::::t:::::r:::::I::::I~rr:::::r:::: 
iWM2W3 i 12 1 i 0 i 0 I 16 ! 0 i 0 i 0 I 0 i 2 i 0 i o i 2 i 28 

"AlB I =Amphibian Index of Biotic Integrity Score 

6.1.2.2 Functional Monitoring 

In addition to the enhanced wetland mitigation monitoring program, functional monitoring of 
restored areas resumed in 2009 as well. This process compares restored communities to 
pre-restoration "baseline" conditions and high-quality reference sites. Baseline and reference 
sites were characterized in 2001 and 2002. From 2003 to 2005, restored areas were evaluated. 
Instead of a project-specific data set, broader community types (i.e., wetlands, prairie, and forest) 
were evaluated. Wetlands were evaluated in 2003, prairie communities in 2004, and forest 
habitats in 2005. This 3-year rotation was reproduced in 2009 (wetlands), 2010 (prairie 
communities), and 2011 (forest habitats). Presented below are the results of the 2011 functional 
monitoring of restored forested communities. 

Forest communities are evaluated using separate vegetation surveys for herbaceous vegetation 
(grasses and flowers) and woody vegetation (trees and shrubs). Forest communities were divided 
into four different types: mature forest, young forest, pine plantation, and restored forest. The 
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percenta~e and frequency of native species is calculated, along with the average Coefficient of 
Conservatism and FQAI. Presented below are the results of this effort. 

Figure 32 shows forest functional monitoring locations, and Table 11 and Table 12 present 
summary data for each of the areas monitored. Table 13 provides a comparison with baseline and 
reference sites, along with areas that were initially evaluated in 2005. 

Results are mostly as expected across the site, with older forests containing quality herbaceous 
vegetation and larger trees. A number of restored forest communities have diverse native trees 
and shrubs due to revegetation efforts during restoration. For the baseline and reference site 
comparison, results show improvement over baseline conditions in Area 8, Phase II, but 
relatively similar conditions in the Northern Woodlot Enhancement and the Southern Waste 
Units. TheN orthem Woodlot Enhancement area benefits from restoration plantings, but this was 
offset by several new woody invasives that were not present in 2005, such as Callery pear, 
multiflora rose, and amur honeysuckle. Continued control of invasive species is needed to 
reverse this trend. This information will continue to be collected on a 3-year rotation, so that long 
term trends can be established. 

Table 11. Forest Functional Monitoring Herbaceous Vegetation Summary 

Functional 
Community Type Monitoring Area 

NWEF01 
PREF01 

Mature Forest 
PREF02 
PRWF01 
PRWF02 
PRWF03 

Pine Plantation 
NPPPP1 
PREPP1 
A82RF1 
A82RF2 
ERPRF1 
FWPRF1 
NPPRF1 

Restored Forest 
NWERF1 
PRERF1 
PRERF2 
PRWRF1 
PRWRF2 
SWURF1 
SWURF2 
NPPSF1 

Young Forest NWESF1 
PRESF1 

a CC- Coefficient of Conse1Vc1t1sm 

b FQAI = Floristic Quality Assessment Index 
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Total Native 
Species Species 

44 35 
36 27 
53 39 
22 12 
50 41 
38 25 
35 22 
49 37 
45 31 
47 30 
42 25 
46 27 
43 30 
54 38 
49 33 
36 23 
41 28 
50 34 
42 23 
38 26 
32 23 
32 15 
60 42 

Relative 
Frequency of 

Percent Native 
Native Species 

80% 72% 
75% 67% 
74% 65% 
55% 33% 
82% 67% 
66% 85% 
63% 55% 
76% 72% 
69% 68% 
64% 55% 
60% 53% 
59% 56% 
70% 68% 
70% 63% 
67% 64% 
64% 54% 
68% 58% 
68% 57% 
55% 52% 
68% 68% 
72% 58% 
47% 68% 
70% 69% 

Average 

CC3 FQAib 

2.18 14.43 
1.67 10.00 
2.35 17.14 
1.54 6.57 
2.32 16.40 
3.32 20.44 
1.33 7.89 
2.04 14.30 
1.86 12.48 
1.59 10.91 
1.83 11.83 
1.17 7.91 
1.76 11.52 
1.47 10.81 
1.50 10.50 
1.41 8.47 
1.85 11.82 
1.53 10.84 
1.55 10.05 
2.09 12.86 
1.30 7.35 
1.74 9.83 
1.56 12.11 
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Table 12. Forest Functional Monitoring Woody Vegetation Summary 

Functional 
Total Native Percent 

Relative 
Average Average Size 

Monitoring Density of FQAib 
Area 

Species Species Native 
Native Species 

cc• (DBH, in cm)c 
Community Type 

NWEF01 
PREF01 

Mature Forest 
PREF02 
PRWF01 
PRWF02 
PRWF03 

Pine Plantation 
NPPPP1 
PREPP1 
A82RF1 
A82RF2 
ERPRF1 
FWPRF1 
NPPRF1 

Restored Forest 
NWERF1 
PRERF1 
PRERF2 
PRWRF1 
PRWRF2 
SWURF1 
SWURF2 
NPPSF1 

Young Forest NWESF1 
PRESF1 

a CC - Coefficient of Conservatism 

b FQAI = Floristic Quality Assessment Index 

c DBH = Diameter at Breast Height 

9 9 
17 15 
18 16 
17 16 
17 14 
16 14 
12 9 
17 13 
33 29 
14 12 
19 15 
35 33 
38 34 
26 21 
29 24 
40 36 
32 27 
24 20 
13 11 
19 16 
15 14 
13 11 
23 21 

100% 100% 4.78 14.33 32.4 
88% 35% 4.00 16.49 17.8 
59% 35% 4.17 17.68 19.3 
94% 20% 4.88 20.10 24.2 
82% 46% 3.00 12.37 19.6 
88% 13% 3.71 14.82 19.2 
75% 54% 3.25 11.26 8.3 
76% 81% 3.24 13.34 11.9 
88% 92% 3.39 19.46 6.9 
86% 77% 3.31 12.38 13.3 
79% 80% 3.65 15.91 1.8 
94% 89% 3.60 21.30 1.4 
89% 95% 3.71 22.87 2.3 
81% 77% 2.80 14.28 5.6 
83% 98% 3.24 17.46 2.1 
90% 94% 4.00 25.30 1.4 
84% 96% 3.45 19.53 2.1 
83% 81% 3.33 16.33 1.7 
85% 87% 4.00 14.42 1.1 
84% 40% 4.58 19.96 2.1 
93% 25% 4.07 15.75 16.6 
85% 32% 3.38 12.20 22.6 
91% 50% 4.18 20.06 11.8 

Table 13. Forest Functional Monitoring Comparison 

Southern Waste Units Area 8 Phase II ___ J!'!r~!:.'!...V!!.~~dlot Enha~~~~---··-----------------

TG::·;::r::::-
---~------------1------ I Reference ! I I Baseline {Upland I 

· Reference (Grazed Forest Baseline 
Parameter 1--l.Q.Q~-T 2011_, CompleJ!~~elo~ ~-~ 20"!.!.__~-!ri'!~ t Past~!!!~l_ __ 2005 1--.1!1.!.1_+-Co~LJ •• ~oodlo_t} 

;.::_~ _ Tola[~~s ~ -~ ~ I ~ 66 -.----:;-4 95 38 82 68 62 1 56 
_Total Nat~~~.P~.£i~ 61 i 55 I 58 NA -;;-1!-_L__!i2.__.L__8_5 ____ 15 __ 58 r---50 ! 58 i 42 --
~!cent Nati'!_e._.§~~~~ 

-74% 1 67%-r---94% ___ ] __ --NA-
67% I 74o/~-+---!1..l~--L 39~- 71% I 74% I 94% I 75% 

---~ --
-----~-~!!!..~ cc~ r-}-0 -+~-1--~-~---~- -b~-~ ~'-L-=+_!!__ ~-~-3_.9 __ ,~--

FQAI• 26.70 23.13 , 30.50 ' NA 17.50 i 21.38 I 31.80 2.60 16.70 16.89 . 30.50 ' 18.00 

'NA =Not Applicable {Developed areas were not characterized. Baseline cond~ions are assumed to be zero for all parameters.) 
°CC = Coeffient of Conservatism 
"FQAI = Floristic Quality Assessment Index 
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6.1.2.3 Ymplementation Monitoring 

Implementation monitoring in 2011 consisted ofherbaceous surveys of the Natural Resource 
Trustee Resolution No.3 project areas (Figure 32). Seeding took place in late summer 2010, so 
these areas were surveyed in 2011 to determine the extent of native species establishment and 
total cover. Results are presented in Table 14. The Solid Waste Landfill and Haul Road areas met 
the 50 percent native species goal and almost attained the 90 percent total cover goal. Native 
vegetation was not well established in the Prairie Area, which is located just south of the Haul 
Road area. This area was interseeded in 2011 with a tall grass prairie mix, following herbicide 
application of existing cool season vegetation. As discussed in Section 6.1.1, the area was 
mowed, raked, and baled in an effort to aid prairie establishment. These areas will be re
evaluated in 2012. 

Table 14. Implementation Monitoring Summary 

Ohio spideriNort blooms following a spring prescribed !)urn 
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6.2 Fernald Preserve Site and OSDF Inspections 

The LMICP sets out a routine inspection process for both the site and the OSDF. Inspections are 
conducted quarterly with joint participation from DOE and the regulators. Inspections document 
evidence of unauthorized uses of the site, the effectiveness of institutional controls, and the need 
for repairs. Ecologically restored areas are evaluated for the presence of noxious weeds, erosion, 
the condition of vegetation, and signs of damage :fi:om nuisance animals. As with 2010, findings 
in 2011 consisted mostly of the presence of weeds and deer fencing that was damaged by falling 
trees and limbs. The erosion repair areas described in Section 6.1.1 were identified during the 
site inspection process. Construction debris also continues to be found, primarily in the Former 
Production Area and Former Waste Pits area. 

For the OSDF inspections, the vegetated cap is walked down and evaluated to ensure that its 
integrity is maintained. Erosion rills, holes from bunowing animals, noxious weeds, settlement 
cracks, and other indications that there may be an issue with the proper functioning of the cap are 
flagged and repaired. In 2011, there were no signs that the integrity of the cap had been 
compromised in any way. Findings consisted mainly of woody vegetation, noxious weeds, and 
animal bunows. A stand of woody vegetation (honeysuclde, willows, and multiflora rose) was 
removed from an area near the southwest comer of the OSDF to proactively remove a seed 
source from becoming a problem on the OSDF cap. · 

Quart'erly inspection reports are posted on the Legacy Management website at 
http://www.lm.doe.gov/femald/Sites.aspx. The quarterly inspection reports can also be viewed 
online at the Fernald Preserve Visitors Center or by contacting S.M. Stoller Public Affairs at 
(513) 648-4026. 

6.3 Affected Habitat Findings 

With large-scale remediation complete, the potential for unanticipated habitat impacts is limited. 
Nevertheless, impacts may occur during construction or maintenance activities. In 2011, no large 
areas of restored habitat were affected. 
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6.4 Tlireatened and Endangered Species and Species Inventories 

Sloan's Crayfish-The state-listed threatened Sloan's crayfish 
(Orconectes sloanit) is found in southwest Ohio and southeast 
Indiana. It prefers streams with constant (though not necessarily 
fast) current flowing over rocky bottoms. A large, well-established 
population of Sloan's crayfish is found at the Fernald Preserve in 
the northern reaches of Paddys Run. 

Indiana Brown Bat-The federally listed endangered Indiana 
brown bat (Myotis soda/is) forms colonies in hollow trees and under 
loose tree bark along riparian (streamside) areas during the 
summer. Excellent habitat for the Indiana brown bat has been 
identified at the Fernald Preserve along the wooded banks of the 
northern reaches of Paddys Run. The habitat provides an extensive 
mature canopy of older trees and water throughout the year. One 
Indiana brown bat was captured and released on the property in 
August 1999. 

Running Buffalo Clover-The federally listed endangered running 
buffalo clover (Trifolium stoloniferum) ·is a member of the clover 
family whose flower resembles that of the common white clover. Its 
leaves, however, differ from those of white clover in that they are 
heart-shaped and a lighter shade of green. Running buffalo clover 
has not been identified at the Fernald Preserve; however, because 
running buffalo clover is found nearby in the Miami Whitewater 
Forest, the potential exists for this species to become established 
at the site. The running buffalo clover prefers habitat with well
drained soil, filtered sunlight, limited competition from other plants, 
and periodic disturbances. Suitable habitat areas include partially 
shaded former grazed areas along Paddys Run and the storm 
sewer outfall ditch. 

Spring Coral Root-The state-listed threatened spring coral root 
(Corallorhiza wisteriana) is a white and red orchid that blooms in 
April and May and grows in partially shaded areas of forested 
wetlands and wooded ravines. This plant has not been identified at 
the Fernald Preserve; however, suitable habitat exists in portions of 
the northern woodlot 

Cave Salamander-The state-listed endangered cave salamander 
(Eurycea /ucifuga) is slender, red to orange with irregular black 
dots. It is found in caves, springs, small limestone streams, 
outcrops, and old springhouses where groundwater is present It 
has only been documented in Ohio in Hamilton, Butler, and Adams 
counties. Suitable habitat within the Fernald Preserve is limited, but 
populations have been observed just north of the site . 

Cobblestone Tiger Beetle-The state-listed threatened 
cobblestone tiger beetle.(Cicindela marginipennis) is recognized by 
its olive-gray back, white sides, and red abdomen. It's found on 
large gravel bars on medium-sized rivers. Populations have been 
recorded east of the Fernald Preserve along the Great Miami River. 

The Endangered Species Act requires the 
protection of any federally listed 
threatened or endangered species and any 
habitat critical for the species' existence. 
Several Ohio laws mandate the protection 
of state-listed endangered species as well. 
Since 1993, a number of surveys have 
been conducted to determine the presence 
of any threatened or endangered species at 
the site. As a result of these surveys, the 
federally listed endangered Indiana brown 
bat and the state-listed threatened Sloan's 
crayfish have been found at the 
Femald Preserve. In addition, suitable 
habitat exists for the federally listed 
endangered running buffalo clover, the 
state-listed threatened spring coral root, 
the state-listed endangered cave 
salamander, and the state-listed threatened 
cobblestone tiger beetle. None of these 
species have been found on the site, but 
their habitat ranges encompass the 
Femald Preserve. Figure 33 shows the 
potential habitats for these species. 
According to provisions in the IEMP, 
threatened or endangered species habitat 
will be surveyed as needed prior to any 
construction activities. If threatened or 
endangered species are identified, 
appropriate avoidance or mitigation 
effmis will be taken. 

Although no specific threatened or 
endangered species surveys were 
conducted in 2011, several other species 

inventories took place. Reptile and small-mammal surveys continued around a number of site 
wetlands using coverboards, which are 2 ft by 4 ft ( 61 em by 122 em) pieces of con-ugated sheet 
metal. Animals are attracted to the cover and warmth the coverboards provide. Three species of 
snakes and five species of small mammals were observed as part of this effort. 

The species surveys in 2011 included the final year of data collection for the Ohio Breeding Bird 
Atlas, a project that documents the distributiop. of breeding birds throughout Ohio. As a result of 
Femald Preserve's 4-year participation in the Ohio Breeding Bird Atlas, 92 spe"cies have been 
confirmed as nesting on the Femald Preserve property, and another 15 species have been 
identified as probable nesters. A total of212 species have been seen at the Femald Preserve since 
its opening in 2008, making it one of the prime birding destinations in southwestern Ohio. The 
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diverse h1lbitat, which encompasses open water, wetlands, prairies, and forest, supports 6 of the 
10 species that the National Audubon Society has deemed a common species in decline, 
including nesting field sparrows and grasshopper sparrows, northern bobwhite, eastern 
meadowlark, migrating greater scaup, and northern pintails. During the National Audubon 
Society's annual Christmas Bird Count, 56 species were seen at the Fernald Preserve, making the 
site one of the most productive in greater Cincinnati . From a birdwatcher's perspective, the 
highlight of 2011 was the sighting of a rare garganey at the Fernald Preserve. The garganey is a 
Eurasian teal that rarely visits North America. Birdwatchers from 24 states and Canada visited 
Fernald during a 2-week period in late April and early May to view the garganey. The bii·d's 
presence also prompted media coverage from a number of local outlets, as well as a mention in 
national bird-watching publications. 

In June 2011 , the Fernald Preserve hosted a 24-hour species inventory called a BioBlitz. Many 
countries hold BioBlitz events, which are a blend of science, celebration, education, and 
community. Scientists and subject matter experts from a variety of fields took members of the 
public on searches for amphibians, birds, fish, insects, mammals, mushrooms, plants, reptiles, 
and spiders. The BioBlitz is an excellent way to learn about the biodiversity at the Fernald 
Preserve and the surrounding area and to better understand how to protect the many different 
species that live there. Despite rain during the first evening, a total of 498 species were cataloged 
at the site. 

6.5 Cultural Resources 

The Fernald Preserve and surrounding area are located in a region of rich soil and many sources 
of water, such as the Great Miami River. Because of its advantageous location, the area was 
settled repeatedly throughout prehistoric and historical time, resulting in richly diverse cultural 
resources. In summary, 148 prehistoric and 40 historic sites have been identified within 
1.24 miles (2lan) of the Fernald Preserve. 

Several laws have been established to protect cultural resources. The National Historic 
Preservation Act requires DOE to consider the effects of its actions on sites that are listed or 
eligible for listing on the National Register of Historic Places. The Native American Graves 
Protection and Repatriation Act (43 CFR 10) requires that prehistoric human remains and 
associated artifacts be identified and returned to the appropriate Native American tribe. 

To comply with these laws, DOE conducted archaeological surveys prior to remediation 
activities in undeveloped areas of the Fernald Preserve. Figure 34 shows the areas ofthe Fernald 
Preserve that have been surveyed. These surveys have resulted in the identification of five sites 
that may be eligible for listing on the National Register of Historic Places. None of these sites 
were affected by constmction activities. An archaeological survey was conducted on 
approximately 4 acres ( 1. 6 hectares) on the western edge of the site, along Paddys Run Road. 
This survey was conducted in advance of planned restoration activities in 2012. No prehistoric or 
historic properties were identified. 
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8.0 Glossary 

Amphibian Index of Biotic Integrity-A scoring system that uses amphibians as a means of 
assessing the quality of wetland communities. 

Aquifer-A geologic formation, group of formations, or part of a formation that contains 
sufficient saturated permeable material to yield economical quantities of water to wells 
and springs. 

ARARs-An acronym for "applicable or relevant and appropriate requirements." Requirements 
set forth in regulations that implement environmental and public health laws and must be 
attained or exceeded by a selected remedy unless a waiver is invoked. ARARs are divided into 
three categories: chemical-specific, location-specific, and action-specific, according to whether 
the requirement is triggered by the presence or emission of a chemical, by a vulnerable or 
protected location, or by a particular action. 

Background Radiation-Particle or wave energy spontaneously released from atomic nuclei in 
the natural environment, including cosmic rays and such releases from naturally radioactive 
elements outside and inside the bodies of humans and animals, and fallout from nuclear 
weapons tests. 

Capture Zone-Estimated area that is being "captured" by the pumping of groundwater 
extraction wells. The definition of the capture zone is important in ensuring that the uranium 
plumes targeted for cleanup are being remediated. 

Certification-The process by which a soil remediation area is certified as clean. Samples from 
the area are collected and analyzed, and then the contaminant levels are compared to the fmal 
remedial levels established in the OU5 ROD. Not all soil remediation areas at the Fernald site 
require excavation before certification is done. 

Contaminant-A substance that when present in air, surface water, sediment, soil, or 
groundwater above naturally occurring (background) levels causes degradation of the media. 

Controlled Runoff-Contaminated storm water requiring treatment; it is collected, treated, and 
eventually discharged to the Great Miami River as treated effluent. 

Curie (Ci)-Vnit of radioactivity that describes the rate of spontaneous, energy-emitting 
transformations in the nuclei of atoms; 1 curie is equal to 37 billion (3.7 x 1010

) nuclear 
transformations per second. 

Dose-Amount of radiation absorbed in tissue. 

Ecological Receptor-A biological organism selected by ecological risk assessors to represent a 
target species most likely to be affected by site-related chemicals, especially through 
bioaccumulation. Such organisms may include terrestrial and aquatic species. 
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Effectiw!' Dose Equivalent-The sum of the products of the dose equivalent received by 
specified tissues of the body and tissue-specific weighting factor. This sum is a risk-equivalent 
value and can be used to estimate the risk of health effects to the exposed individual. The 
tissue-specific weighting factor represents the fraction of the total health risk resulting from 
uniform whole-body irradiation that would be contributed by that particular tissue. The effective 
dose equivalent includes the committed effective dose equivalent from internal deposition of 
radionuclides and the effective dose equivalent due to penetrating radiation from sources external 
to the body. Effective dose equivalent is expressed in units ofrem or sievert. ' 

Exposure Pathway-A route materials can travel between the ppint of release and the point of 
delivery of a radiation or chemical dose to a receptor organism. 

Fly Ash-The ash remaining after burning coal in a boiler plant. 

Gamma Ray-Type of electromagnetic radiation of discrete energy emitted during radioactive 
decay· of many radioactive elements. 

Glacial Overburden/Glacial Till-Silt, sand, gravel, and clay deposited by glacial action on top 
of the Great Miami Aquifer and surrounding bedrock highs. 

Great Miami Aquifer-Sand and gravel deposited by the meltwaters of Pleistocene glaciers 
within the entrenched ancestral Ohio and Miami rivers. This is also called a buried channel or a 
sand and gravel aquifer. 

Groundwater-Water in a saturated zone or stratum beneath the surface of land. 

Hydric-Wetland soil; soil that is saturated, ponded, or flooded long enough during the growing 
season that oxygen-deficient conditions form. 

Hydrophytic-Wetland vegetation; vegetation that is adapted to grow in soil that is periodically 
deficient in oxygen as a result of excessive water content. 

Mixed Waste-Hazardous waste that has been contaminated with low-level radioactive 
materials. 

Morphometry-Measurement of the shape or form of an area. 

Point Source-The single defined point (origin) of a release such as a stack, vent, or other 
discernible conveyance. 

Radiation-The energy released as particles or waves when an atom's nucleus spontaneously 
loses or gains neutrons or protons. The three main types are alpha particles, beta particles, and 
gamma rays. 

Radioactive Material-Refers to any material or combination of ma:terials that spontaneously 
emits ionizing radiation. 
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RadionuHide-Refers to a radioactive nuclide. There are several hundred known radionuclides 
that are artificially produced and naturally occurring. Radionuclides are characterized by the 
number of neutrons and protons in an atom's nucleus and their characteristic decay processes. 

Receptors-Individuals or organisms that are or can be impacted by contamination. 

Remedial Action-The actual construction and implementation phase of a Superfund site 
cleanup that follows the remedy selection process and remedial design. 

Remedial Investigation/Feasibility Study-The first major event in the remedial action 
process that serves to assess site conditions and evaluate alternatives to the extent necessary to 
select a remedy. 

Removal Action-A short-term cleanup or removal of released hazardous substances from the 
environment. A removal action is performed in response to a release or the imminent threat of 
release ofhazardous substances into the environment. 

Roentgen Equivalent Man (rem)-A special unit of dose equivalent that expresses the effective 
dose calculated for all radiation on a common scale; the absorbed dose in rads multiplied by 
certain modifying factors (e.g., quality factor); 100 rem= 1 sievert. 

Sediment-The unconsolidated inorganic and organic material that is suspended in surface water 
and is either transported by the water or has settled out and become deposited in beds. 

Source-A controlled source of radioactive material used to calibrate radiation detection 
equipment. Can also be used to refer to any source of contamination (e.g., a point source such as 
the stack on the waste pits stack, a source of radon such as the silo's headspace). 

Surface Water-Water that is flowing within natural drainage features. 

Treated Effluent-Water from numerous areas at the site that is treated through one of the site's 
wastewater treatment facilities and discharged to the Great Miami River. 

Uncontrolled Runoff-Storm water that is not collected by the site for treatment, but enters the 
site's natural drainages. 

Vegetation Index of Biotic Integrity-A scoring system that uses vascular plants as a means of 
assessing the quality of a given plant community. 

Volatile Organic Compound-A hydrocarbon compound, except methane and ethane, with a 
vapor pressure equal to or greater than 0.1 millimeter of mercury. 

Waste Acceptance Criteria-Disposal facilities specify the types and sizes of materials, 
acceptable levels of constituents, and other criteria for all material that will be disposed in that 
facility. These are known as waste acceptance criteria. Offsite disposal facilities such as the 
Nevada National Security Site (formerly called the Nevada Test Site) that dispose of Fernald 
waste have specific waste acceptance criteria. In addition, the OSDF had waste acceptance 
criteria that were approved by the regulatory agencies. 
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~c • 
amsl 

bgs 

CAWWT 

CERCLA 

CUSUM 

EPA 

EW 

FRL 

GMA 

GMA-D 

GMA-SE 

GMA-SW 

GMA-U 

GWLMP 

HTW 

IEMP 

LCS 

LDS 

LM 

LMICP 

NA 

ND 

NTU 

ODH 

OMMP 

OSDF 

ou 
PCB 

P/PB 

PRRS 

PQL 

RCRA 

RDL 

ROD 

RW 

SCL 

above mean sea level 

below ground surface 

Acronyms 

Converted Advanced Wastewater Treatment Facility 

Comprehensive Environmental Response, Compensation, and Liability Act 

Shewhart-cumulative sum 

U.S. Environmental Protection Agency 

extraction well 

final remediation level 

Great Miami Aquifer 

Great Miami Aquifer-downgradient 

Great Miami Aquifer-southeast 

Great Miami Aquifer-southwest 

Great Miami Aquifer-upgradient 

Groundwater/Leak Detection and Leachate Monitoring Plan 

horizontal till well 

Integrated Environmental Monitoring Plan 

leachate collection system 

leak detection system 

DOE Office of Legacy Management 

Comprehensive Legacy Management and Institutional Controls Plan 

not applicable 

not detected 

Nephelometric Turbidity Units 

Ohio Department of Health 

Operations and Maintenance Master Plan 

on-site disposal facility 

Operable Unit 

polychlorinated biphenyls 

Property/Plume Boundary 

Paddys Run Road Site 

practical quantitation limit 

Resource Conservation and Recovery Act 

required detection limit 

Record of Decision 

recovery well 

Shewhart control limit 
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SD 

SSOD 

su 
TDS 

TOC 

TOX 

UCL 

VAM3D 

WSA 

standard deviation 

Storm Sewer Outfall Ditch 

standard unit 

total dissolved solids 

total organic carbon 

total organic halogens 

upper confidence level 

Variable Saturated Analysis Model in 3 Dimensions 

Waste Storage Area 
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Measurement Abbreviations 

ft 

gpad 

gpm 

lb 

m 

Mgal 

mg/L 

pCi/L 

j.tg/L 
yd3 

feet 

gallons per acre per day 

gallons per minute 

pound 

meter 

million gallons 

milligrams per liter 

picocuries per liter 

micrograms per liter 

cubic yards 
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Appendix A presents groundwater data and analysis in support of Chapter 3. This appendix 
consists of the following five attachments: 

• Attachment A.l provides operational data for the South Field Module, the South Plume 
Module, and the Waste Storage Area Module. 

• Attachment A.2 provides total uranium data (including summary statistics) and plume maps 
for the first and second halves. 

• Attachment A.3 provides groundwater elevation data and quarterly water level maps. 

• Attachment A.4 provides an analysis of the non-uranium final remediation level (FRL) 
exceedances both inside and outside the Waste Storage Area (Phase II) design remediation 
footprint. 

• Attachment A.5 presents leak detection and leachate monitoring results associated with the 
On-Site Disposal Facility (OSDF) monitoring program. 

Groundwater analytical data are available through the Department of Energy Office of Legacy 
Management's Geospatial Environmental Mapping System 
(http://www .lm.doe.gov/F ernald/Sites.aspx ). 
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A.l.O Operational Assessment 

This attachment presents operational data for each extraction well pumping in 2011, and 
estimates on when uranium concentrations at each extraction well will reach the aquifer 
cleanup standard for uranium of30 micrograms per liter (J.Lg/L). During 2011,23 extraction 
wells were operational. Figure A.1-1 depicts the locations of extraction and former re-injection 
wells and identifies surrounding monitoring wells. Table A.1-1 provides summaries of gallons 
pumped, total uranium removed, and uranium removal indices for 2011 and for August 1993 
through December 2011. 

Information in this attachment is organized into the following subsections: 

• South Field Module (Section A.1.1) 

• South Plume Module (Section A.1.2) 

• Waste Storage Area Module (Section A.l.3) 

• Total Uranium Data (Section A.1.4) 

• Pumping Rates (Section A.1.5). 

A.l.l South Field Module 

Thirteen extraction wells were operational in the South Field Module in 2011. The 13 active 
extraction wells (EW) are 31550 (EW-18), 31560 (EW-19), 31561 (EW-20), 33326 (EW-17a), 
32276 (EW-22), 32446 (EW-24), 32447 (EW-23), 33061 (EW-25), 33262 (EW-15a), 
33264 (EW-30), 33265 (EW-31), 33266 (EW-32), and 33298 (EW-21a). 

The target combined pumping rate for the South Field Module wells in 2011 was 2,575 gallons 
per minute (gpm). The combined performance data for the South Field Module are presented in 
Table A.1-1. This target rate is consistent with pumping rates defined for the Waste Storage 
Area (Phase II) Model Design. Tables A.1-2 through A.1-14 provide individual extraction well 
performance data for 2011. The footnotes explain individual extraction well outages of greater 
than 24 hours. 

During 2011, 1,290.96 million gallons (M gal) of groundwater were pumped by the active 
extraction wells in the South Field Module, resulting in the removal of 337.71 pounds (lbs) of 
uranium from the Great Miami Aquifer (GMA). Since startup of the South Field Module in 
July 1998, the module has removed 14.87 billion gallons of water and 6,504.87lbs of uranium 
from the GMA. 

A.l.2 South Plume Module 

Six extraction wells were operational in the South Plume Module in 2011. The six active 
recovery wells (RW) are 3924 (RW-1), 3925 (RW-2), 3926 (RW-3), 3927 (RW-4), 
32308 (RW-6), and 32309 (RW-7). These wells are located south of Willey Road and north of 
New Haven Road. 

The target combined pumping rate for the South Plume Module in 2011 was 1,200 gpm. 
Tables A.1-15 through A.1-20 provide individual extraction well performance data for the 
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South Plume Module extraction wells in 2011. The footnotes explain individual extraction well 
outages of greater than 24 hours. The combined performance data for the South Plume Module 
are presented in Table A.1-1. 

During 2011, 620.53 M gal of groundwater were pumped by the six wells in the South Plume 
_Module, resulting in the removal of 107.94lbs of uranium from the GMA. Since startup ofthe 
South Plume Module in August 1993, the module has removed 13.05 billion gallons of 
groundwater and 2,685.66lbs ofuranium from the GMA. 

During 2011, the South Plume Module continued to meet the primary objectives of: 

• Preventing further southward movement of the total uranium plume while capturing the 
main lobe of the South Plume without adversely affecting the Paddys Run Road Site (PRRS) 
plume (3924 [RW-1], 3925 [RW-2], 3926 [RW-3], and 3927 [RW-4]). 

• Actively remediating the higher concentration region of the off-property plume 
(32308 [RW-6] and 32309 [RW-7]). 

Attachment A.3 presents additional details concerning capture, along with supporting data. 

In 2011, as in previous years, PRRS constituents of concern (arsenic, phosphorus, potassium, 
sodium, and volatile organic compounds) were monitored at 11 monitoring well locations 
immediately south of the South Plume Module to ensure that the operation of the system does 
not adversely impact the PRRS plume. The 11 wells monitored were 2128, 2625, 2636, 2898, 
2899,2900, 3128, 3636, 3898, 3899, and 3900 (refer to Figure A.1-1). 

The Mann-Kendall test for trend was run on PRRS data collected from these wells. As indicated 
in Table A.1-21, three parameters at five different wells monitored for PRRS constituents of 
concern had "up, significant" trends: 

• Arsenic in monitoring wells 2898, 2899, 3636, 3898, and 3899 

• Potassium in monitoring wells 2898, 2899, 3898, and 3899 

• Sodium in monitoring wells 3 898 and 3 899 

Concentration versus time plots for these constituents and wells are provided in Figures A.1-2 
through A.1-12. As reported in Attachment A. 3, with the exception of well 3 63 6, the 
groundwater flow direction at these wells was from the northeast to southwest. This indicates 
that the increasing concentrations at these locations were moving toward the PRRS plume, not 
away from it. Well3636 is south of the south plume extraction wells. Water table maps provided 
in Attachment A.3 indicate that the flow direction at Well3636 is to the south, away from the 
south plume wells. 

The monitoring activity for PRRS constituents of concern also included sampling for volatile 
organic compounds. These compounds are monitored because they were present in the PRRS 
plume, which is not of Fernald origin (ERM Midwest, Inc. 1994). 

In 2011, toluene was detected in five different monitoring wells (well2900, well3636, 
well3898, well3899, and well3900). All results were assigned a qualifier of"J", which 
indicates the results are estimated values. The "J" qualifier was assigned, because the results 
were above the method detection limit but below contract required detection limit of 10 l!g/L. 
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Toluene was detected last year in wells 3636 and 3900, again qualified as "J" for the same 
reason. Toluene is a common lab contaminant. Given the low estimated values of these 

( · detections, continued monitoring is the recommended action at this time. 

A.1.3 Waste Storage Area Module 

Four extraction wells were operational in the former Waste Storage Area in 2011. The four 
extraction wells are 32761 (EW-26), 33062 (EW-27), 33334 (EW-28a), and 33347 (EW-33a). 

The target combined pumping rate for the Waste Storage Area Module wells in 2011 was 
1,000 gpm. This target pumping rate is consistent with the Waste Storage Area (Phase II) Model 
Design. Tables A.1-22 through A.1-25 provide individual extraction well performance data for 
the Waste Storage Area Module wells. The combined performance data for the Waste Storage 
Area Module are presented in Table A.1-1. 

During 2011, 519.93 M gal of groundwater were pumped from extraction wells in the Waste 
Storage Area Module, resulting in the removal of98.07lbs ofuranium from the GMA. Since 
startup of the Waste Storage Area Module in May 2002, 4.264 billion gallons ofwater and 
1,690.642 lbs of uranium have been removed from the GMA. 

A.1.4 Total Uranium Data 

Water samples were collected monthly in 2011 from the extraction wells and analyzed for total 
uranium. The total uranium concentrations are used to calculate the mass of uranium removed by 
the well, support the statistical trend analysis presented in Attachment A.2, and determine if a 

1 well is routed to treatment or to bypass treatment. Figure A.1-13 provides a graph of the 
monthly gallons of groundwater extracted versus the monthly gallons of groundwater treated 
for 2011. Since 2005, the percentage of treatment needed to achieve uranium discharge limits has 
been decreasing. Data collected since 2010 indicates that the aquifer remedy can now achieve the 
uranium discharge limits (i.e., average monthly concentration of less than 30 J.Lg/L, and 600 lbs 
annually) established in the Operable Unit 5 (OU5) Record of Decision (ROD) without 
groundwater treatment. 

Uranium concentration data collected from the extraction wells are also being tracked 
graphically to predict when the extraction-well-specific uranium concentrations will reach the 
groundwater remediation goal of 30 J.Lg/L and to help determine how long groundwater treatment 
will be necessary. The data are tracked by plotting uranium concentrations over time and then 
fitting a regression line to the data set. 

Figures A.1-14 through A.l-36 are uranium concentration versus time plots for each extraction 
well. Each graph displays three different data sets (operational data, 95 percent upper confidence 
level [UCL] of the operational data, and model predictions). Trend lines for the operational data 
set and the 95 percent UCL of the operational data set were fitted using the regression analysis 
function in Microsoft Excel software. 

As pumping continues, the uranium concentration of the pumped groundwater will decrease. 
The slope of a fitted regression curve through the uranium concentration data set collected at 
each extraction well provides a prediction of when pumping concentrations will decrease below 
30 J.Lg/L at each well. However, the slope of a fitted regression curve through the pumped 
uranium concentration data set is an insufficient statistical measure by itself because future 

U.S. Department of Energy 
May2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. 808629 

PageA.l-3 



measured concentrations could vary about the trend curve. U.S. Environmental Protection 
Agency (EPA) guidelines in General Methods for Remedial Operation Performance Evaluations 
(EPA 1992a) suggest that a 95 percent UCL of the measured uranium concentration data set can (-') 
be used to help evaluate the uncertainty of the predicted data trend. From this perspective, the '<,.-' 

concentration trend of the measured data set presents a less conservative prediction of when 
pumping concentrations will decrease below 30 flg/L, and the 95 percent UCL data trend 
presents a more conservative trend prediction (i.e., long~r predicted cleanup times). 

The graphs in Figures A.l-14 through A.l-36 predict for each extraction well when the actual 
measured concentrations and the 95 percent UCL calculated concentrations will reach the 
30 f!g/L FRL for total uranium. For example, the concentration trend of pumped water from 
extraction well31550 (refer to Figure A.l-18) reaches 30 flg/L in approximately 2010 (trend for 
the measured data set) or beyond 2025 (trend for the 95 percent UCL data). 

Figures A.l-14 through A.l-36 also show how modeled uranium concentration predictions 
relate to the measured and 95 percent UCL data trends. The Variable Saturated Model in 
3 Dimensions (V AM 3D) groundwater model uranium concentration predictions are taken from 
modeling results for the Waste Storage Area (Phase II) Design (DOE 2005a). Groundwater 
model predictions are based on the assumption that an equilibrium linear isotherm adequately 
describes the partitioning of total uranium between the sorbed and dissolved phases. 

The Fernald groundwater model predicts the future average pounds of uranium that will be 
removed from the aquifer for each year of the modeled remedy. The average annual pounds of 
uranium actually removed from the aquifer are compared to the model predictions to assess 
remedy progress. Concentration regression equations based on measured concentration data 
collected at the extraction wells are also used to provide a prediction of the number of pounds of 
uranium that will be removed from the aquifer in future years. Regression equations based on 
uranium concentration data collected at extraction wells through December 31, 2011, are 
summarized in Table A.l-26. 

At the end of December 2011, approximately 10,805 net lbs of uranium had been removed from 
the GMA by the pump-and-treat remedy. Model predictions indicate that through 2024 an 
additional3,219lbs ofuranium will be removed from the GMA by operating the system 
according to the Waste Storage Area (Phase II) Design. The concentration data set indicates that 
an additional3,313 lbs of uranium will be removed from the GMA based on regression analyses 
of the individual well data. The 95 percent UCL measured concentration data set indicates that 
an additionall3,250 lbs of uranium will be removed from the GMA based on regression · 
analyses of the individual well data. A summary of the predictions are provided below. 

Net pounds of uranium extracted through December 2011 

Predicted pounds of uranium to be extracted between 2012 and the end of the 
pump and treat stage of the aquifer remedy 

Total predicted pounds of uranium to be removed 

Estimated Percent Complete (based on pounds of uranium to be removed) 
a UCL - Upper Confidence L1m1t 
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14,118 

76% 

Model 95% UCLa 

10,805 

3,219 13,250 

13,930 24,055 

77% 45% 

U.S, Department of Energy 
May 2012 



Table A.l-27 provides a yearly breakdown for the three predictions. Figure A.l-37 illustrates 
the relationship between the three estimates. · 

Results indicate that as of January 1, 2011, the extraction well concentration trend-based 
estimated percent complete for the pump and treat stage of the aquifer remedy is approximately 
76 percent (based on the uranium concentration data set) or 77 percent (based on the model 
predictions). The pump and treat stage of the aquifer remedy is approximately 45 percent 
complete based on the 95 percent UCL data set. The regression trend predictions based on the 
measured concentration data are very close to the modeled predictions. 

As shown in Table A.1-27, 2011 marks the first year that the percent complete based on 
concentration data is smaller than the percent complete based on model predictions (76 percent 
compared to 77 percent respectively). This switch indicates that the modeled cleanup predictions 
are becoming more optimistic than the actual measured concentration data indicates. The 
uranium decreases plotted at each extraction well illustrate that the concentration curves are 
trending asymptotic. Actual uranium decreases measured in the field are decreasing each year. 
This trend is a characteristic of pump-and-treat remediations in general. DOE will continue to 
track this trend and may recommend operational changes in efforts to improve uranium removal 
efficiencies as the remedy continues. 

A.l.S Pumping Rates 

Daily pumping rate data for each extraction well are presented on the U.S. Department of Energy 
Office of Legacy Management's (LM) website under the Fernald Preserve 

_ , (http://www.lm.doe.gov/femald/Sites.aspx); therefore, those data are not repeated here. The footnotes 
i in the well-specific operational tables explain individual well outages of greater than 24 hours. 

Target extraction well pumping rates for 2011 are provided in Table A.1-28. The total target 
pumping rate of 4,775 gpm is consistent with the rate defined by the Waste Storage Area 
(Phase II) Model Design. As additional operational experience is gained, pumping rates may 
change as efforts are made to maximize the effectiveness of each module. 
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Table A.1-1. Aquifer Restoration System Operational Summary Sheet 

Reporting Period 
January 2011 through December 2011 August 1993 through December 2011 

South Field Module 

Waste Storage Area 
Module 

South Plume Module 

Re-injection Modulec 

Aquifer Restoration 
Systems Totals 

Extraction Wells 

(Re-injection 
Wells c) 

Net 

a million gallons 
b NA = not applicable 

Gallons 
Pumped/ 

Re-injected 
{M galt 

1,290.96 

519.93 

620.53 

0 

2,431.42 

0 

2431.42 

Total 
Uranl·um u . Gallons Total Uranium 

ramum Pum ed/ Removed/ 
Removed/ Removallndexb R .. P t d 

Re-injected {lbs/M gal) e{·MmJecl)e Re-injected 
{lbs) ga {lbs) 

337.71 

98.07 

107.94 

0 

543.72 

0 

543.72 

0.26 

0.19 

0.17 

NA 

0.22 

NA 

NA 

14,867.885 6,504.874 

4,264. 753 1,690.642 

13,050.465 2,685.655 

1,936.478 76.27 

32,183.103 10,881.171 

(1 ,936.478) (76.27) 

30,246.625 10,804.901 

c Re-injection module was shut down in September 2004 

Uranium 
Removal 

lndexb 
{lbs/M gal) 

0.44 

0.40 

0.21 

NA 

0.34 

NA 

NA 
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Table A.1-2. Extraction Well 31550 (EW-18) Operational Summary Sheet For 2011 

Reference Elevation (feet [ft] amsl) - 572.11 (top of well) 
Northing Coordinate ('83)- 477,018.5 
Easting Coordinate ('83) - 1 ,348,979.8 

Hours in reporting period - 8, 760 
Hours not pumped- 682 

Hours pumped - 8,078 Target pumping rate- 100 gpm 
Operational percent- 92.21 
Adjusted operational percenta- 99.90 

Monthly Measurements at Well Field 

Monthly Monthly Total 
Uranium Removal 

Index 
Month 

Average 
M Gal Pumped 

Uranium 
(lbs of total uranium Pumping Rateb Concentrationc 

(gpm) ((Jgll) 
removediM gal 

~um~ed} 

1/11 105.3 4.698 35.4 0.30 

2/11 105.5 4.255 35.4 0.30 

3/11 105.0 4.688 36.4 0.30 

4/11 102.1 4.412 40.9 0.34 

5/11 103.3 4.612 45.0 0.38 

6/11 42.8 1.849 43.4 0.36 

7/11 82.2 3.669 45.0 0.38 

8/11 104.7 4.675 43.0 0.36 

9/11 100.6 4.347 41.4 0.35 

10/11 104.5 4.666 38.3 0.32 

11/11 108.5 4.687 37.7 0.31 

12/11 105.9 4.727 . 38.3 0.32 

Average 97.5 Total 51.286 Average 40.0 Average 0.33 

a Adjusted for planned annual well field shutdown. 
b Well 18 was down from Jun 13 to Jul 11 for annual well field shutdown. 

Well 18 was down from Jul 24 to Jul 26 for a blown fuse. 
c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-3. Extraction Wel/31560 (EW~19) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl) - 57 4.93 (top of well) 
Northing Coordinate ('83)- 477,403.1 
Easting Coordinate ('83)- 1,349,028.9 

Hours in reporting period - 8, 760 
Hours not pumped- 682 

Hours pumped- 8,078 Target pumping rate- 100 gpm 
Operational percent- 92.21 
Adjusted operational percenta- 99.89 

Monthly Measurements at Well Field 
Monthly Monthly Total 

Uranium Removal Index 
Month 

Average M Gal Pumped Uranium (lbs of total uranium Pumping Rateb Concentrationc 
{g~m) {~giL) 

removediM gal pumped) 

1/11 108.3 4.833 16.1 0.65 

2/11 106.2 4.280 15.1 0.54 

3/11 106.2 4.739 16.9 0.67 

4/11 107.2 4.630 21.1 0.82 

5/11 108.8 4.857 24.5 0.99 

6/11 44.9 1.940 23.2 0.38 

7/11 72.8 3.248 30.3 0.82 

8/11 106.3 4.744 29.0 1.15 

9/11 103.4 4.466 24.7 0.92 

10/11 106.0 4.733 22.9 0.90 

11/11 108.9 4.706 20.4 0.80 

12/11 112.4 5.017 22.4 0.94 

Average 99.3 Total 52.193 Average 22.2 Average 0.19 

a Adjusted for planned annual well field shutdown. 
b Well 19 was down from Jun 13 to Jul 11 for annual well field shutdown. 
c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-4. Extraction Well 31561 (EW-20) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 578.77 (top of well) 
Northing Coordinate ('83)- 477,660.8 
Easting Coordinate ('83)- 1,349,254.5 

Hours in reporting period - 8, 760 
Hours not pumped- 774.5 

Hours pumped- 7,986 Target pumping rate- 100 gpm 
Operational percent- 91.16 
Adjusted operational percenta- 98.75 

Monthly Measurements at Well Field 
Monthly Avera~e Monthly Total Uranium 

Month Pumping Rate M Gal Pumped Concentrationc 
{g~m} {~g/L} 

1/11 111.2 4.966 30.3 

2/11 108.3 4.368 30.6 

3/11 112.9 5.038 . 27.0 

4/11 108.9 4.705 29.2 

5/11 106.4 4.751 27.7 

6/11 43.7 1.886 29.2 

7/11 73.7 3.289 29.3 

8/11 108.7 4.854 32.2 

9/11 110.5 4.774 33.2 

10/11 110.3 4.923 34.5 

11/11 113.8 4.915 33.9 

12/11 115.2 5.140 32.9 

Average 102.0 Total 53.609 Average 30.8 

a Adjusted for planned annual well field shutdown. 
b Well 20 was down from Feb 16 to Feb 17 for chemical treatment. 

Well 20 was down from Jun 13 to Jul11 for annual well field shutdown. 
Well 20 was down from Nov 22 to Nov 23 for chemical treatment. ~ 

Uranium Removal Index 
(lbs of total uranium 

removed/M gal pum~ed} 

0.25 

0.26 

0.23 

0.24 

0.23 

0.24 

0.24 

0.27 

0.28 

0.29 

0.28 

0.27 

Average 0.26 

c Average is used, if more than one concentration measurement is available for a particular month. 
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Table A.1-5. Extraction We/133326 (EW-17a) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 57 4.84 (top of well) 
Northing Coordinate ('83)- 477,905.5 
Easting Coordinate ('83)- 1,348,854.1 

Hours in reporting period - 8, 760 
Hours not pumped- 1,091 

Hours pumped- 7,669 Target pumping rate -175 gpm 

Monthly Avera~e 
Month Pumping Rate 

(gpm) 

1/11 160.3 

2/11 164.6 

3/11 174.2 

4/11 177.0 

5/11 187.6 

6/11 65.8 

7/11 115.9 

8/11 160.2 

9/11 134.6 

10/11 197.0 

11/11 191.5 

12/11 189.7 

Average 159.9 

Operational percent- 87.55 
Adjusted operational percent8 

- 94.8 

Monthly Measurements at Well Field 
Monthly Total 

Uranium 
M Gal Pumped Concentrationc 

(IJgll) 
7.1.55 16.2 

6.638 16.5 

7.778 17.0 

7.648 20.1 

8.375 20.3 

2.843 18.8 

5.176 22.4 

7.151 22.9 

5.815 22.0 

8.795 19.3 

8.273 19.8 

8.469 20.2 

Total 84.116 Average 19.6 

a Adjusted for planned annual well field shutdown. 
bWell17a was down from Feb 16 to Feb 17 for chemical treatment. 

Well17a was down from Jun 9 to Jun 10 for chemical treatment. 
Well17a was down from Jun 13 to Jul11 for annual well field shutdown. 
Well17a was down from Aug 23 to Aug 24 for chemical treatment. 
Well17a was down from Aug 28 to Sep 8 due to a ground fault. 
Well17a was down from Sep 7 to Sep 8 to replace variable frequency drive. 
Well17a was down from Sep 19 to Sep 20 for chemical treatment. 
Well17a was down from Dec 19 to Dec 20 for chemical treatment. 

Uranium Removal Index 
(lbs of total uranium 

removediM gal pumped) 

0.14 

0.14 

0.14 

0.17 

0.17 

0.16 

0.19 

0.19 

0.18 

0.16 

0.17 

0.17 

Average 0.16 

c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-6. Extraction We/132276 (EW-22) Operational Summary Sheet For 2011 

/: · '· Reference Elevation (ft amsl) - 567.14 (top of well) 
Northing Coordinate ('83) - 4 76,44 7.3 
Easting Coordinate ('83)- 1,348,857.3 

Hours in reporting period - 8, 760 
Hours not pumped - 738 

Hours pumped- 8,023 Target pumping rate- 300 gpm 
Operational percent- 91.58 
Adjusted operational percent8

- 99.21 

Monthly Measurements at Well Field 

Month 

1/11 

2/11 

3/11 

4/11 

5/11 

6/11 

7/11 

8/11 

9/11 

10/11 

11/11 

12/11 

Monthly Avera~e 
Pumping Rate 

(gpm) 

300.0 

276.0 

316.9 

316.9 

328.8 

132.4 

224.1 

421.0 

327.5 

326.9 

330.7 

298.1 

Average 298.1 

Monthly Total 
Uranium 

M Gal Pumped Concentrationc 
(IJgll) 

13.392 32.9 

11.128 31.9 

14.146 30.2 

13.688 33.6 

14.678 34.0 

5.720 37.8 

10.005 40.5 

18.792 35.3 

14.146 33.5 

14.594 32.2 

14.288 30.6 

13.308 29.6 

Total 157.877 Average 33.5 

a Adjusted for planned annual well field shutdown. 
bWell22 was down from Feb 21 to Feb 22 for chemical treatment. 

Well 22 was down from Jun 13 to Jul 11 for annual well field shutdown. 
Well 22 was down from Dec 21 to Dec 22 for chemical treatment. 

Uranium Removal Index 
(lbs of total uranium 

removediM gal pumped) 

0.27 

0.27 

0.25 

0.28 

0.28 

0.32 

0.34 

0.29 

0.28 

0.27 

0.26 

0.25 

Average 0.28 

c Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May 2012 
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Table A.1-7. Extraction Well 32446 (EW-24) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl) - 578.367 (top of well) 
Northing Coordinate ('83)- 476,634.53 
Easting Coordinate ('83)- 1,349,312.38 

Hours in reporting period - 8, 760 
Hours not pumped- 981 

Hours pumped- 7,779 Target pumping rate- 300 gpm 
Operational percent- 88.8 
Adjusted operational percenta - 96.19 

Monthly Measurements at Well Field 
Monthly Monthly Total 

Uranium Removallridex 
Month 

Average 
M Gal Pumped 

Uranium 
(lbs of total uranium Pumping Rateb Concentrationc 

(gpm) (lJgll) 
removediM gal pumped) 

1/11 279.1 12.460 42.6 0.36 

2/11 291.1 11.738 31.9 0.25 

3/11 321.4 14.348 40.2 0.34 

4/11 317.4 13.710 43.5 0.36 

5/11 293.5 13.104 42.9 0.36 

6/11 36.8 1.589 39.8 0.33 

7/11 213.2 9.515 40.9 0.34 

8/11 303.9 13.567 41.2 0.34 

9/11 315.6 13.633 42.5 0.35 

10/11 323.8 14.453 41.6 0.35 

11/11 312.0 13.477 40.6 0.34 

12/11 330.6 14.757 40.0 0.33 

Average 278.2 Total 146.352 Average 40.6 Average 0.34 

a Adjusted for planned annual well field shutdown. 
bWell24 was down from Jan 10 to Jan 13 due to a problem with the variable frequency drive. 

Well24 was down from Feb 17 to Feb 18 for chemical treatment. 
Well 24 was down from Jun 6 to Jun 9 for chemical treatment and motor repair. 
Well 24 was down from Jun 13 to Jul 11 for annual well field shutdown. 
Well 24 was down from Aug 22 to Aug 23 for chemical treatment. 
Well24 was down from Aug 30 to Aug 31 for chemical treatment. 
Well 24 was down from Nov 21 to Nov 22 for chemical treatment. 

c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-8. Extraction Well 32447 (EW-23) Operational Sumf7'!ary Sheet For 2011 

Reference Elevation (ft amsl)- 574.528 (top of well) 
Northing Coordinate ('83)- 477,150.24 
Easting Coordinate ('83)- 1,349,421.19 

Hours in reporting period - 8, 760 
Hours not pumped - 918 

Hours pumped- 7,842 Target pumping rate- 300 gpm 
Operational p'ercent- 89.5 

\ Adjusted operational percenta- 96.97 

Monthly Measurements at Well Field 

Monthly Avera~e 
Month Pumping Rate M Gal Pumped 

{gpm) 

1/11 259.7 11.593 

2/11 261.2 10.531 

3/11 313.1 13.976 

4/11 296.4 12.804 

5/11 247.6 11.052 

6/11 87.3 3.769 

7/11 215.7 9.629 

8/11 276.1 12.324 

9/11 313.7 13.554 

10/11 304.4 13.591 

11/11 278.7 12.038 

12/11 326.2 14.561 

Average 265.0 Total 139.422 

Monthly Total 
Uranium 

Concentration c 

(IJgll) 
23.7 

51.5 

47.6 

52.4 

50.4 

40.58 

44.98 

52.3 

53.4 

53.4 

51.3 

53 

Average 47.9 

a Adjusted for planned annual well field shutdown. 
bWell23 was down from Feb 17 to Feb 18 for chemical treatment. 

Well 23 was down from June 6 to June 7 for chemical treatment. 
Well 23 was down from Jun 8 to Jun 9 for chemical treatment. 
Well 23 was down from Jun 13 to Jul 11 for annual well field shutdown. 
Well 23 was down from Aug 22 to Aug 23 for chemical treatment. 
Well23 was down from Aug 30 to Aug 31 for chemical treatment. 
Well 23 was down from Nov 21 to Nov 22 for chemical treatment. 

Uranium Removal Index 
{lbs of total uranium 

removediM gal pumped) 

0.20 

0.43 

0.40 

0.44 

0.42 

0.34 

0.38 

0.44 

0.45 

0.45 

0.43 

0.44 

Average 0.40 

c Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May2012 
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Table A. 1-9. Extraction Well 33061 (EW-25) Operational Suinmary Sheet For 2011 

Reference Elevation (ft amsl) - 575.56 (top of well) 
Northing Coordinate ('83)- 478,318.82 
Easting Coordinate ('83)- 1 ,349,531.03 

Hours in reporting period - 8, 760 
Hours not pumped - 823 

Hours pumped- 7937 Target pumping rate- 100 gpm 

Monthly 

Month 
Average 

Pumping Rateb 
(gpm) 

1/11 145.9 

2/11 129.4 

3/11 107.8 

4/11 103.6 

5/11 109.2 

6/11 28.5 

7/11 71.4 

8/11 104.6 

9/11 99.4 

10/9 105.1 

11/11 106.7 

12/11 104.1 

Average 101.3 

Operational percent- 90.6 
Adjusted operational percenta - 98.15 

Monthly Measurements at Well Field 

M Gal Pumped 

6.512 

5.219 

4.812 

4.476 

4.873 

1.233 

3.187 

4.669 

4.293 

4.691 

4.609 

4.649 

Total 53.222 

Monthly Total Uranium 
Concentrationc 

(!Jgll) 

25.20 

21.20 

22.20 

37.30 

53.50 

52.55 

46.22 

45.90 

36.10 

32.20 

30.70 

41.50 

Average 37.0 

a Adjusted for planned annual well field shutdown. 
b Well 25 was down from Feb 15 to Feb 16 for chemical treatment. 

Well 25 was down from Jun 9 to Jul11 for rehab and annual well field shutdown. 

Uranium Removal Index 
(lbs of total uranium 

removediM gal pumped) 

0.21 

off 

off 

0.31 

0.45 

0.44 

0.39 

0.38 

0.30 

0.27 

0.26 

0.35 

Average 0.33 

c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-10. Extraction We/133262 (EW-15a) Operational Summary Sheet For 2011 

.. \ Reference Elevation (ft amsl) - 568.368 (top of well) 
Northing Coordinate ('83)- 477,799.912 
Easting Coordinate ('83)- 1 ,348,149.97 

Hours in reporting period - 8, 760 
Hours not pumped - 898 

Hours pumped- 7,863 Target pumping rate- 200 gpm 

Month 

1/11 

2/11 

3/11 

4/11 

5/11 

6/11 

7/11 

8/11 

9/11 

10/11 

11/11 

12/11 

Monthly Avera~e 
Pumping Rate 

(gpm) 

216.8 

217.4 

216.0 

210.4 

155.6 

88.0 

151.1 

217.5 

213.8 

213.3 

218.6 

216.1 

Average 194.5 

Operational percent- 89.8 
Adjusted operational percenta - 97.23 

Monthly Measurements at Well Field 

M Gal Pumped 

9.679 

8.767 

9.640 

9.091 

6.947 

3.802 

6.744 

9.708 

9.234 

9.521 

9.443 

9.645 

Total 102.221 

Monthly Total 
Uranium 

Concentrationc 
(IJgll) 

25.0 

24.9 

23.5 

32.8 

33.8 

35.5 

38.4 

35.1 

32.7 

37.5 

32.5 

36.0 

Average 32.3 

Uranium Removal Index 
(lbs of total uranium 

removediM gal pumped) 

0.21 

0.21 

0.20 

0.27 

0.28 

0.30 

0.32 

0.29 

0.27 

0.31 

0.27 

0.30 

Average 0.27 

a Adjusted for planned annual well field shutdown. 
bWell15a was down from May 14 to May 23 due to lightning strike. 

Well 15a was down from Jun 13 to Jul 11 for annual well field shutdown.· 
c Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May 2012 
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. Table A.1-11. Extraction We/133264 (EW-30) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl}- 573.818 (top of well) 
Northing Coordinate ('83)- 4 77,200.945 
Easting Coordinate ('83)- 1,349,751.49 

Hours in reporting period - 8, 760 
Hours not pumped- 850 

Hours pumped- 7,910 Target pumping rate- 200 gpm 
Operational percent- 90.3 
Adjusted operational percenta- 97.8 

Monthly Measur~ments at Well Field 
Monthly Monthly Total 

Uranium Removal Index 
Month Average M Gal Pumped Uranium 

{lbs of total uranium Pumping Rateb Concentrationc 
{gpm} {~giL} 

removediM gal pumped) 

1/11 210.0 9.374 39.0 0.33 

2/11 201.9 8.141 39.1 0.33 

3/11 210.1 9.377 42.4 0.35 

4/11 207.8 8.976 46.0 0.38 

5/11 204.1 9.113 43.2 0.36 

6/11 53.7 2.318 37.3 0.31 

7/11 145.0 6.474 25.8 0.22 

8/11 213.0 9.510 41.4 0.35 

9/11 203.7 8.798 40.7 0.34 

10/11 213.5 9.532 42.3 0.35 

11/11 211.4 9.132 40.5 0.34 

12/11 210.0 9.375 40.1 0.33 

Average 190.3 Total 100.12 Average 39.8 Average 0.33 

a Adjusted for planned annual well field shutdown. 
b Well 30 was down from Jun 9 to Jul 11 for rehab and annual well field shutdown. 

Well 30 was down from Dec 30 to Dec 31 for unknown reasons. 
c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-12. Extraction Well 33265 (EW-31) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 577.4 7 4 (top of well) 
Northing Coordinate ('83)- 477,598.909 
Easting Coordinate ('83)- 1,349,849.01 

Hours in reporting period - 8, 760 
Hours not pumped- 1 ,049 

Hours pumped- 7,711 Target pumping rate- 300 gpm 
Operational percent- 88.03 
Adjusted operational percenta- 95.35 

Monthly Measurements at Well Field 
Monthly Monthly Total 
Average Uranium 

Month Pumping Rateb M Gal Pumped Concentrationc 
(gpm) (IJgll) 

1/11 326.7 14.583 12.4 

2/11 318.3 12.833 11.8 

3/11 322.3 14.388 13.4 

4/11 313.2 13.531 14.0 

5/11 244.2 10.899 16.0 

6/11 130.2 5.623 15.5 

7/11 214.0 9.555 21.3 

8/11 311.2 13.891 18.4 

9/11 313.7 13.551 14.2 

10/11 280.3 12.514 12.5 

11/11 319.9 13.819 14.4 

12/11 306.2 13.669 13.8 

Average 283.3 Total 148.858 Average 14.8 

a Adjusted for planned annual well field shutdown. 
bWell 31 was down from May 5 to May 12 due to hole in pipe in valve house. 

Well 31 was down from Jun 13 to Jul 11 for annual well field shutdown. 
Well 31 was down from Aug 25 to Aug 26 for chemical treatment. 
Well 31 was down from Oct 14 to Oct 18 for chemical treatment. 
Well 31 was down from Dec 30 to Dec 31 for unknown reasons. 

Uranium Removal Index 
{lbs of total uranium 

removediM gal pumped) 

0.10 

0.10 

0.11 

0.12 

0.13 

0.13 

0.18 

0.15 

0.12 

0.10 

0.12 

0.12 

Average 0.12 

c Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May 2012 
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Table A. 1-13. Extraction Well 33266 (EW-32) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl) - 579.625 (top of well) 
Northing Coordinate ('83)- 476,997.576 
Easting Coordinate ('83)- 1,350,046.97 

Hours in reporting period - 8, 760 
Hours not pumped - 752 

Hours pumped- 8,008 Target pumping rate- 200 gpm 

Month 

1/11 

2/11 

3/11 

4/11 

5/11 

6/11 

7/11 

8/11 

9/11 

10/11 

11/11 

12/11 

Monthly Avera{/,e 
Pumping Rate 

(gpm) 

213.9 

211.6 

214.8 

210.4 

216.4 

86.0 

144.0 

281.0 

215.9 

223.9 

222.9 

218.6 

Average 205.0 

Operational percent- 91.42 
Adjusted operational percent8

- 99.02 

Monthly Measurements at Well Field 

M Gal Pumped 

9.547 

8.532 

9.590 

9.089 

9.662 

3.715 

6.428 

12.546 

9.325 

9.997 

9.629 

9.758 

Total 107.818 

Monthly Total 
Uranium 

Concentrationc 
(IJg/L) 

5.6 

5.7 

5.4 

5.8 

5.1 

5.8 

6.9 

5.6 

5.2 

5.3 

4.5 

4.9 

Average 5.5 

a Adjusted for planned annual well field shutdown. 
b Well 32 was down from Jun 13 to Jul 11 for annual well field shutdown. 

Well 32 was down from Dec 19 to Dec 20 for chemical treatment. 
Well32 was down from Dec 30 to Dec 31 for unknown reasons. 

Uranium Removal Index 
{lbs of total uranium 

removed/M gal pumped) 

0.05 

0.05 

0.05 

0.05 

0.04 

0.05 

0.06 

0.05 

0.04 

0.04 

0.04 

0.04 

Average 0.05 

c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-14. Extraction Well33298 (EW-21a) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 576.21 (top of well) 
Northing Coordinate ('83)- 477,953.1 
Easting Coordinate ('83)- 1,349,499.9 

Hours in reporting period - 8, 760 
Hours not pumped - 1 ,456 

Hours pumped- 7,304 
Operational percent - 83.4 

Target pu~ping rate- 200 gpm 

Adjusted operational percenta- 90.32 

Monthly Measurements at Well Field 
Monthly 

Month Average 
Pumping Rateb 

(gpm) 

Monthly Total Uranium Uranium Removal Index 
M Gal Pumped Concentrationc (lbs of total uranium 

((Jgll) removed/M gal pumped) 

1/11 217.1 9.689 37.1 0.31 

2/11 214.7 8.657 35.7 0.30 

3/11 215.2 9.607 35.5 0.30 

4/11 212.8 9.191 41.5 0.35 

5/11 207.6 9.266 48.8 0.41 

6/11 86.5 3.738 45.7 0.38 

7/11 144.8 6.462 54.9 0.46 

8/11 212.6 9.491 47.2 0.39 

9/11 207.1 8.948 42.0 0.35 

10/11 214.3 9.567 41.3 0.34 

11/11 213.8 9.236 38.4 0.32 

12/11 0.0 0.000 0.0 0.00 

Average 178.9 Total 93.854 Average 32.9 Average 0.33 

a Adjusted for planned annual well field shutdown. 
b Well 21 a was down from Jun 13 to Jul 11 for rehab annual well field shutdown. 

Well21a was down from Dec 1 to Dec 31 for pump and motor and to investigate possible hole in screen. 
c Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May 20I2 
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Table A.1-15. Extraction We/13924 (RW-1) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 533.51 (top of well) 
Northing Coordinate ('83) - 4 7 4,219. 7 
Easting Coordinate ('83)- 1,348,314.3 

Hours in reporting period - 8, 760 
Hours not pumped- 151.5 

Hours pumped - 8608.5 
Operational percent- 98.27 

Target pumping rate- 200 gpm 

Monthly Measurements at Well Field 
Monthly Monthly Total 

Uranium Removal Index 
Month 

Average 
M Gal Pumped 

Uranium 
(lbs of total uranium Pumping Ratea Concentrationb 

(gpm) (IJgll) 
removediM gal pumped) 

1/11 218.6 9.756 20.8 0.17 

2/11 213.5 8.608 19.7 0.16 

3/11 216.6 9.670 19.7 0.16 

4/11 293.6 12.684 19.2 0.16 

5/11 297.5 13.279 16.5 0.14 

6/11 238.1 10.285 14.8 0.12 

7/11 208.5 9.306 14.1 0.12 

8/11 212.2 9.473 15.0 0.13 

9/11 258.2 11.153 14.6 0.12 

10/11 243.8 10.884 14.7 0.12 

11/11 219.2 9.469 14.5 0.12 

12/11 218.5 9.756 15.2 0.13 

Average 236.5 Total 124.324 Average 16.6 Average 0.14 

a Well 1 was down from Mar 1 to Mar 2 for chemical treatment. 
Well 1 was down from Jun 28 to Jun 29 for annual Cla-Val maintenance. 
Well 1 was down from Aug 18 to Aug 19 for chemical treatment. 

b Average is used if more than one concentration measurement is available for a particular month. 
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Table A. 1,--16. Extraction Well 3925 (RW-2) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 542.01 (top of well) 
Northing Coordinate ('83)- 474,319.7 
Easting Coordinate ('83) -1,348,565.4 

Hours in reporting period - 8, 760 
Hours not pumped- 150.5 

Hours pumped - 8,609.5 
Operational percent- 98.3 

Target pumping rate- 200 gpm 

Monthly Measurements at Well Field 
Monthly Monthly Total 

Uranium Removal Index 
Month 

Average 
M Gal Pumped 

Uranium 
(lbs of total uranium Pumping Ratea Concentrationb 

(gpm) (I:Jg/L) 
removed/M gal pumped) 

1/11 219.2 9.784 16.6 0.14 

2/11 206.8' 8.339 16.5 0.14 

3/11 216.7 9.674 15.9 0.13 

4/11 293.1 12.663 16.9 0.14 

5/11 298.2 13.310 15.8 0.13 

6/11 237.3 10.252 17.6 0.15 

7/11 212.2 9.472 18.2 0.15 

8/11 210.5 9.395 18.9 0.16 

9/11 247.5 10.692 16.9 0.14 

10/11 230.8 10.303 16.7 0.14 

11/11 200.3 8.654 15.8 0.13 

12/11 160.4 7.160 16.3 0.14 

Average 227.8 Total 119.7 Average 16.8 Average 0.14 

a Well 2 was down from Mar 1 to Mar 2 for chemical treatment. 
Well 2 was down from Jun 28 to Jun 29 for annual Cla-Val maintenance. 
Well 2 was down from Aug 18 to Aug 19 for chemical treatment. 

b Average is used if more than one concentration meflsurement is available for a particular month. 

U.S. Department of Energy 
May 2012 
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Table A. 1-17. Extraction Well 3926 (RW-3) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl) - 586.73 (top of well) 
Northing Coordinate ('83)- 474,428.6 
Easting Coordinate ('83)- 1,348,837.5 

Hours in reporting period -8,760 
Hours not pumped- 201 

Hours pumped - 8,559 
Operational percent- 97.71 

Monthly Measurements at Well Field 
Monthly Monthly Total 

Month 
Average 

M Gal Pumped 
Uranium 

Pumping Ratea Concentrationb 
{gpm} {~giL} 

1/11 185.0 8.261 22.2 

2/11 162.6 6.556 22.0 

3/11 208.0 9.286 21.5 

4/11 207.5 8.965 27.9 

5/11 205.7 9.183 21.4 

6/11 196.5 8.490 22.2 

7/11 197.2 8.805 23.9 

8/11 190.9 8.520 24.4 

9/11 206.0 8.900 24.0 

10/11 215.6 9.623 24.2 

11/11 193.6 8.365 25.9 

12/11 175.7 7.843 25.9 

Average 195.4 Total 102.797 Average 23.8 

a Well 3 was down from Mar 3 to Mar 4 for chemical treatment. 
Well 3 was down from Jun 8 to Jun 9 for chemical treatment. 
Well 3 was down from Jun 28 to Jun 29 for annual Cla-Val maintenance. 
Well 3 was down from Aug 17 to Aug 18 for chemical treatment. 

Target pumping rate- 200 gpm 

Uranium Removal Index 
(lbs of total uranium 

removediM gal pumped) 

0.19 

0.18 

0.18 

0.23 

0.18 

0.19 

0.20 

0.20 

0.20 

0.20 

0.22 

0.22 

Average 0.20 

Well 3 was down from Sep13 to Sep 14 for chemical treatment. 
b Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-18. Extraction We/13927 (RW-4) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl) - 591.84 (top of well) 
Northing Coordinate ('83) - 4 7 4,541.8 
Easting Coordinate ('83)- 1,349,127.3 

Hours in reporting period - 8,760 
Hours not pumped - 2,176.3 

Hours pumped- 6,583.75 Target pumping rate- 200 gpm 

Monthly 

Month 
Average 

Pumping Ratea 
(gpm) 

1/11 218.1 

2/11 211.8 

3/11 167.8 

4/11 0.0 

5/11 152.2 

6/11 145.5 

7/11 211.4 

8/11 223.7 

9/11 114.0 

10/11 146.7 

11/11 215.8 

12/11 213.3 

Average 168.4 

Operational percent- 75.16 

Monthly Measurements at Well Field 
Monthly Total 

Uranium 
M Gal Pumped Concentrationb 

(J;Jgll) 
9.738 2.4 

8.540 5.0 

7.492 3.0 

0.000 3.0 

6.795 3.5 

6.287 3.8 

9.435 3.4 

9.986 3.1 

4.925 2.6 

6.550 2.4 

9.323 2.6 

9.520 3.0 

Total 88.591 Average 3.2 

a Well 4 was down from Mar 24 to May 16 due to suspected hole in screen. 
Well4 was down from Jun 13 to Jun 21 due to an electrical problem. 
Well 4 was down from Jun 28 to Jun 29 for annual Cla-Val maintenance. 
Well 4 was down from Aug 17 to Aug 18 for chemical treatment. 

Uranium Removal Index 
(lbs of total uranium 

removed/M gal pumped) 

0.02 

0.04 

0.03 

0.00 

0.03 

0.03 

0.03 

0.03 

0.02 

0.02 

0.02 

0.03 

Average 0.03 

Well 4 was down from Sep 16 Oct 10 for VFD installation. 
b Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May2012 
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Table A.1-19. Extraction Well 32308 (RW-6) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl) - 582.05 (top of casing) 
Northing Coordinate ('83)- 475,078.83 
Easting Coordinate ('83)- 1,348,693.9 

Hours in reporting period - 8, 760 
Hours not pumped- 884.3 

Hours pumped- 7,875 Target pumping rate- 200 gpm 
Operational percent- 89.91 
Adjusted operational percenta- 97.38 

Monthly Measurements at Well Field 
Monthly Avera~e MGal 

Monthly Total Uranium Uranium Removal Index 
Month Pumping Rate Pumped 

Concentration c (lbs of total uranium 
(gpm) (IJg/L) removed/M gal pumped) 

1/11 123.4 5.511 33.4 0.28 

2/11 103.6 4.175 32.4 0.27 

3/11 100.8 4.497 33.6 0.28 

4/11 216.0 9.331 34.0 0.28 

5/11 218.5 9.754 34.3 0.29 

6/11 88.4 3.817 31.4 0.26 

7/11 97.0 4.331 31.8 0.27 

8/11 211.8 9.455 32.9 0.27 

9/11 215.6 9.315 34.5 0.29 

10/11 208.2 9.293 35.1 0.29 

11/11 219.5 9.484 37.7 0.31 

12/11 218.0 9.730 37.0 0.31 

Average 168.4 Total 88.693 Average 34.0 Average 0.28 

a Adjusted for planned annual well field shutdown. 
bWell6 was down from Mar 30 to Mar 31 for pump replacement. 

Well 6 was down from Jun 11 to Jul18 for rehab annual well field shutdown. 
c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-20. Extraction We/132309 (RW-7) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 582.05 (top of casing) 
Northing Coordinate ('83)- 4 75,109.60 
Easting Coordinate ('83)- 1 ,348,366.34 

Hours in reporting period- 8,760 
Hours not pumped - 780.5 

Hours re-injected- 7,980 Target pumping rate- 200 gpm 
Operational percent- 91.09 
Adjusted operational percenta - 98.68 

Monthly Measurements at Well Field 
Monthly Monthly Total 

Uranium Removal Index 
Month 

Average 
M Gal Pumped 

Uranium 
(lbs of total uranium Pumping Rateb Concentrationc 

(gpm) (J,Jg/L) removed/M gal pumped) 

1/11 177.0 7.903 30.3 0.25 
2/11 152.4 6.144 31.3 0.26 
3/11 152.9 6.825 31.5 0.26 
4/11 203.3 8.783 34.5 0.29 
5/11 218.9 9.770 38.1 0.32 
6/11 88.3 3.814 32.5 0.27 
7/11 147.3 6.574 34.5 0.29 
8/11 211.3 9.434 33.2 0.28 
9/11 207.8 8.975 32.4 0.27 
10/11 201.3 8.987 31.1 0.26 
11/11 218.8 9.451 28.4 0.24 

12/11 218.7 9.764 26.4 0.22 

Average 183.2 Total 96.426 Average 32.0 Average 0.27 

a Adjusted for planned annual well field shutdown. 
b Well 7 was down from Jun 13 to Jul 11 for annual well field shutdown. 

Well 7 was down from Sep 13 to Sep 14 for chemical treatment. 
Well 7 was down from Oct 29 to Oct 31 due to an electrical problem. 

c Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May2012 
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Table A.1-21. PRRS Groundwater Summary Statistics and Trend Analysis 

Analyte 

Arsenic 

Phosphorus 

Potassium 

Sodium 

Monitoring 
Well 

2128 

2625 

2636 

2898 

2899 

2900 

3128 

3636 

3898 

3899 

3900 

2128 

2625 

2636 

2898 

2899 

2900 

3128 

3636 

3898 

3899 

3900 

2128 

2625 

2636 

2898 

2899 

2900 

3128 

3636 

3898 

3899 

3900 

2128 

2625. 

2636 

2898 

2899 

2900 

3128 

3636 

3898 

3899 

3900 

Number of 
Samplesa,b,c 

238 

211 

181 

55 

48 

237 

58 

57 

55 

56 

56 

64 

35 

33 

56 

47 

54 

65 

56 

54 

55 
56 

56 

36 

33 

56 

48 

55 
58 

56 

55 
56 

56 

56 

36 

33 

56 

48 

55 
58 

56 

55 
56 

56 
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Min.a,b,c,d 

(mgll) 

0.000195 

0.00110 

0.01 

0.000147 

0.00032 

0.00032 

0.0004 

0.0005 

0.0005 

0.000147 

0.000375 

0.025 

0.307 

9.6 

0.005 

0.005 

0.05 
0.005 

0.00955 

0.0075 

0.005 

0.005 

0.83 

0.64 

4.6 

1.11 

1.36 

0.0095 

1.09 

1.09 

0.61 

0.875 

0.975 

12.3 

13.1 

23.0 

4.95 

11.2 

0.0136 

3.52 

3.14 

7.29 

6.24 

3.13 

Max. a,b,c,d 

(mg/L) 

0.188 

0.0706 

0.0939 

0.0820 

0.0283 

0.0609 

0.234 

0.0233 

0.0434 

0.0307 

0.0208 

16.2 

12.3 

170 

9.95 

0.831 

4.74 

13.0 

1.10 

1.24 

0.830 

1.38 

18.0 

9.49 

218 

9.64 

8.85 

6.00 

3.70 

4.24 

3.93 

4.24 

3.19 

75.2 

50.7 

148 

29.2 

24.5 

43.3 

13.4 

13.0 

24.9 

29.5 

10.8 

Avg.a,b,c,d 

(mg/L) 

0.0114 

0.0118 

0.0443 

0.0043 

0.0023 

0.0050 

0.0075 

0.0028 

0.0043 

0.0026 

0.0029 

1.47 

3.09 

87.1 

0.274 

0.0600 

0.492 

0.252 

0.073 

0.107 

0.0940 

0.0930 

3.47 

3.22 

67.1 

4.36 

4.04 

2.01 

1.97 

2.22 

2.47 

2.51 

1.73 

34.8 

31.4 

54.6 

18.7 

17.0 

27.2 

5.63 

5.93 

10.8 

9.45 

4.90 

soa,b,c,d,e 

0.0206 

0.0095 

Trenda,b,c,d,e,f 

Down, Significant 

Down, Significant 

0.0185 Down, Significant 

0.0117 Up, Significant 

0.0043 Up, Significant 

0.0054 Down, Significant 

0.0307 No Significant Trend 

0.0039 Up, Significant 

0.0068 Up, Significant 

0.0048 Up, Significant 

0.0034 No Significant Trend 

2.44 Down, Significant 

2.75 No Significant Trend 

44.3 No Significant Trend 

1.34 No Significant Trend 

0.122 No Significant Trend 

0.682 Down, Significant 

1.61 No Significant Trend 

0.148 No Significant Trend 

0.178 No Significant Trend 

0.152 Down, Significant 

0.244 Down, Significant 

3.42 No Significant Trend 

1.92 No Significant Trend 

52.8 Down, Significant 

1.27 Up, Significant 

1.02 Up, Significant 

1.08 No Significant Trend 

0.65 Down, Significant 

0.55 Down, Significant 

0.61 Up, Significant 

0.45 Up, Significant 

0.40 Down, Significant 

11.6 Down, Significant 

8.15 Down, Significant 

26.9 No Significant Trend 

4.3 No Significant Trend 

2.8 No Significant Trend 

7.3 No Significant Trend 

2.64 Down, Significant 

2.83 Down, Significant 

3.8 Up, Significant 

3.37 Up, Significant 

1.84 Down, Significant 

U.S. Department of Energy 
May 2012 



-- ~.~" 

Table A.1-21 (continued). PRRS Groundwater Summary Statistics and Trend Analysis 

. a The data are based on unfiltered samples from the Operable Unit 5 Remedial Investigation/Feasibility Study data 
set (1988 through 1993) and 1994 through 2011 groundwater data (unfiltered and filtered for 2001 through 2011 ). 

b If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the total 
number of samples, and the sample with the maximum concentration is used to determine the summary statistics 
(minimum, maximum, average, standard deviation, and Mann-Kendall test for trend). 

c Rejected data qualified with an R were not included in this count or the summary statistics. 
d Where concentrations are below the detection limit each result used in the· summary statistics is set at half the 

detection limit. 
e so = standard deviation. 
tTrend starts on August 27, 1993, and is based on the start-up of the South Plume extraction wells (DOE 1993). 

U.S. Department of Energy 
May 2012 
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Table A. 1-22. Extraction· Well 32761 (EW-26) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 570.88 (top of casing) 
Northing Coordinate ('83)- 479,892.36 
Easting Coordinate ('83)- 1,347,364.02 

Hours in reporting period - 8, 760 
Hours not pumped - 720 

Hours pumped- 8,040 Target pumping rate- 300 gpm 
Operational percent- 91.78 
Adjusted operational percenta- 99.42 

Monthly Measurements at Well Field 
Monthly Monthly Total 

Uranium Removal Index. 
Month 

Average 
M Gal Pumped 

Uranium 
(lbs of total uranium Pumping Rateb Concentrationc 

{gpm) {~giL) 
removed/M gal pumped) 

1/11 312.0 13.926 25.2 0.21 

2/11 325.6 13.128 26.0 0.22 

3/11 328.9 14.684 27.1 0.23 

4/11 314.8 13.600 30.3 0.25 

5/11 325.6 14.534 32.8 0.27 

6/11 129.0 5.573 27.1 0.23 

7/11 215.6 9.623 30.6 0.26 

8/11 323.8 14.454 30.7 0.26 

9/11 318.6 13.762 27.3 0.23 

10/11 325.5 14.532 26.7 0.22 

11/11 327.0 14.128 25.9 0.22 

12/11 327.1 14.600 26.8 0.22 
Average 297.8 Total 156.544 Average 28.0 Average 0.23 

a Adjusted for planned annual well field shutdown. 
b Well 26 was down from Jun 13 to Jul 11 for annual well field shutdown. 
c Average is uset;l if more than one concentration measurement is available for a particular month. 
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Table A. 1-23. Extraction Well 33062 (EW-27) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 575.1 (top of casing) 
Northing Coordinate ('83)- 480,013.01 
Easting Coordinate ('83)- 1,348,037.2 

Hours in reporting period - 8, 760 
Hours not pumped - 932 

Hours pumped- 7,828 Target pumping rate- 200 gpm 
Operational percent- 89.36 
Adjusted operational percent8

- 96.80 

Monthly Measurements at Well Field 
Monthly Monthly Total Uranium Uranium Removal Index Average Month Pumping Rateb M Gal Pumped Concentrationc (lbs of total uranium 

(gpm} (JJgll) removediM gal pumped) 

1/11 219.8 9.814 28.3 0.24 
2/11 217.6 8.775 28.8 0.24 
3/11 221.4 9.885 27.7 0.23 

4/11 216.3 9.346 31.4 0.26 
5/11 220.6 9.846 33.5 0.28 

6/11 84.5 3.649 30.2 0.25 
7/11 95.1 4.245 32.2 0.27 

8/11 205.5 9.173 34.2 0.29 
9/11 216.5 9.353 31.3 0.26 

10/11 219.5 9.798 33.7 0.28 
11/11 217.0 9.375 31.9 0.27 

12/11 221.4 9.883 30.9 0.26 

Average 196.3 Total 103.141 Average 31.2 Average 0.26 

a Adjusted for planned annual well field shutdown. 
b Well 27 was down from Jun 13 to Jul 11 for annual well field shutdown. 
c Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May2012 
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Table A.1-24. Extraction We/133334 (EW-28a) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 570.441 (top of casing) 
Northing Coordinate ('83)- 479,918.959 
Easting Coordinate ('83)- 1,348,686.378 

Hours in reporting period - 8, 760 
Hours not pumped- 745.5 

Hour's pumped - 8,015 Target pumping rate- 200 gpm 
Operational percent- 91.49 
Adjusted operational percenta- 99.11 

Monthly Measurements at Well Field 

Month 

Monthly 
Average 

Pumping Rateb M Gal Pumped 

Monthly Total Uranium 
Concentrationc 

(!Jgll) (gpm) 
1/11 208.7 9.316 20.10 

2/11 216.0 8.709 9.90 

3/11 217.6 9.712 9.80 

4/11 213.6 9.226 10.80 

5/11 216.4 9.660 9.90 

6/11 85.0 3.672 10.05 

7/11 140.4 6.266 8.75 

8/11 219.9 9.817 9.80 

9/11 208.1 8.989 10.10 

10/11 217.3 9.702 10.50 
11/11 216.6 9.358 9.80 

12/11 214.9 9.593 10.20 

Average 197.9 Total 104.019 Average 10.8 

a Adjusted for planned annual well field shutdown. 
bWell28a was down from Jun 13 to Jul12 for rehab annual well field shutdown. 

Well 28a was down from Aug 23 to Aug 24 for chemical treatment. 

Uranium Removal Index 
(lbs of total uranium 

removediM gal pumped) 

0.17 

0.08 

0.08 

.0.09 

0.08 

0.08 

0.07 

0.08 

0.08 

0.09 

0.08 

0.09 

Average 0.09 

c Average is used if more than one concentration measurement is available for a particular month. 
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Table A.1-25. Extraction Well 33347 (EW-33a) Operational Summary Sheet For 2011 

Reference Elevation (ft amsl)- 574.86 (top of casing) 
Northing Coordinate ('83)- 481,031.762 
Easting Coordinate ('83)- 1,346,715.817 

Hours in reporting period- 8,760 
Hours not pumped- 726 

Hours pumped - 8034 Target pumping rate- 300 gpm 
Operational percent- 91.7 
Adjusted operational percenta- 99.34 

Monthly Measurements at Well Field 
Monthly Monthly Total Uranium Uranium Removal Index 

Month Average M Gal Pumped Concentrationc (lbs of total uranium Pumping Rateb 
{g~m} 

(IJgll) removediM gal pumped) 

1/11 319.4 14.258 9.1 0.08 

2/11 328.3 13.237 15.60 0.13 
3/11 328.1 14.647 15.40 0.13 
4/11 308.7 13.336 19.1 0.16 

5/11 326.1 14.557 20.4 0.17 

6/11 130.8 5.650 17.2 0.14 

7/11 202.3 9.029 22.1 0.18 

8/11 327.1 14.604 26.9 0.22 

9/11 326.2 14.094 23.6 0.20 
10/11 328.3 14.656 20.7 0.17 

11/11 329.0 14.211 19.2 0.16 
12/11 312.5 13.952 21.9 0.18 

Average 297.2 Total 156.231 Average 19.3 Average 0.16 

a Adjusted for planned annual well field shutdown. 
b Well 33a was down from Apr 18 to Apr 19 for sampling. 

Well 33a was down from Jun 13 to Jul 11 for annual well field shutdown. 
c Average is used if more than one concentration measurement is available for a particular month. 

U.S. Department of Energy 
May2012 
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Table A.1-26. Regression Equations for Uranium Concentration Data Collected at Extraction Wells-Data Collected Through December 31, 2011 

Location 
WeiiiD ID Data Trend R2 95% UCL R2 Function Type 

RW-1 3924 y=1.1 OE+05e-2.19E-04x 0.78 y = 4.39E+03e:1.14E-04x 0.72 Exponential Function 

RW-2 3925 y = 1.090E-06x2·- 8.772E-02x + 1.782E+03 0.69 y = 1.09E-060 - 8. 77E-02x + 1.80E+03 0.69 Polynomial 

RW-3 3926 y = -2.03E-060 + 1.56E-01x- 2.96E+03 0.76 y = -2.03E-06x2 + 1.56E-01x- 2.94E+03 0.76 Polynomial 

RW-4 3927 y = 7.39E-03e1.53E-04x 0.31 y = 3.43E-01es.95E-05x 0.25 Exponential Function 

RW-6 32308 y = 7_82E+04e-1.931E-04x 0.83 y = 8.71E+03e-1.23E-04x 0.83 Exponential Function 

RW-7 32309 y = 2_73£:+05e:2.26E-04x 0.87 y = 1.42E+04e-1.34E-04x 0.85 Exponential Function 

EW-15a 33262 y = 2.27E+54x-1·15E+01 0.74 y = 1.29E+35x-7·24E+OO 0.74 Power Function 

EW-17a 33326 y = 6_70E+03e-1.431E-04x 0.51 y = 1.54E+03e-9.20E-05x 0.50 Exponential Function 

EW-18 31550 y = 3.06E+04e·1.70E-04x 0.48 y = 4.05E+03e·1.01E-04x 0.46 Exponential Function 

EW-19 31560 y = 2.71E+08e-4.0SE-04x 0.87 y = 9.77E+04e·1.75E-04x 0.78 Exponential Function 

EW-20 31561 y = 3.99E+03e-1.21E-04x 0.46 y = 1.32E+03e·8.16E-05x 0.48 Exponential Function 

EW-21a 33298 y = 1.97E+06e-2.70E-04x 0.77 y = 3.35E+04e-1.45E-04x 0.75 Exponential Function 

EW-22 32276 y = 2.52E+09e4 ·54E-04x 0.94 y = 3.18E+05e-1.92E-04x 0.89 Exponential Function 

EW-23 32447 y = 2.88E+08e-3.88E-04x 0.89 y = 3.50E+05e-1.94E-04x 0.85 Exponential Function 

EW-24 32446 y = 1.97E+05e-2.12E-04x 0.73 y = 1.41E+04e-1.29E-04x 0.69 Exponential Function 

EW-25 33061 y = 3.09E+04e-1.70E-04x 0.36 y = 3.78E+03e-1.05E-04x 0.33 Exponential Function 

EW-30 33264 y = 5.06E+09e4 ·60E-04x 0.88 y = 1. 76E+06e-Z.40E-04x 0.85 Exponential Function 

EW-31 33265 y = 5_45+06e-3.19E-04x 0.71 y = 4_01 E+04e-1.793E-04x 0.66 Exponential Function 

EW-32 33266 y = 3.95E+11 e-6.16E-04x 0.91 y = 1.20E+06e-2.69E-04x 0.81 Exponential Function 

EW-26 32761 y = 4.76E+09e-4.71E-04x 0.88 y=6.38E+05e -2.20E-04x 0.81 Exponential Function 
EW-27 33062 y = 2.23E+1 oe·5.08E-04x 0.83 y=7.69E+05e-2.18E-04x 0.71 Exponential Function 

EW-28a 33334 y = 8.28E+13e·7.36E-04x 0.88 y=4.78E+05e-2.10E-04x 0.67 Exponential Function 

EW-33a 33347 y ~ 2.63E+13e·6.97E-04x 0.45 y=5.13E+06e -2.78E-04x 0.42 Exponential Function 



i ~: 

Table A. 1-27. Estimated Percent Complete Based on Pounds of Uranium Removed from the Aquifer 

Annual Uranium Annual Uranium Annual Uranium 
To Be Extracted To Be Extracted To Be Extracted 

Year From GMA From GMA From GMA 
(poun~s) (pounds) (pounds) 

Based on Cone. Data Based on Model Based on 95% UCL 

2012 456 404 1,448 

2013 404 366 1,355 

2014 360 335 1,267 

2015 320 307 1,186 

2016 291 276 1,137 

2017 260 247 1,064 

2018 233 225 997 

2019 209 208 934 

2020 189 193 875 
2021 170 180 820 
2022 154 169 769 
2023 140 159 722 

2024 127 150 677 

Total To Be Extracted 3,313 3,219 13,250 

Pounds Already Extracted Through 12-31-2010 10,805 10,805 10,805 

Total 14,118 13,930 24,055 

% Complete Based on Pounds (2011) 76 77 45 
% Complete Based on Pounds (201 0) 75 74 43 
% Complete Based on Rounds (2009) 72 70 41 
% Complete Based on Pounds (2008) 69 66 39 

% Complete Based on Pounds (2007) 66 61 37 
% Complete Based on Pounds (2006) 59 55 33 



Table A. 1-28. Extraction Well Target Pumping Rates 

Module Extraction Well 

South Plume 3924 (RW-1) 
3925 (RW-2) 
3926 (RW-3) 
3927 (RW-4) 

32308 (RW-6) 
32309 (RW-7) 

Subtotal 
Waste Storage Area 32761 (EW-26) 

33062 (EW-27) 
33334 (EW-28a) 
33347 (EW-33a) 

Subtotal 
South Field Extraction 31550 (EW-18) 

31560 (EW-19) 
31561 (EW-20) 
33298 (EW-21 a) 
33326 (EW-17a) 
32276 (EW-22) 
32446 (EW-24) 
32447 (EW-23) 
33061 (EW-25) 
33264 (EW-30) 
33265 (EW-31) 
33266 (EW-32) 
33262 (EW-15a) 

Subtotal 

Total Pumping 
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January 1 to December 31 (gpm) 

200 
200 
200 
200 
200 
200 

1,200 
300 
200 
200 
300 

1,000 
100 
100 
100 
200 
175 
300 
300 
300 
100 
200 
300 
200 
200 

2,575 

4,775 

U.S. Department of Energy 
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-o-Not Detected Concentration 

4 · · · -.-. Detected Concentration 
• 0 •••• 0 . . ..... 0 • 0 , '--..,---..,---..,---..,---:---:---' 

' . . . ' ' . ' . ' . .. ..... ... .. , .... . , .... , ... ...... ... , ..... , ..... , ............. , ..... . 

0 0 I 0 I I I I I 

3.5 ···-~·-···:·····~····t····~·····:· • ·:·· ••• t .... -~· .... ·:·· ... 0 •• ·:· ••• -:- • 0 •• ~ . ... . ·: .. . .. ·: · ••• ·:·.- .. .. ~ ...... ~ ..... · :· .. 

0 I 0 I . . . • 0 0 0 0 0 0 • 0 

3 --- • "'·- • • ·'·- ..... \. •• -. ~ ..... "'-. • • ... .. •• -·-- .. - . ~ • • -. J . .... . 
0 0 I I 0 I 0 0 o 

2.5 

2 . . ' . . . . . . ' . . . . . . ............ , ... .. , .............. . . . ...... , .... ................... , . . ................ , .. ... . , ..... . , . . ..... . ........... . 

' . . . . . . . . . ' . ' . . 
1.5 ..... ~- .. ··:· ... -~ .... ~ . ... ~- ... -:· ....... -~ ... . ~- ..... ·:· ... -:· ·- -~ ........ ·:· ... -:-- .. . ~ .... ~- ... -:·- .. ·:· ·-·. ~ ...... ~- .... ·:· .... ·:· ..... . 

I 0 0 0 I I I 0 I 0 I 0 0 I I 0 0 0 

• • • .. .I. •. • .•. • , • • \. • • •. L • •• • .I • • • o -'• o o • •'• . •. • o. o ... J • • • .. • '•.... • .. • .. • L. o • o • • • • •'• •••• 0. • • o. 0 • •• • .I. • • • -' • o • • •'• • .. • • ~ • . • . II • • • . -'• ... • .• ....... 
' . . . ' ' ' ' . ' . . . . ' ' . . . . . . . . . . 

0.5 .................................. ....... 1 ................. ... ..... .. ......... . . . . . 
I 0 I 0 

0 
co (J) 0 8i "' (") ...,. lO <0 1'- co (J) 0 

8 
N (") ...,. lO <0 1'- co (J) 0 N co ~ 8l (J) 8l (J) 8l 8l 8l 8l 8l 8 a 8 8 0 8 8 8 0 0 0 Ci (J) (J) (J) 0 0 0 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ N N N "' N N N N N N N N N 

Sample Date (Year) 

Figure A.1-9. Potassium Concentration VS. Time Plot for Monitoring Well 3898 

Femald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May 20 12 

Page A.l - 40 

,_:[J._J 
·= 



4.5T-------------------------------------------------~--------------~ 
-o-Not Detected Concentration 

4 .... --.- Detected Concentration 

I 0 0 I I I I 

3.5 ...• ·····:····· ·· ···:·-· ··:· · ··· ·· ·· ·:---··:···· · ·····:· ··· • ••• ~ •••• -:· ••• -: - .... .. ~ . 0 ... ~ 0 ••• -:- . - .. <· 
0 I I I 0 I 0 
I I I I . . ' . 

3 ... . • - • • .I • • - - ... - - • · '· - - • - ~ - • - - .. - - . .... 
0 I I I 0 I 

' . ' . 
I I I I 

:J" 2.5 . . .• 
c, 
g 
5 
"' ~ c 

QJ 
u 
c 
8 

:J" 

E 
c 
0 

"' ~ c 
fl 
c 
8 

2 .. . • ' . ' • • •r • • .. • .., . .. • • -.· • •. • r • • 
I I I I I I t I 0 I I . .. ..... . . . , .... . , . . ... , ... . ...... .., .. . .. , .... . , . . ........ .., ... .. , .... . . ' ' ... .. , ... .. ,. .. .. , .... 

. ' . . . . ' . ' . ' . ' 
1.5 .... 0 ••• ·:·. 0 ... ~ • ••• ~ •• • • . . . ~ - ... -:- .... -:· ... . 0 ••• ~- ••• · : - 0 .. 0 · : · 0 ••• ~ •••• -: 0 ••• ·: · • 0 • · :· .. - . - ~ ... .. ~ 0 ••• ·:· .. - 0 - :- •• - .. 

' ' ' . ' ' I 0 I 0 I I I I 0 I I 

.. .. ... ........... , .... ···· -······'·····'· ··· .. ····-'- -- · ·""·· - "' · · · ·"'·- ·· ·'·····'-· ·· ·'····"'····-'······---·-'·········-'··· · ·'- · · · · I I I o 0 I I I I I I I I 0 I I 0 0 0 0 0 

0 I I I I I I 0 I o I I I I I I 0 I I 
0 0 0 I I I 0 I I I I I 0 I I I 0 I I 

' ' ~.- .... ~.- .. ~ .. -" .... ~ ... ~ ......... .. •o• ••• 0.5 .... .... . , ............... . . . ' ' . 
' ' ' 

0 
co Ol 0 8i "' "' "" l() CD I'- co Ol 0 

8 "' "' "" l() CD I'- co Ol 0 "' co ~ 8l 8l 8l 8l 8l 8l Ol 8l 8l 8 0 8 8 8 8 8 8 8 0 0 0 ~ Ol 0 
~ ~ ~ ~ ~ "' "' "' "' "' "' "' "' "' "' "' "' "' Sample Date (Year) 
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Figure A 1-12. Sodium Concentration VS. Time Plot for Monitoring Well 3899 
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A.2.0 Assessment of Total Uranium Results 

This attachment discusses groundwater monitoring total uranium results through 2011. The 
groundwater total uranium sampling requirements are presented in the Integrated Environmental 
Monitoring Plan (IEMP), which is Attachment D of the Comprehensive Legacy Management 
and Institutional Controls Plan (LMICP) (DOE 2011a). IEMP groundwater monitoring and 
extraction well locations are shown in Figure A.2-1. For integration purposes, the OSDF 
monitoring well locations are also shown on Figure A.2-1. In addition to the routine well 
monitoring specified in the IEMP, 28locations were sampled using a direcf·push sampling 
tool (Geoprobe®) in 2011. Direct-push sampling results are presented in Tables A.2-1 
through A.2-28. 

As reported in Attachment A. 3, record high precipitation occurred in 2011. The average annual 
precipitation for the site is approximately 41 inches ayear (OU5 Remedial Investigation 
[DOE 1995]). Precipitation data collected at the Butler County Regional Airport is reported in 
the SER. For calendar year 2011, the Butler County Regional Airport recorded 60.20 inches of 
precipitation. A portion of the large amount of precipitation served to recharge the aquifer and 
raise the water table. High water levels in the aquifer provide ideal conditions to update the 
dimensions of the maximum uranium plume because more of the vertical component of the 
plume can be sampled. DOE took full advantage of the high water levels in 2011 and collected 
28 direct push samples to support updating the dimensions of the total uranium plume. As 
reported below, data obtained from these 28 samples, along with data collected from fixed 
monitoring well locations, were used to decrease the footprint of the mapped maximum 
uranium plume in 2011 by approximately 40 acres or 21.6 percent from what was mapped at 
the end of2010. 

A minor mapping change was initiated in 2011 that also contributed a small decrease (less than 
1 acre) to the size of the maximum uranium plume map for 2011. In past years, small circles 
were arbitrarily drawn around locations that had intermittent uranium FRL exceedances. The 
arbitrary sizes of the small circles were then counted as part of the overall maximum uranium 
plume acreage. In 2010, the maximum uranium plume map had four of these small circles adding 
approximately 0.957 acres to the size ofthe maximum plume. In 2011, these small circles were 
eliminated and replaced with symbols indicating intermittent exceedances. This technique 
provides better estimates of the actual size of the maximum uranium plume. It also serves to 
keep track of the locations with intermittent uranium groundwater FRL exceedances so that their 
presence can be carried forward into the certification stage of the remediation project. 

Figures A.2-2A, A.2-2B, A.2-3A, and A.2-3B show maximum total uranium plume maps for 
the first and second halves of2011, respectively. Figures A.2-2A and A.2-3A show direct-push· 
data. Figures A.2-2B and A.2-3B show monitoring well and extraction well data. Data collected 
from the aquifer are used to progressively update the maximum total uranium plume maps in the 
following conservative manner: 

• Total uranium concentration data are posted on a map with the contours from the previous 
map. The highest representative total uranium value at a monitoring well location is posted. 
The highest concentration associated with each direct-push location is also posted. 

• If a recently measured concentration from a well is greater than the previous concentration 
contour value at that location, then the plume is re-contoured using the higher value. 
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• If the most recent concentration measurement from a well is less than the previous contour 
for that location, then the new data are posted, but the plume contours are not adjusted using 
the new data until confirmatory direct-push sampling can be conducted. 

• If direct-push data or multi-level monitoring well data are available and a complete vertical 
profile of an area indicates that concentrations have changed, then the map is re-contoured 
using the new direct-push data or multilevel well data. Note, under this strategy, a reduction 
in the size of the mapped plume is based on vertical profile data. 

Table A.2-29lists the monitoring wells where total uranium concentrations exceeded the 
30 jlg/L Final Remediation Level (FRL) during 2011. Included in the table are total uranium 
statistical summaries for each well, which include Mann-Kendall trend analyses. Table A.2-30 
provides total uranium statistical summaries for the extraction wells, including Mann-Kendall 
trend analyses. Figure A.2-4 illustrates the statistics presented in Table A.2-29 (e.g., where total 
uranium concentrations have, if any, an "up, significant," "down, significant," or a "no 
significant" trend). 

Attachment A.2 is subdivided into the following sections: 

• A.2.1 

• A.2.2 

• A.2.3 

• A.2.4 

Former Waste Storage Area 

Former Plant 6 Area 

South Field and Off-Property South Plume Uranium Plumes 

Flow Monitoring in the Storm Sewer Outfall Ditch 

A.2.1 Former Waste Storage Area· 

A.2.1.1 Former Waste Storage Area Maximum Uranium Plume 

The mapped footprint of the 30 jlg/L maximum uranium plume in the former Waste Storage 
Area decreased in 2011. In 2010, the mapped footprint was estimated to be 22.429 acres. In 
2011, the mapped footprint is estimated to be 15.65 6 acres, a decrease of 3 0.2 percent. 

Direct push sampling was conducted at three location in the former waste storage area in 2011 
(12617C, 13422, and 12618C). Results (provided in Tables A.2-1 through A.2-3) helped define 
the decrease in plume size noted above. As reported last year, the area around monitoring 
wells 2821 and 3821 was targeted for direct push sampling in 2011 (Location 12617C). 
Sampling was conducted in 2011 and results for location 12617C are provided in Table A.2-l. 
The results indicate that uranium concentrations are below the 30 jlg/L uranium FRL, but that 
groundwater FRL exceedances for technetium-99, nitrate/nitrite, and manganese remain. 

Monitoring well2649 had its highest recorded uranium FRL exceedance in 2011 (954 j.lg/L) 
(Figure A.2-5). The high uranium concentration is attributed to sorbed uranium in the vadose 
zone in this former source area. High water levels within the aquifer in 2011 allowed some of the 
sorbed uranium to dissolve into the water and raise the uranium concentration. 

The northwest comer of the maximum uranium plume in the former Waste Storage Area is 
bounded by Paddys Run to the west and the former waste pits to the east. Intermittent puddles of 
surface water collect in this area west of the former Waste Pit 3. Surface water samples are 
collected and analyzed from these small intermittent puddles. As presented in Appendix B, the 
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uranium concentration of some of the collected samples exceeds the groundwater FRL. Surface 
water runoff in the former Waste Storage Area is directed to where the Clear Well and Pit 3 were 
once located. The surface water is allowed to infiltrate into the ground and serve as a source of 
recharge to the aquifer. The area of infiltration is within capture of the former Waste Storage 
Area pumping wells. 

A.2.1.2 Pilot Plant Drainage Ditch Maximum Uranium Plume 

The mapped footprint of the 30 Jlg/L maximum uranium plume in the Pilot Plant Drainage Ditch 
Area decreased in 2011. In 2010, the mapped footprint was estimated to be 25.733 acres. In 
2011, the mapped footprint is estimated to be 9.653 acres, a decrease of 60.48 percent. 

Direct push sampling was conducted at four locations in the Pilot Plant Drainage Ditch Area in 
2011 (13418A, 13412A, 13428, and 12717B). Results (provided in Tables A.2-4 through A.2-7) 
helped define the plume decrease noted above. Up until2011, monitoring well 83335 _ C2 
defined the eastern edge of the Pilot Plant Drainage Ditch Plume even though a uranium FRL 
exceedance had not been detected in the well for the last 2.5 years (Figure A.2-6). High water 
level conditions in the aquifer during the second half of 2011 resulted in a uranium FRL 
exceedance (38.7 J.tg/L). This monitoring well location is identified on the 2011 maximum 
uranium plume map as a location with intermittent uranium FRL exceedances. If future 
monitoring in well83335 indicates that the intermittent uranium FRL exceedances are 
continuing or increasing, additional direct-push sampling may be conducted in the area when 
water levels are high to verify the extent of the intermittent exceedances and revisions to the 
maximum total uranium plume map will be made if warranted. 

A.2.2 Former Plant 6 Area 

Plans for a groundwater restoration module in the former Plant 6 Area were abandoned in 2001 
based on the outcome of the Design for Remediation of the Great Miami Aquifer in the former 
Waste Storage and Plant 6 Areas (DOE 2001a). This design provided data that indicated that the 
total uranium plume in the former Plant 6 area was no longer present. The EPA and Ohio EPA 
(OEPA) concurred with this decision. 

Monitoring well2389 is the only groundwater monitoring well remaining in the area where 
Plant 6 was located in the former production area (Figure A.2-1). Figure A.2-7, shows that 
sporadic uranium FRL exceedances were detected between 2002 and 2007 at monitoring 
well2389. As discussed below, the FRL exceedances at this monitoring well are associated with 
high water table conditions. High water level conditions in 2011 resulted in two uranium FRL 
exceedances being measured in 2011; 78.2 ug/L in the first half of the year, and 43.2 ug/L in the 
second half of the year. The 78.2 ug/L concentration is the highest concentration measured in 
monitoring well2389 since 1990. 

Direct-push sampling in this area indicates that the intermittent uranium FRL exceedances are 
associated with a thin amount of contamination that is detected under high water table 
conditions. The former Plant 6 area is targeted for direct-push sampling when the water-table 
elevation is at an elevation of 514.8 ft amsl or higher. As shown below, unless the water table is 
at an elevation of 514.8 feet amsl or higher uranium FRL exceedances are not detected. A direct 
push sample was collected in this area in 2011 (location 13360C). As shown below, the regional 
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water table was high enough for the sample to detect an exceedance. The concentration of the 
exceedance (37.7 ug/L) is similar to the exceedance detected back in 2008 (37.2 ug/L). 

Year Location 
Uranium Concentration Midpoint Screen 

(tJg/L) Elevation (ft amsl) 
2007 13360 < 1.0 512.3 
2008 13360A 37.2 514.8 
2010 13360B 4.4 510.3 
2011 13360C 37.7 515.1 

Up until this year, a.small uranium plume was arbitrarily drawn circling monitoring well2389 on 
the maximum total uranium plume map to represent the interniittent uranium FRL exceedances. 
This year the monitoring well is identified as an intermittent exceedance location with a symbol 
rather than a circle. The well will continue to be identified on maximum uranium plume map as 
being a location where intermittent uranium FRL exceedances have been measured so that its 
presence will be carried forward into the certification stage of the aquifer remediation. 

A.2.3 South Field and Off-Property South Plume Uranium Plumes 

The mapped footprint of the 30 ~giL maximum uranium plume in the South Field and off 
property South Plume decreased in 2011. In 201 0, the mapped footprint was estimated to be 
135.513 acres. In 2011, the mapped footprint is estimated to be 117.998 acres, a decrease of 
12.9 percent. 

Direct push sampling was conducted at twenty locations in the South Field and South Plume in ( . · 
2011 (12369P, 12372Q, 13241A, 13297A, 13356A, 13357A, 13412A, 13413A, 13419A, 
13419B, 13420,13421,13423,13424,13425,13426,13427,13430, 1343l,and13432). 
Locations are shown in Figure A.2-3A. Results from these twenty locations were used to help 
define the plume decrease noted above. The four main areas change to the mapped plume are 
discussed below. 

Area 1: The northern edge of the South Field plume was moved south based on results from 
direct push sampling locations 13419A, 13419B, 13430, and 13431. This area is located just 
south of the site access road, and southeast of the stormwater retention basins. Direct-push 
sampling results are provided in Tables A.2-13 through A.2-16. Location 13419 was sampled 
twice in 2011. The first sampling event (13419A) stopped at a depth of67 feet below the ground 
surface (bgs) because the material encountered was too fine to yield a sample. The second 
sampling event (13419B) was successful in reaching a deeper depth of 127 feet bgs.The highest 
uranium concentration measured was from the first sampling event (23.8 ug/L), and was used iri 
the maximum uranium plume map to be conservative. 

Area 2: The southeastern edge of the South Field plume was moved west in two areas based on 
results from direct push sampling locations 13241A, 13356A, and 13432 and monitoring wells in 
the area. Direct push sampling results from these locations are provided in Tables A.2-9, A.2-20, 
and A.2-28, respectively. Uranium plume contours just west of direct push location 13241A 
incorporate direct push sampling results that are over 7 years old. This area is being targeted for 
direct push sampling in 2012 in order to update the plume profile and provide a more up-to-data 
maximum plume interpretation. 
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Area 3: The southern edge of the South Plume was moved north to honor direct push sampling 
location 13427 and monitoring well sampling results in the area. 

Area 4: An off property lobe of the uranium plume was better delineated in 2011 by the 
collection of direct push data. As ·discussed in the Fernald Preserve Site Environmental 
Report, 2010 (DOE 2011a) and the Third Five-Year Review Report for the Fernald Preserve 
(DOE 2011 b) stagnation zones within the uranium plume are identified as having the potential to 
extend remediation completion times for the aquifer beyond that predicted by the groundwater 
model. Stagnation zones are created by the competition of extraction wells for water within the 
aquifer. A stagnation zone exists just south of Willy Road, located between the South Plume 
extraction wells and the South Field extraction wells. Figure A.2-3A is a maximum uranium 
plume map for the second half of 2011. The subject off-property lobe of the uranium plume can 
be located on Figure A.2-3A by the dense concentration of direct push sampling data obtained in 
2011 just south of Willy Road. The data indicates that the lobe is actually connected to the main 
off-property plume to the southwest. 

With the southern extent of the lobe defined by 2011 direct-push data, potential ways to improve 
the aquifer remedy design in this area are being explored to see if remediation times can be 
improved (e.g., change the pumping rates of existing extraction wells; convert an out-of-service 
injection well just north of the lobe into an additional extraction well; and/or possibly install a 
new extraction well). DOE will discuss improvement options with EPA and Ohio EPA before 
taking any action in the area. 

Update of Cross Sections along Willey Road 

Since 1998 several locations along Willey Road have been sampled using a direct-push sampling 
tool: 12367, 12368, 12369, 12370, 12371, 12372, and 12373. These locations wer~ originally 
sampled to track re-injection progress along Willey Road. Re-injection was discontinued in 
September 2004; however, annual sampling continued at five of the seven locations (12368, 
12369, 12370, 12371, and 12372) to provide updates on remediation progress. Up until2010, the 
results were used to prepare two cross sections of the area. 

Sampling of the locations annually was creating a problem in the field, in that it was becoming 
hard to fmd a location free of grout from the multiple previous sample collection efforts. Over 
the years, the plume has decreased so that only two locations remain within the plume 
(locations 12372 and 12369). DOE is installing multi-level monitoring wells at these locations. 
Soggy field conditions in 2011 pushed the installations into 2012. The remaining locations, that 
are no longer in the plume (locations 12373, 12368, and 12370), will not be sampled again until 
the south plume certification stage of the groundwater remedy, unless it is deemed necessary 
to do so. 

Figure A.2-8 is a cross section of2011 monitoring results at locations 12372Q and 12369P. 
The data indicates that the plume continues to decrease in this area. Historical data for 
location 12373P is provided in the figure for reference purposes to show that a high 
concentration of uranium was measured at an elevation of approximately 516 :feet amsl in 2005. 
If and when water levels get this high again, additional sampling direct push sampling will be 
conducted at location 12373 to provide an update. 
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A.2.4 Flow Monitoring in the Storm Sewer Outfall Ditch 

As reported in the Groundwater Remedy Evaluation and Field Verification Plan (DOE 2004a), a 
modeled infiltration rate of 500 gpm through the SSOD decreased the model-predicted cleanup 
time estimate by one year. A field study was conducted in 2005 to gauge seasonal flow of water 
in the Storm Sewer Outfall Ditch (SSOD) and to determine if recharge to the GMA through the 
SSOD at a rate of 500 gpm was feasible (DOE 2005b ). Although the study concluded that the 
operation would not be cost effective, subsequent discussions in 2006 with EPA and OEP A led 
to an agreement to continue the infiltration operation. 

As shown in Figure A.2-9, six Parshall flumes are installed in the SSOD. These flumes are used 
to measure flow into and out-of the SSOD. The natural flow into the SSOD is being 
supplemented (since 2006) with water supplied from a group of three water wells located on the 
east side ofthe site (42202, 42471, and 43309). Well42471 became inoperable in June of2010 
due to an electrical issue. As stated in the Operations and Maintenance Master Plan (OMMP), 
this is Attachment A of the LMICP (DOE 2010a): Supplemental pumping into the SSOD will 
continue until the wells, pumps, or motors are no longer serviceable. At that time, operations will 
be suspended, pending a determination that the remedy is benefiting from the operation 
(DOE 2011a). The wells are pumped as necessary to supplement natural flow and maintain a 
flow of approximately 500 gpm into the SSOD. Water pumped from the wells is discharged into 
a ditch that empties into the Lodge Pond. Water from the Lodge Pond is allowed to overflow into 
the mouth of the SSOD. Flume 6 is the first flume located downstream of the Lodge Pond. 
Flumes 2, 3, 4, 5, and 6 all measure flows into the SSOD. Flume 1 is the most southernmost 
flume. It measures flow emptying out of the SSOD and into Paddys Run. 

Pumping Operations 

In 2011, 138,680,400 gallons of clean groundwater at an average rate of359 gpm were pumped 
into the SSOD. Pumping of clean groundwater into the SSOD began on December 14, 2006. 
Since pumping began, flow metering indicates 717,739,050 gallons of clean groundwater water 
have been pumped from the aquifer and used to supplement flow in the SSOD. 

Year Total Gallons of Water Average Pumping Rate 
Pumped (2pm) 

2006 
8,154,900 334 

(Dec. 14---Dec. 31) 
2007 138,900,400 264 
2008 119,256,249 227 
2009 132,584,001 252 
2010 180,163,100 343 
2011 138,680,400 359 
Total 717,739,050 

Throughout 2011, pumping was intermittently halted due to high pond levels as a result of record 
high seasonal and annual rainfall, and despite excessive drainage of the Lodge Pond through or 
near the engineered outlet for the pond. From May 14 to May 23, pumping of water into the 
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SSOD was temporarily increased by pumping both wells to maintain the water level of the 
Lodge Pond due to this excessive drainage through or near the engineered outlet for the pond. 
From November 27 to December 12, pumping was halted so that repairs to the engineered outlet 
could be made to stem this excessive drainage. Preliminary data after repairs at the end of 2011 
indicate that this excessive drainage was largely reduced. 

Infiltration Assessment 

Figure A.2-10 plots the flow rate into the SSOD (Flumes 2, 3; 4, 5, and 6) and the flow rate out 
of the SSOD (Flume 1) from March 17, 2011 through December 7, 2011. Until March 17, 2011, 
nighttime temperatures were still periodically falling low enough to freeze the water in the 
stilling wells of the flumes causing the water level instrumentation to give incorrect readings. 
Monitoring in 2011 was interrupted due to a malfunctioning water level instrument in Flume 1 
that failed on August 31st, but was not discovered until October 17th. An additional interruption 
was caused by flooding water knocking out the freeze plug in the Flume 1 standpipe, preventing 
representative readings. These interruptions are noted in the figure. 

As illustrated in Figure A.2-10 from May through August, it appears that infiltration was 
occurring in the section of the SSOD being monitored. The amount of water entering the SSOD 
exceeded the amount of water leaving the SSOD indicating that infiltration was occurring. The 
average amount of infiltration (for those days when infiltration was recorded) is approximately 
129 gpm. How much of the water actually reached the aquifer is unknown as evaporation and 
transpiration are not accounted for. 

In 2011, operations were successful in achieving the target flow rate of 500 gpm in the SSOD, 
aided largely by record high annual precipitation. The average annual flow rate into the SSOD in 
2011 was 1,159 gpm. This flow rate consisted of natural flow and supplemented pumping from 
the clean production wells located on the east side of the site. 

Figure A.2-11 shows a monthly comparison of the flow rate into the SSOD from 2006 to 2011. 
Flow entering the SSOD in 2006 was natural until December of 2006, when supplemental 
pumping into the SSOD began. As shown in Figure A.2-11 supplemental pumping has helped to 
keep flow rates higher in the summer months when natural flow is lower. In 2011 the average 
flow rate was greatly aided by record high seasonal and annual rainfall. In fact, the monthly 
average flow rate only dipped below the target of 500 gpm in the month of August (495 gpm). 
The average flow rate for 2011 overall was 1,253 gpm. 

Proposed Change 

Heavy rain events in 2011 damaged Flume 2. Water flowing down the channel eroded the stream 
bank back from the wing-walls of the flume, silted up the upgradient side of the flume, and 
dispersed sandbags that once supported the wing-walls down the channel. This damage indicates 

. ' that the flume was undersized to handle the large periodic storm events that occurred in 2011. 

Rather than continue with potential repairs to this flume, DOE proposes to remove the flume and 
only calculate infiltration rates when flow down this channel is not occurring. No changes would 
be made to the other flumes. Infiltration assessments would be made over shorter time periods 
when flow measurements in the remaining flumes indicate that infiltration could be occurring. 
The calculation would rely mostly on flow measurements in Flumes 6, 4, and 1 with minor 
contributions from Flumes 5 and 3. 
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Cl.l 

Easting '83: 1347225.04 feet 
Northing '83: 481284.9 feet 
Ground Elevation: 581.39 feet above mean sea level (AMSL) 
Depth to Water Table: 62 feet below ground surface (BGS) 
Water Table Elevation: 519.39 feet AMSL 

§-" Work Completed: 5/16/2011 
ti1 
~ a· 
§ 
" ~ 
.g 
~ 

Sample 
Sample Elevation Depth Interval 

Point (ftAMSL) (ftBGS) (ft) 

1 514 67.0 0 -10 

2 504 77.0 10.20 

3 504 77.0 10.20 

4 494 87.0 20.30 

5 484 97.0 30-40 

•samples are filtered through a 5 micron filter. 

Uranium 
(ug/L) 

(FRL=30) 

14.9 

6.02 

6.03 

3.64 

5.09 

Table A.2-1. Geoprobe Location 12617C 

Specific Dissolved 

Tc-99 Nitrate/Nitrite Manganese Molybdenum Nickel Temp pH Conductance Turbidity Turbidity Oxygen 

(pCi/L) (mg/L) (mg/L) (mg/L) (mg/L) filtered" filtered" filtered" unfiltered filtered• filtered" 
(FRL=94) (FRL=11) (FRL=0.9) (FRL=0.1) (FRL=0.1) (C) (SU) (mS/cm) (NTU) (NTU) (mg/L) 

5.85 58.5 3.15 0.0403 0.0539 13.8 6.85 1.74 >1000 10.0 8.90 

5.36 57.5 1.97 0.0334 0.0314 15.0 7.33 1.47 >1000 3.06 9.23 

2.99 53.8 2.21 0.0358 0.0369 15.0 7.33 1.47 >1000 3.06 9.23 

6.78 45.0 0.833 0.0119 0.0153 14.6 7.27 1.33 >1000 19.7 5.20 

121 68.3 0.733 0.0053 0.0166 14.7 7.08 1.83 >1000 19.7 6.90 

I 

~ 



Easting '83: 1347181.43 feet 
Northing '83: 480411.73 feet 
Ground Elevation: 579.31 feet above mean sea level (AMSL) 
Depth to Water Table: 60 feet below ground surface (BGS) 
Water Table Elevation: 519.31 feet AMSL 

Work Completed: 5/5/2011 

Sample Uranium 
Sample Elevation Depth Interval (ug/L). 

Point (ftAMSL) (ft BGS) (ft) (FRL=30) 

1 514 65.0 0-10 117 

2 504 75.0 10-20 6.79 

3 504 75.0 10-20 6.87 

4 494 85.0 20-30 4.79 

5 484 95.0 30-40 7.05 

•samples are filtered through a 5 micron filter. 

Tc-99 
(pCi/L) 

(FRL=94) 

5.80 

5.85 

5.75 

5.75 

5.75 

Table A.2-2. Geoprobe Location 12618C 

Specific Dissolved 

Nitrate/Nitrite Manganese Molybdenum Nickel Temp pH Conductance Turbidity Turbidity Oxygen 

(mg/L) (mg/L) (mg!L) (mg/L) filtered• filtered• filtered• unfiltered filtered• filtered• 
(FRL=11) (FRL=0.9) (FRL=0.1) (FRL=0.1) (C) (SU) (mS/cm) (NTU) (NTU) (mg/L) 

2.17 0.598 0.0180 0.0126 11.1 6.81 0.803 >1000 21.0 9.00 

2.89 0.644 0.0178 0.00922 13.2 6.80 0.830 >1000 34.8 8.64 

1.57 0.596 0.0160 0.00812 13.2 6.80 0.830 >1000 34.8 8.64 

1.96 0.501 0.0241 0.0113 17.1 7.61 0.805 >1000 26.0 6.17 

1.65 0.401 0.0129 0.00925 14.8 7.41 0.663 >1000 34.0 5.61 



Easting '83: 1347388.25 feet 
Northing '83: 480697.16 feet 
Ground Elevation: 577.18 feet above mean sea level (AMSL) 
Depth to Water Table: 58 feet below ground surface (BGS) 
Water Table Elevation: 519.18 feet AMSL 

~ Work Completed: 5/18/2011 

~ a· 
~ 
[ 
.g 
~ 

Sample 
Sample Elevation Depth Interval 

Point (ftAMSL) (ft BGS) (ft) 

1 514 63.0 0 -10 

2 504 73.0 10-20 

3 504 73.0 10-20 

4 494 83.0 20-30 

•samples are filtered through a 5 micron filter. 

Uranium 
(ug/L) 

(FRL=30) 

11.7 

8.18 

8.18 

8.01 

Table A.2-3. Geoprobe Location 13422 

Specific Dissolved 

Tc-99 Nitrate/Nitrite Manganese Molybdenum Nickel Temp pH Conductance Turbidity Turbidity Oxygen 

(pCi/L) (mg/L) (mg/L) (mg/L) (mgL) filtered" filtered" filtered" unfiltered filtered" filtered" 
(FRL=94) (FRL=11) (FRL=0.9) (FRL=0.1) (FRL=0.1) (C) (SU) (mS/cm) (NTU) (NTU) (mg/L) 

5.80 1.84 0.604 0.0293 0.0132 13.1 7.06 0.750 >1000 6.75 8.53 

5.65 1.62 0.839 0.0331 0.0142 13.5 7.38 0.794 >1000 6.10 10.8 

5.70 2.12 0.810 0.0309 0.0137 13.5 7.38 0.794 >1000 6.10 10.8 

5.90 1.96 0.398 0.0173 0.00696 13.4 7.38 0.724 >1000 5.45 8.77 



Table A.2-4. Geoprobe Location 127178 

Easting '83: 1348134.99 feet 
Northing '83: 480201.41 feet 
Ground Elevation: 575.01 feet above mean sea level (AMSL) 
Depth to Water Table: 55.5 feet below ground surface (BGS) 
Water Table Elevation: 519.51 feet AMSL 
Work Completed: 6/15/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered" filtered" 
Point (ftAMSL) (ft BGS) (ft) (Jlg/L) (C) 

1 515 60.5 0- 10 3.90 15.2 

2 505 70.5 10-20 1.10 15.0 

3 505 70.5 10-20 1.40 15.0 

4 495 80.5 20-30 1.30 14.8 

5 485 90.5 30-40 3.70 15.2 

6 475 100.5 40-50 1.00 14.9 

•samples are filtered through a 5 micron filter. 

Specific Dissolved 
pH Conductance Turbidity Turbidity Oxygen 

filtered" filtered" unfiltered filtered" filtered" 
(SU) (mS/cm) (NTU) (NTU) (mg/L) 

6.75 1.23 > 1000 49.4 5.35 

7.03 1.27 > 1000 35.7 4.60 

7.03 1.27 > 1000 35.7 4.60 

7.28 1.14 > 1000 20.9 4.25 

7.22 0.898 > 1000 27.7 3.64 

7.24 0.687 > 1000 10.9 4.19 

Table A.2-5. Geoprobe Location 13412A 

Easting '83: 1346721.47 feet 
Northing '83: 479727.87 feet 
Ground Elevation: 551.92 feet above mean sea level (AMSL) 
Depth to Water Table: 31 feet below ground surface (BGS) 
Water Table Elevation: 520.92 feet AMSL 
Work Completed: 617/2011 

Sample Uranium 

Sample Elevation Depth Interval filtered" 
Point (ft AMSL) (ft BGS) (ft) (Jlg/L) 

1 516 36.0 0- 10 6.70 

2 506 46.0 10-20 5.00 

3 506 46.0 10-20 4.70 

4 496 56.0 20-30 3.60 

5 486 66.0 30-40 8.20 

"Samples are filtered through a 5 micron filter. 

U.S. Department of Energy 
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Temp 
filtered• 

(C) 

14.9 

16.9 

16.9 

14.8 

16.3 

pH 

filtered" 
(SU) 

7.21 

7.32 

7.32 

7.76 

7.58 

Specific Dissolved 
Conductance Turbidity Turbidity Oxygen 

filtered" unfiltered filtered" filtered" 
(mS/cm) (NTU) (NTU) (mg/L) 

0.596 > 1000 21.2 7.86 

0.846 > 1000 23.7 8.45 

0.846 > 1000 23~7 8.45 

0.625 > 1000 47.6 8.25 

0.716 > 1000 128 6.46 
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Table A.2-6. Geoprobe Location 13418A 

Easting '83: 1346540.23 feet 
Northing '83: 480130.6 feet 
Ground Elevation: 551.35 feet above mean sea level (AMSL) 
Depth to Water Table: 30 feet below ground surface (BGS) 
Water Table Elevation: 521.35 feet AMSL 
Work Completed: 6/6/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered" filtered" 
Point (ft AMSL) (ft BGS) (ft) (!lg/L) (C) 

1 516.35 35.0 0- 10 1.30 16.3 

2 506.35 45.0 10-20 3.90 14.5 

3 506.35 45.0 10-20 3.90 14.5 

4 496.35 55.0 20-30 5.40 17.8 

5 486.35 65.0 30-40 11.4 17.0 

6 476.35 75.0 40-50 10.1 15.4 

"Samples are filtered through a 5 micron filter. 

Specific 
pH Conductance 

filtered" filtered" 
(SU) (mS/cm) 

7.37 0.619 

7.58 0.562 

7.58 0.562 

7.88 0.477 

7.75 0.597 

7.91 0.582 

Table A.2-7. Geoprobe Location 13428 

Easting '83: 1347354.36 feet 
Northing '83: 479994.53 feet 
Ground Elevation: 566.06 feet above mean sea level (AMSL) 
Depth to Water Table: 45.5 feet below ground surface (BGS) 
Water Table Elevation: 520.56 feet AMSL 
Work Completed: 7/6/2011 

Sample Uranium 
Sample Elevation Depth Interval filtered" 

Point (ftAMSL) (ft BGS) (ft) (Jlg/L) 

1 515.56 50.5 0- 10 71.0 

2 505.56 60.5 10-20 11.9 

3 505.56 60.5 10-20 13.5 

4 495.56 70.5 20-30 6.10 

5 485.56 80.5 30-40 7.10 

6 475.56 90.5 40-50 0.50 

7 465.56 100.5 50-60 0.50 

"Samples are filtered through a 5 micron filter. 
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Temp 

filtered" 
(C) 

20.3 

18.9 

18.9 

16.7 

15.8 

17.7 

15.7 

Specific 
pH Conductance 

filtered" filtered" 
(SU) (mS/cm) 

7.04 0.806 

7.58 0.754 

7.58 0.754 

7.62 0.661 

7.54 0.618 

7.61 0.652 

7.60 0.612 

Turbidity 
unfiltered 

(NTU) 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

Turbidity 
unfiltered 

(NTU) 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

Dissolved 
Turbidity Oxygen 

filtered" filtered" 
(NTU) (mg/L) 

891 9.37 

> 1000 9.58 

> 1000 9.58 

141 8.76 

390 7.97 

28.9 6.62 

Dissolved 
Turbidity Oxygen 

filtered" filtered" 
(NTU) (mg/L) 

737 5.46 

315 6.45 

315 6.45 

65.3 6.19 

31.9 6.50 

39.8 5.41 

45.3 4.48 

U.S. Department of Energy 
May 2012 



Table A.2-8. Geoprobe Location 13360C 

Easting '83: 1349832.67 feet 
Northing '83: 480171.24 feet 
Ground Elevation: 574.41 feet above mean sea level (AMSL) 
Depth to Water Table: 54 feet below ground surface (BGS) 
Water Table Elevation: 520.41 feet AMSL 
Work Completed: 5/31/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered" filtered" 
Point (ftAMSL) (ft BGS) (ft) ((lg/L) (C) 

1 515.41 59 0 -10 37.7 17.6 

2 505.41 69 10-20 4.90 18.8 

3 505.41 69 10-20 2.20 18.8 

4 495.41 79 20-30 2.60 18.4 

"Samples are filtered through a 5 micron filter. 

Specific Dissolved 
pH Conductance Turbidity Turbidity Oxygen 

filtered" filtered" unfiltered filtered" filtered" 
(SU) (mS/cm) (NTU) (NTU) (mg/L) 

6.76 1.61 > 1000 >1000 7.50 

6.93 1.25 > 1000 >1000 7.26 

6.93 1.25 > 1000 >1000 7.26 

6.97 1.09 > 1000 493 5.20 

Table A.2-9. Geoprobe Location 13241A 

Easting '83: 1350068.84 feet 
Northing '83: 477048.29 feet 
Ground Elevation: 579.38 feet above mean sea level (AMSL) 
Depth to Water Table: 60.5 feet below ground surface (BGS) 
Water Table Elevation: 518.88 feet AMSL 
Work Completed: 6/1/2011 

Sample Uranium 

Sample Elevation Depth Interval filtered" 
Point (ft AMSL) (ft BGS) (ft) ((lg/L) 

1 513.88 65.5 0 -10 6.90 

2 503.88 75.5 10-20 1.30 

3 503.88 75.5 10-20 1.90 

4 493.88 85.5 20-30 2.00 

5 483.88 95.5 30-40 3.30 

6 473.88 105.5 40-50 2.60 

7 463.88 115.5 50-60 2.60 

"Samples are filtered through a 5 micron filter. 

U.S. Department of Energy 
May 2012 

Temp 
filtered" 

(C) 

18.5 

20.5 

20.5 

17.1 

16.9 

18.2 

17.9 

pH 
filtered" 

(SU) 

6.73 

7.03 

7.03 

7.08 

7.06 

7.07 

7.37 

Specific Dissolved 
Conductance Turbidity Turbidity Oxygen 

filtered" unfiltered filtered" filtered" 
(mS/cm) (NTU) (NTU) (mg/L) 

1.00 > 1000 1000 6.43 

1.04 > 1000 89.0 6.13 

1.04 > 1000 89.0 6.13 

1.02 > 1000 195 7.29 

0.934 > 1000 139 4.64 

0.907 > 1000 193 4.91 

0.837 > 1000 157 7.81 
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Table A.2-10. Geoprobe Location 13413A 

Easting '83: 1349041.94 feet 
Northing '83: 477749.1 feet 
Ground Elevation: 554.63 feet above mean sea level (AMSL) 
Depth to Water Table: 37 feet below ground surface (BGS) 
Water Table Elevation: 517.63 feet AMSL 
Work Completed: 5/10/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered• filtered• 
Point (ftAMSL) (ft BGS) (ft) (f.1g/L) (C) 

1 512.63 42.0 0- 10 15.8 15.3 

2 502.63 52.0 10-20 19.8 15.3 

3 502.63 52.0 10-20 19.0 15.3 

4 492.63 62.0 20-30 3.25 15.1 

5 482.63 72.0 30-40 1.40 15.0 

6 472.63 82.0 40-50 0.858 13.9 

7 462.63 92.0 50-60 4.31 14.8 

•samples are filtered through a 5 micron filter. 

Specific 
pH Conductance 

filtered• filtered• 
(SU) (mS/cm) 

7.03 0.846 

7.14 0.837 

7.14 0.837 

7.22 0.654 

7.25 0.609 

7.17 0.594 

7.17 0.600 

Table A.2-11. Geoprobe Location 13421 

Easting '83: 1349309.74 feet 
Northing '83: 476024.38 feet 
Ground Elevation: 570.68 feet above mean sea level (AMSL) 
Depth to Water Table: 60 feet below ground surface (BGS) 
Water Table Elevation: 510.68 feet AMSL 
Work Completed: 2/11/2011 

Sample Uranium 
Sample Elevation Depth Interval filtered• 

Point (ft AMSL) (ft BGS) (ft) (f.1g/L) 

1 505.68 65.0 0- 10 43.9 

2 495.68 75.0 10-20 181 

3 495.68 75.0 10-20 185 

4 485.68 85.0 20-30 97.8 

5 475.68 95.0 30-40 5.11 

6 465.68 105.0 40-50 3.45 

7 455.68 115.0 50-60 61.8 

•samples are filtered through a 5 micron filter. 
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Temp 
filtered• 

(C) 

10.1 

9.89 

9.89 

10.8 

9.48 

7.37 

8.95 

Specific 
pH Conducta nee 

filtered• filtered" 
(SU) (mS/cm) 

7.01 0.806 

7.53 0.784 

7.53 0.784 

7.68 0.721 

7.09 0.712 

7.24 0.744 

7.35 0..722 

Turbidity 
unfiltered 

(NTU) 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

Turbidity 
unfiltered 

(NTU) 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

Dissolved 
Turbidity Oxygen 
filtered• filtered• 

(NTU) (mg/L) 

>1000 8.55 

314 6.80 

314 6.80 

41.0 2.39 

95.0 3.40 

111 2.88 

66.3 4.51 

Dissolved 
Turbidity Oxygen 
filtered• filtered" 

(NTU) (mg/L) 

292 6.35 

716 9.09 

716 9.09 

673 6.87 

954 6.13 

> 1000 8.01 

> 1000 6.86 

U.S. Department of Energy 
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Table A.2-12. Geoprobe Location 13421A 

Easting '83: 1349311.17 feet 
Northing '83: 476025.03 feet 
Ground Elevation: 570.76 feet above mean sea level (AMSL) 
Depth to Water Table: 52 feet below ground surface (BGS) 
Water Table Elevation: 518.76 feet AMSL 
Work Completed: 7/13/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered3 filtered3 

Point {ft AMSL) (ft BGS) {ft) (J.I.g/L) (C) 

1 513.76 57.0 0 -10 3.70 18.5 

2 503.76 67.0 10-20 116 16.3 

3 503.76 67.0 10-20 112 16.3 

4 493.76 77.0 20-30 216 16.9 

5 483.76 87.0 30-40 82.3 17.1 

6 473.76 97.0 40-50 5.10 16.6 

7 463.76 107.0 50-60 3.50 17.1 

6 453.76 117.0 60-70 7.20 18.4 

7 443.76 127.0 70-80 6.40 20.5 

3 Samples are filtered through a 5 micron filter. 

Specific Dissolved 
pH Conductance Turbidity Turbidity Oxygen 

filtered 3 filtered 3 unfiltered filtered3 filtered 3 

(SU) (mS/cm) (NTU) (NTU) (mg/L) 

7.20 0.830 > 1000 208 7.79 

8.23 0.828 > 1000 >1000 7.50 

8.23 0.828 > 1000 >1000 7.50 

7.47 0.768 > 1000 602 6.00 

7.53 0.722 > 1000 17.4 3.90 

7.55 0.716 > 1000 10.6 3.61 

7.52 0.731 > 1000 475 4.50 

7.45 0.759 > 1000 522 3.49 

7.64 0.794 > 1000 >1000 6.80 

Table A.2-13. Geoprobe Location 13419A 

Easting '83: 1349215.19 feet 
Northing '83: 478810.95 feet 
Ground Elevation: 560.72 feet above mean sea level (AMSL) 
Depth to Water Table: 42 feet below ground surface (BGS) 
Water Table Elevation: 518.72 feet AMSL 
Work Completed: 6/212011 

Sample 
Sample Elevation Depth Interval 

Point (ftAMSL) (ft BGS) (ft) 

1 513.72 47 0-10 

2 503.72 57 10-20 

3 503.72 57 10-20 

4 493.72 67 20-30 

•samples are filtered through a 5 micron filter. 

U.S. Department of Energy 
May 2012 

Uranium Temp 
filtered• filtered" 
(llg/L) (C) 

18.0 19.0 

23.6 16.5 

23.8 16.5 

2.14 15.4 

Specific 
pH Conductance 

filtered" filtered" 
(SU) (mS/cm) 

6.74 1.27 

6.75 1.39 

6.75 1.39 

6.73 1.60 

Dissolved 

Turbidity Turbidity Oxygen 

unfiltered filtered" filtered" 
(NTU) {NTU) (mg/L) 

> 1000 294 6.48 

> 1000 25.2 6.03 

> 1000 25.2 6.03 

> 1000 31.7 3.69 
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Table A.2-14. Geoprobe Location 134198 

Easting '83: 1349215.19 feet 
Northing '83: 478810.95 feet 
Ground Elevation: 560.72 feet above mean sea level (AMSL) 
Depth to Water Table: 41 feet below ground surface (BGS) 
Water Table Elevation: 519.72 feet AMSL 
Work Completed: 7/5/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered• filtered• 
Point (ftAMSL) (ft BGS) (ft) (flg/L) (C) 

1 514:72 46.0 0- 10 7.40 25.1 

2 504.72 56'.0 10-20 16.8 18.0 

3 504.72 56.0 10-20 17.7 18.0 

4 494.72 66.0 20-30 2.90 16.4 

5 484.72 76.0 30-40 0.50 18.5 

6 474.72 86.0 40-50 0.50 18.7 

7 464.72 96.0 50-60 0.50 18.2 

•samples are filtered through a 5 micron filter. 

Specific 
pH Conductance 

filtered• filtered• 
(SU) (mS/cm) 

6.85 1.39 

6.60 1.43 

6.60 1.43 

6.94 1.18 

7.12 0.971 

7.27 0.587 

7.25 0.584 

Table A. 2-15. Geoprobe Location 13430 

Easting '83: 1349215.91 feet 
Northing '83: 478472.08 feet 
Ground Elevation: 575.04 feet above mean sea level (AMSL) 
Depth to Water Table: 55 feet below ground surface (BGS) 
Water Table Elevation: 520.04 feet AMSL 
Work Completed: 6/29/2011 

Dissolved 

Turbidity Turbidity Oxygen 

unfiltered filtered• filtered• 
(NTU) (NTU) (mg/L) 

> 1000 >1000 5.75 

> 1000 31.0 2.54 

> 1000 31.0 2.54 

> 1000 671 5.16 

> 1000 49.0 0.38 

> 1000 42.0 3.00 

> 1000 365 4.13 

Specific Dissolved 
Sample Uranium 

Sample Elevation Depth Interval filtered• 
Point (ft AMSL) (ft BGS) (ft) (Jlg/L) 

1 515 60.0 0-10 134 

2 505.04 70.0 10-20 19.9 

3 505.04 70.0 10-20 22.5 

4 495 80.0 20-30 7.60 

5 485.04 90.0 30-40 10.0 

6 475.04 100.0 40-50 2.10 

7 465.04 110.0 50-60 3.20 

"Samples are filtered through a 5 micron filter. 

Fernald Preserve 20 II Site Environmental Report 
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Temp pH Conductance 
filtered• filtered• filtered• 

(C) (SU) (mS/cm) 

15.1 6.97 1.50 

15.5 7.09 1.04 

15.5 7.09 1.04 

16.8 7.36 0.827 

16.3 7.34 0.699 

16.9 7.54 0.580 

17.9 7.51 0.568 

Turbidity 
unfiltered 

(NTU) 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

Turbidity Oxygen 
filtered• filtered" 

(NTU) (mg/L) 

592 5.86 

53.1 4.81 

53.1 4.81 

68.9 5.35 

116 4.95 

99.2 3.43 

115 3.27 

U.S. Department of Energy 
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Table A.2-16. Geoprobe Location 13431 

Easting '83: 1349534.36 feet 
Northing '83: 478506.57 feet 
Ground Elevatjon: 575.58 feet above mean sea level (AMSL) 
Depth to Water Table: 55 feet below ground surface (BGS) 
Water Table Elevation: 520.58 feet AMSL 
Work Completed: 6/30/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered" filtered" 
Point (ftAMSL) (ft BGS) (ft) (j.lg/L) (C) 

1 515.58 60.0 0- 10 124 15.1 

2 505.58 70.0 10-20 21.0 15.2 

3 505.58 70.0 10-20 30.3 15.2 

4 495.58 80.0 20-30 24.1 15.4 

5 485.58 90.0 30-40 12.2 15.6 

6 475.58 100.0 40-50 1.90 16.4 

7 465.58 110.0 50-60 0.50 16.9 

"Samples are filtered through a 5 micron filter. 

Specific Dissolved 
pH Conductance Turbidity Turbidity Oxygen 

filtered" filtered" unfiltered filtered" filtered" 
(SU) (mS/cm) (NTU) (NTU) (mg/L) 

6.67 1.69 > 1000 >1000 6.75 

6.95 1.10 > 1000 17.3 2.82 

6.95 1.10 > 1000 17.3 2.82 

7.09 0.914 > 1000 490 4.95 

7.19 0.931 > 1000 >1000 3.35 

7.22 0.868 > 1000 51.1 4.36 

7.26 0.868 > 1000 47.0 4.26 

Table A.2-17. Geoprobe Location 12369P 

Easting '83: 1348853.58 feet 
Northing '83: 476056.79 feet 
Ground Elevation: 574.76 feet above mean sea level (AMSL) 
Depth to Water Table: 57.5 feet below ground surface (BGS) 
Water Table Elevation: 517.26 feet AMSL 
Work Completed: 7/25/2011 

Sample 
Sample Elevation Depth Interval 

Point (ftAMSL) (ft BGS) (ft) 

1 512 62.5 0-10 

2 502.26 72.5 10-20 

3 502.26 72.5 10-20 

4 492.26 82.5 20-30 

"Samples are filtered through a 5 micron filter. 

U.S. Department of Energy 
May2012 

Uranium Temp 

filtered" filtered" 
(j.lg/L) (C) 

67.8 20.3 

11.5 18.7 

11.4 18.7 

6.2 19.3 

pH 

filtered" 
(SU) 

7.08 

7.08 

7.08 

7.15 

Specific Dissolved 
Conductance Turbidity Turbidity Oxygen 

filtered" unfiltered filtered" filtered" 
(mS/cm) (NTU) (NTU) (mg/L) 

0.953 >1000 400 7.67 

0.746 >1000 518 5.50 

0.746 >1000 518 5.50 

0.698 >1000 40.3 6.50 
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TableA.2-18. Geoprobe Location 123720 

Easting '83: 1348558.39 feet 
Northing '83: 476215.36 feet 
Ground Elevation: 576.43 feet above mean sea level (AMSL) 
Depth to Water Table: 58 feet below ground surface (BGS) 
Water Table Elevation: 518.43 feet AMSL 
Work Completed: 7/19/2011 

Sample Uranium Temp 
Sample Elevation Depth Interval filtereda filtereda 

Point (ftAMSL) (ft BGS) (ft) (j.lg/L) (C) 

1 513 63.0 0-10 23.8 20.1 

2 503.43 73.0 10-20 12.1 18.5 

3 503.43 73.0 10-20 14.7 18.5 

4 493.43 83.0 20-30 7.8 18.3 

"Samples are filtered throuQh a 5 micron filter. 

Specific 
pH Conductance 

filtereda filtereda 
(SU) (mS/cm) 

7.20 0.874 

7.59 0.826 

7.59 0.826 

7.75 0.773 

Table A.2-19. Geoprobe Location 13297A 

Easting '83: 1349400.49 feet 
Northing '83: 475889.75 feet 
Ground Elevation: 573.74 feet above mean sea level (AMSL) 
Depth to Water Table: 62 feet below ground surface (BGS) 
Water Table Elevation: 511.74 feet AMSL 
Work Completed: 2/8/2011 

Sample Uranium 
Sample Elevation Depth Interval filtereda 

Point (ft AMSL) (ft BGS) (ft) (l!g/L) 

1 506.74 67.0 0-10 0.984 

2 496.74 77.0 10-20 0.360 

3 496.74 77.0 10-20 0.465 

4 486.74 87.0 20-30 0.452 

5 476.74 97.0 30-40 2.25 

6 466.74 107.0 40-50 0.641 

7 456.74 117.0 50-60 0.779 

3 Samples are filtered through a 5 micron filter. 
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Temp 
filtereda 

(C) 

11.5 

8.83 

8.83 

9.59 

9.17 

11.6 

10.6 

Specific 
pH Conductance 

filtereda filtereda 
(SU) (mS/cm) 

6.69 0.773 

7.57 0.750 

7.57 0.750 

7.58 0.713 

7.62 0.744 

7.60 0.768 

7.42 0.781 

Dissolved 
Turbidity Turbidity Oxygen 
unfiltered filtereda filtereda 

(NTU) 

>1000 

>1000 

>1000 

>1000 

Turbidity 
unfiltered 

(NTU) 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

(NTU) (mg/L) 

84.4 4.78 

1000 6.95 

1000 6.95 

781 4.93 

Dissolved 
Turbidity Oxygen 

filtered 3 filtereda 
(NTU) (mg/L) 

1000 5.26 

464 7.00 

464 7.00 

385 6.95 

753 6.99 

485 5.40 

214 4.61 

U.S. Department of Energy 
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Table A.2-20. Geoprobe Location 13356A 

1' Easting '83: 1349682.93 feet 
Northing '83: 476451.82 feet 
Ground Elevation: 580.86 feet above mean sea level (AMSL) 
Depth to Water Table: 32.5 feet below ground surface (BGS) 
Water Table Elevation: 548.36 feet AMSL 
Work Completed: 6/8/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered" filtered" 
Point (ftAMSL) (ft BGS) (ft) (l!g/L) (C) 

1 543.36 37.5 0- 10 16.1 17.1 

2 533.36 47.5 10-20 17.8 19.8 

3 533.36 47.5 10-20 18.1 19.8 

4 523.36 57.5 20-30 27.6 10.6 

5 513.36 67.5 30-40 5.20 19.9 

6 503.36 77.5 40-50 2.60 18.1 

7 493.36 87.5 50-60 0.50 17.7 

•samples are filtered through a 5 micron filter. 

Specific Dissolved 
pH Conductance Turbidity Turbidity Oxygen 

filtered" filtered" unfiltered filtered" filtered" 
(SU) (mS/cm) (NTU) (NTU) (mg/L) 

7.35 1.00 > 1000 >1000 9.14 

7.24 1.03 > 1000 32.1 3.11 

7.24 1.03 > 1000 32.1 3.11 

7.34 0.951 > 1000 16.9 2.82 

7.37 0.931 > 1000 54.7 3.65 

7.28 0.904 > 1000 22.0 5.26 

7.25 0.921 > 1000 12.1 4.45 

Table A.2-21. Geoprobe Location 13357A 

Easting '83: 1349119.38 feet 
Northing '83: 475740.11 feet 
Ground Elevation: 580.89 feet above mean sea level (AMSL) 
Depth to Water Table: 68 feet below ground surface (BGS) 
Water Table Elevation: 512.89 feet AMSL 
Work Completed: 2114/2011 

Sample Uranium 

Sample Elevation Depth Interval filtered" 
Point (ftAMSL) (ft BGS) (ft) (l!g/L) 

1 508 73.0 0- 10 44.4 

2 497.89 83.0 10-20 49.3 

3 497.89 83.0 10-20 47.1 

4 488 93.0 20-30 3.43 

5 477.89 103.0 30-40 1.76 

6 467.89 113.0 40-50 0.831 

7 457.89 123.0 50-60 0.762 

asamples are filtered through a 5 micron filter. 

U.S. Department of Energy 
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Temp 

filtered" 
(C) 

11.3 

11.6 

11.6 

12.1 

11.8 

11.9 

11.4 

pH 

filtered" 
(SU) 

6.82 

7.50 

7.50 

7.51 

7.42 

7.35 

7.39 

Specific Dissolved 
Conductanc.e Turbidity Turbidity Oxygen 

filtered" unfiltered filtered" filtered" 
(mS/cm) (NTU) (NTU) (mg/L) 

0.890 > 1000 127 6.73 

0.788 > 1000 231 6.54 

0.788 > 1000 231 6.54 

0.733 > 1000 157 3.00 

0.720 > 1000 440 5.28 

0.708 > 1000 189 2.30 

0.683 > 1000 281 3.58 
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Table A.2-22. Geoprobe Location 13420 

Easting '83: 1349173.35 feet 
Northing '83: 475858.71 feet 
Ground Elevation: 581.66 feet above mean sea level (AMSL) 
Depth to Water Table: 68 feet below ground surface (BGS) 
Water Table Elevation: 513.66 feet AMSL 
Work Completed: 2/3/2011 

Specific Dissolved 

Sample Uranium Temp pH Conductance Turbidity Turbidity Oxygen 
Sample Elevation Depth Interval filtered 3 filtered 3 filtered 3 filtered 3 

Point (ft AMSL) (ft BGS) (ft) (J.1g/L) (C) (SU) (mS/cm) 

1 508.66 73.0 0-10 65.7 9.16 7.22 0.905 

2 498.66 83.0 10-20 44.5 10.33 7.45 0.865 

3 498.66 83.0 10-20 41.7 10.33 7.45 0.865 

4 488.66 93.0 20-30 85.0 9.59 7.55 0.754 

5 478.66 103.0 30-40 2.26 8.83 6.78 0.697 

6 468.66 113.0 40-50 5.93 9.48 7.37 0.712 

7 458.66 123.0 50-60 4.85 9.27 7.42 0.710 

8 Samples are filtered through a 5 micron filter. 

Tab/eA.2-23. Geoprobe Location 13423 

Easting '83: 1349407.32 feet 
Northing '83: 476023.97 feet 
Ground Elevation: 570.18 feet above mean sea level (AMSL) 
Depth to Water Table: 51 feet below ground surface (BGS) 
Water Table Elevation: 519.18 feet AMSL 
Work Completed: 7/12/2011 

Sample Uranium 
Sample Elevation Depth Interval filtered 3 

Point (ftAMSL) (ft BGS) (ft) (J.l.g/L) 

1 514.18 56.0 0- 10 1.20 

2 504.18 66.0 10-20 3.70 

3 504.18 66.0 10-20 3.20 

4 494.18 76.0 20-30 73.7 

5 484.18 86.0 30-40 16.0 

6 474.18 96.0 40-50 3.90 

7 464.18 106.0 50-60 3.10 

6 454.18 116.0 60-70 0.50 

7 444.18 126.0 70-80 2.70 

8 Samples are filtered throuQh a 5 micron filter. 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
PageA.2~20 

Temp 
filtered8 

(C) 

21.0 

18.5 

18.5 

19.7 

21.7 

20.0 

19.4 

17.2 

18.7 

Specific 
pH Conductance 

filtered 8 filtered a 

(SU) (mS/cm) 

7.26 0.865 

7.33 0.816 

7.33 0.816 

7.40 0.755 

7.56 0.759 

8.52 0.749 

7.02 0.770 

7.26 0.781 

7.25 0.783 

unfiltered filtered 3 filtered 3 

(NTU) 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

Turbidity 
unfiltered 

(NTU) 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

(NTU) (mg/L) 

139 8.78 

2.63 3.19 

2.63 3.19 

14.3 4.67 

5.39 4.38 

733 7.69 

282 9.01 

Dissolved 
Turbidity Oxygen 
filtered8 filtered8 

(NTU) (mg/L) 

23.1 7.18 

56.7 3.46 

56.7 3.46 

33.4 2.95 

>1000 5.34 

69.6 5.23 

>1000 6.26 

55.4 2.82 

27.9 6.20 
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Table A.2-24. Geoprobe Location 13424 

Easting '83: 1349244.7 feet 
Northing '83: 475743.2 feet 
Ground Elevation: 579.55 feet above mean sea level (AMSL) 
Depth to Water Table: 61 feet below ground surface (BGS) 
Water Table Elevation: 518.55 feet AMSL 
Work Completed: 5/12/2011 

Sample Uranium 

Sample Elevation Depth Interval filtered3 

Point (ftAMSL) (ft BGS) (ft) (!Jg/L) 

1 513.55 66.0 0- 10 2.91 

2 503.55 76.0 10-20 20.9 

3 503.55 76.0 10-20 22.7 

4 493.55 86.0 20-30 8.50 

5 483.55 96.0 30-40 1.82 

6 473.55 106.0 40-50 9.69 

7 463.55 116.0 50-60 5.30 

6 453.55 126.0 60-70 5.66 

7 443.55 136.0 70-80 4.35 

8 Samples are filtered through a 5 micron filter. 

U.S. Department of Energy 
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Temp 

filtered 3 

(C) 

19.6 

17.4 

17.4 

17.5 

17.8 

18.1 

17.4 

16.2 

15.0 

pH 

filtered 3 

(SU) 

7.18 

7.43 

7.43 

7.59 

7.49 

7.35 

7.29 

6.94 

7.13 

Specific Dissolved 
Conductance Turbidity Turbidity Oxygen 

filtered 3 unfiltered filtered 3 filtered 3 

(mS/cm) (NTU) (NTU) (mg/L) 

0.935 > 1000 24.5 8.36 

0.816 > 1000 80.7 4.50 

0.816 > 1000 80.7 4.50 

0.736 > 1000 729 8.10 

0.735 > 1000 196 5.38 

0.720 > 1000 320 5.01 

0.759 > 1000 792 5.73 

0.702 > 1000 >1000 9.52 

0.702 > 1000 >1000 9.72 
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Table A. 2-25. Geoprobe Location 13425 

Easting '83: 1349040.38 feet 
Northing '83: 475678.36 feet 
Ground Elevation: 579.39 feet above mean sea level (AMSL) 
Depth to Water Table: 61 feet below ground surface (BGS) 
Water Table Elevation: 518.39 feet AMSL 
Work Completed: 511112011 

Sample Uranium 

Sample Elevation Depth Interval filtered 3 

Point (ftAMSL) (ft BGS) (ft) (f.Lgll} 

1 513.39 66.0 0- 10 2.60 

2 503.39 76.0 10-20 17.0 

3 503.39 76.0 10-20 20.7 

4 493.39 86.0 20-30 49.0 

5 483.39 96.0 30-40 17.3 

6 473.39 106.0 40-50 1.10 

7 463.39 116.0 50-60 0.50 

6 453.39 126.0 60-70 1.30 

7 443.39 136.0 70-80 1.60 

asamples are filtered through a 5 micron filter. 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
PageA.2-22 

Temp 

filtered 3 

(C) 

16.5 

18.6 

18.6 

16.5 

16.4 

16.9 

16.3 

16.7 

16.4 

Specific 
pH Conductance 

filtered 3 filtered3 

(SU) (mSicm) 

7.05 0.956 

7.50 0.796 

7.50 0.796 

7.60 0.697 

7.55 0.693 

7.52 0.739 

7.37 0.715 

7.42 0.722 

7.29 0.732 

Dissolved 

Turbidity Turbidity. Oxygen 

unfiltered filtered3 filtered 3 

(NTU} 

.> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

> 1000 

(NTU) (mgll} 

527 8.23 

>1000 7.65 

>1000 7.65 

>1000 7.69 

803 7.75 

28.0 3.88 

152 3.23 

>1000 6.78 

357 5.48 
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Table A.2-26. Geoprobe Location 13426 

Easting '83: 1349554.51 feet 
Northing '83: 476014.02 feet 
Ground Elevation: 568.85 feet above mean sea level (AMSL) 
Depth to Water Table: 51 feet below ground surface (BGS) 
Water Table Elevation: 517.85 feet AMSL 
Work Completed: 7/20/2011 

Sample Uranium Temp 

Sample Elevation Depth Interval filtered" filtered" 
Point (ftAMSL) (ft BGS) (ft) (~g/L) (C) 

1 512.85 56.0 0-10 2.70 23.4 

2 502.85 66.0 10-20 0.50 19.8 

3 502.85 66.0 10-20 0.50 19.8 

4 492.85 76.0 20-30 3.80 18.5 

5 482.85 86.0 30-40 1.20 18.0 

6 472.85 96.0 40-50 0.50 21.5 

7 462.85 106.0 50-60 2.00 18.2 

•samples are filtered through a 5 micron filter. 

Specific Dissolved 
pH Conductance Turbidity Turbidity Oxygen 

filtered" filtered" unfiltered filtered" filtered" 
(SU) (mS/cm) (NTU) (NTU) (mg/L) 

7.49 0.877 > 1000 34.1. 7.16 

7.58 0.883 > 1000 19.0 3.92 

7.58 0.883 > 1000 19.0 3.92 

7.45 0.766 > 1000 253 3.46 

7.73 0.767 > 1000 448 5.13 

10.7 0.795 > 1000 325 6.35 

10.7 0.804 > 1000 923 6.97 

Table A.2-27. Geoprobe Location 13427 

Easting '83: 1348271.87 feet 
Northing '83: 474448.65 feet 
Ground Elevation: 533.5 feet above mean sea level (AMSL) 
Depth to Water Table: 19 feet below ground surface (BGS) 
Water Table Elevation: 514.5 feet AMSL 
Work Completed: 8/2/2011 

Sample Uranium 

Sample Elevation Depth Interval filtered" 
Point (ft AMSL) (ft BGS) (ft) (~g/L) 

1 509.5 24.0 0 -10 21.0 

2 499.5 34.0 10-20 6.90 

3 499.5 34.0 10-20 6.70 

4 489.5 44.0 20-30 3.30 

5 479.5 54.0 30-40 18.4 

6 469.5 64.0 40-50 1.80 

7 459.5 74.0 50-60 8.40 

•samples are filtered through a 5 micron filter. 

U.S. Department of Energy 
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Temp 

filtered" 
(C) 

21.0 

24.0 

24.0 

19.1 

17.9 

16.6 

16.8 

pH 

filtered" 
(SU) 

6.82 

7.57 

7.57 

7.59 

7.42 

7.41 

7.20 

Specific · Dissolved 
Conductance Turbidity Turbidity Oxygen 

filtered" unfiltered filtered" filtered" 
(mS/cm) (NTU) (NTU) (mg/L) 

0.928 > 1000 108 6.36 

0.779 > 1000 22.7 5.88 

0.779 > 1000 22.7 5.88 

0.677 > 1000 18.4 0.65 

0.616 > 1000 16.0 5.12 

0.807 > 1000 25.3 4.02 

0.749 > 1000 20.0 4.31 
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Tab/eA.2-28. Geoprobe Location 13432 

Easting '83: 1349488.62 feet 
Northing '83: 476401.27 feet 
Ground Elevation: 579.69 feet above mean sea level (AMSL) 
Depth to Water Table: 62.5 feet below ground surface (BGS) 
Water Table Elevation: 517.19 feet AMSL 
Work Completed: 7/26/2011 

Sample 
Sample Elevation Depth Interval 

Point (ftAMSL) (ft BGS) (ft) 

1 512 67.5 0- 10 

2 502.19 77.5 10-20 

3 502.19 77.5 10-20 

4 492 87.5 20-30 

5 482.19 97.5 30-40 

6 472.19 107.5 40-50 

7 462.19 117.5 50-60 

8 Samples are filtered through a 5 micron filter. 
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Uranium Temp 

filtered8 filtered8 

(!lg/L) (C) 

1.90 18.1 

1.80 19.0 

1.80 19.0 

1.40 18.1 

4.70 20.1 

2.70 20.7 

3.30 17.6 

Specific 
pH Conductance 

filtered 8 filtered8 

(SU) (mS/cm) 

7.07 0.874 

7.00 0.889 

7.00 0.889 

7.05 0.758 

7.01 0.769 

7.02 0.771 

7.12 0.777 

Dissolved 
Turbidity Turbidity Oxygen 

unfiltered filtered 8 filtered8 

(NTU) (NTU) (mg/L) 

> 1000 15.5 9.00 

> 1000 534 6.90 

> 1000 534 6.90 

> 1000 232 5.10 

> 1000 233 4.55 

> 1000 149 3.90 

> 1000 >1000 4.30 
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Table A.2-29. Summary Statistics and Trend Analysis of Monitoring Wells for 
Total Uranium with 2011 Results Above FRLs 

No. of Minimum Maximum Average Standard 
Well Deviation Trenda,b,c,d,e,f 

Sample (IJgll)a,b,c,d (IJgll)a,b,c,d (IJgll)a,b,c,d,e 
{~gll}a,b,c,d,e 

2045 62 12.0 462 127 110 Up, Significant 
2046 61 20.0 907 164 214 No Significant Trend 
2049 49 3.0 178 80.1 43.1 Down, Significant 

2060 77 8.4 332 80.0 61.2 No Significant Trend 
2095 62 27.0 208 105 46 Down, Significant 

23271 20 34.6 144 76.9 32.3 Down, Significant 

23273 20 114 421 261 80 No Significant Trend 

23274 31 120 384 188 67 Down, Significant 

23275 19 119 349 173 60 Up, Significant 
23276 20 60.4 115 85.9 14.5 Up, Significant 
23278 20 44.9 201 102 44 Down, Significant 

23280 20 57.2 700 173 154 Down, Significant 

23281 20 41.5 367 150 81 Down, Significant 

2385 43 76.6 592 244 107 Down, Significant 

2387 43 18.1 492 147 85 Up, Significant 
2389 32 0.90 120 27.2 25.3 Up, Significant 
2390 42 31.6 163 76.3 30.0 Down, Significant 

2397 30 212 737 396 125 No Significant Trend 

2550 53 3.3 120 60.9 19.9 Down, Significant 

2649 38 6.01 954 137 243 Up, Significant 
2880 43 0.40 62.9 15.1 20.5 Up, Significant 
3069 69 0.50 398 129 96 Down, Significant 

3095 63 2.0 94 25.4 17.6 No Significant Trend 

32766 21 24.4 79.9 44.3 15.3 Down, Significant 

62408 31 29.5 157 82.4 43.9 Down, Significant 

62433 32 82.6 845 361 190 Down, Significant 

63285 20 74.9 277 207 50 Up, Significant 
63287 20 82.3 316 171 62 Down, Significant 

63288 20 34.3 267 94.2 65.8 Down, Significant 

6880 30 62.8 145 90.3 22.2 Down, Significant 
82433_C2 13 20.0 214 95.2 68.9 Down, Significant 
82433_C3 22 70.7 506 233 133 Down, Significant 

83117 _C1 22 440 1620 902 277 No Significant Trend 

83117 _C2 11 44.8 330 156 117 Down, Significant 
83117 _C3 11 40.6 128 85.1 31.6 Down, Significant 

83117_C4 11 71.3 111 88.2 12.4 Up, Significant 
83124_C1 33 185 1070 481 204 No Significant Trend 
83124_C2 16 27.8 103 55.1 20.1 Down, Significant 
83124_C4 11 25.4 62.2 38.9 10.5 Up, Significant 
83124_C5 11 24.4 61.4 50.8 9.8 No Significant Trend 
83294_C1 17 98.5 198 170 29 Up, Significant 
83294_C2 24 188 575 387 90 No Significant Trend 
83294_C3 13 161 539 346 137 Down, Significant 
83295_C2 16 92.3 178 148 23 No Significant Trend 
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-Table A.2-29 (continued). Summary Statistics and Trend Analysis of Monitoring Wells for 
Total Uranium with 2011 Results Above FRLs 

Standard 
No. of Minimum Maximum Average 

Well Sample (!Jgll)a,b,c,d (jJgiLt•b,c,d (!Jgll)a,b,c,d,e Deviation Trenda,b,c,d,e,f 
(~gll}a,b,c,d,e 

83295_C3 14 99.2 175 141 25 Down, Significant 

83295_C4 12 47.8 199 113 57 Down, Significant 

83295_C5 11 57.2 155 86.0 30.3 Down, Significant 

83295_C6 11 3.4 64.4 30.0 23.0 Up, Significant 
83296_C1 8 56.7 135 87.4 26.4 No Significant Trend 

83296_C2 17 32.0 117 60.4 23.5 Down, Significant 

83335_C2 11 4.5 49.5 26.6 14.7 No Significant Trend 

83337_C1 14 871 2430 1490 510 No Significant Trend 

83337_C2 21 2.7 835 161 220 Down, Significant 

83338_C1 9 454 710 556 81 No Significant Trend 

83338_C2 12 22.7 648 194 186 Down, Significant 

83340_C1 8 13.2 44.8 24.5 9.8 No Significant Trend 

83341_C1 5 28.8 39.4 36.0 4.1 No Significant Trend 

83346_C1 8 39.7 70.7 46.8 10.1 No Significant Trend 

a Summary statistics and Mann-Kendall test for trend are primarily based on unfiltered samples with some filtered 
samples from the Operable Unit 5 remedial investigation/feasibility study data set (1988 through 1993) and 1994 through 
2011 groundwater data. 
b If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the 
number of samples, and the sample with the maximum representative concentration is used for determining the 
summary statistics (minimum, maximum, average, and standard deviation) and Mann-Kendall test for trend. 
c Rejected data qualified with an R were not included in this count, the summary statistics, or Mann-Kendall test 
for trend. 
d If the number of samples is greater than or equal to four, then all of the summary statistics and the Mann-Kendall 
test for trend are reported. If the total number of samples is equal to three, then the minimum, maximum, and average 
are reported. If the total number of samples is equal to two, then the minimum and maximum are reported. If the total 
number of samples is equal to one, then the data point is reported as the minimum. 
e For results where the concentrations are below the detection limit, the results used in the summary statistics and 
Mann-Kendall test for trend are each set at half the detection limit. 
t Mann-Kendall test for trend is performed using data from third quarter 1998 through 2011. 
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Table A.2-30. Summary Statistics and Trend Analysis of Extraction Wells for Total Uranium 

Number of Minimum Maximum Avera!le 
Standard 

Well Deviation Trenda,b,c 
Samplesa,b (!Jg/L)a,b,c (!Jg/L)a,b,c (!Jgll)a, ,c (!Jg/L)a,b,c 

South Plume Module (August 27, 1993, through December 31, 2011) 
3924 573 1.8 180 31 15 Down, Significant 
3925 574 0.5 84.0 24.6 7.7 Down, Significant 
3926 563 1.5 42.4 25.4 8.3 Up, Significant 
3927 571 1.0 17.0 2.6 1.1 Up, Significant 

South Plume Optimization Module (August 9, 1998, through December 31, 2011) 
32308 499 18.4 100 55 15 Down, Significant 
32309 507 24.8 123 56 19 Down, Significant 

South Field Module (July 13, 1998, through December 31, 2011) 
31550 524 16.2 128 52 19 Down, Significant 
31560 547 12.1 183 61 37 Down, Significant 
31561 521 18.1 114d 41 10 Down, Significant 
32276 564 20.2 290 103 62. Down, Significant 
32446 420 24.5 168 61 20 Down, Significant 
32447 440 21.9 302 110 53 Down, Significant 
33061 320 18.3 98.5 47.1 13.8 Down, Significant 
33262 277 23.5 110 48 13 Down, Significant 
33264 273 15.8 364 86 40 Down, Significant 
33265 272 7.5 96.5 22.0 7.5 Down, Significant 
33266 270 4.5 105 16 10 Down, Significant 
33298 228 19.5 76.2 52.8 8.7 Down, Significant 
33326 178 16.2 62.2 26.9 6.3 Down, Significant 

Waste Storage Area Module (May 8, 2002, through December 31, 2011) 
32761 312 . 24.1 161 63 32 Down, Significant 
33062 326 21.2 236 71 45 Down, Significant 
33334 141 8.7 50.0 17.7 6.8 Down, Significant 
33347 136 7.0 126 27 22 Down, Significant 

a If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the 
number of samples, and the sample with the maximum representative concentration is used for determining the 
summary statistics (minimum, maximum, average, and standard deviation ) and Mann-Kendall test for trend. 
b Rejected data qualified with an R were not included in this count, the summary statistics, or Mann-Kendall test 
for trend. 
c For results where the concentrations are below the detection limit, the results used in the summary statistics and 
Mann-Kendall test for trend are each set at half the detection limit. 
d This result (sampled August 31, 1998) appears to be an outlier. It is suspected that the sample for this well was 
switched with the sample from extraction well31562. 
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Figure A.2-8. Total Uranium in Groundwater (2011) Next to and South of /W-10 

U.S. Department of Energy 
May 2012 

Fernald Preserve 20 ll Site Environmental Report 
Doc. No. S08629 

Page A.2- 37 



I 
I 
1 r\c,---~ 
I I ~ I 
I I I I I I 1 ___ )1, 

____ j l I -1 ...._ ___ ; I 
____________ J 

SSOD for Former 
Production Area 

+ Flume 

o Water Supply Well 

Fernald Preserve Boundary 

......... Glaciallill Zero Thickness Contour 

M:\LTS\111\0051 \17\006\SOB657\S0865700.mxd p.awoi!O 02/0B/2012 11:26:54 AM 

Eastern Branch 
of the SSOD 

Drainage Ditch to Former OSDF 
""'"""' Borrow Area Sediment Basin 

Storm Sewer Outfall Ditch 

Figure A.2-9. SSOD Flumes and Water Supply Wells 

Lodge Pond 

200 0 200 400 

t""~wiii-~5-~~~§iiiiiiiiiiiiiii'Feet 

I 

I 
I 
I 
I 
I 

I 
I 
I 
I 

N 

A 



9,000 

8,000 

7,000 No data from Flume 1: Aug. 31 to Oct 17 
Poor data from Flume 1: Nov. 11 to Dec. 7; 
fieez·e plug knoc~ed out of standpipe by 

6,000 
floo ding water. 
Avg. Input (0-hr readings ): 1,159 gpm 

E' 5·,000 
c. - output 
s 
~ 

--+- Input 
0 4,000 

I.L 
---- 500 gpm 

3,000 I 

2,000 ' 

1,000 \ .. ~ ~' ~ 

IJJ.. \ 
-"' '= ~ ~bV ~, 1 ~--· ~ J. _,M .. ~~~ •. ~- A.J ,.\ ~~ - - ~ .J -- _,r-. '; ~--:.a~- - 'II . ... 

Date 

Figure A.2-10. Flow In and Out of the SSOD in 2011 



30 00 

Average Flow in 2011: 1,253 gpm 

25 00 

20 00 

E 
.c. o 2006 s 
·Q) 0 2007 -·!'C 
0::: 0 2008 

;~ 1500 - f--
·0 Target Flow Rate = 500 gpm o 20 09 
u. 
•Q) 

\ 
• 2010 

:en 
•!'C o 2011 .... 
•Q) 

\ > <( 
10 00 f-

\ 
- f--

500 

I'_ 

I r~ 
r I 0 

Jan Feb Mar Apr May Jun ,.lui Aug Sep Oct Nov Dec 

Month 

Figure A.2-11. Average Flow Rate into SSOO: 2006-2011 Flumes 2, 3, 4, 5 and 6 



. c-_) 
/ 

• 

L 

~ 
0 
::::1" 

.3 
(I) 
:I -)> 
w 



Attachment A.3 

I .· 



-------------- ----

.. ) 

This page intentionally left blank 



A.3.0 Groundwater Elevations and Capture Assessment 

A.3.1 Groundwater Elevations and Capture Assessment 

Quarterly groundwater elevation maps for 2011 are provided in Figures A.3-1 through A.3-4. 
Each groundwater elevation map contains the following quarter-specific information: 

• 

• 

• 

• 

• 
• 

Groundwater elevation data . 

Interpreted water table contours, capture zones, and flow divides . 

Bedrock highs . 

Waste Storage Area (Phase II) Design particle track defmed remediation footprint. 

Extent of the maximum 30 J.Lg/L total uranium plume . 
I 

Module-specific pumping rates during the time period in which the groundwater elevation 
measurements were collected and the number of wells in each module. 

Water levels in 2011 were measured at 178 locations, as specified in the IEMP (DOE 2011a). 

Quarter Measurement Dates Number of Days Average Water Level (ft amsl) 

1 1/17/11 to 1/20/11 4 511.98 

2 4/11/11 to 4/12/11 2 515.96 

3 7/18/11 to 7/21/11 4 519.48 

4 10/10/11 to 10/12/11 3 515.71 

Twenty-one monitoring wells were not measured at various times in 2011 because the wells were 
dry. A summary is provided below. 

Well 
2014 

21192 
22303 
2384 
2544 
2636 

82433 C1 
83117 C1 
83293 C1 
83294 C1 
83295 C1 
83296 C1 
83335 C1 
83335 C2 
83336 C1 
83337 C1 
83338 C1 
83339 C1 
83340 C1 
83341 C1 
83346 C1 

U.S. Department of Energy 
May2012 

First Quarter 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 

Second Quarter 
DRY 
DRY 

DRY 

DRY 
DRY 
DRY 

DRY 
DRY 
DRY 
DRY 

DRY 
DRY 

Third Quarter Fourth Quarter 
DRY 
DRY 

DRY 
DRY 

DRY 
DRY 
DRY 

DRY DRY 

DRY DRY 
DRY 
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The 2011 quarterly groundwater elevation maps shown in Figures A.3-l through A.3-4 illustrate 
capture of the maximum total uranium plume by means of groundwater elevation contours 
derived from quarterly water level measurements and predicted capture based on Waste Storage 
Area (Phase II) design particle track modeling. The pumping rates reported on Figures A.3-1 
through A.3-4 are averages of the actual pumping rates during the measurement period. 

The Waste Storage Area (Phase II) design remediation footprint used in this report was 
constructed using reverse, non-retarded, particle path interpretations from the V AM 3D, Zoom 
Groundwater Model. Figure A.3-5 shows the resulting particle tracks that were used to define 
the Waste Storage Area (Phase II) design remediation footprint. Model particles were seeded at 
each extraction well. The resulting particle tracks represent the individual path that each particle 
traveled over the time period modeled for the Waste Storage Area (Phase II) design (2007 to 
2023). The limits of most of the particle tracks are truncated because the particles reached the 
edge of the V AM 3D Zoom Groundwater Model domain. 

A groundwater flow divide between Paddys Run Outlet and the New Baltimore Outlet is not 
readily distinguishable. Groundwater flow diverges around the bedrock high that separates the 
Paddys Run Outlet from the New Baltimore Outlet, but without additional measurement 
locations in the New Baltimore Outlet, the location where flow is dividing is not apparent. 
Additional measurement locations in the New Baltimore Outlet though are not needed for 
capture assessment purposes. 

During 2011, the flow direction in the vicinity of the OSDF was generally northeast to 
south/southwest. This flow direction is influenced by active pumping taking place for the 
groundwater remediation which is predicted to last until 2023. Prior to the start of pumping for 
the groundwater remediation, flow in the vicinity of the OSDF was generally west to east. It is 
anticipated that when pumping stops, flow direction in the vicinity of the OSDF will return to a 
generally west to east direction. 

Average annual water table fluctuations and yearly ranges for 2006 through 2011 are as follows: 

Year Average Fluctuation (ft) Fluctuation Range (ft) 
2011 7.50 7.4to 14.5 

2010 3.78 0.06 to 12.1 

2009 2.46 0.1 to 5.5 

2008 5.7 1.0to10.46 

2007 4.45 1.7 to 7.7 

2006 3.4 2.0to7.1 

Quarterly capture zone interpretations coupled with the Waste Storage Area (Phase II) particle 
track interpretations and contoured water table gradients indicate that the 30-!lg/L total uranium 
plume was being captured in 2011. 

A.3.2 Annual Planned Well Field Shutdown 

Unplanned well field pumping disruptions were minimal in 2011. The entire well field 
(excluding the South Plume recovery wells) was shut down once in 2011 for a total of 28 days 
from June 13 to July 11 as planned to allow water levels to recover to non-pumping elevations. 
Routine quarterly water level measurements were not collected in 2011 during the planned 
shutdowns. 
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Uranium contamination is bound to aquifer sediments in the unsaturated portion of the GMA 
beneath former contamination source areas. This contamination will remain bound unless water 
levels in the aquifer rise, saturate the contaminated sediments, and allow the bound 
contamination to dissolve into the groundwater. 

Planned annual well field shutdowns have been conducted since 2007 to allow water levels in the 
aquifer to rise as high as possible to saturate aquifer material that is not normally saturated. To 
achieve the highest water level rise possible, the well field shutdowns are planned to coincide 
with seasonal high-water levels in the aquifer. 

Regional water levels in 2011 were high due to the large amount of precipitation received during 
the year. The high regional water levels provided ideal conditions for the shut down exercise. 
Figure A.3-6 shows cumulative annual precipitation levels for 2004 through 2011, as recorded at 
the Butler County Regional Airport. Cumulative precipitation in 2011 was approximately 
60.20 inches. This is the highest amount of annual precipitation recorded in the last seven years. 

Water Level Results 

Pressure transducers were installed in 11 groundwater monitoring wells (2045, 2046, 2649, 
23274, 62433, 32763, 23118, 22301, 22302, 22303, and 63119) for the shutdown 
(Figure A.3-7). Water level measurements were recorded at the top of each hour. 

The zero hour transducer readings (midnight) were used to track water level changes in the 
transducer wells during the shutdown period. The maximum water level rise measured during the 
shutdown in 2011 at each transducer are presented below: 

Location 
Just Prior to Shutdown Just Prior to Restart Water Level 

6/13/2011 7/11/2011 Rise (ft) 
2045 519.94 521.62 1.68 

2046 519.77 521.41 1.64 

2649 520.07 522.34 2.27 

23274 519.23 520.97 1.74 

63119 518.89 521.20 2.31 

22302 520.74 524.15 3.41 

23118 519.26 521.48 2.22 

22301 518.74 520.45 1.71 

22303 520.76 522.47 1.71 

32763 518.77 521.99 3.22 

62433 518.44 520.66 2.22 

The water level rise calculations indicate that during the shutdown the water level rise at the 
transducer wells ranged from 1. 64 ft to 3.41 ft. 

Figure A.3-8 shows water levels verses precipitation from May 25, 2007, through 
February 2, 2012. Three wells are shown on the figure, well2649 (former Waste Storage Area), 
well2046 (west side of South Field Area), and well62433 (east side of South Field Area). The 
combination of the shutdown and seasonal water level rise in 2011 resulted in a water level rise 
of approximately: 

U.S. Department of Energy 
May2012 
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• 8.23 feet in the former Waste Storage Area (monitoring well2649); 

• 9.38 feet in the west side of the South Field (monitoring well2046); and 

• 11.06 feet in the east side of the South Field (monitoring well 62433). 

Uranium Concentration Results 

Uranium concentrations were measured in six groundwater monitoring wells (2045, 2046, 
23274, 83124, 83294, and 83337 [Figure A.3-9]) before, during, and after the 2011 shutdown. 
The results of the 2011 IEMP first-half uranium sampling are used to represent uranium 
concentrations in the well before the shutdown. Groundwater samples collected on either July 6 
or July 7 represent concentrations during the shhtdown, and the results of the 2011 IEMP 
second-half uranium sampling are used to represent uranium concentrations in the well after the 
shutdown exercise was completed. The two shallowest channels (Channels 1 and 2) of the 
Type-8 monitoring wells were sampled. Uranium concentration measurements at the six 
monitoring wells before, during, and after the 2011 shutdown are provided in Table A.3-1. 

A comparison of pre-shutdown uranium concentrations to pre-startup uranium concentrations in 
the monitoring wells yields mixed results. In some wells uranium concentrations during the 
shutdown increased (i.e., 2045,23274, 83124_C1, 83294_C1 and 83337_C1); in other 
monitoring wells the uranium concentrations during the shutdown decreased (i.e., 2046, 
83124 C2, 83294 C2, and 83337 C1). During the second half of the year, the channel with the - - -
highest uranium concentration (as measured during the first half of the year) is sampled. 
Therefore, no sample was collected from 83124 _ C2 during the second half of 2011. 

Uranium concentrations were also measured at the extraction wells before and daily for 4 days 
after the wells were restarted. The first water sample was collected after the well had been 
pumping for approximately 5 minutes. Results are provided in Table A.3-2. The last column of 
the table provides the difference between the maximum uranium concentration measured after 
the wells were restarted, and the average uranium concentration measured in June at the 
extraction well. As the data indicate, the uranium concentration increased at most of the wells. 
As reported in Table A.3-2, during the shutdown, wells RW-6 and EW-28A underwent 
rehabilitation. During rehabilitation the well is shut down, liquid acid descalar (LAD) and 
hydrochloric acid (HCL) are placed in the well and the well is surged to clean the screen and 
loosen up the formation around the well screen. The objective is to restore pumping efficiency. 

A.3.3 Continued Transducer Monitoring 

Although not required by the IEMP, pressure transducers installed in 2007 to support the first 
annual well field shutdown remain in the wells and continue to operate so that daily changes in 
water levels can be recorded on a continuous, routine basis at key points in the aquifer. The 
transducers are programmed to record a water level measurement at the top of each hour. Data 
from three of the six locations (former Waste Storage Area [2649], east side of the South Field 
Area [2046], and west side of the South Field Area [62433]) (locations shown in Figure A.3-7) 
are plotted in Figure A.3-8 along with precipitation data collected through February 2, 2012. 
The intent is to leave these transducers operating. The data will provide a more complete record 
of seasonal and short-term water table fluctuations and should prove helpful for planning the 
timing of future well field shutdowns. 
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Table A.3-1. Uranium Concentrations at Monitoring Wells Before, During, and After the 2011 Well Field Shutdown 

First Half 2010 Pre-Shutdown Pre-Start-Up Second Half 2011 Post-
Well Easting Northing Concentrations Concentrations Shutdown Concentrations 

Date Uranium (~-tgll) Date Uranium (IJ.g/L) Date Uranium (IJ.Q/L) 

2045 1348291 477158.9 4/18/2011 75.7 7/6/2011 90 9/7/2011 72.5 

2046 1347950 478087.8 6/9/2011 216 7/6/2011 143 10/5/2011 67.5 

23274 1349406 478337 4/7/2011 120 7/6/2011 127 9/29/2011 150 

83124 C1 1346826 479977.2 3/16/2011 330 7/6/2011 579 9/27/2011 772 
83124_C2 1346826 479977.2 3/16/2011 54.6 7/6/2011 46.9 NA8 NA8 

83294_C1 1349599 477189.5 6/7/2011 171 7/6/2011 173 10/11/2011 DRY 
83294_C2 1349599 477189.5 4/6/2011 329 7/6/2011 308 10/3/2011 356 

83337_C1 1346704 481051.9 4/18/2011 880 7/7/2011 871 9/6/2011 DRY 
83337 C2 1346704 481051.9 4/18/2011 15.3 7/7/2011 306 9/6/2011 2.93 

8 NA = not applicable 

Only the highest elevation channel was sampled during the second half of 2011. 



----------------------

Table A.3-2. Uranium Concentrations at Extraction Wells Before and After the Well Field Shutdown 

Extraction 
June Avg. Uranium Concentration (ug/L) After Well Field Re-Start 

Uranium Cone. 
Well (ug/L) 1n112o11 7/12/2011 7/13/2011 7/14/2011 Min a Maxa Rangea 

RW-1 14.5 14.2 13.9 14.0 14.4 13.9 14.4 0.5 
-----

RW-2 16.7 18.8 1.8.2. 17.9 18.2 17.9 18.8 0.9 
. ··"'·' 

23.:9•· RW-3 20.6 24.2 . .23.6 . 24.5 23.6 24.5 0.9 --
RW-4 3.7 3.6 3.4 3.3 3.4 3.3 3.6 0.3 
RW-6 31.6 REMAB REHAB REHAB REHAB NA NA NA --
RW-7 33.3 35:4 34.7 33.8·' 33.9 33.8 35.4 1.6 

EW-15A 34.9 . ·37.8 36.9 .. 36.7. ..40.8 36.7 40.8 4.1 
EW-17A 19.9 23:?' 23.4 ' 21;6 23.7' 21.6 23.7 2.1 
EW-18 45.2 42.7 46:0 ''46:7. 45.8 42.7 46.7 4.0 

'o ', ... 

EW-19 27.9 30.7 . 31..2 30.3 
. 32.4 . 30.3 32.4 2.1 

EW-20 28.8 29.6 29.4 28.1 30.1 28.1 30.1 2.0 
EW-21A 49.9 :63;5,.·. .. · 51:8; 50:6 

- -•, 
53.9 50.6 63.5 12.9 .. 

EW-22 33.7 44.8 .. 40) 38.4 39.1 38.4 44.8 6.4 
EW-23 49.5 45.6 47.7 48.5 50.0 45.6 50.0 4.4 ---
EW-24 41.0 43.8 42.3 42.4 42.3 42.3 43.8 1.5 
EW-25 63.4 46.6 46.5 46.3 47.6 46.3 47.6 1.3 

---

EW-26 29.1 -33:4- 318-
I r' ,• ,'"' 

?9.6 31.1 29.6 33.4 3.8 
EW-27 29.7 ~?.3 31.5 31.2· ~2.8 ____ 31.2 33.3 2.1 

EW-28A 9.8 REHAB 8.7 8.7 8.8 8.7 8.8 0.1 
EW-30 43.2 15.8 19.8 21.7 26.7 15.8 26.7 10.9 
EW-31 16.6 ' . 23~6 .. ' 23A . "23.2 23.3 23.2 23.6 0.4 
EW-32 5.0 7A 7.0 

r_. , .• ·., 

6.4 6.4 7.4 ···.·.6.6. 1.0 
EW-3.3 23.8 . 24.7 23;9 23.2 25.8 23.2 25.8 2.6 

- .. --·~-. .. .. .-. 
$b~c!!r:!9_ md1cates Uramum concentration afterwell field re-start 1s greater.than June averag~_ldf_amum concentration.! 

~ aNA = not applicable 
0 
tJ 

]. Shutdown began on 6-13-2011 @ 8:30 AM 
§ Shutdown ended on 7-11-2011@ 9:30AM 

~~ 
~ttl 
tv::: 
0~ 
-()Q 
tv'< 

.. 
•. 

Max. after Re-
Start Minus June 

Avg. 3 (ug/L) 

-0.1 
2.1 
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4.5 
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13.6 
11.1 
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A.4.0 Non-Uranium FRL Results 

This attachment evaluates non-uranium FRL results for 2011. The purpose of the evaluation 
is to: 

! 

• Identify 2011 non-uranium FRL exceedances (Section A.4.1 ). 

• Determine the persistence of non-uranium FRL exceedances outside the Waste Storage Area 
(Phase II) design remediation footprint (Section A.4.2). 

• Present conclusions (Section A.4.3). 

A.4.1 Non-Uranium FRL Exceedances for 2011 

Table A.4-1 shows the summary statistics and trend analysis for the 2011 non-uranium FRL 
exceedances from monitoring wells both inside and outside the Waste Storage Area (Phase II) 
design footprint. As indicated in Table A.4-1, eight non-uranium FRL constituents had one or 
more FRL exceedances during,2011. Figure A.4-1 identifies the location of these FRL 
exceedances. 

Figure A.4-1 shows that the non-uranium FRL exceedances in 2011 for monitoring wells were 
located in the former Waste Storage Area, along the eastern edge ofthe site, and in the PRRS 
area. Those in the former Waste Storage Area were within the Waste Storage Area (Phase II) 
design remediation footprint. Those along the eastern property boundary and in the PRRS area 
were located outside the Waste Storage Area (Phase II) design remediation footprint. Specific 
discussion regarding exceedances and persistence outside the footprint is provided in 
Section A.4.2. 

Table A.4-2 identifies all the locations and constituents that had non-uranium FRL exceedances 
between 1997 and 2011. The first column in Table A.4-2 lists the groundwater FRL constituents 
monitored in 2011. The second column identifies the wells monitored that have had an 
exceedance since 1997 for each constituent. The third column identifies the associated aquifer 
zone monitored. The fourth column identifies the associated monitoring program for each 
welVconstituent. The remaining columns show monitoring years that reflect a semiannual 
sampling frequency, although the monitoring was performed quarterly prior to 2003. For the 
sampling that occurred prior to 2003, a "1" denotes an exceedance for one of the two quarters 
and a "2" denotes an exceedance for both quarters. Table A.4-2 also indicates whether 
exceedances occurred inside or outside of the remediation footprint (shading indicates the well is 
located outside the footprint). 
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There were 13 non-uranium constituents monitored in 2011; 8 had exceedances. The following 
table summarizes the 2011 non-uranium monitoring information: 

Constituent Monitoring Program 2011 Monitoring Summary 

Antimony 
Property/Plume Boundary for PRRS 

Exceedance in the PRRS area 
Constituents 

Arsenic 
Property/Plume Boundary for PRRS 

No exceedances 
Constituents 

Boron South Field No exceedances 

Carbon Disulfide Waste Storage Area No exceedances 

Fluoride Property/Plume Boundary No exceedances 

Lead Property/Plume Boundary Exceedance in the PRRS area 

Manganese 
Property/Plume Boundary, Waste Exceedances in former Waste Storage Area wells 
Storage Area and along the eastern site boundary 

Molybdenum Waste Storage Area Exceedances in former Waste Storage Area wells 

Nickel Waste Storage Area No exceedances 

Nitrate/Nitrite Waste Storage Area Exceedances in former Waste Storage Area wells 

Technetium-99 Waste Storage Area Exceedances in former Waste Storage Area wells 

Trichloroethane Waste Storage Area Exceedance in former Waste Storage Area wells 

Zinc Property/Plume Boundary 
Exceedances along the eastern site boundary and in 
the PRRS area 

A.4.2 Evaluation of 2011 Non-Uranium FRL Exceedances Outside the Waste 
Storage Area (Phase II) Design Remediation Footprint 

This section presents an evaluation of the persistence of non-uranium FRL exceedances outside 
the Waste Storage Area (Phase II) design remediation footprint. 

A.4.2.1 Background 

The Restoration Area Verification Sampling Program Summary Report (DOE 1998) states that 
any FRL exceedance detected at the property boundary during rol!-tine monitoring outside the 
10-year uranium-based restoration footprint (DOE 1997a) would also be evaluated for 
persistence. The evaluation would be performed using the same conservative data evaluation 
method approved in the Restoration Area Verification Sampling Program Project-Specific Plan 
(DOE 1997b) to determine if a change in the aquifer restoration remedy is required. This 
evaluation was expanded beginning with the 2000 Site Environmental Report (DOE 200lb) 
to include all non-uranium FRL exceedances detected outside of the 10-year uranium-based 
restoration footprint, not just those detected at the property boundary. In the 2003 Site 
Environmental Report (DOE 2004b ), the 1 0-year uranium-based restoration footprint was 
replaced with a 1 0-year time-of-travel remediation footprint based on 2003 target pumping 
rates and using the V AM 3D Zoom Groundwater Model. The footprint was updated in 2005 
to reflect capture during the time period modeled for the Waste Storage Area (Phase II) 
remediation design. The footprint is shown in Figure A.4-1. 

Analytical data from samples collected immediately following an FRL exceedance are evaluated 
to determine if the exceedance is persistent. In accordance with the approved Restoration Area 
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Verification Sampling method, if two or more consecutive sampling events following an FRL 
exceedance indicate that the concentration has decreased below the groundwater FRL, then the 
exceedance is not considered persistent. If an FRL exceedance outside the Waste Storage Area 
(Phase II) design remediation footprint is determined to not be persistent, then no additional 
action is required beyond the routine groundwater monitoring specified in the current IEMP. If 
an FRL exceedance is determined to be persistent, then the cause of the persistent exceedance 
will be identified and its effect on the aquifer remedy design assessed. Ultimately, the cause 
needs to be addressed either through a modification of the aquifer remedy or by other means. 

A.4.2.2 Evaluation and Discussion 

Ten possible persistent FRL exceedances were identified in 2010 requiring additional data to be 
collected through routine monitoring in 2011. The exceedances were for antimony in 
wells 22198 and 2636, arsenic in well2636, lead in well22198, manganese in wells 22201, 
and 22205, and zinc in monitoring wells 2625, 2636, 22198, and 22204. The non-uranium FRL 
exceedances for 2011 along with the possible persistent exceedances identified in 2010 are 
addressed below. 

Figure A.4-1 and the shaded portion of Table A.4-1 identify the 2011 non-uranium FRL 
exceedances outside the Waste Storage Area (Phase II) design remediation footprint. In 20 11, 
four constituents had one or more FRL exceedance at 9 wells located outside the Waste Storage 
Area (Phase II) design remediation footprint: 

• Antimony at monitoring well2636. 

• Lead at monitoring well2625. 

• Manganese at monitoring wells 22201,22204,22212, 22214, 22215, and 22217. 

• Zinc at monitoring wells 2625 and 22200. 

Table A.4-3 addresses possible persistent FRL exceedances that occur outside the Waste Storage 
Area (Phase II) design remediation footprint. It includes the exceedances for 2011listed in the 
bullets above, as well as those still being evaluated or deemed persistent from 2010. If the results 
of two or more sampling events immediately following an FRL exceedance indicate that the 
concentration decreased below the FRL, then the exceedance is identified as not persistent in 
Table A.4-3. As shown in Table A.4-3, an FRL exceedance for manganese was identified as 
being persistent in 2011 at monitoring well22204. The manganese exceedance at monitoring 
well22204 has been identified since 2004. The persistent exceedance identified in 2010 at 
monitoring well 22217 did not have an exceedance in the first half of 2011. 

The following is a summary of results presented in Table A.4-3: 

• The FRL exceedance recorded for antimony at monitoring well22198 in 2010 is not 
persistent. Additional data, to be collected through routine monitoring in 2012, are necessary 
to determine the persistence of the antimony exceedance at monitoring well 2636. 

• The FRL exceedance recorded for arsenic at monitoring well2636 in 2010 is not persistent. 

• The FRL exceedance recorded for lead at monitoring well 22198 in 2010 is not persistent. 
Additional data, to be colleeted through routine monitoring in 2012, are necessary to 
determine the persistence of the lead exceedance at monitoring well2625. 
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• The FRL exceedance recorded for manganese at monitoring well22204 in 2011 is persistent 
(Figure A.4-7). 

• The FRL exceedance recorded for manganese at monitoring well22205 in 2010 is not 
persistent. Additional data, to be collected through routine monitoring in 2012, are necessary 
to determine the persistence of the manganese exceedances at monitoring wells 2220 1, 
22212, 22214, 22215, and 22217. 

• The FRL exceedances recorded for zinc in monitoring wells 2636, 22198, and 22204 in 
2010 are not persistent. Additional data, to be collected through routine monitoring in 2012, 
are necessary to determine the persistence of the zinc exceedances at monitoring well 2625 
and 22200. 

Figures A.4-2 through A.4-11 present individual graphs of time versus concentration for the 
wells listed on Table A.4-3 that are identified persistent or requiring additional data. Quarterly 
sampling results from OSDF monitoring activities are included in the evaluation of property 
boundary wells. Therefore, some wells were sampled more than semi-annually as reflected in 
Table A.4-3 and Figures A.4-2 through A.4-11. 

The evaluation for persistence of non-uranium FRL exceedances in wells located outside the 
Waste Storage Area (Phase II) design remediation footprint in 2011 marks 15 years that an 
evaluation has been conducted as part of the IEMP. In the past, many exceedances identified as 
persistent became nonpersistent in later years. To date, the only persistent exceedance outside the 
remediation footprint appears to be isolated to monitoring well22204 (manganese). 

Manganese was a process chemical used in the former production area. The manganese 
groundwater FRL is 0.900 milligram per liter (mg/L) and is based on background values in the 
aquifer. Additional manganese data were collected from the GMA near the OSDF in 2008. 
Results were reported in the Fernald Preserve Site Environmental Report for 2008 (DOE 2009b ). 
The purpose for collecting the additional data was to determine if manganese exceedances in the 
GMA near the OSDF indicate the presence of a localized plume. The additional data collected in . 
2008 indicated that the manganese exceedances were likely a background issue. Unconsolidated 
glacial fluvial aquifers in Ohio have relatively high manganese concentrations. Manganese is an 
impurity in shale, which is a major component of bedrock in the area. The background value 
upon which the groundwater FRL is based may not be representative of actual natural aquifer 
conditions. In past reports, biofouling has also been discussed as a possibility for the persistent 
manganese exceedance that was only seen at one monitoring well. 

At this time, no change to the aquifer remedy is planned to address the persistent manganese 
exceedance at monitoring well 22204. 
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A.4.3 Conclusions 

From the information provided in this attachment, the following conclusions can be made: 

• Non-uranium FRL exceedances occurring in the former Waste Storage Area were taken into 
consideration for the Waste Storage Area (Phase II) Remediation Module Design. 

• One persistent non-uranium FRL exceedance outside the Waste Storage Area (Phase II) 
design footprint was identified in 2011: manganese at monitoring well 22204. The 
exceedance is most likely a background definition issue. A change in the design of the 
aquifer remedy to address the exceedance is not being considered at this time. 

• Additional data are needed to verify whether the antimony, arsenic, lead, manganese, and 
zinc exceedances detected in 2011 outside the Waste Storage Area (Phase II) design 
footprint (identified in Table A.4-3) are persistent. 
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Table A.4--1. Summary Statistics and Trend Analysis for Non-Uranium Constituents with 2011 Results Above FRLs 

Constituent (FRL)a Monitoring No. of 
Well Samplesb,c,d 

Antimony 

(0.006 mg/L} 

Lead (0.015 mg/L} 

Manganese 

(0.90 mg/L) 

Molybdenum 

(0.10 mg/L) 

Nitrate+ Nitrite as N 

(11 mg/L)h 

2636 . 

2625 

2010 
22201 
22294·.·· 
222.12 . 
22214· . 

,,',_ ·,.·_ ', 

. 22215 
,.,,,' 

222.17. 

3821 

83339_C3 

83341_C2 

2649 

2649 
2821 
3821 

83338_C1 
83338_C2 

83338_C3 

83340_C1 

83340_C2 

83340 C3 

8 

9. 

20 

13,, 
29 

1J 
25 

11 

11 

24 

10 

10 

22 

30 
32 
32 
8 
11 

11 

7 

10 

10 

No. of 
Samples 
Above 
FRLb,c,d 

16 
6 

24 
1 

.1 
2 

•' 5 

19 

2 

3 

22 

24 
15 
9 
3 
5 

7 

7 

10 

10 

No. of 
Samples 

Above FRL 
for 2010c,d 

2 
2 

2 
1 

1 

2 

1 

2 
2 
2 

2 

2 

2 

2 

Minimumb,c,d,e,f Maximumb,c,d,e,f Averageb,c,d,e,f Standard 
Deviationb,c,d,e,f 

Trendb,c,d,e,f,g 

(mg/L) (mg/L) 

o:oo)5 0.00741 

o:ood15 0.0154 

0.525 6.14 
---~-'----

.. 0.0322 2.06 

. 6~:4.1:8..Vil 

I

I .'':,,·.··.oo,_:22•······441.9:;.~;.:·.<. '.·,'.:,··.··.·,··· ·.· 
• <,,,,,·, J 0.972 I 

'eCi):/'((0:240. •· {l'0;1 1.94 
. . . . . .. '" .: ,c::.·:;j. ·. 1.57 

0.145 

0.00289 

0.127 

0.178 

0.805 
1.38 

0.010 
0.404 
1.98 

2.42 

11.3 

12.5 

11.6 

11.4 

1.29 

2.16 

0.794 

102 
120 
171 
73.8 
109 

105 

58.2 

86.7 

133 

(mg/L) (mg/L) 

0~00488 0.00269 No Significant Trend 

. 0.00361 0;00474 Up 

2.24 1.77 No Significant Trend 
-o-.9-3-~-,., ~o-.,.,.-74-. -- No si9r1ificai1Trrencr· 

1.32 :':i' ' :o:51 No Significant Trend 

6:1~ ::):;~~:t:.z{·~· ·<:.6:~~ ~~ ~:~~:~~:~! ~~:~~ , 
·0.56. 

1;'Ji·;;r;'i .p.59 Up 
0.98 ; ;, · · 111: · '•·;0.35 No Significant Trend 

---'-----~~~--~-----~~ 
2.66 2.49 No Significant Trend 

0.41 0.48 No Significant Trend 

0.65 0.71 Down 

0.47 

43.4 
26.7 
20.1 
22.7 
28.1 

34.8 

36.3 

51.8 

61.7 

0.16 

28.2 
32.6 
39.8 
29.0 
33.0 

34.3 

17.1 

29.2 

42.9 

No Significant Trend 

No Significant Trend 

Up 
Up 
Up 
Up 

No Significant Trend 

Down 

No Significant Trend 

Down 

.<:-:-\ 

-~) 



Table A. 4-1 (continued). Summary Statistics and Trend Analysis for Non-Uranium Constituents with 2011 Results Above FRLs 

Constituent (FRL)3 Monitoring No. of 
Well Samplesb,c,d . 

No. of 
Samples 
Above 
FRLb,c,d 

No. of Samples 
Above FRL for Minimumb,c,d,e,f, Maximumb,c,d,e,f Averageb,c,d,e,f 

2010c,d 

Zinc (0.021 mg/L) 

Technetium-99 

(94 pCi/L) 

Trichloroethene 

(5.0 jJg/L) 

~ . 222QO -~--- 11 

2625 ' 8 

264~ 30 
2821 32 

83338_C1 8 
83338_C2 11 
83338_C3 11 

83340_C1 7 
83340 C3 

2649 

2821 

10 

22 

24 

30 
19 
3 
6 
6 
7 
7 

17 

9 

·.~ 

2 
1 
2 
2 
1 
2 

2 

2 

(mg/L) 

.. i.O.p0165 

. '0~00325 

(pCi/L) 

101 
0.253 
10.1 
7.12 

0.059 

186 
66.1 

(!Jg/L) 

0.125 

0.125 

Note: §bacjJDg indicates well lis outsidedheWasterStorage,Area•(Phase-11) desrgn 1remediation foo!Qrint. 
2 From Record of Decision for Remedial Actions at Operable Unit 5 (DOE 1996), Table 9-4. 
bBased on samples from August 1997 through 2011. 

(mg/L) 

0.0377 
0.0751' 

(pCi/L) 

1660 
651 

181 
587 
313 

817 

428 

(!Jg/L) 

120 

11.5 

(mg/L) 

. 0.016 

.. 0.024 

(pCi/L) 

654 
163 
69 
168 
130 

349 
187 

(!Jg/L) 

42.9 

3.97 

Standard 
Deviationb,c,d,e,f 

(mg/L) 

Trendb,c,d,e,f,g ,. 

o.o11 _______ No slgnlflcanfTren_d_; 
0.025 Up 

(pCi!L) 

463 
166 

73 

No Significant Trend 
Up 

Up 
173 No Significant Trend 

115 Up 
223 No Significant Trend 

121 

(!Jg/L) 

34.7 

4.21 

Down 

Down 

Up 

elf more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the total number of samples, and the sample with the maximum 
representative concentration is used for determining the summary statistics (minimum, maximum, average, and standard deviation) and Mann-Kendall test for trend. 
dRejected data qualified with either an R were not included in the count, the summary statistics, or Mann-Kendall test for trend. 
elf the number of samples is greater than or equal to four, then the Mann-Kendall test for trend and all of the summary statistics are reported. If the total number of samples is 
equal to three, then the minimum, maximum, and average are reported. If the total number of samples is equal to two, then the minimum and maximum are reported. If the 
total number of samples is equal to one, then the data point is reported as the minimum. 
fFor results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall test for trend are each set at half the 
detection limit. 
9Mann-Kendall test for trend is performed using data from third quarter 1998 through 2011. 
hFRL based upon nitrate from Record of Decision for Remedial Actions at Operable Unit 5 (DOE 1996), Table 9-4. 



Constituent 

Antimony 

Arsenic 

Boron 

Carbon disulfide 

Fluoride 

Table A.4-2. Groundwater FRL Exceedances From 1997 Through 2011 Quarterly/Semiannually 

A . ., 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 2011 
quher Projectb t----+-----11----l---t--+----+--+---t---i---+-----11----l---t--+---l 
Zone 2c 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

------·--~----1------------------· ---- ---·--·" ___ ---·---·-· ___ .. ___ -------- ----------------------
4 J=l~RS .·.·. . 1 . , . ' 2625 i''' 

2636 4 ,PRf3S> 1 .:'f1 2 ,.. : 1 1 .• · ... 1 
'--~""--"------'4'-'-" ___;._..c.~· :."'"PR""".R...cs.__· ··~~..c~-~ ___ . _._. _1_· ~··"• ~ ~ _____________ .. _· _ .. _ .. _. ~·-··-· .. ___ , _ -----'---" __________ _c __________________ _ 

•l'',m 

2898. 
2900 

2045 
2049 

2649 
3821 

I 2431 : I 

4 ffi~ 1 

2 
2 

SF 

SF 

WSA 

WSA 

2 
1 1 1 

2 2 2 2 1 

1 
1 

1 

1 

0 P/RB .. ·.· ... ------::- ....•.. · 1~----.-.. -~--------------.-_. ~-------·------·----·-

\ ' .' 
',____/ 

::'\ 
.··l 

':-_:_~;__;) 



Table A.4-2 (continued). Groundwater FRL Exceedances From 1997 Through 2011 Quarterly/Semiannually 

Aquifer Projectb 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Constituent Well3 

Zone 2c 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Lead 
~--r ------- -:;:---_------ ~---.--·--:~ ------- --------~- -·------ ---- ------· 

22198 0 P/(?8. ,, ,, ' I . 1 
24;31 0 .. PRRS 1 ~- I,., .. ·. '•; -

3733' 0 PIPB 1 ; 1 
., 

1 _. 

' 
Manganese 

. 2010 1 WSA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
-"- ----~---------· --.-.... ;: -- ----·- -·----·--------- ----- -------~ ·- -- -------·-·-·- ------

22198 0 OSOF··_- .. ; 1 1 1 
22201 0; OSDF · .. 

'• 1 1 :• 
' 1. 22204 0 OSDF 1 1 1 .1 1 1 1 1 1 1 1 2 2 2 

··'o&qFV- · .. '~ ' .. -,/ " .. .. ;.;"" '· l'''e•'" 

22205, d ..... _,. 1 '. 1 2 2 
.~ 1_ -- ·:_ ;,_-

I" 
:.1··-

' 2221-'7 .;3 GSDF' "- 1 1 2 
,•·. • ,&~f ::· •'I':'•' I" '''I'· 2431. .0 P/pB' 2 1 

' -· 
24~2 .. 

; 

0 i,Pf~~< - 1 2 1 - 1 
--·-· -~"-: ~ - -- --~---- ~ ---- ------'--"- -- ------·-- -- ·-------------- ---------

2648 1 WSA 1 1 1 1 1 1 1 1 1 1 1 
-----------~ --- ----- ----- -~--- ----- --------

2898•' 4 - 8R8.S I 
. 1 1 

-·-~ 
1 

·-· ·---

2899 4 PRRS 1 
2900 4 PRRS 1 
3093 4 P/PB 

3821 1 WSA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
83337_C1 1 WSA 1 1 
83337_C2 1 WSA 1 
83337 _C3 1 WSA 1 1 
83338 _C2 1 WSA 1 1 1 1 1 
83339 _C1 1 WSA 1 1 1 
83339 _C2 1 WSA 1 
83339 _C3 1 WSA 1 
83341 _C1 1 WSA 1 1 1 
83341 _C2 1 WSA 1 1 
83346 _C1 1 WSA 1 1 1 1 
83346 C2 1 WSA 1 1 1 1 

Molybdenum 
2649 1 WSA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



Table A.4-2 (continued). Groundwater FRL Exceedances From 1997 Through 2011 Quarterly/Semiannually 

Aquifer Projectb 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Constituent Well3 

Zone 2c 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Nickel ----- -- ---~- --·------- ----~- -------
..:_.~~ 

- .. -. ~ . .. 
i •· 22198 0 . 0SD.F '' .,·· I' ' '' 

' .. ' 
~· ~ ~·~·- -- ~----- -·-··--- '---- . -·--

2398 2 P/PB 1 2 2 2 
4398 2 P/PB 1 1 

83346_C1 1 WSA 1 
83346 C2 1 WSA 1 1 

Nitrate/Nitrite 
2648 1 WSA 1 1 1 1 1 1 1 1 
2649 1 WSA 1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 
2821 1 WSA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
3821 1 WSA 1 1 1 1 1 1 1 1 1 1 

83338_C1 1 WSA 1 1 1 
83338_C2 1 WSA 1 1 1 1 1 
83338_C3 1 WSA 1 1 1 1 1 1 1 
83340_C1 1 WSA 1 1 1 1 1 1 1 
83340_C2 1 WSA 1 1 1 1 1 1 1 1 1 1 
83340_C3 1 WSA 1 1 1 1 1 1 1 1 1 1 
83341_C1 1 WSA 1 
83341_C2 1 WSA 1 
83341_C3 1 WSA 1 1 

Technetium-99 
2648 1 WSA 1 2 1 
2649 1 WSA 1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2821 1 WSA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

83338_C1 1 WSA 1 1 1 
83338_C2 1 WSA 

' 
1 1 1 1 1 1 

83338_C3 1 WSA 1 1 1 1 1 1 
83340_C1 1 WSA 1 1 1 1 1 1 1 
83340_C2 1 WSA 1 1 1 1 1 1 
83340_C3 1 WSA 1 1 1 1 1 1 1 

Trichloroethene 
2649 1 WSA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2821 1 WSA 1 1 1 1 1 1 1 1 1 



Table A.4-2 (continued). Groundwater FRL Exceedances From 1997 Through 2011 Quarterly/Semiannually 

Constituent A 'f 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
quJer Proiectb~~~-----+----4-----~---4-----+----4-----~---4-----r----~----r----4-----r--_, 
Zone ' 2c 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Zinc 
22198 ,, 0 OSDF 

. OSDF 

~-----.--.-. -, '. ~ -., -, -------, . -..,....,.- --------------- -------·-- -1·-· 

a~~F :· 
Q~DF 

22199 0 
22200 0 
22204 0 

' 1 .. 
.:~.. .. '., 

1 1 
---'=:c_:_::__----=--'--'----=.o"""s'"'"o-'-F~· · -~-~- __ · __ · _._· ~ ~ _ .. , __ .. _. ___ :....., ______ 1_·-_. __ 1_· ~· _. _. _____ __! __ _ 22210 0 

22213 3 OSDF 
2398 2 P/PB 1 
2431 0 
2432 0 
2625 0 

P/PB ---,-.. --, -2--·--. ,1-, -.-.--.. --. ---,--------·--------...,.--,..-------,-----------· 

·. piPS ·._ .. 1 ' .1 1 ·. 
.. PRRS. , • .:. ', . ' ; . . • .····. •··•:· . · 1 1 

2636 0 .PRR.S · i 1 1 , 
P/PB. 1 ·_ . ,, 

·-----~~--""""-'--1--- ---~·--·- --~~·~·~ ~-·- -~----------· --·-- ----· --- ---->-

PRRS 1 1 1 
2733 0 
2900 4 

1 
1 

1 

1 

1 1 

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

P~RS . '' ·-··· 1 : ,·,.· ·-·., 
'3128 4 
3426 0 '. P/PB' · 1 1·· 

·,, .Rf.R~·· i· ,,·,2 I •' c : . 

. . . ~lP~. , ,;1· 
3429. 0 
3431 ·o ,, 

1'( P/PB"~, ·t· ,'! • J > .:~~: . , 1 
---"'.:..::..:'-..:..-'.c-"'-~----'"""-'--=...c~~--- -· -~ _._, -- ~--~•1-"---'-1--'-''--- ----- ---------~-- -------· 

3733 ,0 

3899 4 PRRS 1 

--- ·-~· ------~---- ---------, 

Not~:_-~-IJ.~g[o_g indicateswell.is outside the.Waste Storage Area (E_hasedl) desi!:m rf:lmediation fQQ!Qrint.. -------~ 
a From 1997 through 2002, all monitoring was quarterly. Where a "2" is indicated there was a FRL exceedance in each quarter of 
the semiannual time period. As of 2003, all monitoring is semiannual except as of 2009 OSDF monitoring is quarterly. 

b WSA = Waste Storage Area 

SF = South Field 

P/PB =< Property/Plume Boundary for FRL exceedances 

PRRS = Property/Plume Boundary for Paddys Run Road Site 

OSDF = Property/Plume Boundary for on-site disposal facility 

c Sampling for the IEMP was initiated in August 1997. 



Table A.4-3. Summary of Persistence Evaluation of Non-Uranium FRL Exceedances Outside the Waste 
Storage Area (Phase-//) Design Remediation Footprint 

Monitoring Pertinent 201 0 Constituent Well Results a 

Additional Routine 
22198 Data Required 

Antimony Additional Routine 
2636 Data Required 

Arsenic 2636 
Additional Routine 

Data Required 

22198 
Additional Routine 

Data Required 
Lead 

2625 NA 

22201 
Additional Routine 

Data Required 

22204 Persistent 

22205 
Additional Routine 

Data Required 

Manganese 22217 Persistent 

22212 NA 

22214 NA 

22215 NA 

Additional Routine 
2625 Data Required 

2636 
Additional Routine 

Data Re_quired 

Zinc 
22198 

Additional Routine 
Data Required 

22200 Not Persistent 

22204 
Additional Routine 

Data Required 

a NA = not applicable 
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2011 FRL Exceedance 
1st Half of 2"a Half of 

2011 2011 

No No 

No Yes 

No No 

No No 

No Yes 

Yes No 

Yes Yes 

No No 

No Yes 

No Yes 

No Yes 

Yes Yes 

Yes Yes 

No No 

No No 

Yes No 

No No 

Evaluation Results Figure 
for 2011 Numbera 

Not Persistent NA 

Additional Routine 
Data Required A.4-2 

Not Persistent NA 

Not Persistent NA 

Additional Routine 
Data Required A.4-3 

Additional Routine 
A.4-4 Data Required 

Persistent A.4-5 

Not Persistent NA 

Additional Routine 
A.4-6 Data Required 

Additional Routine 
A.4-7 Data Required 

Additional Routine A.4-8 
Data Required 

Additional Routine 
A.4-9 Data Required 

Additional Routine 
A.4-10 Data Required 

Not Persistent NA 

Not Persistent NA 

Additional Routine 
A.4-11 

Data Required 

Not Persistent NA 

U.S. Department of Energy 
May2012 

/ 
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-·· Fernald Preserve Boundary 
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Figure A.4-1. Non-Uranium Constituents with 2011 Results Above FRLs 
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Figure A.4·2. Antimony Concentration vs. Time Plot for Monitoring Well 2636 
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Figure A.4-4. Manganese Concentration vs. Time Plot for Monitoring Well 22201 
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Figure A.4-5. Manganese Concentration vs. Time Plot for Monitoring Well 22204 
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A.5.0 On-Site Disposal Facility Monitoring Results 

This attachment provides results for the on-site disposal facility (OSDF) leak detection and 
leachate monitoring program 'for 2011. Monitoring and sampling were conducted in accordance 
with the Comprehensive Legacy Management and Institutional Controls Plan (LMICP), 
Attachment C "Groundwater/Leak Detection and Leachate Monitoring Plan" (GWLMP) 
(DOE 2010a). The objective of the GWLMP is to meet regulatory requirements for groundwater 
detection monitoring in the Great Miami Aquifer (GMA) and perched groundwater system and 
to provide leachate monitoring information. 

Facility Description 

The OSDF is situated in the northeast area of the Fernald Preserve. It has a capacity of2.96 millim:i 
cubic yards (yd3

) (2.26 million cubic meters [ m3
]), a maximum height of approximately 65 feet 

(ft) (20 meters [m]), and covers an area of approximately 75 acres (30 hectares). The facility 
consists. of eight individual cells. All eight cells were 100 percent full and capped by 
October 2006. 

Protection of the GMA and the overlying perched groundwater system includes the following 
measures for each of the eight cells (refer to Figure A.5-1 for a cross section of the liner system): 

• Leachate collection system (LCS), 

• Leak detection system (LDS), 

• Multilayer composite liner system, and 

• Multilayer composite cap system. 

The LCS consists of a gravel layer installed beneath the waste to collect rainwater that came in 
contact with the waste during cell construction and additional moisture that is draining from the 
waste following capping. The LDS is located beneath both the LCS and the primary geosynthetic 
liner system and provides a mechanism for collecting and monitoring leakage through the 
primary liner layer of the OSDF prior to any releases to the environment. Both systems drain to 
the west and extend beyond the synthetic liner systems into valve houses, where leachate 
becomes accessible for monitoring. 

The base of each cell liner also slopes toward the centerline of the cell, and the centerline of the 
base is sloped toward the west. Leachate moving along the top of a liner would first travel 
toward the centerline and then west along the centerline to be drained from the cell via piping at 
the penetration box, which is the lowest elevation point of the cell. 
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Each cell is monitored below the penetration box with a horizontal till well (HTW), which 
represents the first monitoring point for a release from a cell. HTWs provide monitoring of the 
perched groundwater quality beneath the point where the LCS and LDS pipes exit the liner 
system. The GMA is monitored via both an upgradient and a downgradient monitoring well for 
each cell. Figure A.5-2 identifies the well locations associated with the OSDF. Table A.5-l 
identifies specific dates for the following cell activities: 

• Sample initiation for each monitoring horizon, 

• Waste placement initiation, 

• LDS volume measurement initiation, 

• Cap geomembrane layer completion, and 

• Cap completion (through seeding). 

A construction quality assurance/quality control program was executed for each cell of the 
OSDF. The synthetic liners and caps of each cell were inspected and tested for defects at the time 
of installation. Given the attention to quality assurance/quality control during the installation of 
the OSDF liner system, it is doubtful that a breach in the liner would have gone unnoticed, but it 
is possible that a breach could develop. Such a breach would provide a potential pathway for 
leachate migration, but adequate hydraulic head is needed to drive leachate through the breach 
and clay liner into the underlying horizon. 

The GWLMP provides the facility performance assessment strategy for the OSDF and covers the 
following topics: 

• Understanding how a cell can leak, 

• Monitoring hydraulic head in the LDS and the action leakage rate, 

• Water quality monitoring in the LCS, LDS, HTW, and GMA wells, and 

• Residual soil contamination beneath the facility and its possible impact to HTW water 
quality results. 

Information Organization 

The 2011 OSDF leak detection and leachate monitoring information is organized in the 
following sections: 

• Flow and Hydraulic Performance (Section A.5.1), 

• Water Quality: Data Presentations and Evaluations (Section A.5.2), 

• Cell Cap Inspections (Section A.5.3), 

• Monitoring Changes (Section A.5.4), and 

• Summary of Overall Performance/Findings and Recommendations (Section A.5.5). 

Sub-attachments A.5.1 through A.5.8 provide cell-specific information for disposal 
cells 1 through 8. 
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A.S.l Flow and Hydraulic Performance 

A.S.l.l Overall LCS Volumes 

In 2011, leachate volumes pumped from the LCS tanks were measured by recording readings 
from capacitance probes installed in each primary containment vessel. The probes are attached 
through a remote control unit to the Converted Advanced Wastewater Treatment Facility 
(CA WWT) control room, where water levels are converted automatically to volumes based on 
the tank manufacturer's design specifications for the tanks. 

Leachate volumes have been measured since waste placement began. Figure A.5-3 is a graph 
showing monthly leachate volumes from October 2006 through December 2011. The data 
collected in 2011 indicate that 161,682 gallons ofleachate were collected and pumped to the 
CA WWT Backwash Basin for subsequent treatment at theCA WWT. The total volume 
measured in 2011 represents an 8 percent decrease from the total volume measured in 201 0 
(176,087 gallons). The volume of precipitation that fell on the OSDF in 2011 was approximately 
88.5 million gallons (60.2 inches of rain over 54.1 acres). The facility cap inhibits rainwater from 
permeating the OSDF. Collected leachate in 2011 represents approximately 0.2 percent of the 
precipitation that fell on the OSDF in 2011, indicating that the cap is performing as designed to 
reduce infiltration. 

The GWLMP identifies that trend analysis of the LCS flow-monitoring measurements will 
be conducted for capped cells to provide an indication of changes in system performance. 
Monthly accumulation volumes for Cells 1 through 8 are plotted and provided in 
Sub-attachments A.5.1 through A.5.8. The semi-log plots indicate that leachate volumes from 
the capped cells continue to decline over time, but the rate of decline is decreasing. In 2011 the 
overall monthly facility leachate flow declined by 821 gallons or approximately 5.5 percent 
(14,938 gallons for January 2011 versus 14,117 gallons for December 2011). 

i 

A.5.1.2 LDS Accumulation Rates and Volumes 

Quantitative measurement of the volumes accumulating in and pumped from the LDS tanks was 
initiated according to the various dates in Table A.5-1. These measurements were taken using 
the same methodology as described above for the LCS. These data are used to determine both 
accumulation rates (in gallons per acre per day [gpad]) and accumulation volumes (in gallons) 
for each cell's LDS. 

The GWLMP states that trend analysis of the LDS flow monitoring measurements will be 
conducted for capped cells to provide an indication of changes in system performance. Monthly 
accumulation volumes for Cells 1 through 8 are provided and graphically displayed in 
Sub-attachments A.5.1 through A.5.8. The graphs indicate that overall LDS flows are declining. 
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The On-site Disposal Facility Final Design Calculation Package (DOE 1997c) defmes an initial 
response leakage rate for individual cells of 20 gpad. The 2011 maximum LDS accumulation rates 
and the percent of the initial response leakage rate for each cell are as follows: 

Cell LOS Maximum Accumulation Rate (gpad) Initial Response Leakage Rate (percent) 
1 0.01 0.0 

2 0.14 0.7 

3 0.00 0.0 

4 0.11 0.5 

5 0.11 0.5 

6 0.28 1.4 

7 0.04 0.2 

8 0.38 1.9 

These LDS accumulation rates indicate that the liner systems for the cells are performing well 
within the specifications outlined in the approved OSDF design. The initial response leakage rate 
of 20 gpad is a design criterion for commencing an investigation into the possibility that the cell 
is not performing as designed. Because all of the cells are closed and capped, it is expected that 
LDS accumulation rates will continue to diminish over time. Rates will continue to be closely 
tracked to document if the primary liner systems continue to perform as designed. 

A.5.1.3 Liner Efficiencies 

Cell-specific apparent liner hydraulic efficiencies are calculated using the following equation: 

Hydraulic efficiency= [ 1-(VolumewsN olumeLcs)] x 100 

Apparent liner hydraulic efficiency is a measure of how a cell's liner is performing. The 
above equation considers all the LDS volume to be leakage through the primary liner, which 
is a conservative measure. In the Report on the 1995 Workshop on Geosynthetic Clay Liners 
(EPA 1996), several sources of flow from leak detection layers are identified. These 
sources include: 

• Top liner leakage, 

• Construction water and compression water, 

• Consolidation water, and 

• Water from groundwater infiltration. 

Quarterly apparent liner efficiencies were consistently greater than 97 percent for Cells 1 
through 8 throughout 2011. Quarterly apparent liner efficiencies (in percentages) are provided 
for Cells 1 through 8 below. 

Apparent Liner Efficiency (percenlj, Quarterly for 2011 

Quarter Cell 1 Cell 2 

First 99.96 100 

Second 99.96 99.98 

Third 99.98 97.48 

Fourth 100 99.89 
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Cell3 Cell 4 CeliS Cell 6 

100 99.81 99.20 99.40 

99.98 99.81 99.88 99.67 

100 99.39 99.77 98.23 

100 100 100 99.32 

Cell7 Cell 8 

99.78 99.58 

99.97 97.61 

99.85 99.91 

100 100 
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A.5.1.4 HTW Water Yields 

HTW water yields are monitored at each cell to document trends in perched-water purge 
volumes. In 2011 the HTWs were purged four times (Februmy, May, August, and November). 
Average purge water yields from the HTW s ranged from 0 gallons beneath Cell 8 to 
1,056 gallons beneath CellS. The Cell3 HTW water yield, which had been trending upward 
from 2001 through 2005, showed a sixth-year decline in average yield. The HTW water yields 
will continue to be tracked and factored into the OSDF leak detection evaluation, where 
appropriate. The water-yield graphs are provided in each cell's sub-attachment and are updated 
with purge volume data collected prior to each sampling event. 

A.5.2 Water Quality: Data Presentations/Evaluations 

The water quality and data presentations/evaluations presented in this report consist of 
the following: 

• Quarterly monitoring summary statistics (Section A.5.2.1) 

• Concentration plots (Section A.5.2.2) 

- LCS, LDS, and HTW, of each cell 

- HTW and GMA wells of each cell 

• Control charts(Section A.5.2.3) 

• Annual LCS monitoring results (Section A.5.2.4) 

• Parameter selection process statistics/results for Cells 7 and 8 based on annual LCS samples 
(Section A.5.2.5) 

• Bivariate plots for each cell (Section A.5.2.6) 

• Summary of Increasing Concentration Trends in the HTW and GMA Downgradient Wells 
(Section A.5.2.7). 

A.5.2.1 Quarterly Monitoring Summary Statistics 

Summary statistics for the 23 parameters monitored quarterly in the LCS, LDS, HTW, and 
GMA wells of each cell in 2011 are provided in Sub-attachments A.5.1 to A.5.8 (Tables A.5.1-1 
through A.5.8-1). The information provided in each summary table is based on a standardized 
quarterly sampling frequency. 

The process used for conducting the summary statistics is illustrated in Figure A. 5-4. 
Table A.5-2 lists the rules that are used to report the data provided on Tables A.5.1-1 to 
A. 5. 8-1. For results where the concentrations are below the detection limit, the results used in 
the average, standard deviation, distribution, trend, serial correlation, and outliers are each set at 
half the detection limit. One objective of conducting the summary statistics is to identify the 
parameters that meet the requirements for control charts (i.e., normal or lognormal distribution, 
no trend, and no serial correlation). 

Data used in the summary statistics were "quarterized" (i.e., normalized to quarterly data). The 
rationale behind this is·that during different time periods, data were collected at vmying time 
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intervals. For example, from October 30, 1997 through December 8, 1997 there were 15 uranium 
measurements taken at HTW 12338. In all of 1998 only 4 were taken, in 1999 there were 7, 
in 2000 there were 6, and 4 each were taken in 2001 through 2003. So, in a 5 to 6 week period (_~) 
in 1997, nearly as much data were collected as were collected from 1998 to 2000.Without --
normalizing the data, the time periods with more sampling activity would carry more weight, 
and, therefore, with respect to the calculations, be considered more important. Additionally, 
sampling the same well at too short of an interval (often just one day apart in 1997) also violated 
the statistical assumption of independence. Well data that are collected too closely in time are 
serially correlated and can distort the statistics underlying the control charts. Even with quarterly 
sampling, there is often an issue with serial correlation. 

ChemStat®, Version 6.3, (a Starpoint Software Program) was used to conduct the statistics. 
ChemStat® is software used to perform the statistical analysis of groundwater monitoring data at 
Resource Conservation Recovery Act (RCRA) facilities. The website for the software is 
www.pointstar.com. 

Data set distributions were checked using the Shapiro Wilks Test (95 percent confidence 
interval) for data sets with less than 50 samples, and the Shapiro-Francia Test (95 percent 
confidence interval) for data sets with 50 samples or more. The Mann-Kendall test for trend 
(95 percent confidence interval) was used to determine the presence of either an upward or 
downward concentration trend over time. The rank Von Neumann test (confidence interval of 
99 percent) was used to check for serial correlation. 

A.5.2.2 Concentration Plots 

Concentration plots for the 23 parameters monitored quarterly in the LCS, LDS, and HTW of 
each cell in 2011 are presented in Sub-attachments A.5.1 to A.5.8. The plots are presented with a 
commony-scale based on the parameter. 

Concentration plots are also presented in Sub-attachments A.5.1 to A.5.8 for the 23 parameters 
monitored quarterly in the HTW and GMA wells of each cell in 2011. The plots are also 
constructed with a commony-scale based on the parameter. 

A.5.2.3 Control Charts 

Intrawell control charts employ historical measurements from a compliance point as background. 
The Statistical Analysis of GroundWater Monitoring Data at RCRA Facilities- Unified 
Guidance (EPA 2009) defines the process of creating a Shewart-cumulative sum (CUSUM) 
control chart works as follows. Appropriate background data are used to defme a baseline for the 
well. The baseline parameters for the chart, estimates of the mean, and standard deviation are 
obtained from the background data. These baseline measurements characterize the expected 
background concentrations at the monitoring point. As future concentrations are collected the 
baseline parameters are used to standardize the newly gathered data. After these measurements 
are standardized and plotted, a control chart is declared "out of control" if future concentrations 
exceed the baseline control limit. This is indicated on the control chart 'when either the Shewart 
or CUSUM plot traces begin to exceed a control limit. The limit is based on the rationale that if 
the monitoring point remains unchanged from the baseline condition, new standardized 
observations should not deviate substantially from the baseline mean. If a change occurs, the 
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standardized values will deviate significantly from the baseline and tend to exceed the 
control limit. 

A minimum of eight samples are recommended for use in ChemStat® software to define the 
baseline for a control chart. Therefore, only sample sets with greater than 8 samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h) and a Shewart control limit (SCL) on the control chart. The software recommends a 
value of 5 for the CUSUM control limit (h) and a value of 4.5 for the SCL control limit (SCL). 

EPA Unified Guidance suggests that to simplify the interpretation of the control chart that an out 
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM control 
limits on the charts. As a "work-a-round", the SCL limit was defined as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 

One hundred and forty Shewart-CUSUM control charts are presented in Sub-attachments A.5.1 
through A.5.8 for parameters monitored quarterly in the HTW and GMA wells in 2011 and had 
data sets that achieved control chart criteria (i.e., more than eight samples, normal or lognormal 
distribution, no trend, and no serial correlation). Last year, only 59 data sets met the control chart 
criteria listed above. 

Of the 140 control charts presented, 129 (92 percent) exhibit "in control" conditions, and 
11 (8 percent) exhibit "out of control" conditions. 

A.5.2.4 Annual LCS Monitoring Results 

Once a year, the LCS of each cell is sampled for Appendix I parameters and polychlorinated 
biphenols (PCBs) listed in Ohio Administrative Code (OAC)3745-27-10. A summary of the 
results for each cell is provided in Sub-attachments A.5.1 thru A.5.8 (Tables A.5.1-2 thru 
A.5.8-2). As stated in Appendix B of the GWLMP (DOE 2010a) "two consecutive detects in a 
cell's LCS will trigger sampling in the cell's LDS during the next scheduled sampling round." 
Highlights of sampling results from 2011 are provided below. 

• No new parameters were detected in the LCS of Cells 1 thru 7. 

• Cadmium was detected for the first time in the LCS of Cell 8. If cadmium is detected again 
in the LCS of Cell 8 in 2012, sampling in the LDS for cadmium will begin with the next 
subsequent scheduled sampling event. 

• Lead was not detected in the LCS of Cell4. In 2010, lead was detected for the first time in 
Cell4. 

• Chromium was detected for the second consecutive time in the LCS of Cell 6. Chromium 
will be added to the analyte list for the Cell 6 LDS in the next subsequent sampling round. 
Chromium was detected in the LCS ofCell6 for the first time in 2010. 

• The LDS ofCell3 was dry in 2011 so ammonia was not sampled. Ammonia will be 
sampled in the LDS of Cell 3 the next time a sample can be collected. Ammonia was 
detected in the LCS of Cell 3 for the first time in 2009, and for the second consecutive time 
in 2010. 
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• 1, 1-dichloroethene was not detected in the LDS of Cell 7. 1, 1-dichloroethene was detected 
for the first time in the LCS of Cell 7 in 2009 and for the second consecutive time in 2010. 

• 1, 1-dichloroethene was not detected in the LDS of Cell 8. 1, 1-dichloroethene was detected · · > -,) 

for the first time in the LCS ofCell8 in 2009 and for the second consecutive time in 2010. 

A.5.2.5 Parameter Selection for Cells 7 and 8 based on Annual LCS Samples 

Parameter selection results reported herein, marks the completion of a parameter selection 
process that was established in consultation with the Ohio EPA in 2005 and 2006. The objective 
of the process was to identify the Appendix I and PCB parameters detected in the LCS that 
would provide the most promise for detecting a leak from the facility and therefore warrant more 
frequent and robust monitoring (i.e., quarterly monitoring). The process is presented in 
Figures A.5-5A and A.5-5B. 

As shown in Figure A. 5-5 A, the parameter selection process involves data sets with a minimum 
of eight samples and 25 percent or more detects. As shown in Figure A.5-5B, statistical 
procedures were used to determine if the mean concentration of a cells LCS data set was 
statistically different from the mean concentration of either the pre-design or background data 
set. Specifically, the null hypothesis that was created for each test states that the mean 
concentration of the LCS data set was less than or equal to the mean of the pre-design or 
background data set. Therefore, failure of the null hypothesis for a specific test parameter 
indicates that the mean of the LCS data set is greater than the mean of the pre-design or 
background data set. 

Selection of a statistical method is based on the percentage of detects within the data sets. More 
specifically: 

• If there are greater than or equal to 85 percent detects, and both data sets have either a 
normal or lognormal distribution (based on a Shapiro-Wilks or Shapiro-Francia test): a 
parametric test method is used (i.e., t-test, with a 95 percent confidence interval). 

• If there are greater than 85 percent detects, but both data sets do not have a normal or 
lognormal distribution (based on a Shapiro-Wilks or Shapiro-Francia test) a 
nonparametric test method is used (i.e., Wilcoxon Rank Sum Test and Quantile Test, 
95 percent confidence interval). 

• If there are less than 85 percent detects, a nonparametric test method is used 
(i.e., Tarone-Ware test, 95 percent confidence interval). 

In regard to the first bullet, the Shapiro-Wilks procedure (95 percent confidence interval) was 
used to check the distribution of data sets. EPA recommends this as the preferred test for 
normality in data sets less than or equal to 50 measurements (EPA 1992b). The Shapiro-Francia 
method (95 percent confidence interval) was used to check data sets with more than 
50 measurements. If the test failed using the original data set, data were transformed into the 
natural log and checked for a lognormal distribution. 

In regard to the second bullet, the Wilcoxon Rank Sum Test is a nonparametric group 
comparison method for comparing compliance measurements to background. It follows 
U.S. Navy guidance (U.S. Navy 1999). Because the test is nonparametric, normality is 
not required. 
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The Quantile Test, a nonparametric method is used to determine if observations as a group are 
statistically elevated when compared to background point measurements as a group. It follows 
the U.S. Navy guidelines (U.S. Navy 1999). Because the test is nonparametric, normality is 
not required. 

If either the Wilcoxon Rank Sum Test or Quantile Test fails the null hypothesis, it is concluded 
that the mean of the LCS data set is greater than the mean of the pre-design or background data 
set. These two tests are used in conjunction, because the Wilcoxon Rank Sum Test is effective at 
detecting differences in central tendency (means and medians) but not in detecting differences in 
the tails of distributions. On the other hand, the Quantile Test is not effective at detecting 
differences in central tendency, but is effective at detecting differences in the tails of 
distributions. Used in conjunction, the two tests are effective at detecting differences in both the 
central tendency and tails of distributions. 

In regard to the third bullet, the Tarone-Ware Two Sample Test for censored data is 
recommended in the Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities
Unified Guidance (EPA 2009). The Tarone-Ware procedure is designed to provide a valid 
statistical test, even with a large fraction of censored (e.g., non-detected) data. The parameter 
selection process was revised in 2010 by replacing the use of a Poisson Test with the Tarone 
Ware Two Sample Test for Censored Data. The Poisson Test needed to be replaced because it 
exhibited scale dependency issues. The Tarone-Ware test is recommended in the Statistical 
Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified Guidance (EPA 2009) 
for use with data sets that contain a large fraction of non-detects (left censored data). 

Results from the parameter selection process for LCS data from Cells 1, 2, and 3 were reported 
in the Fernald Preserve 2007 Site Environmental Report (DOE 2008). Six additional parameters 
were identified for more frequent and robust monitoring (arsenic, cobalt, nickel, selenium, total 
dissolved solids [TDS], and zinc). Quarterly sampling for these additional six new parameters in 
the LCS, LDS, HTW, and GMA wells of each cell began in 2009. 

Results from the parameter selection process for LCS data from Cells 4 and 5 were presented in 
the Fernald Preserve 2009 Site Environmental Report (DOE 2010b). Eight additional parameters 
were identified for more frequent and robust monitoring (alkalinity, chloride, nitrate/nitrite, 
barium, calcium, copper, magnesium, and potassium). Quarterly sampling for these additional 
eight parameters in the LCS, LDS, HTW, and GMA wells of each cell began in 2011. Vanadium 
was also identified for quarterly sampling in the LCS, LDS, HTW, and GMA wells of CellS. 

Results from the parameter selection process for LCS data from Cell 6 were presented in the 
Fernald Preserve 2010 Site Environmental Report (DOE 20llb). No new parameters were 
identified for quarterly monitoring. 

The data sets for Cell 7 and Cell 8 reached a minimum size of eight samples in 2011. Specific 
details concerning the assessment for Cell 7 and Cell8 are provided in Table A.5.7-4 (contained 
in Sub-attachment A.5.7) and Table A.5.8--4 (contained in Sub-attachment A.5.8) respectively. 
Results are summarized below. 

U.S. Department of Energy 
May2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

PageA.S-9 



Four Appendix I parameters (not on the quarterly sampling list) reached the 25 percent 
detection criterion in 2011; ammonia, beryllium, chromium, and technetium-99. 
Pre-design and/or background data does not exist for beryllium so parameter selection 
statistics could not be conducted. The low beryllium concentrations detected (maximum 
of0.00025 mg/L) imply that adding it to the quarterly sampling list would not 
significantly enhance early detection capability of the monitoring program. Therefore, 
beryllium will not be added to the quarterly sampling list for Cell 7. As reported in the 
Fernald Preserve 2009 Site Environmental Report, technetium-99 was already evaluated· 
for Cell 7 and passed the null hypothesis therefore it was not evaluated again this year. 
Parameter selection statistics were conducted on ammonia and chromium. Ammonia 
passed the null hypothesis and chromium failed the null hypothesis. Chromium will be 
added to the quarterly monitoring list for the LCS, LDS, and GMA wells of each cell 
beginning in January 2013. 

Three Appendix I parameters (not on the quarterly sampling list) reached the 25 percent 
detection criterion in 2011 : ammonia, chromium, and tetrachloroethene. Parameter 
selection statistics were conducted on ammonia and chromium. Both passed the null 
hypothesis of the Tarone-Ware test so do not need to be added to the quarterly sampling 
list. (Note: Chromium failed the null hypothesis in Cell 7 so is on the quarterly sampling 
list beginning in January 2013). 

Pre-design and/or background data does not exist for tetrachloroethene so parameter 
selection statistics could not be conducted. Since 2004, tetrachloroethene has been 
sampled 19 times and detected 6 times. Four of the six detects were at concentrations that 
were greater than the MDL but less than either the practical quantitation limit (PQL) or 
required detection limit (RDL). The two other detects were also very low (1.1 ug/L and 
1.24 ug/L). Given the low concentrations, adding tetrachloroethene to the quarterly 
sampling list would not significantly enhance the early detection capability of the 
monitoring program. 

After the earlier parameter selection process was performed for Cells 1 through 5, a 
decision was made to include those parameters selected for quarterly monitoring in Cells 
1 through 5 for all eight cells. Therefore, chromium that was selected for Cell 7 this year 
will be added to the quarterly monitoring list for the LCS, LDS, and GMA wells of each 
cell beginning in January 2013. 

Table A.5-3 provides an overview of the parameters that have been selected for quarterly 
sampling in the LCS, LDS, and GMA wells of each cell based on the evaluation for Cells 1 
through 8. Also identified in the table are those parameters that were detected in 2011, but are 
not being sampled quarterly, and those parameters that were not detected in 2011, but have been 
detected at least 25 percent of the time based on previous years' results. 

The table illustrates that the list of parameters chosen for quarterly sampling is very 
comprehensive when compared to the list of parameters detected in the LCS in 2011 or have 
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been detected at least 25 percent of the time based on previous years. This robust list of 
parameters should be adequate to detect a leak from the facility. These are the parameters that 
are most detected in the LCS at concentrations large enough to be measured beneath the facility 
should a leak in the facility occur, have been detected at least 25 percent of the time in the LCS, 
and have been shown statistically to have a mean concentration in the LCS that is larger than the 
mean concentration of the pre-design or background data sets. 

The parameter selection process has now been completed for all eight cells, DOE plans to 
conduct a final comprehensive look to determine if the list of parameters can be further 
optimized. Results of the fmal evaluation will be made available to the Ohio EPA as soon as they 
are available. 

A.5.2.6 Bivariate Plots for Each Cell 

Bivariate plots for (uranium-sodium) are presented for each cell in Sub-attachments A.5.1 
through A.5.8. The bivariate plots illustrate the concentration signatures for uranium-sodium in 
each monitoring horizon. Distinct clustering of horizon concentrations indicates that the fluids in 
the different horizons are not mixing. In response to an Ohio EPA comment on the Fernald 
Preserve 2009 Site Environmental Report (DOE 2010b) (OEPA Comment Number 35) the 
closest points between monitoring horizons are dated. 

An additional bivariate plot for (uranium-sulfate) is presented for Cell8 in 
Sub-attachment A.5.8. The additional uranium-sulfate bivariate plot provides supporting 
information concerning the water chemistry signatures that are present in the LDS and HTW of 
Cell8; specifically that they are separate and distinct. 

A.5.2. 7 Increasing Concentration Trends in the HTW and GMA Wells 

As presented in subsections A.5.1 through A.5.8, several parameter concentrations are increasing 
in the GMA beneath the OSDF. Bivariate plots (uranium-sodium and uranium-sulfate) indicate 
separate and distinct chemical signatures for the LCS, LDS, and HTW of all 8 cells. This 
indicates that water is not mixing from inside the facility to outside the facility, leading to the 
conclusion that the facility is not leaking. Therefore, concentration increases observed in the 
GMA wells are attributed to fluctuating ambient concentrations beneath the cells, and not to cell 
performance. Additional information is provided in Sub-attachments A.5.1 through A.5.8. 

A.5.3 Cell Cap Inspections 

OSDF cell cap inspections are conducted quarterly. The inspection team typically includes 
representatives from Ohio EPA, Ohio Department of Health (ODH), and S.M. Stoller 
Corporation. Issues identified during inspections typically include small erosion rills, rocks that 
surface as top soil settles, animal burrows and digging, small areas that require reseeding, and the 
presence of woody vegetation, thistle, or other noxious species. 
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The issues are addressed as follows: 

• Erosion rills are repaired if they exceed 3 inches wide by 6 inches deep. 

• Rocks that surface are removed, especially if they will interfere with mowing activities or 
may be a source location for erosion. 

• Animal burrows and holes are filled in and reseeded, if necessary. 

• Areas that require reseeding are seeded and covered with jute matting to help prevent 
erosion of the seed. 

• Woody vegetation is removed and herbicide is applied to the noxious weeds. 

Following each inspection, a report is submitted to the agencies documenting the inspection, 
issues and stating how issues will be addressed. These reports are available to the public on the 
Fernald Preserve website http://www.lm.doe.gov/fernald/Sites.aspx. In 2011, inspections were 
conducted in March, June, September, and December. In 2011, there were no visual signs that 
the integrity of the cap had been compromised in any way. 

A.5.4 Monitoring Changes 

Beginning in the second quarter of 2011, DOE implemented the following monitoring changes: 

• For one year, tritium was added to the quarterly sampling list for all four horizons of all 
eight cells. 

• The quarterly sampling list for the HTW of each cell was reduced to tritium, uranium, 
arsenic, and sodium. Sodium was retained to support the preparation of bi-variate plots. 

These changes stem from an informal proposal made to DOE by Ohio EPA in February 2011 
via e-mail. 

Three quarters of tritium data were collected in 2011. The last quarter will be collected during 
the first quarter of2012. Preliminary results show that tritium was only detected in one sample. 
The August 4, 2011 sample from the CellS LCS (12345C) had a concentration of296 picocuries 
per liter (pCi/L), with a "J" validation qualifier indicating that the concentration was estimated. 

The fourth quarter of tritium data will be collected in 2012. If the fourth quarter results are 
consistent with the first three quarters, DOE plans to discontinue sampling for tritium altogether .. 
Quarterly sampling in the HTW will continue for uranium, arsenic, sodium, and sulfate. Arsenic 
is included at the request of Ohio EPA, and uranium, sodium and sulfate are included to provide 
data for bivariate plots. 

A.5.5 Summary of Overall Performance/Findings and Recommendations 

Based on LCS and LDS flow data, engineered drainage features within the OSDF continue to 
perform as designed. Separate and distinct chemical signatures for uranium and sodium in the 
LCS, LDS, and HTW of each cell (and uranium and sulfate in CellS) indicate that waters from 
the different horizons are not mixing, and therefore it can be inferred that the primary and 
secondary liners are not leaking. Water quality constituent concentration increases noted in the 
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HTW and GMA wells are attributed to fluctuating ambient concentrations beneath the OSDF, 
and not to OSDF performance. 

Specific findings are listed below: 

• LCS volumes continue to diminish with time, but the decline is decreasing. Total facility 
.leachate volume in 2011 was 8 percent less than in 2010 (approximately 161,682 gallons 
compared to 176,087 gallons). 

• The largest LDS maximum accumulation rate recorded in 2011 was 0.38 gpad in Cell 8; 
approximately 2 percent of the initial response leakage rate of 20 gpad. 

• LDS accumulation rates indicate that the liner systems are performing well within the 
specification outlined in the approved cell design. 

• Quarterly apparent liner efficiencies were consistently greater than 97 percent for Cells 1 
through 8 throughout 2011. 

• Bivariate plots continue to illustrate that the water chemistries in the LCS, LDs, and HTW 
of each cell are distinct and separate indicating that waters from the different horizons are 
notmixing. · 

• In 2011, 140 data sets met the criteria for control Shewart-CUSUM control charts. In 2010 
only 59 data sets met the criteria for control charts. Of the 140 control charts presented for 
2011, 127 (92 percent) exhibited "in control" conditions, and 11 (8 percent) exhibited "out 
of control" conditions. 

• Annual LCS sampling for Appendix I and PCB parameters led to the following results. 

- No new Appendix I or PCB parameters were detected in the LCS of Cells 1 through 7. 

- One Appendix I parameter (cadmium) was detected for the first time in 2011 in the LCS 
of Cell 8. If cadmium is detected in the LCS of Cell 8 in 2012, the LDS of Cell 8 will be 
sampled for cadmium in the next subsequent scheduled sampling round. 

- Chromium was detected for the second time in the LCS of Cell 6. Chromium will be 
added to the analyte list for the Cell 6 LDS in the next subsequent scheduled 
sampling round. 

- 1, 1-dichloroethene was not detected in the LDS of either Cell 7 or Cell 8 even though it 
has been detected two consecutive times in the LCS of each cell. 

• Parameter selection results reported herein marks the completion of a parameter selection 
process that was established in consultation with the Ohio EPA in 2005 and 2006. The 
parameter selection process was applied to the LCS data sets from Cell 7 and Cell 8. The 
resulfwas the addition of chromium to the quarterly sampling list for the LCS, LDS, and 
GMA wells of each cell beginning in January 2013. DOE plans to conduct a final 
comprehensive look at the list of twenty-four parameters that have been selected for 
quarterly monitoring to determine if the list of parameters can be further optimized. Results 
of the evaluation will be made available to the Ohio EPA as soon as they are available. 
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• Three of four quarters of tritium data were collected in 2011 in the LCS, LDS, HTW, and 
GMA wells of each cell. All of the samples were non-detects, except one. The 
August 4, 2011 sample from the Cell8 LCS (12345C) had a concentration of296 pCi/L, (~") 
with a validation qualifier of "J" indicating that the concentration was estimated. The fourth 
quarter of tritium data will be collected in 2012. If the fourth quarter results are consistent 
with the first three quarters, DOE plans on discontinuing sampling for tritium altogether. 
Quarterly sampling in the HTW will continue for uranium, arsenic, sodium, and sulfate. 
Arsenic is included at the request of Ohio EPA, and uranium, sodium and sulfate are 
included to provide data for bivariate plots. 

• In 2011, quarterly physical inspections of the OSDF revealed no visual signs that the 
integrity of the OSDF cap had been compromised. 
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Table A.S-1. OSDF Initiation and Completion Dates 
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Sample Initiation per Waste Placement LDS Volume Cap Geomembrane Layer Oco 
-'0 
"->O> 

Cell Horizon3 Initiation Measurement Initiationb Completionc Cap Completiond :::. 
8 co 1 LCS: February 17, 1998 December 23, 1997 May 1999 August 17, 2001 December 20, 2001 a 
0 LDS: February 18, 1998 ...., 
ti1 HTW: October 30, 1997 ::0 
co 

~ GMA-U: March31, 1997 
GMA-D: March 31, 1997 

2 LCS: November 23, 1998 November 12, 1998 May 1999 July 17, 2003 November 12, 2003 
LDS: December 14, 1998 
HTW: June 29, 1998 
GMA-U: June 30, 1997 
GMA-D: June 25, 1997 

3 LCS: October 13, 1999 October 26, 1999 October 1999 July 16, 2004 September 20, 2004 
LDS: August 26, 2002 
HTW: July 28, 1998 
GMA-U: August 24, 1998 
GMA-D: August 24 1998 

4 LCS: November 4, 2002 November 08, 2002 November 2002 December 18, 2004 April29,2005 
LDS: November 4, 2002 
HTW: February 26, 2002 
GMA-U: November 6, 2001 
GMA-D: November 5, 2001 

5 LCS: November 4, 2002 November 19,2002 November 2002 June 22, 2005 August 29, 2005 
'Ij LDS: November 4, 2002 
" a HTW: February 26, 2002 a 
"" GMA-U: November 6, 2001 "C 
('! GMA-D: November 5, 2001 "' co 
< co 6 LCS: October 27, 2003 November 18,2003 January 2004 October 28, 2005 January 12, 2006 N 

8 . LDS: October 27,2003 -C/.l HTW: March 14, 2003 a-· 

~ 
GMA-U: December 16, 2002 
GMA-D: December 16,2002 

t::IC: 
"C~§ 
~~a 
co • "" 
?>~;;; 
v. 00 co 
I 0\ '0 
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Table A. 5-1 (continued). OSDF Initiation and Completion Dates 

Sample Initiation per 
Cell Horizona 

7 LCS: September 2, 2004 
LDS: September 2, 2004 
HTW: February 24, 2004 
GMA-U: January 21, 2004 
GMA-D: January 21, 2004 

8 LCS: October 18, 2004 
LDS: October 18,2004 
HTW: May 19, 2004 
GMA-U: March 31, 2004 
GMA-D: March 31,2004 
GMA-SW: August 22, 2005 
GMA-SE: August 22, 2005 

Waste Placement 
Initiation 

September 9, 2004 

December 2, 2004 

LDS Volume 
Measurement Initiationb 

September 2004 

December 2004 

Cap Geomembrane Layer 
Completion• 

July 2006 

September 24, 2006 

Cap Completiond 
October 25, 2006 

October 25, 2006 

aLCS = leachate collection system; LDS =leak detection system; HTW =horizontal till well; GMA-U = upgradient Great Miami Aquifer; 
GMA-D = downgradient Great Miami Aquifer; GMA-SW = southwest Great Miami Aquifer; and GMA-SE = southeast Great Miami Aquifer 
bPrior to 1999, overall LDS volumes were measured. From 1999 on, LDS volumes were measured by cell. 
0The cap geomembrane layer is made of high density polyethylene. 
dCap completion includes seeding. 
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Table A. 5-2. Rules for Summary Statistics for Cells 1 through 8 

No. of Detected Total No. of Percent of 
Rules Samples Samples Detects Min•·b Max•·b Average Std. Dev. Distribution Type Trend Serial Correlation Outliers 

Include outliers Yes Yes Yes No No No No No No No 
Only one result Yes Yes Yes report "NA" report value report "lnsuff" report "lnsuff" report "lnsuff" report "lnsuff'' report "lnsuff'' 
Only two results Yes Yes Yes report value report value report "lnsuff'' report "lnsuff'' report "lnsuff" report "lnsuff'' report "lnsuff' 
All non-detects Yes Yes Yes report"ND" report "NA" report "lnsuff'' report "lnsuff'' report "lnsuff" report "lnsuff'' report "lnsuff'' 

Need 3 detections Need 4 detections Need at least 3 Need at least 4 Need at least 6 samples Need at least 4 
otherwise report otherwise report samples to report ·samples to report to report serial samples to report 

Other rules "lnsuff'' "lnsuff" distriburtion trend correlation outliers 
If distribution is 

"Lognormal," substitute 
Other rules "Lo>JMean" 

If distribution is 
"Undefined," substitute 

Other rules "Median'' 
a NA-not applicable, ND-not detected 
blf reported value is a nondetected result, report ND. 



Boron 
Calcium 
Cobalt 
Copper 
Iron 
Lithium 
Magnesium 
Manganese· 
Nickel 
Potassium 
Selenium 
Sodium 
Zinc 
Uranium 
Chromium 

Table A.S-3. Overview of Constituents Selected for Quarterly Monitoring 
from LCS Annual Monitoring 

Parameters Selected for Quarterly Sampling in Some Cells 
Constiuent Cell1 Cell2 Cell 3 Cell4 Cell 5 Cell 6 Cell 7 CeliS 
Technetium-99 (Cell 8) 25% 25% 25% 25% 25% 
Vanadium (Cell 5) X 

Not Sampled Quarterly 
Constiuent Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7 Cell 8 
Ammonia 
Antimony 
Beryllium 
Cadmium 
Lead 
Acetone 
Thallium 
1, 1-dichloroethene 
Toluene 
Tetrachloroethene 

25% 

25% 

X 

A blank indicates that it was not detected in 2011, and has not been detected 25% of the time overall 
X Detected in 2011. 

[~ =~=--~--~~~=-===~Detected in 2011 and at least 25% of time overall. 
25% Not detected in 2011, but has been detected at least 25% of time overall 

1 First time detect in 2011. 

1 

X 
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LEACHATE COLLECTION SYSTEM !LCSl DRAINAGE CORRIDOR 
2' 

-------------------------------------------
1' 

3' 

l:':2' 

llli!llllll!!!l 
HORIZONTAL 

TILL WELL !HTWl 

VIIL TS/III/0051117/~/S08666/SOB66600oOCN 

GEOTEXTILE FILTER 

LCS PIPE 
SUPPLEMENTAL GEOTEXTILE CUSHION 
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Figure A. 5-1. On-Site Disposal Facility Liner System with HTW at the Drainage Corridor 
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Figure A. 5-2. On-Site Disposal Facility Footprint and Monitoring Well Locations 
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Figure A. 5-5A. OSDF Site-Specific Leachate Monitoring Parameter Selection Approach 
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Figure A.S-58. OSDF Site-Specific Leachate Monitoring Parameter Selection Approach 
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The following information is provided in this sub-attachment: 

• Quarterly monitoring summaty statistics (refer to Table A.5 .1-1) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.1-2) 

• LCS monthly accumulation volumes (refer to Figure A.5.1-1) 

• LDS monthly accumulation volumes (refer to Figure A.5.1-2) 

• OSDF horizontal till well12338 water yield (refer to Figure A.5 .1-3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.S.l-4 
and A.5 .1-5) 

• Plots of concentration versus time (refer to Figures A.5.1-6A to A.5.1-28B) 

• A bivariate plot for uranium-sodium (refer to Figure A.S.l-29) 

• Control charts (refer to Figures A.5.1-30 to A.5.1-49) 

A.S.l.l Quarterly Monitoring Results 

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each 
cell for the purpose of determining if the OSDF is operating as designed. Water quality within 
the cell is sampled in the LCS and LDS. Water quality beneath the cell is sampled in the HTW 
and GMA wells. Concentrations versus time plots, bivariate plots, and control charts are used to 
help interpret and present the results. 

In the first quarter of 2011, 23 parameters were sampled in the LCS, LDS, HTW, and GMA 
wells of each cell. In the second, third, and fourth quarters tritium was added to the analyte list 
for all horizons (LCS, LDS, HTW, and GMA Wells), and the analyte list for the HTWs in all 
cells was changed to just four parameters: arsenic, uranium, tritium, and sodium. These changes 
were agreed to via the comment resolution process between Ohio EPA and DOE on revision 4 of 
the LMICP (DOE 2010b). Tritium results are for all cells are reported in SectionA.5.5. 

The LDS of Cell 1 was dry during the second, third, and fourth quarters of 2011. As shown in 
Table A.S.l-1, 6 of the 23 parameters sampled quarterly in the LCS, LDS, HTW, and GMA 
wells, (uranium, alkalinity, total organic carbon [TOC], arsenic, boron, and selenium) have 
upward trends in the HTW and/or the GMA wells based on the Mann-Kendall test for trend. 

Horizontal Till Wells 

The HTW is located beneath the liner penetration box of each cell by design. The liner 
penetration box is considered to be potentially the weakest point in the cell design. If a leak were 
to develop, it should be detected beneath the liner penetration box first. Therefore, the water 
quality in the HTW represents the first line of evidence that a potential leak from the cell might 
be occurring. A leak would be indicated by an increasing concentration in the HTW. 

Of the 23 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, three 
(uranium, TOC, and alkalinity) are increasing in the HTW of Celli (as indicated in the table 
below). The bivariate plot for the Celli LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.S.I-29. The plot shows that the chemical signature for uranium-sodium in the LCS 
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LDS, and HTW are separate and distinct; indicating that mixing between the horizons is not 
occurring. Therefore, the increasing concentrations measured in the HTW of Cell 1 are attributed 
to fluctuating ambient concentrations beneath the cell that are not related to cell performance. ( · ··J 

Parameter HTWa GMA-Ua 
Uranium Up Up 

TOCq Up 

Alkalinity Up 

Arsenic 

Boron Up 

Selenium 
8 HTW = honzontal till well, GMA-U = upgrad1ent Great M1am1 Aquifer, 
GMA-0 = downgradient Great Miami Aquifer; TOC =total organic carbon. 
No entry indicates that the trend was not up. 

GMA-Da 
Up 

Up 

Up 

The plot of concentrations versus time for uranium in the HTW of Cell 1 is presented in 
Figure A.5 .1-6A. The data indicate that concentrations in the overall dataset (1997 to 2011) are 
increasing; however, when the data collected prior to the fourth quarter of 2006 are removed, the 
data become normally distributed with no Mann-Kendall trend. The same observation does not 
apply to the TOC and alkalinity data sets from Cell 1. 

Great Miami Aquifer Wells 

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow 
directions will be from west to east. However, water levels measured in 2011 indicate that 
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of 
northeast to south/southwest in response to the active groundwater remediation taking place to 
the west and southwest. Pumping for the groundwater remediation is scheduled to last until 2023. 
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring 
horizons are not mixing, the increasing concentrations seen in the GMA wells, for uranium, 
arsenic, boron, and selenium, are attributed to fluctuating ambient conditions that are not related . 
to cell performance. 

The table below provides a summary ofthe average concentration (as reported in Table A.5.1-1) 
measured in the LDS and GMA wells for parameters with increasing concentrations in the Cell 1 
GMA wells. 

Parameter LDSa GMA-Ua GMA-Da 
Uranium (IJg/L) 10.8 3.08 5.12 
Arsenic (mg/L) 0.0125b 0.00250 0.00150 
Boron (mg/L) 0.243 0.112 0.060 

Selenium (mg/L) 0.00724c NDd 0.00165 
Note: The highest averages are shown m bold. 
a LOS = leak detection system, GMA-U = upgradient Great Miami Aquifer, 
GMA-0 = downgradient Great Miami Aquifer. 

b Arsenic has only been detected once in the LOS of Cell 1 (0.0125 mg/L). 
c Selenium has only been detected once in the LOS of Cell 1 (second quarter 2009, 0.00724 mg/L). 
d NO = not detected . · 
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c· 
A.5.1.2 Control Charts 

Intrawell control charts employ historical measurements from a compliance point as background. 
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified 
Guidance (EPA 2009) defmes the process of creating a Shewart-CUSUM control chart. 
Appropriate background data are used to define a baseline for the well. The baseline parameters 
for the chart, estimates of the mean, and standard deviation are obtained from the background 
data. These baseline measurements characterize the expected background concentrations at the 
monitoring point. As future concentrations are collected, the baseline parameters are used to 
standardize the newly gathered data. After these measurements are standardized and plotted, a 
control chart is declared "out of control" if future concentrations exceed the baseline control 
limit. This is indicated on the control chart when either the Shewart or CUSUM plot traces begin 
to exceed a control limit. The limit is based on the rationale that if the monitoring point remains 
unchanged from the baseline condition, new standardized observations should not deviate 
substantially from the baseline mean. If a change occurs, the standardized values will deviate 
significantly from the baseline and tend to exceed the control limit. Usually, two parameters 
are used to compute standardized limits; the decision value (h) and the Shewart Control 
Limit (SCL). 

A minimum of eight samples are recommended for use in ChemStat® software to defme the 
baseline for a control chart. Therefore, only sample sets with greater than eight samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h). and a SCL on the control chart. The software ·recommends a value of 5 for the CUSUM 
control limit (h) and a value of 4.5 for the SCL. 

EPA Unified Guidance suggests that to simplify the interpretation of the control chart that an out 
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM (h) control 
limit on the charts. As a "work-a-round," the SCL limit was defined as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 

As shown in Table A.5.1-1 in gray shading, fifteen parameters in the HTW and GMA wells of 
Celll meet the criteria for control charts (i.e., more than 8 samples, normal or lognormal 
distribution, no trend, and no serial correlation), resulting in 20 control charts. 

These twenty control charts are presented in Figures A.5.1-30 to A.5.1-49. All of the control 
charts for Celll indicate "in control" conditions. Past "out of control" conditions exist for total 
organic halogen (TOX) and cobalt, but as shown in the control charts, data collected since the 
out of control conditions indicate that the out of control conditions did not persist. 
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Parameter and Monitoring Pointa Assessment 
Nitrate in the HTW In Control 
TDS in the GMA-U In Control 
TDS in the GMA-D In Control 

TOX in the HTW In Control 

Barium in the HTW In Control 

Calcium in the HTW In Control 

Cobalt in the HTW In Control 
Cobalt in the GMA-D In Control 

Copper in the HTW In Control 

Iron in the HTW In Control 
Iron in the GMA-U In Control 

Lithium in the GMA-U In Control 

Lithium in the GMA-D In Control 

Magnesium in the HTW In Control 
Manganese in the HTW In Control 

Manganese in the GMA-U In Control 

Nickel in the GMA-U In Control 

Potassium in the HTW In Control 

Sodium in the GMA-D In Control 
Zinc in the GMA-U In Control 

• HTW = horizontal till well; TDS = total dissolved solids; TOX = total organic halogens; 
GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great Miami Aquifer 

A.5.1.3 Annual LCS Sample Results 

Annual LCS sampling results for Cell i are provided in Table A.5 .1-2 for those parameters that 
have been detected at least once and are not being sampled quarterly. No new Appendix I or ) 
PCB parameters were detected in the LCS of Celli in 2011. 

A.5.1.4 Summary and Conclusions 

• Six parameters have an upward concentration trend in the HTW and/or GMAwells of Celli 
(uranium, TOC, Alkalinity, arsenic, boron, and selenium). 

• Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and 
HTW of Celli indicate that water is not mixing between the horizons. Concentration 
increases in the HTW and GMA wells of Celli are attributed to fluctuating ambient 
concentrations beneath the cell and not to cell performance. 

• Twenty control charts were constructed for Celli parameters. All of the control charts 
exhibit "in control" conditions. 

• No new Appendix I or PCB parameters were detected in the LCS of Celli in 2011. 
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• 

Note: The data used in this table has been standardized to 

Parameter 

Total Uranium (IJg/L) 

Alkalinity as CaC03 (mg/L) 

Chloride (mg/L) 

Nitrate/Nitrite as Nitrogen (mg/L) 

Sulfate (mg/L) 

Total Dissolwd Solids (mg/L) 

Total Organic Carbon (mg/L) 

Total Organic Halogens (mg/L) 

Arsenic (mg/L) 

Barium (mg/L) 

U.S. Department of Energy 
May 2012 

12338 
22201 

GMA-D 22198 

LCS 2338C 
LDS 12338D 
HTW 12338 

GMA-U 22201 
GMA-D 22198 

LCS 12338C 

12338 
22201 

GMA-D 22198 

LCS 2338C 
LDS 123380 
HTW 12338 

:· 
LCS 12338C 
LOS 123380 
HTW 12338 

GMA-U 22201 

10 
4 
4 

23 
7 
10 
4 
4 

32 
35 
35 

33 
6 
8 

52 
34 
35 
46 
40 

12.7 
11.2 
15.2 

721 
528 

10 289 
4 563 
4 383 

23 55 
7 100.0 87.1 202 
10 100.0 16.3 
4 100.0 35.9 
4 100.0 22.0 

34 64.7 ND 

19 100.0 675 
32 100.0 549 907 
35 100.0 91.8 1980 
35 100.0 101 506 

33 100.0 1790 5200 
6 100.0 2430 7540 
8 100.0 1190 1310 

1111 '1®91® 
1111 1(010),@ 

54 96.3 9.99 51.8 
38 89.5 ND 15.7 
48 72.9 ND 7.24 
59 78.0 ND 17.6 
58 69.0 ND 15.8 

55 

9 
20 
11 
44 

23 

Table A.5.1-1. Summary Statistics for Ce/11 

Standard Distribution 
Awragec,d Deviationc,d Trendd,f 

79.2 37.6 Up 

10.8 6.8 Undefined Up 
5.56 3.89 Undefined Up 

3.08 2.91 Undefined Up 
5.12 2.98 

151 
109 Normal None 

26 Normal Up 
Normal None 

128 39 Normal None 

4.3 Normal Down 

18.2 Normal None 
0.3 Normal 

18 Undefined 

1290 
1850 
705 
324 
224 

2420 
5170 2000 Normal None 
1260 40 Normal None 

19.6 8.9 Undefined Down 
6.51 2.96 Normal None 
1.73 1.02 Undefined Up 
2.49 3.55 Undefined None 
1.39 2.78 

0.197 

INSUFF 
0.00250 
0.00250 
0.00150 

0.0785 

• 

Serial 
Correlationd,g 

Detected 
Detected 
Detected 
Detected 

Not 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Detected 

Not Detected 

Not Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Not Detected 
Not Detected 

Detected 

Detected 

123 
80.9 (Q2-98) 

59.7 (02-98) 
52.5 

0.308 (Q2-00) 

Outliersh,l 

0.9 (Q1-99) 0.85 (Q2-99) 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 

Page A.5.1-5 



Note: The data used in this table has been standardized to 

Parameter Horizon" 

LCS 

LOS 
Boron (mg/L) HlW 

GMA-U 
GMA-D 

LCS 
LOS 

Calcium (mg/L) 

Cobalt (mg/L) 

Copper (mg/L) 

Iron (mg/L) 

Lithium (mg/L) 

Magnesium (mg/L) 

Manganese (mg/L) 

Nickel (mg/L) 

Potassium (mg/L) 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
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123380 
12338 
22201 
22198 

12338C 
123380 

Minimumb 

0.0642 

37 38 97.4 0.169 

46 49 93.9 NO 

57 59 96.6 NO 

54 58 93.1 0.0264 

23 23 100.0 377 

7 7 100.0 324 

9 
• '\(;"\ 1177 

'i® -m; 
43 44 

Table A.5.1-1 (continued). Summary Statistics for Ce111 

Standard 

Maximumb A~ragec,d Deviationc,d 

2.81 1.05 0.53 

0.345 0.243 0.043 
0.271 0.162 0.064 
0.158 0.112 0.028 
0.131 0.060 0.017 

939 548 146 
553 396 78 

Distribution 

Lognormal 
Undefined 
Normal 
Undefined 
Lognormal 
Normal 

Normal 
Normal 

Undefined 

Trendd,f 

None 
Up 

None 
None 
Up 

None 
None 
Down 

None 

Down 
None 

Serial 
Correlationd,g 

Not Detected 

lnsuff 
lnsuff 

Detected 

Not Detected 

lnsuff 
lnsuff 

0.0296 (01-98) 0.00100 (03-00) 

Outliersh,i 
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• 

• 

Table A.5.1-1 (continued). Summary Statistics for CM 1 

Note: The data used in this table has been standardized to 

Monitoring Standard Serial 

Parameter· Horizona Location Samples Samples Detects Minimumb Maximumb Deviationc,d Trendd,t Correlationd,g 

LCS 2338C 28 NO 0.0715 Up Not Detected 
LOS 123380 1 9 11 '1 NO 0.00724 lnsuff lnsuff Undefined Up Not Detected 

Selenium (mg/L) HlW 12338 0 17 0.0 NO NA lnsuff lnsuff lnsuff lnsuff lnsuff 
GMA-U 22201 0 11 0.0 NA lnsuff lnsuff lnsuff lnsuff lnsuff 
GMA-D 22198 3 31 9.7 0.00364 0.00165 lnsuff Undefined u Detected 

LCS 12338C 28 29. 17.9 3.8 Normal Up 
123380 9 9 896 571 Normal Up Not Detected 

Sodium (mg/L) 12338 20 23.8 16.9 Down Detected 

Zinc (mg/L) 

Hac lli it! [ !i~ili 
Note: For results where the Al.€rage, Type, Trend, Serial Correlation, and Outliers are each 

aLeS = leachate collection system; LOS = leak detection system; HlW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer 
bND = not detected; NA = not applicable 

cAI.€rages were determined based on the distribution assumption and requires n ~ 3. In addition, Standard Deviation requires n ~ 4. 

d"lnsufl'' = Insufficient and is used for Al.€rage, Standard Deviation, Distribution Type, Trend, or Serial Correlation whene\€r there is not enough data to run the test. 
8 Data distribution based on the Shapiro-Wilk statistic {where 3 ::; n ::; 50) or Shapiro Francia (where n > 50). 

Normal: Normal assumption could not be rejected at the 5 percent lewl and has a higher probability value than the lognormal assumption . 
Lognormal: Lognormal assumption could not be rejected at the 5 percent lel.€1 and has a higher probability value than the normal assumption. 
Undefined: Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values. "Awrage" is defined as the Median of the data. 

1Trend based on non parametric Mann-Kendall procedure. Trend testing requires a sample with n ~ 4. 
9Serial correlation based on Rank Von Neumann test. Serial Correlation testing requires a sample with n ~ 6. 

hOutliers determined by Rosner's {where n > 25) or Dixon procedure {where 4::; n ::; 25). 
10 = quarterly 

U.S. Department of Energy 
May2012 

Outliersh,i 

(01-10) 
(03-09) 

Femald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

PagcA.5.1-7 



Table A.5.1-2. Ce/11 Annual LCS Sample Summary Information for ~elected Parameters 

GW BACKGROUNO"·b,e FW BACKGROUNO"·b,e 

NUMBER OF NUMBER OF SAMPLES PERCENT OF MIN DETECTED MAX DETECTED AVG DETECTED GW FRLd (#OF (SAMPI..ES>GW (SAMPI..ES>FW 
SAMPLES•·b WITH DETECTIONS"·b DErECTlONS•·b DETECTED IN 2011 CONCENTRA TION'·b,c CONCENTRA TION'·b,c CONCENTRA TION•.b,c SAMPI..ES>GWFRL) PARAMETER (UNIT) BACKGROUND) BACKGROUND) 

General Chemistry I 

tvlercury (rrg/L) 

Silver (rrg/L) 

~lm~f'l~ 
Radlonuclide 

•If rmre than one salllJie is collected per well per day (e.g., duplicates), then only one sample is counted for the total nurrtler of samples, and the salllJie with the maximum representative concentration is used for all the summary information. 

bRejected data qualified with an R or Z were not included. 

I 

MAXFWDETECTED 
CONCENTRA TlON a,b,t 

(SAMPI..ES>MAX FW) 

• < < • ;'"~ ~- ~1.. 

·_ · - mmUJim'm) 

elf the nulli:ler of detected samples is equal to two, then the ninumun and maximumn are reported. If the nulli:ler of detected is equal to one, then the data point is reported as the ninimum. The "AVG DETECTED CONCENTRATION" is not reported for either of these cases. 

_ dFrom Operable Unit 5 Record of Decision, Table 9-4. 

•From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RVFS documents. 
1Max FW- maximum detected concentration in perched water as defined in the Remedial investigation Report for Operable Unit 5. 

9FRL based on hexavalent chronium from Operable Unit 5 Record of Decision, Table 9-4. 
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December 23, 1997: ~aste Placement initiated Decem.ber 20, 2001: Cap completion 

I November 23, 1998: HTW purging Initiated 
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Figure A.5.1-6A. Cell1 Total Uranium Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.1-6B. Cell 1 Total Uranium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23,1997: Waste Placement initiated Decem~er 20,2001: Cap completion 

j Novem~er 23, 1998: HlW purging iniUated 
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Figure A.5.1-7A. Cell1 Chloride Coiloontralion vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.1-7B. Cell1 Chloride C9ncentration vs. Time Plot for HTW, GMA-U Well, and GMA-0 Well 
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December 23, 1997: ~e.ste Placement _initialed Dece~ber 20,2001: Cap completion 

I November 23, 1998: HlW purging initiated 
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concentrations (ND). 
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Figure A.5.1-8A. Cell1 Magnesium Concentration vs. Time Plotfor LCS, LOS, and HTW 
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Figure A.5.1-8B. Cell1 Magnesium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste A"acement initiated Dece~er 20, 2001: Cap completion 

~ .s 
~ 
i 
! z 

November 23, 1998: HTW purging initialed 

i I 

1000?---~--~------------~----------------------------------------------, i ~ ': 
I= 1: 
1: 

The grouncf.Nater FRL for 
nltratehll!nte Is 11 mg/l. 

100+---~---P.~--~--~--~~--~--~--~---i~---T--~----+---~--~----i 
!: H !: 

1: 
1: 
1: 

10 
·!~ . . 

1,~\ h~ 
:: 

J j ~ Ll-~ .;.._---:---+HH----:;;·FL-A~· -------:-. ~ J . . 
:: \) N; ~-- ~~~~~~ ~ 

i: I~ I( l ~ : :1[ ( ~ 
0.01 +---+.----1-i.----+-----+----IH----+-----+----f."'~:;-x-rif-----fl:.~--~.-----:-. __::::~:--...._::------~ ;· _ -----1 

I ~ ; : ~ ~ I Note: 0nfilled s;mbols ~~ + 
1 ; : represent not detected : : 
1; ~ ooncentrations (ND). ! ~ 

0.1 ;: 

U001~--~~--~----~----~--~----~----~--~~--~----~·----~----~----·~--~·----~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5-1-9A. Cell1 Nitrate+ Nitrite as Nitrogen Concentration vs. Time Plotfor LCS, LOS, and HTW 
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December 23, 1997: Waste Placement initiated December 20,2001: Cap completion 
1 November 23,1998: HTW purging lniti~led 
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Figure A.5.1-10A. Cell1 Sulfate Concentration vs. Time Plotfor LCS, LOS, and HTW 

December 23, 1997: Waste Placement Initiated oeceinber 20,2001: Cap completion 
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Figure A.5.1-10B. Cell1 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placemenl initiated Decem~er 20,2001: Cap completion 

; Novem~er 23, 1998: HlW purging initialed 
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Figure A.5.1-11A. Cell1 Alkalinity, Total (As CaC03) Concentration vs. Time Plot for LCS, LDS! and HTW 

December 23, 1997: Waste Placement initiated December 20,2001: Cap completion 
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Figure A.5.1-11 B. Cell1 Alkalinity, Total (As CaC03) Concentration vs.Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placement initiated Dece"!ber 20,2001: Cap completion 
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Figure A.5.1-12A. Cell1 Total Dissolved Solids Concentration vs. Time Plot for LCS, LOS, and HTW 
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Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
Page A.S.l-18 

U.S. Department of Energy 
May2012 

--) 



December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion 
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Figure A.5.1·13A. Cell1 Total Organic Carbon Concentration vs. Time Plot for LCS~ LOS, and H1W 
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Figure A.5.1-138. Cell1 Total Organic Carbon Concentration vs. Time Plot for H1W, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placement initiated Decem~er 20,2001: Cap completion 

; November 23, 1998: HlW purging initiated 
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Figure A.5.1-14A. Cell1 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW 
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December 23, 1997: Waste Placement initiated Decemb;r 20,2001: Cap completion 
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Figure A.5.1-15A. Cell 1 Arsenic Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A5.1-15B. Cell1 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placement initiated Decem
1
ber 20,2001: Cap completion 

November 23, 1998: HlW purging Initialed 

10~--;r--;o----o---o---~---o----o---o----c---o----o----------------, 
The groundwater FRL for r----------, 

barium is 2 mg/L. 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.1-16A. Cell1 Barium Concentration vs. Time Plot for LCS, LDS, and HlW 
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Figure A.5.1-16B. Cell1 Barium Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placement initialed Decem~er 20,2001: Cap completion 

November 23, 1998: HTW purgng iniliated 
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Figure A.5.1-17A. Cell1 Boron Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.1-17B. Cell1 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placement initiated December 20,2001: Cap completion 
I ' I November 23, 1996: HTW purging initiated 
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Figure A.5.1-18A, Cell1 Calcium Concentration vs. Time Plotfor LCS, LDS, and HTW 
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Figure A.5.1-18B. Cell1 Calcium Concentration vs. Time Plotfor HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placement initiated December 20,2001: Cap completion . 
November 23, 1998: H1W purging lnifated 
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Figure A.5.1-19A. Cell1 Cobalt Concentration vs. Time Plot for LCS, LOS, and HTW 

December 23, 1997: Waste Placement initiated December 20,2001: Cap corilple~iclfJ 
. . 

November 23, 1998: 1-nw purging initiated . . 

The groundwater FRL for 
cobalt is 0.17 mgll. 
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concentrations (ND). 
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Figure A.5.1-19B. Cell1 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-0 Well 
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December 23,1997; Waste Placement initiated Decem
1
ber 20,2001: Cap completion 

November 23, 1998: HlW purging Initiated 

10~--~--~------------~--------------------------------------------~ 
The groundwater FRL for 

cooper is 1.3 mg/1... 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.1-20A. Cell1 Copper Concentration vs. Time Plot for LCS, LDS, and HTW 

December 23, 1997: Waste PlaCement initiated December 20, 2001: Cap completion 

- - - Noy~mbe_~ 23,-1998: HTWpurging initiated 
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0.01 

The groundwater FRL for 
cooper is 1.3 mg/1... 

; Note: Unfilled symbols 
: represent not detected 
: concentrations (ND). 
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0.0001L---~--~~--~--~--~~--~--~--~~--~--~--~----~--~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

.Figure A.5.1-20B. Cell1 Copper Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Wasle Placement initiated December 20, 2001: Cap completion . 
November 23, 1998: H1W purging initiated 
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Figure A.5.1-21A. Cell1 Iron Concentration vs. Time Plot for LCS, LDS, and HTW 

December 23, 1997: Waste Placement initiated December 20, 2001: Cap cori'lplelion 

-
1
• Novembe_r 23, 1998: HTW purging initiated -. . 
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Figure A.5.1-21 B. Cell1 Iron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placement initiated Dece"!ber 20,2001: Cap completion 
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0.01 

November 23, 1998: HlW purging inlti ted 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.1-22A. Cell1 Lithium Concentration vs. Time Plot for LCS, LDS, and HTW 

D_ecember 23, 1997: Waste Placement Initiated December 20,2001: CaJ:? canpletlon 

1
1 

November 23,1998: HlWpurging inttiate'd . . 
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Figure A.5.1-22B. Cell 1 Lithium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997; Waste Placement initiated Decemb;r 20,2001: Cap completion 

::r 
til .s 
"' "' "' <: 

"' "' <: 

"' :;; 

November 23, 1998: HTW purging initiated 

10~---r--~----~--~---;----~--~~-c----~--~----------------------, 
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0.01 

The groundwater FRL for 
manganese Is 0.9 mgll.. 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 
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Figure A.5.1-23A. Cell1 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW 
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D_ecem~er 23, 1997: Waste Placementlnili~ted D~cemb~r 20,2001: Cap completior) 
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November 23, 1998: HTW pUrging initiated . . 

; Note: Unfilled symbols 
: represent not detected 
; concentrations (ND). 
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Figure A.5.1-238. Cell 1 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23,1997: Waste Placement initiated Decem~er 20,2001: Cap completion 

November23,1996: HTWpurging lnillated 

The groundwater FRL fer 
nickel is 0.1 mg/L. 
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Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.1-24A. Cell1 Nickel Concentration vs. Time Plot for LCS, LDS, and HTW 

December 23, 1997: Waste Placen:tent lnillated December 20,2001:- CaR cQnlpleliOI) 

II November 23, 1998: HlW purging inil~led . . 
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The groundwater FRL for 
nickel Is 0.1 mg/L 
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Figure A.5.1-24B. Cell 1 Nickel Concentration vs, Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: Waste Placement initialed Decem
1
ber 20,2001: Cap completion 

; November 23, 1998: HlW purging initialed 
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Note: Unfilled symbols 
represent not detected 

concentrations [ND). 
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Figure A.5.1-25A. Cell1 Potassium Concentration vs. Time Plot for LCS, LOS, and HTW 

D_ecember 23,1997: W:ste Placement initi~ted D~cem~er 20,2001: Cap cQmpleliOfl 

I Novem.ber 23,1998: HlWpurginglnit~ated 

~~c 
Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 

Figure A.5.1-258. Cell1 Potassium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23,1997: W~sle Placement initialed Decem~er 20,2001: Cap completion 

I November 23, 1996: HTW purging Initiated 

i 
E 
:::J 
'2 

"' 'ii 
VI 

The groundwater FRL fCf 
selenium is 0.05 mgtl. 

0.1+---~--~~--~--~---f.~--~--~--~----~--~----~--~--~----~--4 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 

Figure A.5.1-26A. Cell1 Selenium Concentration vs. Time Plot for LCS, LDS, and HTW 

December 23, 1997: Waste Place~entlniliated December 20,2001: Cap completion 

- j November 23, 19~: HlW purgi~g inittated 
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The groundwater FRL for 
selenium Is 0.05 mgll. 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.1-26B. Cell1 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: .Waste Placement initiated Decem~er 20,2001: Cap completion 
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November 23, 1998: HTW purging initiated 

Note: Unfilled symbols 
repr~sent not detected 
concentrations (ND). 
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Figure A.5.1-27A. Cell1 Sodium Concentration vs. Time Plot for LCS, LDS, and HTW 

O_ecember 23, 1997: Waste Placell)ent Initiated Oecem~er 20,2001: CaR corilpletion 
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en 

10 

November 23, 1998: HTW purgng initiated . . 

Note: Unfilled symbols 
represent not detected 

concentratioos (ND). 
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Figure A.5.1-27B. Cell 1 Sodium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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December 23, 1997: We.ste Placement initiated Decem~er 20,2001: Cap completion 

November 23, 1998: HTW purging initiated 

The groundwater FRL for 
zinc is 0.021 mgA.. 

i 0.01+---~~--++----~~~~~~~---7~--~----~--~~b-~----~----~~~~+-~~~ 
u c 
N 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.1-28A. Cell1 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW 

December 23, 1997: Waste Placement initiated December 20,2001: Cap completion 
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I . .• I NOYember23, 1998: HTWpurgmglmt!ated 

The groundwater FRL for 
zinc Is 0.021 mgA.. 
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Figure_ A.5.1-288. Cell1 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

__...._ 12338C- LCS 

__._ 123380- LOS 

-B-12338-HlW 

-9- 12338-HlW 

__...._ 22201 - GMA-U 

__._ 22198-GMA-D 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

PageA.S.l-34 



250 .----------------------------------------------------------------------------------, 

CELL 1 

• 200 ---------------------------------------------------,'----------------------------------------

• LCS (12338C) 

• LDS (123380) 

• HTW (12338) 
150 ------------------------------------------1 ------------------------------

• 

• .. 
• 

• 

•• 
• • • • 
.:. 
• 

•• 0 8/15/05 
I 
I 
I 

50 i-----------------------------------------j----------------------------------------1 

• 
•• 

• h • A.\t • t, 8/08/05 • 
100 1,000 

Sodium (mg/L) 

Figure A.5.1-29. Ce/11 Bivariate Plot for Uranium and Sodium 
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(.) 

Barium 
Intra-Well Shewhart-CUSUM Control Chart of 12338 
Baseline Mean= 49.975; Baseline Std Dev = 14.2375; k = 1; h = 5; SCL = 5 

6 ~--------------------------~--------------------~--~--~----------------~ 

5~------------------~----------------~------------------------------~ h CL 

4 r---------------------------------------------------------------------------~ 

3r---------------------------------------------------------------------------~ 

2r---------------------------------------------------------------------------~ 

1 r---------------------------------------------------------------------------~ 

()----------------------------------------------------------------------------------------------------------------- ----· 

-1 ~ --~-
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10 
-=--10 

• Standardized mean o CUSUM 

Sample Date 

Figure A.5.1-30. Intra-We// Shewhart-CUSUM Control Chart (Barium 12338) 
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Calcium 
Intra-Well Shewhart-CUSUM Control Chart of 12338 
Baseline Mean = 280000; Baseline Std Dev = 37754.8; k = 1; h = 5; SCL = 5 

6 ~--------------------------~--------------------~--~----~----------------, 

5~------~----------~----~--~----------~----------~----~--~----~ h CL 

4 r---------------------------------------------------------------------------~ 

3 r---------------------------------------------------------------------------~ 

2 r---------------------------------------------------------------------------~ 

1 r---------------------------------------------------------------------------~ 

o. --- ------- ------ -- ---- ---- ------ ------- ---- ------ ----------------- ------ -- --- ----- ----------------------- ---- --- --- -· 
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• Standardized mean o CUSUM 

Sample Date 

Figure A.5.1-31. Intra-We// Shewhart-CUSUM Control Chart (Calcium 12338) 
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Cobalt 
Intra-Well Shewhart-CUSUM Control Chart of 12338 

Baseline Mean = 1.11625; Baseline Std Dev = 0.460402; k = 1; h = 5; SCL = 5 
6 .---------------------------~--------------------~----~--~----------------. 
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Figure A.5.1-32. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12338) 
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Copper 
Intra-Well Shewhart-CUSUM Control Chart of 12338 
Baseline Mean = 8.725; Baseline Std Dev = 5.67173; k = 1; h = 5; SCL = 5 

6 ~------------------------~~--------------------~--~--~----------------~ 

5r-----------------------------------------------------------------~ h CL 

4 r---------------------------------------------------------------------------~ 

3 r-------------------------------------------------------------------------------~ 

2 r-----------------------------------------------------------------------~ 

1 r-----------------------------------------~---~~~--------==--------~~~------~~~~------==-~~ 
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Figure A.5.1-34. Intra-Well Shewhart-CUSUM Control Chart (Copper 12338) 



Iron 
Intra-Well Shewhart-CUSUM Control Chart of 12338 
Baseline Mean= 5521.13; Baseline Std Dev = 4875.1; k = 1; h = 5; SCL = 5 

6 ~--------------------------~--------------------~--~--~----------------~ 
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Figure A.5.1-35. Intra-Well Shewhart-CUSUM Control Chart (Iron 12338) 
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Iron 
Intra-Well Shewhart-CUSUM Control Chart of 22201 

Baseline Mean= 1906.74; Baseline Std Dev = 1781.96; k = 1; h = 5; SCL = 5 
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Sample Date 

Figure A.5.1-36. Intra-Well Shewhart-CUSUM Control Chart (Iron 22201) 
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Lithium 
Intra-Well Shewhart-CUSUM Control Chart of 22198 

Baseline Mean = 9.21; Baseline Std Dev = 1.0301 ; k = 1; h = 5; SCL = 5 
6 .---------------------------~------------------~----~--~------------------. 

5~------------------------------------------------------------------~ hCL 

4 ~--------------------------------------------------------------------------~ 

3 ~--------------------------------------------------------------------------~ 

2~--------------------------------------------------------------------------~ 

1 r----------------------------------~--==~~~=------------------------------------~ 
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Sample Date 

Figure A.5.1-37. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22198) 



Iron 
Intra-Well Shewhart-CUSUM Control Chart of 12338 
Baseline Mean= 5521.13; Baseline Std Dev = 4875.1; k = 1; h = 5; SCL = 5 

6 ~--------------------------~--------------------~--~--~----------------~ 
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Figure A.5.1-37. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22198) 
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Figure A.5.1-38. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22201) 
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Figure A 5. 1 -39. Intra-Well Shewhart-CUSUM Control Chart (Magnesium 12338) 
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Figure A.5.1-40. Intra-We// Shewhart-CUSUM Control Chart (Manganese 12338) 
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Figure A.5.1-41. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22201) 
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Figure A.5.1-42. Intra-Well Shewhart-CUSUM Control Chart (Nickel 22201) 
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Figure A.5.1-43. Intra-Well Shewhart-CUSUM Control Chart (Nitrate 12338) 
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Figure A.5.1-44. Intra-Well Shewhart-CUSUM Control Chart (Potassium 12338) 
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Figure A.5.1-45. Intra-Well Shewhart-CUSUM Control Chart (Sodium 22198) 
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Figure A.5.1-46. Intra-We// Shewhart-CUSUM Control Chart (TDS 22198) 
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Figure A.5.1-47. Intra-Well Shewhart-CUSUM Control Chart {TDS 22201) 



(, _
_ 

1:
10

(:A
BW

 
A

il1
8U

tJ
JO

 J
U
~t

up
ec
t~
a 

·s·
n 

11
 

co
· c:: (i1
 ~
 
~
 .... .L !=X
' s- :i
 

Q
i I ~ :::::
: 

(/
) 

:::J
-

(J
) 

(1
) ~ 

iC.
I 

Il
l 

3 
~
 

"'
0

 
(
)
 

(D
 

c: 
c 

(/
) ~ 

~
 

(D
 

(
)
 

0 ::J
 

:i
 

2..
 9 Il

l ~
 

.....
.... d >< .... 1
\)

 
w

 
w

 
~
 

I 

• 
11
11
5/
20
00
~
 

(J
) 

21
15

/2
00

1 
S'

 
51

15
/2

00
1 

~
 

81
15

/2
00

1 
~ 

11
11

5/
20

01
 

~
 

21
15

/2
00

2 
~
 

51
15

/2
00

2 
3 

81
15

/2
00

2 
g: 

11
11

5/
20

02
 

::s
 

21
15

/2
00

3 
0 

51
15

/2
00

3 
81

15
/2

00
3 

g 
11

11
5/

20
03

 
~
 

21
15

/2
00

4 
~
 

51
15

/2
00

4 
81

15
/2

00
4 

11
11

5/
20

04
 

21
15

/2
00

5 
51

15
/2

00
5 

81
15

/2
00

5 
11

11
5/

20
05

 
21

15
/2

00
6 

51
15

/2
00

6 
81

15
/2

00
6 

11
11

5/
20

06
 

21
15

/2
00

7 
51

15
/2

00
7 

81
15

/2
00

7 
11

11
5/

20
07

 
21

15
/2

00
8 

51
15

/2
00

8 
81

15
/2

00
8 

11
11

5/
20

08
 

51
15

/2
00

9 
81

15
/2

00
9 

11
11

5/
20

09
 

21
15

/2
01

0 
51

15
/2

01
0 

81
15

/2
01

0 
11

11
5/

20
10

 
21

15
/2

01
1 

v
~
-
1·

s
·v
 ;

li
le

d 

61
:9

80
S 

·o
N

 ·:
1o

a 
j.1

0d
8<

J 
1B

)U
:J

U
[lJ

01
!A

U
tJ

8J
IS

 1
1 

Q
(:

 ;:
,,u

~S
()

.l
d 

P1
B

lli
::ld

 

C
o

n
e

 (
S

ta
n

d
a

rd
i:z

e
d

 U
n

it
s)

 

9 
....

....
 ..r

· 

~
·; 

..
_

/ 
, 

-....
... 

-- ~
 ~

_.
,.

 

~
----

·' 
-~-

. v-.
 r f •
 

..t?.
.-•

 
... 

----
-··

 t
~

, 
-...

., 
....

.....
 , _

_ 
~
- !:
 

/
/
 

$
. 

. 
'-.

... "' 
l

;, ~ 

t 
t 

L
 __ t

t,--
.....

.....
 _.

;;:
:.+

 

c~
 t~
 

(! 

~
 

t\
l 

(.
J
 

,l:o
o. 

0
1

 

·f ~·>
 

" 

...
._

_ 
~
 -
~ 

~ -
•. -

--
-

.....
.....

 ~
-..

..-:
:-, 

-=-
---=

--
t::

T -
-=

--
~

J 
L

-
.-

· 
-

-
:;

.-
::

 
-
'-

-
·-

-
' 

_
,

, 
,.

_
 ,

-

~/
 

__
 ...
 -·

»·
··-

I 
-

t-.. 
~-

' 
::

r'
 

n r 

0
)
 D
l

-
iC.

I 
:J

 
Il

l
,.

..
. 

(D
 

..
.,

 

::
~
 

::s
 ro:

; 
~

(I) 
IC.

I


::s
 

-
11

(1
) 

U
) 
:r

 -
I 

:...
... 

(I
) 

0 
~ 
~
 

r
+

 
m

 :r
 Q

) 
~·

 
~
 
-

~
~
 0

 
Il

l 
I 

""
"'

 
~-
g(

O 
~

(I)
Q)

 
::J

 
~ 

c 
-·

 
Q

..
 
s 

0 
c (D

 
0 

::I
: 

~ 
0 

e!.
 

~
 :

J 
0 

0 
~
 ,

,.
,.

 
i\l

 0
 

u
..

.l
 

t\
l 

""
""

 
(.

J
 

-
..

 .,
. 

~U
? 

0 
::J

 
~
 
:r

 (
/) 

II 
~
 

:7
~
 

~
a
 

~Co
!' 
~
 

V>
N

 
n

w
 

r;
w

 
Ol

eo
 

.. 



Zinc 
Intra-Well Shewhart-CUSUM Control Chart of 22201 

Baseline Mean = 5.50437; Baseline Std Dev = 3.64303; k = 1; h = 5; SCL = 5 
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Figure A.5.1-49. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22201) 
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The following information is provided in this sub-attachment: 

• Quarterly monitoring summary statistics (refer to Table A.5.2-l) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.2-2) 

• LCS monthly accumulation volumes (refer to Figure A.5.2-1) 

• LDS monthly accumulation volumes (refer to Figure A.5.2-2) 

• OSDF horizontal till well12339 water yield (refer to Figure A.5.2-3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.2-4 
. and A.5.2-5) 

• Plots of concentration versus time (refer to Figures A.5.2-6A to A.5.2-28B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.2-29) 

• Control charts (refer to Figures A.5.2-30 to A.5.2-47) 

A.5.2.1 Quarterly Monitoring Results 

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each 
cell for the purpose of determining if the OSDF is operating as designed. Water quality within 
the cell is sampled in the LCS and LDS. Water quality beneath the cell is sampled in the HTW 
and GMA wells. Concentrations versus time plots, bivariate plots, and control charts are used to 
help interpret and present the results. 

In the first quarter of 2011, 23 parameters were sampled in the LCS, LDS, HTW, and GMA 
wells of each cell. In the second, third, and fourth quarters tritium was added to the analyte list 
for all horizons (LCS, LDS, HTW, and GMA wells), and the analyte list for the HTWs in all 
cells was changed to just four parameters: arsenic, uranium, tritium, and sodium. These changes 
were agreed to via the comment resolution process between Ohio EPA and DOE on revision 4 of 
the LMICP (DOE 2010b). Tritium results for all cells are reported in Section A.5.5. 

The LDS of Cell 2 was dry during the first, second, and third quarters of 2011. As shown in 
Table A.5.2-1, 5 of the 23 parameters sampled quarterly in the LCS, LDS, HTW, and GMA 
wells (uranium, TOC, arsenic, boron, and sodium) have upward trends in the HTW and/or the 
GMA wells based on the Mann-Kendall test for trend. 

Horizontal Till Wells 

The HTW is located beneath the liner penetration box of each cell by design. The liner 
penetration box is considered to be potentially the weakest point in the cell design. If a leak were 
to develop, it should be detected. beneath the liner penetration box first. Therefore, the water 
quality in the HTW represents the first line of evidence that a potential leak from the cell might 
be occurring. A leak would be indicated by an increasing concentration in the HTW. 

Of the 23 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium, 
TOC, and boron are increasing in the HTW ofCell2 (as indicated in the table below). The 
bivariate plot for the Cell 2 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.2-29. There are only two data points for the HTW ofCell2 shown in 
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Figure A.5.2-29 because the LDS has routinely been dry since the first quarter of 2006. A 
sample was collected during the fourth quarter of2011. The plot shows that the chemical 
signature for uranium-sodium in the LCS, LDS, and the HTW are separate and distinct; 
indicating that mixing between the horizons is not occurring. Therefore, the increasing 
concentrations measured in the HTW of Cell 2 are attributed to fluctuating ambient 
concentrations beneath the cell that are not related to cell performance. 

Parameter HTWa GMA-Ua 

Uranium Up Up 

TOG Up 

Arsenic 

Boron Up Up 

Sodium Up 
8 HTW = honzontal t1ll well, GMA-U = upgrad1ent Great M1am1 Aqu1fer, 
GMA-0 = downgradient Great Miami Aquifer. 
No entry indicates that the trend was not up. 

GMA-Da 

Up 

Up 

The plot of concentrations versus time for boron in the HTW is presented in Figure A.5.2-17A. 
If data prior to 2006 is removed from the dataset, the Mann-Kendall trend test indicates no 
statistical significant evidence for a trend. 

Great Miami Aquifer Wells 

. GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow 
directions will be from west to east. However, water levels measured in 2011 indicate that 
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of 
northeast to south/southwest in response to the active groundwater remediation taking place to 
the west and southwest. Pumping for the groundwater remediation is scheduled to last until 2023. 
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring 
horizons are not mixing, the increasing concentrations seen in the GMA wells, for uranium, 
arsenic, boron, and selenium, are attributed to fluctuating ambient conditions that are not related 
to cell performance. 

The table below provides a summary of the average concentration (as reported in Table A.5.2-l) 
measured in the LDS and GMA wells for parameters with increasing concentrations in the Cell 2 
GMA wells. 

Parameter LDSa GMA-Ua GMA-Da 

Uranium (IJg/L) 19.2 0.86 0.734 

Arsenic (mg/L) NO 0.0025 0.0015 

Boron (mg/L) 0.510 0.0503 0.0501 
Sodium (mg/L) 826b 26.8 17.0 

Note: The highest averages are shown m bold 
a LOS = leak detection system, GMA-U = upgradient Great Miami Aquifer, 
GMA-0 = downgradient Great Miami Aquifer. 

b Sodium has only been detected twice in the LOS of Cell 2 (fourth quarter 2005, 989 mg/L and 
fourth quarter 2011, 664 mg/L). 

N 0 = not detected 
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As shown above, arsenic has never been detected in the LDS of Cell 2. It should be noted that 
the LDS of Cell 2 was dry between 2006 and the fourth quarter of 2011. 

A.5.2.2 Control Charts 

Intrawell control charts employ historical measurements from a compliance point as background. 
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified 
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart. 
Appropriate background data are used to define a baseline for the well. The baseline parameters 
for the chart, estimates of the mean, and standard deviation are obtained from the background 
data. These baseline measurements characterize the expected background concentrations at the 
monitoring point. As future concentrations are collected, the baseline parameters are used to 
standardize the newly gathered data. After these measurements are standardized and plotted, a 
control chart is declared "out of control" if future concentrations exceed the baseline control 
limit. This is indicated on the control chart when either the Shewart or CUSUM plot traces begin 
to exceed a control limit. The limit is based on the rationale that if the monitoring point remains 
unchanged from the baseline condition, new standardized observations should not deviate 
substantially from the baseline mean. If a change occurs, the standardized values will deviate 
significantly from the baseline and tend to exceed the control limit. Usually, two parameters 
are used to compute standardized limits; the decision value (h) and the Shewart Control 
Limit (SCL). 

A minimum of eight samples are recommended for use in ChemStat® software to defme the 
baseline for a control chart. Therefore, only sample sets with greater than eight samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h) and a SCL on the control chart. The software recommends a value of 5 for the CUSUM 
control limit (h) and a value of 4.5 for the SCL. 

EPA Unified Guidance suggests that to simplify the interpretation ofthe control chart that an out 
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM (h) control 
limits on the charts. As a "work-a-round", the SCL limit was defined as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 

As shown in Table A.5.2-1 in gray shading, 14 parameters in the HTW and/or GMA wells of 
Cell2 meet the criteria for control charts (i.e., more than 8 samples, normal or lognormal 
distribution, no trend, and no serial correlation), resulting in 18 control charts. 

These 18 control charts are presented in Figures A.5.2-30 to A.5.2-47. All of the control charts 
for Cell 2 indicate "in control" conditions. Previous "out of control" conditions were no longer 
present in 2011. 

U.S. Department of Energy 
May 2012 
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Parameter and Monitoring Pointa Assessment 
Alkalinity in the HTW In Control 

Nitrate in the HTW In Control 

TDS in the GMA-U In Control 

TDS in the GMA-D In Control 

TOC in the GMA-D In Control 

Barium in the HTW In Control 

Calcium in the HTW In Control 

Cobalt in the HTW In Control 

Copper in the HTW In Control 

Iron in the GMA-U In Control 

Iron in the GMA-D In Control 

Lithium in the GMA-U In Control 

Lithium in the GMA-D In Control 

Magnesium in the HTW In Control 

Manganese in the GMA-U In Control 

Potassium in the HTW In Control 

Zinc in the GMA-U In Control 

Zinc in the GMA-D In Control 

"HTW =horizontal till well; TDS =total dissolved solids; TOC =total organic,carbon; 
GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great Miami Aquifer 

A.5.2.3 Annual LCS Sample Results 

Annual LCS sampling results for Cell2 are provided in Table A.5.2-2 for those parameters that 
have been detected at least once and are not being sampled quarterly. No new Appendix I or 
PCB parameters were detected in the LCS of Cell 2 in 2011. 

A.5.2.4 Summary and Conclusions 

• Five parameters monitored quarterly have an upward concentration trend in the HTW and/or 
GMA wells ofCell2 (uranium, TOC, arsenic, boron, and sodium). 

• Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and 
HTW of Cell 2 indicate that water is not mixing between the horizons. The LDS of Cell 2 
has been dry between the ftrst quarter of 2006 and the fourth quarter of 2011. Concentration 
increases in the HTW and GMA wells of Cell 2 are attributed to fluctuating ambient 

· concentrations beneath the cell, and not to cell performance. 

• Eighteen control charts were constructed for Cell 2 parameters. All of the control charts 
exhibit "in control" conditions. 

• No new Appendix I or PCB parameters were detected in the LCS of Cell 2 in 2011. 
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Note: The data used in this table has been standardized to 

Monitoring Detected Total No. 
Parameter 

Total Uranium (IJg/L) 

Alkalinity as CaC03 (mg/L) 

Chloride (mg/L) 

Nitrate/Nitrite as N (mg/L) 

Sulfate (mg/L) 

Total Dissolved Solids (mg/L) 

Total Organic Carbon (mg/L) 

Horizon8 Location 

LCS 12339C 
LOS 123390 
HlW 12339 

GMA-U 22200 
GMA-D 22199 

2339C 
LOS 123390 

LOS 123390 
HlW 12339 

GMA-U 22200 
GMA-D 22199 

LCS 12339C 
LOS 

GMA-D 
LCS 
LOS 
HlW 

GMA-U 

LOS 
HlW 

123390 

22199 
12339C 
123390 
12339 
22200 

123390 
12339 

Samples 

51 
27 
51 
41 
57 

23 
2 

23 
2 
10 
4 
4 

4 

40 
10 
32 
35 
35 

4 
8 

@NY;.\=!UJ I ~.{OIQJ il'11 
©Ji>'IV;.\1]1 Wlillffi) ilil 

LCS 
LOS 
HlW 

12339C 
123390 
12339 

LOS 123390 

41 
19 
34 

Total Organic Halogens (mg/L) HlW 12339 
9 
36 
17 
12 

GMA-U 22200 
GMA-D 22199 

LOS 123390 
Arsenic (mg/L) HlW 12339 

7 
1 
1 

Barium (mg/L) 

U.S. Department of Energy 
May2012 

GMA-U 22200 
GMA-D 22199 

LCS 12339C 

Samples 

5 
27 
52 
58 
59 

2 

23 
2 
10 
4 
4 

5 

4 

40 
10 
32 
35 
35 

32 
4 

28 
49 
58 
58 

28 
2 

Table A.5.2-1. Summary Statistics for Ce/12 • 

Detects Minimumb Maximumb Averagec.d 

100.0 404 5 
19.2 
7.80 
0.286 
0.734 

100.0 
98.1 
70.7 
96.6 

100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

80.0 

0.0 

100.0 
100.0 
100.0 
100.0 
100.0 

73.5 
29.3 
20.7 

60.7 
50.0 
5.0 

4.08 
ND 
ND 
ND 

131 

44 
128 
31.5 
23.2 

ND 
ND 

155 
2290 
489 
61.1 
101 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

0.0362 

71 
36.9 
1.11 
12.1 

198 

112 
252 
41.4 
25.3 

4.1 
5.4 

1870 
3420 
850 
434 
540 

552 
lnsuff 

lnsuff 
196 
36.6 
23.8 

0.177 
2.75 

lnsuff 

550 
2950 
637 
192 
170 

2790 

1m 

0. 
0.0122 

0.0435 0.0210 
0.0138 0.00472 
0.0272 0.00448 

0.00931 
0.00842 lnsuff 

0.025 
0.0355 
0.0429 

0.283 

Standard 
Deviationc,d 

75.9 
14.9 
5.71 
0.250 
2.58 

lnsuff 

6.5 
lnsuff 

43 
4.3 
1.0 

1.23 
2.10 

350 
88 
102 
105 

988 
1670 

0.00468 
0.00595 

0.0662 
lnsuff 
lnsuff 

Distribution 
Typed,e 

Lognormal 
Lognormal 
Undefined 
Undefined 
Undefined 
Undefined 

lnsuff 

Normal 
Normal 

Undefined 
lnsuff 

Normal 
Normal 
Normal 

Undefined 
Normal 

Normal 
Normal 

Lognormal 
Undefined 
Undefined 

Normal 

Undefined 
Undefined 
Undefined 
Undefined 

lnsuff 
Undefined 
Undefined 

Up 
None 
Up 
Up 

None 
Up 

lnsuff 

None 
None 

Up 
lnsuff 
Down 
None 
None 
Down 
None 

Serial 
Correlationd,g 

Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 

lnsuff 

lnsuff 
lnsuff 

Detected 
lnsuff 

Detected 
lnsuff 
lnsuff 

Detected 
lnsuff 

lnsuff lnsuff 

None 
Down 
Down 
None 

Up 
None 

lnsuff 

Not Detected 8110 (03-05) 
Detected 

Not Detected 
Not Detected 

Detected 

None Not Detected 
Down Detected 
Down. 

Up 
Ins uff Ins uff 
None Not Detected 
None Not Detected 

Detected 
Detected 

lnsuff 

lnsuff 
lnsuff 

Outliersh,i 

0.073 (02-10) 
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Note: The data used in this table has been standardized to 

Parameter 

Boron (mg/L) 

Calcium (mg/L) 

Cobalt (mg/L) 

Copper (mg/L) 

Iron (mg/L) 

Lithium (mg/l) 

Magnesium (mg/L) 

Manganese (mg/L) 

Nickel (mg/L) 

Potassium (mg/L) 

Horizon8 

LCS 

LOS 
HlW 

GMA-U 

LOS 

GMA-D 
LCS 
LOS 
HlW 

LCS 
LOS 
HlW 

GMA-D 

LCS 
LOS 
HlW 

GMA-D 

LOS 
HlW 

GMA-U 
GMA-D 

LCS 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
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Monitoring 
Location 

12339C 

123390 
12339 
22200 

123390 

123390 
12339 

12339C 
123390 
12339 

22199 

12339C 
123390 
12339 
22200 

Detected 
Samples 

27 
46 
46 
49 

2 

4 

27 
2 
16 

20 
2 
17 

2 
8 
0 
6 

Total No. 
Samples 

52 

27 
49 
58 
58 

2 

2 
17 

20 
2 
17 

2 
17 
11 
24 

of 
Detects 

100.0 

100.0 
93.9 
79.3 
84.5 

100.0 
100.0 

96.4 
100.0 
94.1 

100.0 
100.0 
100.0 

100.0 
47.1 
0.0 

25.0 

Minimumb 

0.207 

0.289 
ND 
ND 
ND 

165 
420 

ND 
0.331 
0.61 

0.377 
0.226 
0.0132 

ND 
ND 
ND 

TableA.5.2-1 (continued). Summary Statistics for C;/1 2 

Maximumb 

4.78 

2.22 
0.213 

0.0888 
0.0775 

1320 
458 

3.61 
42.8 

0.967 
0.31 

0.0199 

0.0111 
NA 

0.0066 

49.7 

0.510 
0.101 
0.0503 
0.0501 

607 
lnsuff 

0.00569 

lnsuff 
1,75 

0.564 
lnsuff 

0.0163 

lnsuff 
0.00474 

lnsuff 
0.00152 

20.4 

Standard 
Deviationc,d 

lnsuff 

.4 
lnsuff 
12.6 

0.170 
lnsuff 

0.0020 

lnsuff 
0.00375 

lnsuff 
0.00173 

Distribution 

Undefined 
Undefined 

Normal 

lnsuff 

Normal 

Undefined 
lnsuff 

Undefined 

Lognormal 
lnsuff 

Normal 

lnsuff 
Undefined 
Undefined 

Serial 
Correlationd,g 

Detected 

None Not Detected 
Up Detected 
Up Detected 
u Detected 

Detected 
lnsuff 

lnsuff lnsuff 
Ins uff Ins uff 

None 

Up 
lnsuff 
None 

Up 
lnsuff 
Down 

Down 
lnsuff 

Detected 
lnsuff 

lnsuff 
lnsuff 

lnsuff 
Not Detected 

Detected 
lnsuff 

Detected 

lnsuff 

Detected 
lnsuff 

Detected 

Detected 
lnsuff 

Not Detected 
lnsuff 

Detected 
Detected 

lnsuff 

Outliersh,i 
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Table A.5.2-1 (continued). Summary Statistics for Ceh 2 

Note: The data used in this table has been standardized to quarterly . 

Monitoring Detected Total No. of Standard Distribution Serial 

Parameter Horizon8 Location Samples Detects Minimumb Maximumb A ~.eragec,d Deviationc,d Typed, a Trendd,t Correlationd,g 

28 35.7 ND 0.00999 Lognormal None Not Detected 

LOS 123390 1 2 50.0 ND 0.0191 insuff insuff lnsuff lnsuff lnsuff 
Selenium (mg/L) HlW 12339 1 17 5.9 ND 0.0367 lnsuff lnsuff Undefined None Not Detected 

GMA-U 22200 0 11 0.0 ND NA insuff insuff lnsuff lnsuff lnsuff 
GMA-D 22199 0 11 0.0 ND NA insuff insuff lnsuff lnsuff lnsuff 

12339C 28 28 100.0 3. 17.4 Normal Up Detected 
LOS 123390 2 2 100.0 664 989 insuff insuff lnsuff lnsuff lnsuff 

Sodium (mg/L) HlW 12339 20 20 100.0 44.3 119 72.6 23.8 Down Detected 
GMA-U 22200 11 11 100.0 20.4 32.9 26.8 4.3 Up Detected 
GMA-D 22199 11 11 100.0 14.1 19.5 17.0 1.7 Down Not Detected 

LCS 12339C 9 28. 67.9 353 0.0594 0.0857 None . Detected 
LOS 123390 2 2 100.0 0.0747 0.284 lnsuff lnsuff lnsuff lnsuff lnsuff 

Zinc (mg/L) HlW 12339 9 17 52.9 ND 0.284 0.00512 0.0781 Undefined None Detected 
(ol@il(*! I (9,@11(0){,' I !~@"Jdlln@l I~@Ji\@ l~@lt 1~(®,@01 

®f.O:r.lliiQio! ~ l1 o ~Jn®aflilli li:!@J~@ r~w_; ~~t:r'.l 

Note: For results where the concentrations are below the detection limit, the results used in the Average, Standard Deviation, Distribution Type, Trend, Serial Correlation, and Outliers are each set at half the detection limit. 
8 LCS =leachate collection system; LOS= leak detection system; HlW =horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer 

bND = not detected; NA = not applicable 

cAverages were determined based on t)1e distribution assumption and requires n <:: 3. In addition, Standard Deviation requires n <:: 4. 

d"lnsuff' = Insufficient and is used for A~.erage, Standard Deviation, Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test. 
6 Data distribution based on the Shapiro-Wilk statistic (where 3 s; n s; 50) or Shapiro Francia (where n > 50). 

Normal: Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption. 
Lognormal: Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption. 
Undefined: Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values. "Average" is defined as the Median of the data. 

fTrend based on nonparametric Mann-Kendall procedure. Trend testing requires a sample with n <:: 4. 

9Serial correlation based on Rank Von Neumann test. Serial Correlation testing requires a sample with n <:: 6. 

houtliers determined by Rosner's (where n > 25) or Dixon procedure (where 4 s; n s; 25). 

iQ = quarterly 

U.S. Department of Energy 
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NUMBER OF NUMBER OF SAMR.ES 

SAMR.ES•·b WITH DEfECTIONS•·b 

6 

25 

Organic 

Trichlorofluorornethane 11 

Table A.5.2-2. Cell 2 Annual LCS Sample Summary Information for D~tected Parameters 

F£RCENT OF 
DEfECTIONS•·b 

42.9 

DEfECTED IN 

2011 

Yes 

____________ _. ___ _ 

4.0 No 

9.1 No 

MIN DETECTED 
CONCENTRA TlON"·b,c 

0.076 

21.2 

0.27 

1\tlAX DEfECTED AVG DEfECTED GWFRLd (#OF 
CONCENTRA TION"·b,c CONCENTRA TlON"·b,c 

-~----,--~-----

0.2 0.13 
------

94 

GW BACKGROUND"·b,e PW BACKGROUND"·b,e 

(#OF SAMR.ES>PN (#OF SAMR.ES>PN 

BACKGROUND) BACKGROUND) 

--------------

4.2 rrg/L{O) 4.34 rrg/L(O) 

22 30 pCi/L(O) 

•If rrore than one saffllle is collected per well per day_{E3.g_., duplicates), then only one sample is counted for the total nuni:Jer of samples, and the saffllle with the maximum representative concentration is used for all the summary information 

bRejected data qualified with an R or Z were not included. 

l'v1AXPNDETECTED 
CONCENTRA TlON a,b,t 

OF SAMR.ES>I'v1AX PN) 

--~--~-------~--~~--~~-~--~-~-

220 rrg/L(O) 

6130 

elf the nuni:Jer of detected saffllles is equal to two, then the rrinumun and maximumn are reported. If the nuni:Jer of detected is equal to one, then the data point is reported as the minimum. The "AVG DEfECTED CONCENTRATION" is not reported for either of these cases. 

dFrom Operable Unit 5 Record of Decision, Table 9-4. 

•From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RVFS documents. 
1Max PW- maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5. 

9FRL based on hexavalent chromium from Operable Unit 5 Record of Decision, Table 9-4. 
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12339 Purge Information 
Year 
1999: 
2000: 
2001: 
2002: 
2003: 
2004: 
2005: 
2006: 
2007: 
200S: 
2009: 
2010: 
2011: 
Overall: 

Total Volumes(gal.l 
5725 
5750 
3395 
3625 
3370 
3220 
3275 
3175 
3325 
3050 
2400 
3275 
3200 

Months Purged 
n=7 
n=6 
n=4 
n=4 
n=4 
n=4 
n=4 
n=4 
n=4 
n=4 
n=3 
n=4 
n=4 

Avg. MonthlyPurge(gal.} 
818 
95S 
849 
906 
843 
805 
819 
10SB 
831 
763 
800 
819 
BOO 
835 

MonthNea:r 

"'More than one purge of the well was com pi eted during these 
months to help evaluate well yield. 

Figure A.5.2-3. OSDF Horizontal Till We/112339 (Ce/12) Water Yield 
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FIGURE A5.2-4. Total Uranium Concentration and Groundwater Elevation vs. Time Plot for 
Cell 2 Upgradient Monitoring Well 22200 
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FIGURE A5.2-5. Total Uranium Concentration and Groundwater Elevation vs. Time Plot for 
Cell2 Downgradient Monitoring Well22199 
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November 12, 1996: Waste Placement initialed November 12,2003: Cap completion 
I 

November 23, 1998: HTW purging inillated I 

0.1+---~--~~--~----~--~----~--~~--~--~~--~----~--~----~--~--~ 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.01~--~--~~--~--~----~--~--~~--~--~----~--~----~--~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.2-6A. Cell2 Total Uranium Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.2-7A. Cell2 Chloride Concentration vs. Tinie Plot for LCS, LOS, and HlW 
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Figure A.5.2-8A. Cell 2 Magnesium Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.2-9A. Cell2 Nitrate+ Nitrile as Nitrogen Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.2-1 OA. Cell2 Sulfate Concentration vs. Tinie Plot for LCS, LDS, and HlW 
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Figure A.5.2-10B. Cell2 Sulfate Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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Figure A.5.2~11A. Cell2 Alkalinity, Total (As CaC03) Concentration vs. Time Plot for LCS, LOS, and HlW 
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Figure A.5.2-11 B. Cell2 Alkalinity, Total (As CaC03) Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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Figure A.5.2-12A. Cell2 Total Dissolved Solids Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.2-13A. Cell2 Total Organic Carbon Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.2-14A. Cell2 Total Organic Halogens Concentration vs. Time Plotfor LCS, LDS, and HTW 
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Figure A.5.2-18A. Cell 2 Calcium Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.2-18B. Cell2 Calcium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.2-20A. Cell 2 Copper Concentration vs. Time Plot for LCS, LOS, and HlW 
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Figure A.5.2-20B. Cell 2 Copper Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-0 Well 
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Figure A.5.2-21A. Cell2 Iron Concentration vs. Time Plot for LCS, LDS, and H1W 
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Figure A.5.2-21 B. Cell 2 Iron Concentration vs. Time Plot for HTW, GMA·U Well, and GMA·D Well 
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Figure A.5.2-22A. Cell2 Lithium Concentration vs. Time Plot for LCS, LDS, and HlW 
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Figure A.5.2-22B. Cell 2 Lithium Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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Figure A.5.2-23A. Cell2 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW 
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November 12,1998: Wasfe Placement initiated November 12,2003: Cap completion 
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Figure A.5.2-24A. Cell 2 Nickel yoncentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.2-24B. Cell 2 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.2•25A. Cell 2 Potassium Concentration vs. Time Plot for LCS, LDS, and HlW 
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Figure A.5.2-25B. Cell 2 Potassium Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November 12, 1998: Waste Placement Initiated November 12, 2003: Cap completion 
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Figure A.5.2-26A. Cell2 Selenium Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.2-26B. Cell 2 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 12, 1998: Waste Placement initiated November 12,2003: Cap completion 

~ November 23, 1998: H1W purging initialed 
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Figure A5.2-27 A. Cell 2 Sodium Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.2-27B. Cell 2 Sodium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 12, 1998: Waste Placement Initiated November 12,2003: Cap completion 

November 23, 1998: HTW purging initiated 
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Figure A.5.2-28A. Cell2 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.2-28B. Cell 2 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.2-30. Intra-Well Shewhart-CUSUM Control Chart (Alkalinity 12339) 
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Figure A.5.2-31. Intra-Well Shewhart-CUSUM Control Chart (Barium 12339) 
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Figure A.5.2-33. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12339) 
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Figure A.5.2-33. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12339) 
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Figure A.5.2-34. Intra-Well Shewhart-CUSUM Control Chart (Copper 12339) 
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Figure A.5.2-35. Intra-Well Shewhart-CUSUM Control Chart (Iron 22199) 
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Figure A.5.2-37. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22200) 
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Figure A.5.2-37. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22200) 
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Figure A.5.2-38. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22199) 
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Figure A.5.2-38. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22199) 



Magnesium 
Intra-Well Shewhart-CUSUM Control Chart of 12339 
Baseline Mean= 96450; Baseline Std Dev = 6532.34; k = 1; h = 5; SCL = 5 

6 .---------------------------~--------------------~--~--~----------------~ 

·~~ 

5 ' "", 
-'' ' ......___ 

.,.. .... ..... 

4 -- ' ' ' - ~-::---------------------------------------------------------------! --"'-
.__~-~-----

3 r-----------------------'~------~~~~--------------------------------------~ -,, ......___ 

' ......___ 
2 r-------------------------------~~~------------------~=-~~----------------~ ,,, ......___ 

1 r---------------------------------------'---'~-------------------------------- -~- ~-
' ......___ 

' 0 ~----------------------------------------------------=---------------------~ '", -- ......___"-.. 
-1 r-------------------------------------------------------------~~~----------~ ......___ 

' ......___ 

~~----------------------------------------------------------------------'~--~ 

~r-------------------------------------------------------------------------~ 
...... 
0 
0 
£:! 
10 
~ -10 

• Standardi:zed mean o CUSUM 

Sample Date 

Figure A.5.2-39. Intra-We// Shewhart-CUSUM Control Chart (Magnesium 12339) 

hCL 



u 
s:: 
0 
0 

Manganese 
Intra-Well Shewhart-CUSUM Control Chart of 22200 
Baseline Mean = 328.625; Baseline Std Dev = 75.36; k = 1; h = 5; SCL = 5 

6 .---------------------------~----------------~--~----~---------------. 

5~----------------------~~------~----------------------------~ h CL 

4 ~--------------------------------------------------------------------------~ 

3 ~--------------------------------------------------------------------------~ 

2.....__ ...... 
............... 

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

1 ~---_--_· -_--_-_'----- -----~~=-~- ~~~------------------------------------------------------------~ 
-...- -=-::.:___- - "' -.' - - -. ·-

"' - ... ·-
0 --......., -- ~----------------------------~----------------------------~ 

~ 

~ --- __.._-- -- .- ~--- ~ 
1 ' ---- r-------------------------------~~------------~~------------------------~ """ ___...,..----

............. ----.....---
~r-----------------_,-------------------r------------------~----------------~ 

0 
'I:'"" 
0 
~ 
10 
'I:'"" -'I:'"" 
'I:'"" 

• Standardi2ed mean o CUSUM 

'I:'"" 
'I:'"" 
0 
~ 
10 
'I:'"" -10 

Sample Date 
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Figure A.5.2-41 . Intra-Well Shewhart-CUSUM Control Chart (Nitrate 12339) 
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Figure A.5.2-42. Intra-Well Shewhart-CUSUM Control Chart (Potassium 12339) 
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Figure A.5.2-43. Intra-We// Shewhart-CUSUM Control Chart (TDS 22199) 
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Figure A.5.2-44. Intra-Well Shewhart-CUSUM Control Chart (TDS 22200) 
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Figure A.5.2-47. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22200) 
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The following information is provided in this sub-attachment: 

• Quarterly monitoring summary statistics (refer to Table A.5.3-1) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.3-2) 

• LCS monthly accumulation volumes (refer to Figure A.5.3-1) 

• LDS monthly accumulation volumes (refer to Figure A.5.3-2) 

• OSDF horizontal till well12340 water yield (refer to Figure A.5.3-3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.3-4 
and A.5 .3-5) 

• Plots of concentration versus time (refer to Figures A.5.3-6A to A.5.3-28B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.3-29) 

• Control charts (refer to Figures A.5.3-30 to A.5.3-47) 

A.5.3.1 Quarterly Monitoring Results 

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each 
cell for the purpose of determining if the OSDF is operating as designed. Water quality within 
the cell is sampled in the LCS and LDS. Water quality beneath the cell is sampled in the HTW 
and GMA wells. Concentrations versus time plots, bivariate plots, and control charts are used to 
help interpret and present the results. 

In the first quarter of2011, 23 parameters were sampled in the LCS, LDS, HTW, and GMA 
wells of each cell. In the second, third, and fourth quarters tritium was added to the analyte list 
for all horizons (LCS, LDS, HTW, and GMA wells), and the analyte list for the HTWs in all 
cells was changed to just four parameters: arsenic, uranium, tritium, and sodium. These changes 
were agreed to via the comment resolution process between Ohio EPA and DOE on LMICP 
(revision 4). Tritium results for all cells are reported in Section A.5.5. 

The LDS of Cell 3 has been dry since 2007. As shown in Table A.5 .3-1, 7 of the 23 parameters 
sampled quarterly in the LCS, LDS, HTW, and GMA wells, (uranium, TOC, TOX, arsenic, 
boron, copper, and sodium) have upward trends in the HTW and/or GMA wells based on the 
Mann-Kendall Test for trend. 

Horizontal Till Well 

The HTW is located beneath the liner penetration box of each cell by design. The liner 
penetration box is considered to be potentially the weakest point in the cell design. If a leak were 
to develop, it should be detected beneath the liner penetration box first. Therefore, the water 
quality in the HTW represents the first line of evidence that a potential leak from the cell might 
be occurring. A leak would be indicated by an increasing concentration in the HTW. 

Of the 23 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium, 
TOC, TOX, boron, and copper are increasing in the HTW ofCell3 (as indicated in the table 
below). The bivariate plot for the Cell3 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.3-29. The plot shows that the chemical signature for uranium-sodium in the LCS 
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LDS, and HTW are separate and distinct; indicating that mixing between the horizons is not 
occurring. Therefore, the increasing concentrations measured in the HTW of Cell 3 are attributed 
to fluctuating ambient concentrations beneath the cell that are not related to cell performance. 

Parameter HTWa GMA-U8 GMA-08 

Uranium Up Up 

TOC Up Up 

TOX Up 

Arsenic Up 

Boron Up Up Up 

Copper Up 

Sodium Up 
8 HTW = honzontal t1ll well; GMA-U = upgrad1ent Great M1am1 Aqu1fer; 
GMA-D = downgradient Great Miami Aquifer. No entry indicates that the trend was not up. 

The plot ofuranium concentrations versus time in the HTW ofCell3 is presented in 
Figure A.5.3-6A to A.5.3-6B. The data indicate that concentrations in the overall dataset 
(1997 to 2011) are increasing; however, when the data collected prior to cap completion 
(September 20, 2004) and the outlier collected on August 15, 2009, (58.5 Jlg/L) are removed, 
the data become normally distributed with no Mann-Kendall trend. 

Great Miami Aquifer Wells 

GMA monitoring wells are positioned and labeled for post-aquifer-remediation flow conditions, 

--" 
,·.---_-, 

when flow directions will be from west to east. Water levels measured in2011 indicate that ) 
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of 
northeast to south/southwest in response to the active remediation taking place to .the west and 
southwest. Pumping for the groundwater remediation is scheduled to last until 2023. Because 
bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring horizons are not 
mixing, the increasing concentrations seen in the GMA wells, for uranium, TOC, arsenic, boron, 
and sodium, are attributed to fluctuating ambient conditions that are not related to cell 
performance. 

The table below provides a summary of the average concentration (as reported in Table A.5.3-1) 
measured in the LDS, and GMA wells for parameters with increasing concentrations in the 
Cell 3 GMA wells. 

Parameter LOS a GMA-Ua GMA-Da 
Uranium (1-Jg/L) 17.0 1.93 4.86 

TOC (mg/L) 5.77 1.55 1.44 
Arsenic (mg/L) 0.0085b 0.0025 0.0025 
Boron (mg/L) 0.128 0.0416 0.0424 

Sodium (mg/L) 315 21.0 18.0 
Note: The h1ghest averages are shown m bold. 
a LDS = leak detection system, GMA-U = upgradient Great Miami Aquifer, 
GMA-D = downgradient Great Miami Aquifer. 

b Arsenic has only been detected once in the LDS of Cell 3 (second quarter 2006, 0.0085 mg/L). 
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A.5.3.2 Control Charts 

Intrawell control charts employ historical measurements from a compliance point as background. 
, The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified 

Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart. 
Appropriate background data are used to define a baseline for the well. The baseline parameters 
for the chart, estimates of the mean, and standard deviation are obtained from the background 
data. These baseline measurements characterize the expected background concentrations at the 
monitoring point. As future concentrations are collected, the baseline parameters are used to 
standardize the newly gathered data. After these measurements are standardized and plotted, a 
control chart is declared "out of control" if future concentrations exceed the baseline control 
limit. This is indicated on the control chart when either the Shewart or CUSUM plot traces begin 
to exceed a control limit. The limit is based on the rationale that if the monitoring point remains 
unchanged from the baseline condition, new standardized observations should not deviate 
substantially from the baseline mean. If a change occurs, the standardized values will deviate 
significantly from the baseline and tend to exceed the control limit. 

A minimum of eight samples are recommended for use in ChemStat® software to define the 
baseline for a control chart. Therefore, only sample sets with greater than eight samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h) and a SCL on the control chart. The software recommends a value of 5 for the CUSUM 
control limit (h) and a value of 4.5 for the SCL. 

EPA Unified Guidance suggests that to simplify the interpretation of the control chart that an out 
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM (h) control 
limit on the charts. As a "work-a-round", the SCL limit was defined as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 

As shown in Table A.5.3-1 in gray shading, 12 parameters in the HTW and GMA wells of 
Cell 3 meet the criteria for control charts (i.e., more than 8 samples, normal or lognormal 
distribution, no trend, and no serial correlation), resulting in 18 control charts. 

These 18 control charts are presented in Figures A.5.3-30 through A.5.3~47. Sixteen of the 
control charts for Cell 3 exhibit "in control" conditions. Two control charts exhibit "out of 
control" conditions; TDS in the GMA~U and Iron in the HTW. Both charts are "out of control" 
because the CUSUM plot trace exceeds the CUSUM control limit. As discussed above, separate 
and distinct signatures for uranium and sodium in the LCS, LDS, and HTW of Cell 3 indicate 
that water is not mixing between the horizons, so the out of control conditions are attributed to 
fluctuating ambient conditions beneath the cell, and not to cell performance. 
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Parameter and Monitoring Pointa Assessment 
Alkalinity in the HTW In Control 

Nitrate in the HTW In Control 

Sulfate in the GMA-D In Control 

TDS in the GMA-U Out of Control 

TDS in the GMA-D In Control 

Barium in the HTW In Control 

Calcium in the HTW In Control 

Iron in the HTW Out of Control 

Iron in the GMA-U In Control 

Iron in the GMA-D In Control 

Lithium in the GMA-U In Control 

Lithium in the GMA-D In Control 

Magnesium in the HTW In Control 

Manganese in the GMA-U In Control 

Manganese in the GMA-D In Control 

Potassium in the HTW In Control 

Zinc in the GMA-U In Control 

Zinc in the GMA-D In Control 

"HTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer; 
GMA-U = upgradient Great Miami Aquifer 

A.5.3.3 Annual LCS Sample Results 

Annual LCS sampling results for Cell3 are provided in Table A.5.3-2 for those parameters that 
have been detected at least once and are not being sampled quarterly. No new Appendix I or 
PCB parameters were detected in the LCS of Cell 3 in 2011. 

A.5.3.4 Summary and Conclusions 

• Seven parameters monitored quarterly have an upward concentration trend in the HTW 
and/or GMA wells of Cell 3 (uranium, TOC, TOX, arsenic, boron, copper, and sodium). 

~ 

• Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and 
HTW of Cell 3 indicate that water is not mixing between the horizons. Concentration 
increases in the HTW and GMA wells of Cell 3 are attributed to fluctuating ambient 
concentrations beneath the cell, and not to cell performance. 

• Eighteen control charts were constructed for Cell 3 parameters. Sixteen of the eighteen 
charts exhibit "in control" conditions. Out of control conditions are exhibited by TDS in the 
GMA-U well and iron in the HTW. 

• No new Appendix I or PCB parameters were detected in the LCS of Cell 3 in 20 11. 
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Note· The data used in this table has been standardized to quarterly 

Parameter 

Total Uranium (~g/L) 

Alkalinity as CaC03 (mg/L) 

Choride (mg/L) 

Nitrate/Nitrite as N (mg/L) 

Sulfate (mg/L) 

Total Dissol~d Solids (mg/L) 

Total Organic Carbon (mg/L) 

Total Organic Halogens (mg/L) 

Arsenic (mg/L) 

Barium (mg/L) 

U.S. Department of Energy 
May 201 2 

Horizon8 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

LCS 
LOS 
HlW 

GMA-U 
GMA-D 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

LCS 
LOS 
HlW 

GMA-U 
GMA-D 

No. of 
Monitoring Detected 
Location Samples 

12340C 48 
123400 21 
12340 51 
22203 50 
22204 53 

12340C 23 
123400 9 
12340 10 
22203 4 
22204 4 

12340C 23 
123400 9 
12340 10 
22203 4 
22204 4 

12340C 20 
123400 6 
12340 1 
22203 0 
22204 0 

12340C 40 
123400 19 
12340 32 
22203 35 
22204 35 

12340C 29 
123400 0 
12340 8 
22203 11 
22204 11 

12340C 35 
123400 17 
12340 37 
22203 39 
22204 36 

12340C 16 
123400 10 
12340 36 
22203 23 
22204 10 

12340C 5 
123400 1 
12340 3 
22203 3 
22204 4 

12340C 23 
123400 9 
12340 10 
22203 4 
22204 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

48 100.0 9.35 
21 100:0 8.90 
51 . 100.0 3.89 
53 94.3 0.118 
54 98.2 NO 

23 100.0 72 
9 100.0 108 
10 100.0 256 
4 100.0 389 
4 100.0 359 

23 100.0 4.7 
9 100.0 54.1 
10 100.0 40.4 
4 100.0 29.8 
4 100.0 20.7 

30 66.7 NO 
9 66.7 NO 
9 11.1 ND 
4 0.0 NO 
4 0.0 NO 

40 100.0 26.1 
19 100.0 112 
32 100.0 352 
35 100.0 67.3 
35 100.0 232 

29 100.0 233 
0 0.0 NA 
8 100.0 1280 
11 100.0 524 
11 100.0 724 

47 74.5 NO 
21 81 .0 NO 
47 78.7 NO 
53 73.6 NO 
53 67.9 NO 

48 33.3 NO 
21 47.6 NO 
49 73.5 NO 
53 43.4 NO 
53 18.9 NO 

28 17.9 NO 
9 11 .1 NO 
20 15.0 NO 
11 27.3 NO 
24 16.7 NO 

23 100.0 0.0295 
9 100.0 0.0135 
10 100.0 0.0173 
4 100.0 0.0766 
4 100.0 0.0396 

Table A.5.3- 1. Summary Statistics for Ce/13 

Standard Distribution 
Maximumb A~ragec .d Deviationc.d Typed,e Trendd,f 

113 63.1 26.1 Normal Up 
27.7 17.0 5.0 Normal Down 
29.3 20.1 7.2 Undefined Up 
7.92 1.93 1.93 Lognormal None 

. 22.9 4.86 4.87 Lognormal Up 
1080 480 212 Undefined None 
267 161 54 Normal None 
333 306 25 Normal None 
451 413 28 Normal None 
381 371 9 Normal None 

52.1 34.2 14.2 Undefined Up 
74.2 61 .8 6.5 Normal None 
186 156 42 Undefined Down 
44.0 37.3 6.3 Normal None 
22.3 21.4 0.7 Normal None 

2.20 0.220 0.614 Undefined Down 
5.71 1.06 1.92 Lognormal None 

0.0519 lnsuff INsuff Lognormal None 
NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 

2650 1700 590 Undefined Up 
2510 1250 700 Undefined Down 
958 696 155 Normal None 
735 252 152 Normal Down 
779 490 152 Normal None 
3490 3120 1200 Undefined Up 
NA lnsuff lnsuff lnsuff· lnsuff 

1650 1430 130 Normal Down 
1190 686 188 Normal None 
1530 1070 250 Normal None 
4.21 2.01 0.75 Normal Up 
8.02 5.77 2.26 Undefined None 
3.21 2.22 0.64 Undefined Up 
2.9 1.55 0.54 Normal None 

2.92 1.44 0.52 Normal Up 
0.0590 0.0125 0.0137 Undefined Down 
0.0838 0.0251 0.0187 Lognormal None 
0.0960 0.0138 0.0176 Undefined Up 
0.0231 0.00535 0.00605 Undefined Down 
0.0194 0.00572 0.00525 Undefined Down 
0.131 0.0025 0.0303 Undefined None 

0.0085 lnsuff lnsuff Undefined None 
0.025 0.0025 lnsuff Undefined None 

0.0372 0.0025 lnsuff Undefined None 
0.0382 0.0025 0.0111 Undefined Up 
0.118 0.045 0.019 Undefined None 

0.0386 0.0196 0.0078 Lognormal None 
0.0558 0.0352 0.0098 Normal None 
0.141 0.115 0.027 Normal None 

0.0592 0.050 0.008 Normal None 

Serial 
Correlationd,g 

Detected 
Not Detected 

Detected 
Detected 
Detected 
Detected 

Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Not Detected 

Detected 
lnsuff 
lnsuff 

Detected 
Not Detected 
N0t Detected 

lnsuff 
lnsuff 

Detected 
Not Detected 

Detected 
Detected 

Not Detected 
Detected 

lnsuff 
Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 

Detected 
Detected 

Not Detected 
Detected 

Not Detected 
Detected 
Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Detected 

Not Detected 
Not Detected 

lnsuff 
lnsuff 

72.4 03-04) 
58.5 (03-09) 

693 (04-05) 

17.4 (04-99) 

9.81 (01 -00) 
5.66 (01-00) 
8.83 (01-00) 
0.141 (04-99) 

0.213 (02-00) 
0.165 (02-00) 

14.1 (04-00) 

0.075 (02-10) 

Outliersh,i 
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Note: The data used in this table has been standardized to quarterly. 

Parameter Horizona 

LCS 

LOS 
Boron (mg/L) H1W 

GMA-U 
GMA-D 

LCS 
LOS 

Calcium (mg/L) H1W 
GMA-U 
GMA-D 

LCS 
LOS 

Cobalt (mg/L) H1W 
GMA-U 
GMA-D 

LCS 
LOS 

Copper (mg/L) H1W 
GMA-U 
GMA-D 

LCS 
LOS 

Iron (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Lithium (mg/L) H1W 
GMA-U 
GMA-D 

LCS 
LOS 

Magnesium (mg/L) H1W 
GMA-U 
GMA-D 

LCS 
LOS 

Manganese (mg/L) H1W 
GMA-U 
GMA-D 

LCS 
LOS 

Nickel (mg/L) H1W 
GMA-U 
GMA-D 

LCS 
LOS 

Potassium (mg/L) H1W 
GMA-U 
GMA-D 

Fernald Preserve 2011 Site Environmental Report 
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No. of 
Monitoring Detected 
Location Samples 

12340C 48 

123400 20 
12340 48 
22203 42 
22204 45 

12340C 23 
123400 9 
12340 10 
22203 4 
22204 4 

12340C 19 
123400 8 
12340 13 
22203 0 
22204 2 

12340C 20 
123400 6 
12340 8 
22203 4 
22204 4 

12340C 27 
123400 8 
12340 17 
22203 11 
22204 11 

12340C 20 
123400 9 
12340 17 
22203 11 
22204 11 

12340C 23 
123400 9 
12340 10 
22203 4 
22204 4 

12340C 27 
123400 8 
12340 17 
22203 13 
22204 23 

12340C 28 
123400 9 
12340 7 
22203 1 
22204 9 

12340C 23 
123400 9 
12340 9 
22203 4 
22204 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

49 98.0 ND 

21 95.2 ND 
48 100.0 0.0481 
53 79.2 ND 
53 84.9 ND 

23 100.0 50.3 
9 100.0 121 
10 100.0 218 
4 100.0 135 
4 100.0 179 

28 67.9 ND 
9 88.9 ND 
17 76.5 ND 
11 0.0 ND 
11 18.2 ND 

24 83.3 0.00118 
9 66.7 ND 
11 72.3 ND 
4 100.0 0.00178 
4 100.0 0.00306 

28 96.4 0.0757 
9 88.9 0.622 
17 100.0 0.513 
11 100.0 2.9 
11 100.0 3. ~5 

20 100.0 0.683 
9 100.0 0.0313 
17 100.0 0.0129 
11 100.0 0.00577 
11 100.0 0.00694 

23 100.0 10.2 
9 100.0 87.2 
10 100.0 81 .1 
4 100.0 32.5 
4 100.0 40.4 

28 96.4 0.0014 
9 88.9 0.0015 
17 100.0 0.0315 
13 100.0 0.202 
24 95.8 ND 

28 100.0 0.0021 
9 100.0 0.0034 
17 41.2 ND 
11 9.1 ND 
24 37.5 ND 

23 100.0 0.575 
9 100.0 9.47 
10 90.0 3.40 
4 100.0 2.12 
4 100.0 2.03 

Table A.5.3-1 (continued). Summary Statistics for C~/13 

Standard Distribution Serial 

Maximumb A\€ragec.d Deviationc,d Typed,e Trendd,f Correlationd,g 

9.19 4.47 2.13 Undefined Up Detected 

0.557 0.128 0.149 Undefined Down Detected 
0.259 0.135 0.056 Undefined Up Detected 

0.0709 0.0416 0.0127 Normal Up Detected 
0.0887 0.0424 0.0168 Lognormal Up Detected 

666 596 208 Undefined Up Detected 
363 199 71 Normal None Not Detected 
318 274 3~ Nonnal None Not Detected 
264 187 59 Normal None lnsuff 
365 297 81 Nonnal None lnsuff 

0.0666 0.00239 0.0187 Undefined None Detected 
0.0011 0.00071 0.00026 Normal None Not Detected 
0.0019 0.00118 0.00041 Nonnal Down Not Detected 

NA lnsuff lnsuff lnsuff lnsuff lnsuff 
0.00176 lnsuff lnsuff Undefined None Not Detected 

0.0311 0.0064 0.0073 Undefined None Detected 
0.016 0.0081 0.0049 Nonnal None Not Detected 
0.015 0.00736 0.00448 Normal Up Detected 

0.00924 0.00658 0.00337 Normal ·None lnsuff 
0.0107 0.00702 0.00327 Nonnal None lnsuff 

16.6 3.91 3.77 Lognormal None Detected 
2.14 1.22 0.53 Normal None Not Detected 
22.8 3.77 5.28 Lognonnal None Not Detected 
22.2 9.89 5.23 Nonnal None Not Betected 
11.3 6.2 2.3 Nonnal None Not Detected 
1.02 0.778 0.094 Undefined None Not Detected 

0.0645 0.0427 0.0106 Normal Down Not Detected 
0.0305 0.0205 0.0065 Undefined Down Detected 
0.0119 0.00797 ., 0.001J33 • Nonnal None Not Detected 
0.0102 0.09_85 0.0012 " Nonnal None Not Detected 

380 195 88 Undefined Up Detected 
138 110 15 Normal None Not Detected 
111 93.3 11.0· NonnaJ None Not'Detected 
58.1 42.2 11.3 Normal None lnsuff 
66.6 58.1 12.2 Nonnal None lnsuff 

7.27 0.368 2.75 Undefined None Detected 
0.146 0.0256 0.0463 Lognormal None Not Detected 
0.288 0.121 0.076 Normal Down Detected 
0.634 0.359 0.138 Nonnal None Not Detected 
3.01 1.33 0.54 Lognonnal None Not Detected 
0.102 0.0116 0.0361 Undefined None Detected 

0.0097 0.0062 0.0019 Normal None Not Detected 
0.0107 0.00355 0.00362 Undefined Down Not Detected 
0.00219 lnsuff lnsuff Undefined None Detected 
0.0127 0.000828 0.00324 Undefined None Not Detected 

35 25.9 10.4 Undefined Up Detected 
15.7 11.8 1.8 Normal None Not Detected 
4.36 3.92 0.34 Nonnal None Not Detected 
3.1 2.62 0.40 Normal None lnsuff 

3.07 2.65 0.44 Normal None lnsuff 

0.960 (03-06) 

1200 (03-05) 

0.00655 (03-09) 

0.697 (03-05) 

1.70 (01 -06) 

Outliersh,i 
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Table A.5.3-1 (continued). Summary Statistics for Ceil 3 

Note: The data used in this table has been standardized to quarterly . 
No. of Percent 

Monitoring Detected Total No. of of Standard Distribution Serial 

Parameter Horizona Location Samples Samples Detects Minimumb Maximumb Averagec,d Deviationc,d Typed,e Trendd,t Correlationd,g 

LCS 12340C 5 28 17.9 NO 0.0392 0.00642 0.0077 Lognormal None Not Detected 
LOS 123400 0 9 0.0 NO NA lnsuff lnsuff lnsuff lnsuff lnsuff 

Selenium (mg/L) H1W 12340 0 17 0.0 NO NA lnsuff lnsuff lnsuff lnsuff lnsuff 
GMA-U 22203 1 11 9.1 NO NA lnsuff lnsuff Undefined None Detected 0.00617 (02-09) 0.00386 (01-10) 
GMA-D 22204 0 11 0.0 NO NA lnsuff lnsuff lnsuff lnsuff lnsuff 

LCS 12340C 28 28 100.0 4.35 49.9 25.4 9.8 Undefined Up Not Detected 
LOS 123400 9 9 100.0 263 344 315 27 Normal None Not Detected 

Sodium (mg/L) H1W 12340 20 20 100.0 33.4 74.1 50.2 13.8 Lognormal Down Detected 

GMA-U 22203 11 11 100.0 18.5 23.8 21.0 1.8 Normal Up Detected 
GMA-D 22204 11 11 100.0 15.5 20.5 18.0 1.5 Normal Down Not Detected 

LCS 12340C 21 28 75.0 NO 0.042 0.0164 0.0093 Normal None Detected 
LOS 123400 8 9 88.9 NO 0.499 0.161 0.175 Lognormal Up Not Detected 

Zinc (mg/L) H1W 12340 13 17 76.5 0.0045 0.569 0.0156 0.153 Undefined None Detected 
GMA-U 22203 6 11 54.6 ND 0.013 0.00712 0.00391 Normal None Not Detected 
GMA-D 22204 17 24 70.8 NO 0.0405 0.0114 0.0095 Lognormal None Not Detected 

Note: Shading identifies a horizontal till well or Great Miami A(luifer well, with at least 8 samples, normal or lognormal distribution, no trend, and no serial correlation. These wells achiew control chart criteria. 
Note: For results where the concentrations are below the detection limit, the results used in the A~.erage , Standard Deviation, Distribution Type, Trend, Serial Correlation, and Outliers are each set at half the detection limit. 

aLeS = leachate collection system; LOS = leak detection system; H1W = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer 

bND = not detected; NA = not applicable 

· cAverages were determined based on the distribution assumption and requires n ~ 3. In addition, Standard Deviation requires n ~ 4. 

d"lnsuff' = Insufficient and is used for A~.erage, Standard Deviation, Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test. 
8 Data distribution based on the Shapiro-Wilk statistic (where 3 :;; n :;; 50) or Shapiro Francia (where n > 50). 

Normal: Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption. 
Lognormal: Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption. 
Undefined: Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values. "Average" is defined as the Median of the data. 

1Trend based on nonparametric Mann-Kendall procedure. Trend testing requires a sample with n ~ 4. 

9Serial correlation based on Rank Von Neumann test. Serial Correlation testing requires a sample with n ~ 6. 

hOutliers determined by Rosner's (where n > 25) or Dixon procedure (where 4 :;; n :;; 25). 

;0 = quarterly 

U.S. Department of Energy 
May 2012 
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.. 
Table A.5.3-2. Cell 3 Annual LCS Sample Summary Information for Detected Parameters 

GW BACKGROUND'·b,e PN BACKGROUND'·b,e 

NUMBER OF NUMBER OF SAMA..ES PER.(B\JT OF DETECTED IN MIN DETECTED rvtA.X DETECTED A VG DETECTED GWFRLd (#OF (# OF SAMA..ES>PN (#OF SAMA..ES>PN 

PARAMETER(UNrT) SAMA..ES•·b WITH DETECTIONS•·b DETECTIONS•·b 2011 CONCENTRA TION"·b,c CONCENTRA TION"·b,c CONCENTRA 110N"·b,c SAMA..ES>GWFRL) BACKGROUND) BACKGROUND) 

General Chemistry 

Amronia (rrg/L) 14 3 21.4 Yes 0.0242 0.103 0.0647 - 4.2 rrg/L(O) 4.34 rrg/L(O) 

lnorganics 

Beryllium (rrg/L) 14 1 7.1 No 0.0002 - - 0.004 rrg/L(O) - -
Cad mum (rrg/L) 14 3 21.4 No 0.000065 0.00044 0.0002 0.014 rrg/L(O) 0.014 rrg/L(O) -
Chromum (ll!JtL) 14 8 57.1 Yes :: 0.00093 0.006 0.0026 .: 0.022 rrg/LO(O) 0.021 rrg/L(O) 0.0046 ll!JtiJ2) 

Lead (rrg/L) 14 2 14.3 No 0.00146 0.0266 
. o.· 0.014 · .. o.o1s !mll::(lL ' 0.022 !miL( 1) 0.0016 rrg/~(1) 

Thallium (rrg/L) 14 1 7.1 No 0.0021 - - - - -
Vanadium (rrg/L) 14 3 21.4 No 0.0034 0.00959 0.0056 0.038 rrg/L(O) 0.012 rrg/L.:(O) 0.005 rrg/L(1) 

-
Radionuclides 

Technetium-99 (pCVL) 24 2 8.3 No 3.84 9.89 6.86 94 pCi/L{O) 22 pCVL(O) 30 pCVL(O) 

Organics 

1,1-Dichloroethane (ug/L) 10 2 20.0 No 0.351 0.79 0.57 280 ug/L(O) - -

11-Dichloroethene (ug[L) 31 10 32.3 No 0.112 13.1 4.45:. 7 ug/L(3) - - . 

1,1,1-Trichloroethane (ug/L) 11 2 18.2 No 0.54 0.64 0.59 . - - -

4-Nitroaniline 22 1 4.5 No 2.94 - - - - -

Bromodichloromethane (ug/L) 23 1 4.3 No 0.5 - - 100 ug/L(O) - -

Chlorodibromomethane (ug/L) 11 1 9.1 No 1 - - - - -
Trans-1 ,3-dichloropropene (ug/L) 10 1 10.0 No 1 - - - - -
Vinyl chloride (ug/L) 23 2 8.7 No 0.539 16.1 8.32 2 ug/L(1) - -

Note: Shading Indicates that at least one detected sample is greater than the FRL, groundwater background, PN background, or PN maximum 

•If more than one sample is collected per well per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample with the maximum representative concentration is used for all the summary information 

bRejected data qualified with an R or Z were not included. 

rvtA.X PN DETECTED 
CONCENTRATION a,b.l 

(#OF SAMA..ES>rvtA.X PN) 

220 rrg/L(O) 

0.0343 rrg/L(O) 

0.05 rrg/L(O) 

0.8181l!JtL(O) 

0.0114 nlJ/L(1) 

0.0028 rrg/L(O) 

0.299 rrg/L(O) 

6130 pCVL(O) 

-
-
-
-
-
-
-
-

elf the number of detected samples is equal to two, then the mnumun and maximumn are reported. If the number of detected is equal to one, then the data point is reported as the mnimum. The "AVG DETECTED CONCENTRA 110N" is not reported for either of these cases . 

dFrom Operable Unit 5 Record of Decision, Table 9-4. 

•From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RVFS documents . 
1Max PN- maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5. 

9FRL based on hexavalent chromium from Operable Unit 5 Record of Decision, Table 9-4. 
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Figure A.5.3-1. Monthly Accumulation Volumes For Ce/13 LCS 
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12340 Purge lnfonnation 
Year Total Volumes(gal.) 
1999: 48BO 
2000: 1090 
2001: 1050 
2002: 1200 
2003: 1770 
2004: 2875 
2005: 3330 
2006: 3115 
2007: 2895 
2008: 2875 
2009: 2100 
2010: 2650 
2011: 2600 
Overall: 

Months Purged 
n=11 
n=6 
n=4 
n=4 
n=4 
n=4 
n=4 
n=4 
n=4 
n=4 
n=3 
n=4 
n=4 

Avg. MonlhlyPurge(gaLl 
444 
182 
263 
300 
443 
719 
833 
779 
724 
71.9 
700 
663 
650 
541 

MonthlY ear 

"'More than one purge ofthe well was completed during these 
months to help evalm.tewell yield. 

Figure A.5.3-3. OSDF Horizontal Till We/112340 (Ce/13) Water Yield 
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FIGURE A.5.3-4. Total Uranium Concentration and Groundwater Elevation vs. Time Plot for 
Cell 3 Upgradient Monitoring Well 22203 
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FIGURE A.5.3-5. Total Uranium Concentration and Groundwater Elevation vs. Time Plot for 
Cell 3 Downgradient Monitoring Well 22204 
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November23,1998: HTWpurging Initiated 

j October 26, 1999: Waste Placement initiated 

September 20, 2004: Cap completion 
I 
I 

1000~-------+--~~---------------------+--------------------------------~ 

I. I= 

The groundwater FRL for 
total uranium Is 30 ~giL. 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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1997 1998 1999 2000 2001 20o2 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-6A. Cell3 Uranium, Total Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW pur!jng Initiated 
I I October 26,1999: Waste Placement initiated 

September 20, 2004: Cap completion 
I 
I 

The groundwater FRL for 
total uranium Is 30 ~giL. 

-.\- 12340C ·LCS 

---- 123400 • LOS 

--9- 12340 • HlW 

--9-- 12340 • HlW 

-.\- 22203 • GMA-U 

---- 22204 • GMA-D 
100+----T---i~~M---~----+----T--~~~~--~----+----T--~~--~---+----iL----------~I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-6B. Cell 3 Uranium, Total Concentration vs. Time Plot for HTW, GMA-U 11\SII, and GMA-D 11\SII 
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October 26, 1999: Waste Plaqement initiated September 20, 2004: Cap completion 

November 23, 1998: HlW purging initiated 

1000T--------+--~-----------------------+----------------------------------, 

1997 1998 199 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-7 A. Cell3 Chloride Concentration vs. Time Plot for LCS, LDS, and HTW 

October 26, 1999: Waste Placement initiated September 20, 2004: Cap comptetlon 
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November 23, 1998: HTW purging jnitiated 
I 
I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 

Figure A.5.3-7B. Cell 3 Chloride Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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October 2S, 1999: Waste Placement initiated September 20, 2004: Cap completion 
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November 23, 1998: HTW purging initiated 
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Note: Unfille<l symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.3-8A. Cell 3 Magnesium Concentration vs. Time Plot for LCS, LDS; and HTW 

October 26, 1999: Waste Placement iriitiated September 20, 2004: Cap completion 

November 23, 1998: HTW purging Initiated 
I 
I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
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--- 22204 • GMA-D 

Figure A.5.3-8B. Cell3 Magnesium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
Page A.5.3-14 

U.S. Department of Energy 
May 2012 



October 26, 1999: Waste Placement Initiated September20, 2004: Cap COIJ1)fetion 

November 23. 1e98: HTW purging initialed 

10T======F==~==================t===========================~ 

i 

I 

The groundwater FRL for 
nltratehlltr1te Is 11 mg/L. _... 12340C-LCS 

...... 123400-LDS 

-6- 12340- HlW 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-9A. Cell3 Nitrate+ Nitrite as Nitrogen Concentration vs. Time Plot for LCS, LDS, and HTW 

October 26, 1999: Woslo Placement Initiated September 20, 2004: Cop completion 

November 23, 1998: HlW purging Initiated I 
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~ 
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. . . . . . 
The grounct.voter FRL for 

ltratehlltr1te Is 11 mg/L. -e- 12340-HlW 

_... 22203 • GMA·U 

...... 22204 -GMA·D 

~~ 1 II 'J'~ ~trJ . 
I Note: Unfilled symbols I 

represent not detected 
concentrations (NO). 

: : : 

2005 2006 2007 2008 2009 2010 2011 

.. 
Frgure A.5.3-9B. Cell3 Nrtrate + Nttnte as Nttrogen Concentration vs. Trme Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging Initialed September 20, 2004: Cap completion 
I October 26, 1999: Waste Placement initialed I 

10000~------+---~----------------------~--------------------------------~ 
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Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-1 OA. Cell3 Sulfate Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HlW purging Initiated September 20, 2004: Cap completion 

I October 26, 1999: Waste Placement illlialed I 
10000~------~--~--------------------~--~----------------------------------~ 

Note: Unfilled symbols 
represent not detected 

cioncentrations (ND). 

1997 1998 1999 2000 2001 2002 2oo3 2004 2005 2oo8 2001 2oo8 2009 2010 2011 

Figure A.5.3-1 08. Cell 3 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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October 26, 1999: Waste Placement initiated September 20, 2004: Cap complelloo 
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November 23, 1998: HlW purging lnijialed 

10000~------+---~----------------------~--------------------------------~ 

1000 
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Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.3-11A. Cell3 Alkillinity, Total Concentration vs. Time Plot for LCS, LDS, and HTW 
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November 23, 1998: HlW purging Initiated 
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Note: Unfilled symbols 
represent not detected 
concentrations (ND). 
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Figure A.5.3-11 B. Cell3 Alkalinity, Total Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Na.~ember 23, 1998: HTW purging Initiated September 20, 2004: Cap completion 
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conoentrations (ND). 
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Figure A.5.3-12A. Cell 3 Total Dissolved Solids Concentration vs. Time Plot for LCS, LOS, and HTW 
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September 20, 2004: Cap completion 
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Figure A.5.3-12B. Cell3 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November23,1998: HTWpurging initiated September 20, 2004: Cap completion 

October 26, 1999: Waste Placement initiated 
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Note: Unfilled symbols 
represent not detected 

concentrations (NO). 

2007 2008 20()9 2010 2011 

Rgure A.5.3-13A. Cell3 Total organic Carbon Concentration vs. Time Plot for LCS, LDS, and HlW 
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Note: Unfilled symbols 
represent not detected 

concentrations (NO). 

I: 
0.1L---~--~~~~--~~--~--~----~--~--~~--~--~----~--~----~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

--9- 12340 • HlW * 22203- GMA-U 

---- 22204 • GMA·D 

Figure A.5.3-13B. Cell 3 Total Organic Carbon Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 

U.S. Department of Energy 
May 2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

Page A.5.3-19 



November23, 1998: HTWpurging initiated September 20, 2004: Cap completion 

October 26,1999: Waste Placement initialed 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-14A. Cell 3 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HlW p~:~r!;ing initiated 
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October 26, 1999: Waste Placement lniUated 

September 20, 2004: cap completion 
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: represent not detected 
; concentrations (ND). 
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Figure A.5.3-14B. Cell3 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purling Initialed September 20, 2004: Cap completion 
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The groundwater FRL for 
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Figure A.5.3-15A. Cell3 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.3-15B. Cell3 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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October 26, 1999: Waste Placement iniHated September 20, 2004: Cap comP'etion 

November 23, 1998: HlW purging initiated 

The groundwater FRL for 
barium Is 2 mg/L. 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 . 2008 2009 2010 2011 

Figure A.5.3-16A. Cell 3 Barium Concentration vs. Time Plot for LCS, LDS, and HTW 

OCtober 26~ 1999: Waste Aacement iriitialed September 20, 2004: Cap completion 

NOyeiniJer 23, 1998: HTVY purging iniliat~d 
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Figure A.5.3-16B. Cell 3 Barium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

......... 12340C- LCS 

--- 123400- LOS 

-e- 12340-HlW 

-9- 12340- H1W 

~ 22203- GMA-U 

--- 22204- GMA-D 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

Page A.5.3-22 

(_/:::·:'\._ 
\. . . ~ .<) 



NO\Iember23,1998: HlWpur(jng Initiated September 20, 2004: Cop completion 
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Figure A.5.3-17 A. Cell 3 Boron Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.3-17B. Cell3 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

* 12340C- LCS 

---- 123400 ·LOS 

--9- 12340- HlW 

--9- 12340 - HlW 

......... 22203- GMA-U 

---- 22204 • GMA-D 

U.S. Department of Energy 
May 2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

Page A.5.3-23 



October 26, 1999: Waste Placement initiated September 20, 2004: Cap completion 

November 23,1998: HTW purging initiated 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 200 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-18A. Cell3 Calcium Coheentration vs. Time Plot for LCS, LOS, and HTW 

October 26, 1999: Waste Piacement initiated September 20, 2004: Cap Completion 
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Novem~er 23, 1998: HlW purging inMiated I 
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concentrations (ND). 
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Figure A.5.3-18B. Cell3 Calcium Concentration vs. Time Plotfor HTW, GMA·U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated September 20, 2004: Cap completion 

October 26, 1999: Waste Placement Initiated 

The groundwater FRL fa 
cobalt Is 0.17 mgll. 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-19A. Cell3 Cobalt Concentration vs. Time Plot for LCS, LOS, and HlW 

Naiember 23, 1998: HTW purging initiated 
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I October 26,_1999: Waste Placement Initiated 
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Figure A.5.3-19B. Cell3 Cobalt Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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October 26, 1999: Waste Plaqement initiated September 20, 2004: Cap complellon 
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November 23, 1998: HTW purging inrtiated 
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The g<oundwater FRL for 
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re11resent not detected 
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Figure A.5.3-20A. Cell3 Copper Concentration vs. Time Plot for LCS, LOS, and HTW 

October 26t 1999: Waste Placement initiated Sep~e·mber 20, 2004: Cap completion 

November 23, 1998: HTW purging fnHiated 
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cooper Is 1.3 mgll.. 
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Figure A.5.3-208. Cell3 Copper Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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N011ember 23, 1998: HTW purging Initialed September 20, 2004: Cap completion 

October 26, 1999: Waste Placement Initialed 
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represent not detected 

concentrations (ND). 

0.01~--~---L~~~--~----~--~----~~~--~----~--~----~--~--~--~ 

1997 1999. 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-21A. Cell 3 Iron Concentration vs. Time Plot for LCS, LOS, and HlW 

November 23, 1996: H1W pur!}ng Initiated Sep_tember 20, 2004: Cap Comgletioh 

I October 26, 1999: Waste Placement initialed I 
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Figure A.5.3·21 B. Cell 3 Iron Concentration vs. Time Plot for HTW, GMA·U Well, and GMA-D Well 
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November 23, 1998: HTW purging Initiated September 20, 2004: Cap completion 

October 26, 1999: waste Aacemenl initiated 
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Figure A.5.3·22A. CEill3 Lithium Concentration vs. Time Plot for LCS, LOS, and HlW 
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Figure A.5.3·22B. Cell 3 Lithium Concentration vs. Time Plot for HlW, GMA·U Well, and GMA-D Well 
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November23,1998: HTW pur~ng initiated 
I 

September 20, 2004: Cap completion 
I Odober 26, 1999: We.ste Placement initiated I I 
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manganese is 0.9 mg/L. ........_ 12340C. LCS 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.3-23A. Cell3 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.3-23B. Cell 3 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA·D Well 
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November 23, 1998: HTW purging initialed September 20, 2004: Cap completion 
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Octobei 26, 1999: Waste Placement initiated 
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represent not detected 
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Figure A.5.3-24A. Cell3 Nickel Concentration vs. Time Plot for LCS, LOS, and HTW 

November23,1998: HTW purging Initiated 
I 

October 26, 19~9: Waste Placement Jniliated 

September 20, 2004: Cap completion 
I 
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Figure A.5.3-24B. Cell 3 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-0 Well 
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• 
October 26, 1999: Waste Placement initiated September 20, 2004: Cap completion 

November 23, 1998: H~ purging initiated 

100T--------+--~----------------------+--------------------------------, 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.1~--~--~--~~--~--~----~--~--~----~--~--~--~~--~--~--~ 

1997 1998. 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-25A. Cell 3 Potassium Concentration vs. Time Plot for LCS, LDS, and HTW 

October 26,_ 1999: Waste Placement initiated September 20, 2004: Ca~ completion 

:J' 

! 
E 
:I 

i 
II.. 

November23, 1998: HTWpurglnglnttlaled 
1 
I 

ole: Unfilled symbols 
represent not detected 

concentrations (ND). 

I: 
Q1~--~----~~~--~----~--~----~~~--~~--~--~----~~~----~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.3-258. Cell3 Potassium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purgng initiated September 20, 2004: Cap complelioo 

October 26,1999: Waste Placement initiated 
I . 
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Figure A.5.3-26A. Cell3 Selenium Concentration vs. Time Plot for LCS, LDS, and HTW 

N011ember 23, 1996: HTW purging Initiated 
I October 26, 1999: Was!e ~acemen~ Initiated 

SePtember 20, 20Q4: Cap completion 
I 
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Figure A.5.3-26B. Cell 3 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D \Nell 
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November 23, 1998: HTW purging Initiated September 20, 2004: Cap completion 
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Rgure A.5.3-27 A Cell3 Sodium Concentration vs. Time Plot for LCS, LOS, and HTW 

N011ember23, 1998: HlW purging lnnlated 
I I October 26, 1999: Waste Placement initiated 

September 20, 2004: Cap completion 
I 
I 
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Figure A.5.3-278. Cell 3 Sodium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated 

Oclober26,1999: Waste Placement initiated 

September 20, 2004: Cap completion 

The groundwater FRL for 
zinc Is 0.021 mgll.. 

Note: Unfilled symbols 
reRresent not detected 
concentrations (ND). 
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Figure A.5.3-28A. Cell3 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging initiated 
I 

o_ctobe:r 26, 1999: WasJe PlaCCmfmt Initialed I 

September 20, 2004: Cap completion 
I 
I 

The groundwater FRL for 
zinc Is 0.021 mgll.. 

Note: Unfilled symbols 
: represent not detected 
: concentrations (ND). 
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Figure A.5.3-28B. Cell 3 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

.......... 12340C. LCS 

..._ 123400 • LOS 

-e-- 12340 • HlW 

--9- 12340 • HlW 

.......... 22203 • GMA·U 

..._ 22204 • GMA·D 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

Page A.5.3-34 

·-J 



120 

100 

80 

----~-~--

40 

20 

0 
10 

U.S. Department of Energy 
May 2012 

• • 

• 
• • • 
• ••• 

• 
• •• • 
•• • 

• 

I 

I 
I 

I 
I 

I 
<> 8/15/05 I 

I 

--------------L----
.. I 

~ ~ .. 1 .. ... .~ "• .. .. 

I 
----r 

I 
I 
I 

11/06/Q6 

I 

I 
100 

Sodium (mg/L) 

CELL 3 

• LCS (12340C) 

• LDS (123400) 

• HTW (12340) 

·-----------~-

-

•...------
8/25/06 

' o: 

1,000 

Figure A.5.3- 29. Ce/13 Bivariate Plot for Uranium and Sodium 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 

Page A.5.3-35 



Alkalinity, Total (As CaC03) 
Intra-Well Shewhart-CUSUM Control Chart of 12340 
Baseline Mean = 303125; Baseline Std Dev = 26883; k = 1; h = 5; SCL = 5 
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Figure A.5.3-30. Intra-Well Shewhart-CUSUM Control Chart (Alkalinity 12340) 

>. 
/\ 

·' 



s::~ 
., Cll 
'<· 
NCJ 
0" 
-'0 

"'"' ~ 
" a 
0 ..., 
tn 

" " Oti 
'< 

6 

5 

4 

Barium 
Intra-Well Shewhart-CUSUM Control Chart of 12340 

Baseline Mean= 37.5875; Baseline Std Dev = 8.36018; k = 1; h = 5; SCL = 5 
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Figure A.5.3-31. Intra-Well Shewhart-CUSUM Control Chart (Barium 12340) 

hCL 



Alkalinity, Total (As CaC03) 
Intra-Well Shewhart-CUSUM Control Chart of 12340 
Baseline Mean = 303125; Baseline Std Dev = 26883; k = 1; h = 5; SCL = 5 
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Figure A.5.3-30. Intra-Well Shewhart-CUSUM Control Chart (Alkalinity 12340) 
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Intra-Well Shewhart-CUSUM Control Chart of 12340 

Baseline Mean= 37.5875; Baseline Std Dev = 8.36018; k = 1; h = 5; SCL = 5 
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Figure A.5.3-31. Intra-Well Shewhart-CUSUM Control Chart (Barium 12340) 
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Intra-Well Shewhart-CUSUM Control Chart of 12340 
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Figure A.5.3-32. Intra-Well Shewhart-CUSUM Control Chart (Calcium 12340) 
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Figure A. 5.3-33. Intra-Well Shewhart-CUSUM Control Chart (Iron 12340) 
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Intra-Well Shewhart-CUSUM Control Chart of 22203 
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Figure A.5.3-34. Intra-Well Shewhart-CUSUM Control Chart (Iron 22203) · 
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Figure A.5.3-35. Intra-Well Shewhart-CUSUM Control Chart (Iron 22204) 
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Intra-Well Shewhart-CUSUM Control Chart of 22203 
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Figure A.5.3-36. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22203) 
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Figure A5.3-37. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22204) 
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Magnesium 
Intra-Well Shewhart-CUSUM Control Chart of 12340 
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Figure A.5.3-38. Intra-We// Shewhart-CUSUM Control Chart (Magnesium 12340) 
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Figure A.5.3- 39. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22203) 
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Figure A.5.3-40. Intra-We// Shewhart-CUSUM Control Chart (Manganese 22204) 
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Figure A.5.3-41. Intra-Well Shewhart-CUSUM Control Chart (Nitrate 12340) 
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Intra-Well Shewhart-CUSUM Control Chart of 12340 
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Figure A.5.3-42. Intra-Well Shewhart-CUSUM Control Chart (Potassium 12340) 
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Figure A.5_3-44_ Intra-Well Shewhart-CUSUM Control Chart (TDS 22203) 
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Figure A.5.3-45. Intra-Well Shewhart-CUSUM Control Chart (TDS 22204) 
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Intra-Well Shewhart-CUSUM Control Chart of 22203 
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Figure A.5.3-46. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22203) 
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The following information is provided in this sub-attachment: 

• Quarterly monitoring summary statistics (refer to Table A.5.4-1) 

• 

• 

Annual LCS sample summary information for detected parameters (refer to Table A.5.4-2) 

LCS monthly accumulation volumes (refer to Figure A.5.4-1) 

• LDS monthly accumulation volumes (refer to Figure A.5.4-2) 

• OSDF horizontal till well12341 water yield (refer to Figure A.5.4-3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.4-4 
and A.5.4-5) 

• Plots of concentration versus time (refer to Figures A.5.4-6A to A.5.4-28B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.4-29) 

• Control charts (refer to Figures A.5.4...:..3o to A.5.4-45) 

A.5.4.1 Quarterly Monitoring Results 

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each 
cell for the purpose of determining if the OSDF is operating as designed. Water quality within 
the cell is sampled in the LCS and LDS. Water quality beneath the cell is sampled in the HTW 
and GMA wells. Concentrations versus time plots, bivariate plots, and control charts are used to 
help interpret and present the results. 

In the first quarter of 2011, 23 parameters were sampled in the LCS, LDS, HTW, and GMA 
wells of each cell. In the second, third, and fourth quarters tritium was added to the analyte list 
for all horizons (LCS, LDS, HTW, and GMA Wells), and the analyte list for the HTWs in all 
cells was changed to just four parameters: arsenic, uranium, tritium, and sodium. These changes 
were agreed to via the comment resolution process between Ohio EPA and DOE on LMICP 
(revision 4). Tritium results for all cells are reported in Section A.5.5. 

The LDS of Cell 4 was dry during the fourth quarter of 2011. As shown in Table A.5 .4-1, 5 of 
the 23 parameters sampled quarterly in the LCS, LDS, HTW, and GMA wells (alkalinity, sulfate, 
TDS, TOC, arsenic, boron, calcium, cobalt, copper, iron, lithium, magnesium, manganese, 
sodium, and zinc) have upward trends in the HTW and/or GMA wells based on the Mann
Kendall test for trend. 

Horizontal Till Well 

The HTW is located beneath the liner penetration box of each cell by design. The liner 
penetration box is considered to be potentially the weakest point in the cell design. If a leak were 
to develop, it should be detected beneath the liner penetration box first. Therefore, the water 
quality in the HTW represents the first line of evidence that a potential leak from the cell might 
be occurring. A leak would be indicated by an increasing concentration in the HTW. 

Of the 23 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, alkalinity, 
sulfate, calcium, cobalt, copper, iron, magnesium, and manganese are increasing in the HTW of 
Cell4 (as indicated in the table below). The bivariate plot for the Cell4 LCS, LDS, and HTW 
(uranium-sodium) is provided in Figure A.5.4-29. The plot shows that the chemical signature for 
uranium-sodium in the LCS, LDS, and HTW are separate and distinct; indicating that mixing 

U.S. Department of Energy 
May 2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

Page A.5.4-1 



between the horizons is not occurring. Therefore the increasing concentrations measured in the 
HTW of Cell 4 are attributed to fluctuating ambient concentrations beneath the cell that are not 
related to cell performance. 

Parameter HTWa GMA-U3 

Alkalinity Up 

Sulfate Up 

TDS 

TOC Up 

Arsenic 

Boron 

Calcium Up 

Cobalt Up 

Copper Up 

Iron Up 

Lithium 

Magnesium Up 

Manganese Up 

Sodium 

Zinc 
a HTW = honzontal ttll well, GMA-U = upgradtent Great Mtamt Aqutfer, 
GMA-D = downgradient Great Miami Aquifer, TDS =total dissolved solids; 
TOC = total organic carbon. No entry indicates that the trend was not up. 

Great Miami Aquifer Wells 

GMA-03 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow 
directions will be from west to east. However, water levels measured in 2011 indicate that 
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of 
northeast to south/southwest in response to the active groundwater remediation taking place to 
the west and southwest. Pumping for the groundwater remediation is scheduled to last until 2023. 
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring 
horizons are not mixing, the increasing TDS and arsenic concentrations seen in the GMA wells, 
are attributed to fluctuating ambient conditions that are not related to cell performance. 

The table below provides a summary of the average concentration (as reported in Table A.5.4-l) 
measured in the LDS, and GMA wells for parameters with increasing concentrations in the 
Cell 4 GMA wells. 

Parameter LDSa GMA-Ua 

TDS (mg/L) 5920 624 
TOC (mg/L) 4.52 1.41 

Arsenic (mg/L) 0.00682 0.0025 
Boron (mg/L) 0.634 0.0409 

Lithium (mg/L) 0.174 0.0149. 

Sodium (mg/L) 458 13.8 

Zinc (mg/L) 0.311 0.00908 
Note: The h1ghest averages are shown 1n bold. 
a LOS = leak detection system, GMA-U = upgradient Great Miami Aquifer, 
GMA-D = downgradient Great Miami Aquifer. 
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GMA-Da 

955 

1.52 

0.0025 

0.0395 
0.00828 

19.0 

0.00396 
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A.5.4.2 Control Charts 

lntrawell control charts employ historical measurements from a compliance point as background 
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified 
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart. 
Appropriate background data are used to define a baseline for the well. The baseline parameters 
for the chart, estimates of the mean, and standard deviation are obtained from the background 
data. These baseline measurements characterize the expected background concentrations at the 
monitoring point. As future concentrations are collected, the baseline parameters are used to 
standardize the newly gathered data. After these measurements are standardized and plotted, a 
control chart is declared "out of control" if future concentrations exceed the baseline control 
limit. This is indicated on the control chart when either the Shewart or CUSUM plot traces begin 
to exceed a control limit. The limit is based on the rationale that if the monitoring point remains 
unchanged from the baseline condition, new standardized observations should not deviate 
substantially from the baseline mean. If a change occurs, the standardized values will deviate 
significantly from the baseline and tend to exceed the control limit. 

A minimum of eight samples are recommended for use in ChemStat® software to defme the 
baseline for a control chart. Therefore, only sample sets with greater than eight samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h) and a SCL on the control chart. The software recommends a value of 5 for the CUSUM 
control limit (h) and a value of 4.5 for the SCL. 

EPA Unified Guidance suggests that to simplify the interpretation ofthe control chart that an out 
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM (h) control 
limits on the charts. As a "work-a-round", the SCL limit was defmed as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 

As shown in Table A.5.4-1 in gray shading, twelve parameters in the HTW and/or GMA wells 
ofCell4 (uranium, nitrate, sulfate, TOX, barium, iron, lithium, manganese, nickel, potassium, 
sodium and zinc) meet the criteria for control charts (i.e., 8 samples, normal or lognormal 
distribution, no trend, and no serial correlation), resulting in 16 control charts. 

These 16 control charts are presented in Figures A.5.4-30 to A.5.4-45. All of the control charts 
for Cell4 (with the exception ofTOX in the HTW) exhibit "in control" conditions. The CUSUM 
trace for TOXin the HTW exceeds the CUSUM control limit beginning in 2010. As discussed 
above, separate and distinct signatures for uranium and sodium in the LCS, LDS, and HTW of 
Cell 4 indicate that water is not mixing between horizons, so the out of control condition is 
attributed to fluctuating ambient conditions beneath the cell, and not to cell performance. 
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Parameter and Monitoring Pointa Assessment 
Uranium in the GMA-U In Control 

Uranium in the GMA-D In Control 

Nitrate in the HTW In Control 

Sulfate in the GMA-D In Control 

TOX in the HTW Out of Control 

Barium in the HTW In Control 

Iron in the GMA-U In Control 

Iron in the GMA-D In Control 

Lithium in the GMA-U In Control 

Manganese in the GMA-U In Control 

Manganese in the GMA-D In Control 

Nickel in the HTW In Control 

Potassium in the HTW In Control 

Sodium in the HTW In Control 

Sodium in the GMA-U In Control 

Zinc in the GMA-U In Control 

"HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; 
GMA-D = downgradient Great Miami Aquifer; TOX = total organic halogen 

A.5.4;3 Annual LCS Sample Results 

Annual LCS sampling results for Cell4 are provided in Table A.5.4-2 for those parameters that 
have been detected at least once and are not being sampled quarterly. No new Appendix J or 
PCB parameters were detected in the LCS of Cell 4 in 2011. 

A.5.4.4 Summary and Conclusions 

• The concentrations of 15 parameters monitored quarterly are increasing in either the HTW 
and/or GMA wells ofCell4 (alkalinity, sulfate, TDS, TOC, arsenic, boron, calcium, cobalt, 
copper, iron, lithium, magnesium, manganese, sodium, and zinc). 

• Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and 
HTW of Cell 4 indicate that water is not mixing between the horizons. Concentration 
increases in the HTW and GMA wells of Cell 4 are attributed to fluctuating ambient 
concentrations beneath the cell, and not to cell performance. 

• Sixteen control charts were constructed for Cell4 parameters. All but one (TOX in the 
HTW) exhibit "in control" conditions. 

• No new Appendix I or PCB parameters were detected in the LCS of Cell 4 in 2011. 
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• 

• 

• 

Note: The data used in this table has been standardized to 

Monitoring 

Parameter Horizon8 Location 

LOS 123410 
Total Uranium (JJg/L) HTW 12341 

LCS 12341C 
LOS 123410 

Alkalinity as CaC03 (mg/L) HTW 12341 
GMA-U 22206 
GMA-D 22205 

LOS 123410 
Chloride (mg/L) HTW 12341 

22206 
22205 

Nitrate/Nitrite as N (mg/L) 

LCS 12341C 
LOS 123410 

Sulfate (mg/L) HTW 12341 
GMA-U 22206 

LCS 12341C 
LOS 123410 

Total Dissoll,{ld Solids (mg/L) HTW 12341 
GMA-U 22206 
GMA-D 22205 

c 
LOS 123410 

Total Organic Carbon (mg/L) HTW 12341 
GMA-U 22206 
GMA-D 22205 

12341C 
123410 

Total Organic Halogens (mg/L) 

Arsenic (mg/L) 

Barium (mg/L) 

No. of 
Detected 
Samples 

34 
34 
39 

19 
13 
10 
4 
4 

13 
10 
4 
4 

32 
35 

22 
11 
8 
11 
11 

27 
31 
29 

8 
4 
4 

No. 
Samples 

34 
34 
39 

19 
13 
10 
4 
4 

34 
32 
35 

22 
11 
8 
11 
11 

34 
34 
35 

20 
11 
24 

Percent 
of 

100.0 5.74 
100.0 4.82 

100.0 48.0 
100.0 142 
100.0 357 
100.0 356 
100.0 397 

ND 
100.0 62.8 
100.0 25.1 
100.0 29.3 
100.0 21.4 

1470 
100.0 153 
100.0 90.4 

100.0 351 
100.0 4810 
100.0 929 
100.0 560 
100.0 753 

79.4 NO 
91.2 NO 
82.9 NO 

21.3 
7.89 

583 
450 
513 
377 
426 

1 
146 . 

43.0 
36.5 
22.9 

559 

5020. 
7140 
1060 
877 
1180 

5.39 
8.0 

4.42 
2.39 
2.74 

Table A.5.4-1. Summary Statistics for Cell4 

Standard 

14.2 
5.70 0.83 

352 141 
305 106 
376 120 
368 9 
414 12 

102 37 
75.8 65.8 
34.5 4.5 
32.4 3.3 
22.2 0.6 

850 
43 

259 110 

4440 1600 
5920 890 
1010 50 
624 110 
955 141 

2.6 1.1 
4.52 1.52 
2.43 0.85 
1.41 
1.52 

Distribution 
Typed,e 

Undefined 
Normal 

Undefined 

Normal 
Normal 

Undefined 
Normal 
Normal 

Undefined 
Normal 
Normal 

Lognormal 
Normal 
Normal 

Undefined 
Normal 
Normal 

Undefined 
Normal 

Normal 
Normal 
Normal 
Normal 

Serial 
Trendd,f Correlationd,g 

None Detected 
None Detected 
Down Not Detected 

None Detected 
None 

Up 
None 
None 

Up 
Up 

None 
None 
Down 

None 
Up 
Up 
Up 

Down 

Up 
Up 

None 

None 
None 

Up 

Down 

Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Not Detected 
Not Detected 

lnsuff 

lnsuff 
Detected 
Detected 
Detected 
Detected 

Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 

Detected 

Not Detected 
Not Detected 

Detected 

Detected 

Outliersh,i 

(4Q-05) 

(Q4-02) 

7870 (Q2-11) 

9.84 (Q2-03) 

0.070 (2Q-10) 

0.0938 (Q3-09) 
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Note: The data used in this table has been standardized to 

Parameter 

Boron (mg/L) · 

Calcium (mg/L) 

Cobalt (mg/L) 

Copper (mg/L) 

Iron (mg/L) 

Horizona 

LOS 
HTW 

GMA-U 
GMA-D 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 

LOS 
HTW 

Monitoring 
Location 

c 
123410 
12341 
22206 
22205 

123410 
12341 
22206 
22205 

12341C 
123410 
12341 

_22206 

123410 
12341 

No. of 
Detected Total No. 
Samples 

34 
34 34 
33 36 
35 40 
33 40 

19 
13 13 
10 10 
4 
4 

11 20 
15 17 
0 11 
2 11 

13 20 
10 15 
5 11 
4 4 
4 4 

16 20 
17 17 

, ®IW.'.\-llJI :1!,~4'JIII01 [ 11il i 1111 
I @MV.;\.[p, '12..i1{9l[. ~~ l___1Jil 

Lithium (mg/L) 

Magnesium (mg/L) 

Manganese (mg/L) 

Nickel (mg/L) 

Potassium (mg/L) 

LCS 
LOS 

LOS 

HTW 
GMA-U 
GMA-D 

LCS 
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123410 

12341 
22206 
22205 

20 
19 

13 

10 
4 
4 

Percent 
of 

100.0 
91.7 
87.5 
82.5 

00.0 
100.0 

55.0 
88.2 
0.0 
18.2 

65.0 
66.7 
45.4 
100.0 
100.0 

80.0 
100.0 

100.0 
100.0 
100.0 
100.0 

0.415 
ND 
ND 
ND 

52.9 
284 

ND 
ND 
ND 
ND 

0.00076 
ND 
ND 

0.00228 
0.00160 

ND 
0.922 

Table A.5.4-1 (continued). Summary Statistics for Ce/14 

Averagec,d 

0.891 
1.81 0.634 
1.24 0.116 

0.0617 0.0409 
0.0807 0.0395 

110 556 
578 424 

151 

0.0064 0.0015 
0.00634 0.00287 

NA lnsuff 
0.00211 lnsuff 

0.0309 0.00860 
0.0259 0.0115 
0.0158 0.0043 
0.0106 0.00772 
0.0102 0.00736 

27.8 9.02 
13.4 2.62 

Standard 
Deviationc,d 

0.296 
0.310 

88 
29 

0.0018 
0.00138 

lnsuff 
lnsuff 

0. 
0.0080 
0.0056 
0.00385 
0.0039 

6.39 
2.97 

Distribution Serial 
Trendd,t Correlationd,g 

None 
Undefined None 
Undefined 
Undefined 

Normal 
Lognormal 

Normal 
Normal 

Undefined 
Undefined 

Normal 
Lognormal 

Normal 
Normal 

Undefined 
Lognormal 
Lognormal 

None 
Up 

None 
None 

None 
Down 

Up 
lnsuff 
None 

None 
Up 

None 
None 
Down 
Down 

Up 

N_pt Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Detected 

Not Detected 
lnsuff 

Detected 

Not Detected 
Detected 

lnsuff 
lnsuff 

Detected 
Detected 
Detected 

: ®l.S~E'· I il!fu,(O. I[ l.SHoB\ ~.@I;, lf1tQJnut~11 l~®o0' I !!:!toil I!Jr:"ito{ci(ofo, 
l_1:~:!)1) ~-· _j~m. _ L 1; &s) ~"11 ~: r~c,i roc:J@j(;(i' 

159 
47.2 
30.2 
47.4 

0.187 
0.331 

0.0134 

0.00946 

732 

548 

74.1 
43.8 
63.2 

0.122 
0.174 
0.0107 

0.00828 

413 

189 

0.028 
0.066 

0.0018 

188 

158 
7.9 
6.4 
7.3 

Normal 
Normal 
Normal 

Normal 

Undefined 

Normal 
Normal 
Normal 

Up 
Up 

Down 

Up 

Up 

Up 
None 
None 

None 

Detected 
Detected 
Detected 

Detected 

Detected 

Not Detected 
lnsuff 
lnsuff 

Detected 

Outliersh,i 
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Table A.5.4-1 (continued). Summary Statistics for Cf!/14 

Note: The data used in this table has been standardized to q 

No. of Percent 
No. of Standard Serial 

Parameter Horizon3 Detects 

LCS 234 52.0 
LOS 123410 2 10.0 

Selenium (mg/L) HTW 12341 0 NA lnsuff lnsuff Undefined None Detected 
GMA-U 22206 0 NO NA lnsuff lnsuff lnsuff lnsuff lnsuff 
GMA-D 22205 0 NO NA lnsuff lnsuff lnsuff lnsuff 

22.0 117 18.1 Undefined 
100.0 307 623 458 87 Normal 

Sodium (mg/L) I ]!®I\.(0) iViL'tl I 11[~ 11 ' m.:~ 1: (0) ~)7. i /L(o1!rntoJwill' 
I 11(0{01(0) 1[9.;J] 11i.5l~• 1 j(Sjl: J: (0, !]ijl· .I l>!toJoinf':L 

Zinc (mg/L) 

criteria. 
Note: For results where the concentrations are below the detection limit, the results used in the Awrage, Standard Deviation, Distribution Type, Trend, Serial Correlation, and Outliers are each set at half the detection limit. 
3LCS = leachate collection system; LOS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-0 = downgradient Great Miami Aquifer 

bND = not detected; NA = not applicable 

cAwrages were determined based on the distribution assumption and requires n <:: 3. In addition, Standard Deviation requires n <:: 4. 

d"lnsulf' = Insufficient and is used for Awrage, Standard Deviation, Distribution Type, Trend, or Serial Correlation whenewr there is not enough data to run the test. 
8 Data distribution based on the Shapiro-Wilk statistic {where 3 s n s 50) or Shapiro Francia {where n > 50) . 

Normal: Normal assumption could not be rejected at the 5 percent lewl and has a higher probability value than the lognormal assumption. 
Lognormal: Lognormal assumption could not be rejected at the 5 percent lewl and has a higher probability value than the normal assumption. 
Undefined: Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values. "Awrage" is defined as the Median of the data. 

1Trend based on nonparametric Mann-Kendall procedure. Trend testing requires a sample with n <:: 4. 
9Serial correlation based on Rank Von Neumann test. Serial Correlation testing requires a sample with n <:: 6. 

houtliers determined by Rosner's {where n > 25) or Dixon procedure (where 4 s n s 25). 
;Q = quarterly 

U.S. Department of Energy 
May2012 
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Table A.5.4-2. Ce/14 Annual LCS Sample Summary Information for Detected Parameters 

NUMBER OF NUMBER OF SAMA..ES F£RCENT OF DETECTED IN MIN DEfECTED MA.X DEfECTED A VG DETECTED GWFRLd (#OF 

PARAMETER( UNIT) SAMA..ESa,b WITH DEfECTIONS•·b DETECTIONS•,b 2011 CONCEI\IlRA TION"·b,c CONCB'fTRA TION"·b,c CONCENTRA TION"·b,c SAMA..ES>GWFRL) 

- - I - I - - I -- - -- - I - - - -
General Chemistry 

Amrmnia (rrg/L) 10 4 40.0 Yes 0.0268 0.133 0.0556 -

GW BACKGROUND"·b.e F¥J BACKGROUND"·b,e 

(# OF SAMA..ES>PN (#OF SAMA..ES>PN 

BACKGROUND) BACKGROUND) 

I - - I -- -
_I 

4.2 rrg/L(O) 4.34 rrg/L(O) I 

MA.X F¥J DEfECTED 
CONCENTRATION a,b.f 

(#OF SAMA..ES>MA.X PN) 

-[ - - - - -(-
I 

I I ~ ---
I -1 

- --[ ---
I 

--- - --
-

--- -
Inorganic 

- 3_20 ~/L(O) _ ---- - --~-- -

Chromum (!!IJ/L) 10 4 40.0 Yes 0.003 0.0137 0.0065 0.022 !!IJ/L9{0) 0.021 !!IJ/L(O) 0.0046 !!IJ/L(2) 

Lead (!!IJ/L) II 10 1 10.0 No 0.0185 - - O.Q15 rrg/L(1) 0.022 rrg/L(O) o.oo15 rmtt:(1) 

Radionuclides j I 

280 ug/L(O) 

14.5 94 pCVL(O) Technetium-99 (e_CVL) t 16 5 31.2 No 1.21 • 37.8 

Organics __ _ __ I __ _ _ I _ f M·-
1, 1-Dichloroethane (ug/L) 9 ~ - 1 11 .1 No . - 0.332 

Acetone (ug/L) 9 1 11 .1 No - ---2-.3-5---1------ ~ - ---

22 pCf!L(1) 30 JJCVLP) 

l _- I -

I I 
----

- -
[Note: Shading indicates that at least one detected sarrple is greater than the FRL, groundwater background, F¥J background, or F¥J maximum. 

"If rmre than one sample is collected per well per day (e.g., duplicates) , then only one sarrple is counted for the total nurrber of samples, and the sarrple with the maximum representative concentration is used for all the summary information 

bRejected data qualified with an Ror Z were not included. 

-

0.818 !mLL(O) 

0.0114 !!IJ/\:,(.1) 

6130 JJCVL{O) 

-
-

- - ---- -----

-

ctf the nurrber of detected sarrples is equal to two, then the minumun and maximumn are reported. If the nurrber of detected is equal to one, then the data point is reported as the rrinimum. The "AVG DETECTED CONCENTRATION" is not reported for either of these cases . 

dFrom Operable Unit 5 Record of Decision, Table 9-4. 

•From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RVFS documents . 
1Max PN- maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5. 
9FRL based on hexavalent chromum from Operable Unit 5 Record of Decision, Table 9-4. 
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Year Total Volumesfgal.t Months Plllrged A•lg. MonthJyPurgefgal.) 
2002:: 21115 n=9 2346 
2003: 3'950 n=5 6511 
2004: 2935 n=5 5117 "'More than one purge oftheweJJwas. completedduringthese 
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Figure A.5.4-3. OSDF Horizontal Till We/112341 (Ce/14) Water Yield 
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Figure A.5.4-6A. Ce114 Uranium, Total Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.4-6B. Cell 4 Uranium, Total Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.4-7B. Cell4 Chloride Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.4-8A. Cell4 Magnesium Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging iniUated April 29, 2005: Cap complelion 
I 

November 8, 2002: Wast~ Placement initialed I 
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Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.4-8B. Cell 4 Magnesium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: l:llW purging Initialed April29, 2005: Cap complellon 

November 8, 2002: Waste Placement Initiated 

Note: Unfilled symbo 
represent not detected 

concentrations (NO). 
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1997 1998 1999 2000 2001 200t 2003 2004 2005 2008 2007 2008 2009 2010 2011 

Figure A.5.4-9A. Cell4 Nitrate + Nitrite as Nitrogen Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HlW purging lnilialed April 29, 2005: Cap complellon 

November 8, 2002: Waste Placement Initiated ; 

: : : 
10 . . . li . . . 

1: The grounctNater FRL for 

1: 
nllrale/nllrile Is 11 mg/L. 

I; 
1: 

1 i i 

. 
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! ~ ! 

A~ ~" 0.01 til 
! ! ~~ ¥'! N~ I ; 

I 
I i I Note: Unfilled symbols I 
I represent not detected 

.I : concentrations (NO). 

0.001 i I : : 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 

-e- 12341-HTW 

....... 22206- GMA-U 

...... 22205- GMA·D 

.. 
F;gure A.5.4-9B. Cell4 Nitrate+ N1tnte as N1trogen Concentration vs. T1me Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated April29, 2005: Cap completion 
I 

November 6, 2002: Waste Placement initiated I 

~ 100+-----~--~----~----~----~--+-~--~----~~--~----~--~----~----~----~---; 

Note: Unfilled symbols 
represent not detected 

ccncentrations (NO). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-1 OA. Cell 4 Sulfate Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging initiated April29, 2005: Cap completion 
I I 

I 

I 
I 

November 8, 2002: Wast~ Placement initiated I 

Note: Unfilled symbols 
represent not detected 

ccncentrations (NO). 
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Figure A.5.4-108. Cell4 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated April 29, 2005: Cap completion 
I 

November 8, 2002: Waste Placement initiated I 

1000~------~------------------T-----------T-------------------------------, 

100 

Note: Unfilred symbols 
represent not detected 

concentrations (ND). 

10~--~---L~--~--~----~--~----~--~~~----~--~----~--~--~----J 

1997 1998 1999 2000 2001 20oi 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-11A. Cell4 Alkalinity, Total Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HlW purging initiated Ap~l 29, 2005: Cap completion 
I November 8, 2002: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 
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---- 22205 • GMA·D 

Figure A.5.4-11 B. Cell4 Alkalinity, Total Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated Aplil 29, 2005: Cap completion 

November 8, 2002: Waste Placement initiated 

10000,---~--~------------------~----------~------------------------~--~ 

1997 199 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1999 2000 2001 2002 2003 2004 005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-12A. Cell 4 Total Dissolved Solids Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HlWpurging initiated Aplil 29, 2005: Cap completion 
I I 

I November 8, 2002: Waste Placement ini~lated 

1000 

1997 199 1999 2000 2001 2002 2003 2004 

I 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

005 2006 2007 2008 2009 2010 2011 

...... 12341C-LCS 

--- 12341 D • LOS 

-9- 12341 • HlW 

-e- 12341 • HTW 
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Figure A.5.4-12B. Cell 4 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23,1998: HTWpurging initiated April 29, 2005: Cap complelion 

November 8, 2002: Waste Placement initiated 

100~-------+-----------------+----------;-----------------------------~ 

10 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

0.1~--~--~~--~--~~--~--~----~--~~--~--~--~----~--~----~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-13A. Cell 4 Total Organic Carbon Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23,1998: HlWpurging initiated April 29, 2005: Cap complelion 
I I 

I 

10 

November 8, 2002: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

Q1~--~----~--~--~----~--~----~--~--~----~--~----~--~----~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

___...._ 12341C • LCS 

..._123410-LDS 

-9-- 12341 • HTW 

-9-- 12341 • HTW 

___...._ 22206 • GMA·U 

..._ 22205 • GMA·D 

Figure A.5.4-13B. Cell 4 Total Organic Carbon Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging Initialed Aprii29, 2005: Cap completion 
I 

November 8, 2002: Waste Placement initialed I 

0.1r----c--~~--~---c----c-~-c---c----~---c--~~--~---o----c---o----, 
r--------, 

0.01 

0.001 

: Note: Unfilled symbols 
: represent not detected 

concentrations (ND). 
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Figure A.5.4-14A. Cell4 Total Organic Halogens Concentration vs. Time Plotfor LCS, LDS, and HTW 

November 23, 1998: HTW purging lni~ated 
I 

I 

April 29, 2005: Cap completion 
I 

November 8, 2002: Waste Placement initiated I : 

. . 

~
'I Note: Unfilled symbols I : 

represent not detected : 
concentrations (ND). : . . 
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* 12341C • LCS 
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-e- 12341 • HTW 

-e- 12341 • HTW * 22206 • GMA-U 

--- 22205 • GMA·D 

Figure A5.4-14B. Cell4 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated April 29, 2005' Cap completion 

November 8, 2002: Waste Placement initiated 

0.01 

0.001 

The groundwater FRL for 
arsenic Is 0.05 mg/L. 

Note: Unfilled symbols 
: represent not detected 

concentrations (NO). 

0.0001L---~--~~--~--~----~--~--~----~~~--~----~--~--~----~---J 
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Figure A5.4-15A Cell 4 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging Initiated April 29, 2005: Cap completion 
I I 

I November 8, 2002: Waste Placem~nt initiated I 

The groundwaler FRL fer 
arsenic Is 0.05 mg/l. 

: Note: Unfilled symbols 
: represent not detected 
: concentrations (ND). 
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Figure A5.4-15B. Cell4 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlWpurging Initiated April 29, 2005: Cap canplelion 

November 8, 2002: Waste Placement initialed 

Q1~------_,r-------------------~----------~--------------------------------, The groundwater FRL fa
barium Is 2 mgll. 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.01L---~---L~--~--~----~--~----~--~~~~--~--~----~--~----~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-16A. Cell 4 Barium Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HlW purging initiated April 29, 2005: Cap canplellon 
I 

N_ovember 8. 2002: Waste Placement initialed I 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.01~--~--~~--~--~----~--~----~--~~~----~--~----~--~--~~~ 

1997 1998 1999 2000 2001 2002 2003 2004 005 2008 2007 2008 2009 2010 2011 

Figure A.5.4-16B. Cell4 Barium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November23,1998: HlWpurginginiUated Aplil29, 2005: Cap completion 
I 

November 8, 2002: Waste Placement initiated J 

10.----c--~----~--~--~---r----o----cr-~----c---~----------------, 
I: Th~::~:~~;r~;t_r"" r-.-... -_-12-3-41_C ___ L_C_S__, 

1: ---1: ---123410-LDS 

1: 

0.1 

0.01 

Note: Unfilled symbols 
represent not detected 
concentrations (NO). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-17A. Cell4 Boron Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HlW purging initiated April 29, 2005: Cap completion 
I I 

I November 6, 2002: Waste Placement initiated I 

The groundwater FRL f<>" 
ba"on Is 0.33 mg/L. 

Note: Unfilled symbols 
represent not detected 

concentrations (NO). 
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Figure A.5.4-17B. Cell4 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA·D Well 
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November 23, 1998: HTW purging initialed April 29, 2005: Cap canpletion 

November 8, 2002: Waste Placement initiated 

10000~------+-----------------~~--------~~----------------------------~ 

~ 100~----~_,~----~----~----~--~~T--T----~~--~----~--~----~----~----~---; 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 
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Figure A.5.4-18A. Cell4 Calcium Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23,1998: HTWpurglng Initiated April 29, 2005: Cap canpletioio 
I November 8, 2002: Waste Placement initiated I 

10000~------~------------------~----------~~-------------------------------, 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.4-18B. Cell 4 Calcium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated Aplil 29, 2005: Cap 'complelion 
I 

November 8, 2002: Waste Placement initiated I 

0.01~---o--~o---o----c----c-~bo---o----~---o--~o---o------------------, 
The groundwater FRL for r---------, 

coballls 0.17 mg/L. * 12341C- LCS 

-J1- 123410- LOS 

-e- 12341- HlW 

i uoo1 +---~---t~----~---7----~--~----~--~~--Tr.----~--~~~-T~rr7---~~~~ .. 
ii 
Jl 
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Note: Unfilled symbols 
; represent not detected 

concentrations (ND). 

0.0001L---~--~~--~--~----~~~--~----~--~--~----~--~--~~--~--_J 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-19A. Cell4 Cobalt Concentration vs. Time Plot for LCS, LDS, and HlW 

November 23, 19_98: HlW purging initiated Ajjlil 29, 2005: Cap complelion 
I I 

I I November 8, 2002: Waste Placement inlllated 

-9- 12341- HlW * 22206- GMA-U 

-J1- 22205 - GMA-D 

::J c, g 0.001+---~---+7----7----7----7---+~---7----~--~----~--~----~--~--~~++~ 

13 
8 

: Note: Unfilled symbols 
: represent not detected 
: concentrations (ND). 

0.0001L---~--~~--~--~----~~~--~----~--~--~----~--~--~----~--_J 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-19B. Cell4 Cobalt Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging iniUaled April 29, 2005: Cap completion 

November 8, 2002: Waste Placement initiated 

The groundwater FRL fer 
cooper Is 1.3 mgll.. 

: Note: Unfilled symbols 
; represent not detected 

concentrations (ND). 

0.0001~--~--~~--~----~--~--~~--~----~=~·--~----~--~----~--~----~--~ 
1997 1998 1999 2000 2001 2002 I 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-20A. Cell 4 Copper Concentration vs. Time Plot for LCS, LDS, and HlW 

November 23, 1998: HlW purging Initiated April 29, 2005: Cap completion 
I . 

November 8, 2002: Waste Placement irelllal~d I 

i i I 

The groundwater FRL foc 
cooper Is 1.3 mgll.. 

0.1 i: : i 

.f'l : v i.. 0.01 
! : !: : ~ 

K 
~~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

~~ ~ : : : . . . . . . . . . 
0.001 

. . . 
! : !: ~ !~~ 

~~ Note: Unfilled symbols I : 
represent not detected : 
concentrations (ND). ; . . 

0.0001 

1997 1998 1999 2000 2001 2002 2003 2004 005 2006 2007 2008 2009 2010 2011 

Figure A.5.4·208. Cell4 Copper Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging Initiated April 29, 2005: Cap c~etloo 

November 8, 2002: Waste Placement lnHiated 

Note: Unfilled symbol 
represent not detected 

concentrations (NO). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4·21A. Cell4 Iron Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging lnHiated April29. 2005: Cap completion 
I I 

I I November 8, 2002: Waste Placement Initiated . 
100~------~i~----------------~i~----------~------------------------------~ 

!! !: ! 
0.1+---~---;~--~----~--~--_,~--~--~~r-~--~~--~--~----~--~----; 

I Note: Unfilled symbo I 1: represent not detected 
ooncentrations (NO). 1: 

1: : 
I! 
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Figure A.5.4·21 B. Cell4 Iron Concentration vs. Time Plot for HTW, GMA·U Well, and GMA·D Well 
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November 23, 1998: HlWpurging initialed April29, 2005: Cap canplelion 
I 

November 8, 2002: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.4·22A. Cell 4 Lithium Concentration vs. Time Plot for LC:;), LDS, and H1W 

November 23, 1998: HlW purging initialed APril 29, 2005: Cap completion 
I I 

I 

0.1 

0.01 

November 8, 2002; Waste Placement inlllated I 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.4-22B. Cell4 Lithium Concentration vs. Time Plot for H1W, GMA·U Well, and GMA-D Well 

........ 12341C • LCS 

----123410 ·LOS 

-G- 12341. HlW 

-{}- 12341-HlW 

........ 22206 • GMA·U 

---- 22205. GMA·D 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

Page A.5.4-28 



~ 
.§. ., 
ID r::: .. 
C) 
r::: .. 

:a;: 

~ 
.§. ., 
ID 
r::: .. 
C) 
r::: .. 
:a;: 

November 23, 1998: HTW purging initiated April29, 2005: Cap completion 
I 

November 8, 2002: Waste Placement initiated I 

10~----~----------~------r---------~-----------------------------, 

0.1 

0.01 

The groundwater FRL for 
manganese is 0.9 mgll. 

Note: Unfilled symbols 
; represent not detected 

concentrations (ND). 

0.0001~--~--~~--~--~----~~~--~----~--~--~----~--~--~~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.4-23A. Cell4 Manganese Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HlWpurglng initiated April 29, 2005: Cap completion 
I I 

I 

0.1 

0.01 

November 8, 2002: Wast(' Placement initiated I 

The groundwater FRL fer 
manganese Is 0.9 mg/l. 

0.001+---~--~----~---7----~-+~---7----~--~--~----~--~--~----~--4 

: Note: Unfilled symbols 
: represent not detected 
; concentrations (ND). 

0.0001 ~-~-.;._:--~-~--~__::.....;__~--~-~---=:.--.:...._-~-~--~--' 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

....... 12341C • LCS 

----123410 • LDS 

-e- 12341 • HlW 
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....... 22206 • GMA-U 

---- 22205 • GMA-D 

Figure A.5.4-238. Cell 4 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23. 1998: HTW purging initiated April 29, 2005· Cap completion 

November 8, 2002: Waste Placement initiated 

0.01 

0.001 

The groundwater FRL fer 
nickel is 0.1 ·mg/L. 

: Note: Unfilled symbols 
; represent not detected 

concentrations (ND). 

0.0001~--~--~~--~--~----~--~--~----~~~--~~--~--~----~--~--~ 
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Figure A.5.4·24A. Cell4 Nickel Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging Initiated Aplil 29, 2005: Cap completion 
I 

I 

0.01 

0.001 

I 
I November 8, 2002: Waste Placement initialed 

The groundwater FRL fer 
nickel is 0.1 mg/L. 

0.0001~--~--~----~--~----~~~--~----~~~--~----~--~--~----~----J 
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Figure A.5.4·24B. Cell4 Nickel Concentration vs. Time Plot for HTW, GMA·U Well, and GMA·D Well 
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November 23, 1998: HTW purging initialed April 29, 2005: Cap completion 

November 8, 2002: Waste Placement initiated 
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represent not detected 
concentrations (NO). 
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Figure A.5.4-25A. Cell4 Potassium Concentration vs. Tilne Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging iniHated April 29, 2005: Cap completion 
I NOvember 8, 2002: Waste Placement initiated I 
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Figure A.5.4-25B. Cell 4 Potassium ConCentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated April 29, 2005: Cap complelion 

0.1 

0.01 

0.001 

November 8, 2002: Waste Placement initiated 

The ground'HBter FRL for 
selenium Is 0.05 mg/L. 
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Figure A.5.4-26A. Cell 4 Selenium Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging initiated April 29, 2005: cap coinplelion 
I . I 

I November 8, 2002: Wast~ Placement initiated 

i I 

I 

i 
The ground'HBter FRL for 

selenium Is 0.05 mg/L. 

i :j 
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concentrations (ND). : 
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Figure A.5.4-26B: Cell 4 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated April29, 2005: Cap completion 
I 

November 8, 2002: Waste Placement initiated I 
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Figure A.5.4-27 A. Cell 4 Sodium Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging initiated April 29, 2005: Cap cornplellon 
I I 

I 
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November 8, 2002: Waste Placement initiated 

I. 
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I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 
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Figure A.5.4-278. Cell 4 Sodium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated April 29, 2005: Cap completion 
I November 8, 2002: Wasle Placement inlllated I 

The groundwater FRL fa
zinc Is 0.021 mgJL. 

Note: Unfilled symbols 
: represent not detected 

concentrations (ND). 
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Figure A.5.4-28A. Cell 4 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 19_98: HTW purging initiated Aplil 29, 2005: Cap ca-npletion 
I . I 

I November 6, 2002: Waste Placement initiated I 

The groundwater FRL foc 
zinc Is 0.021 mgJL. 

: Note: Unfilled symbols 
: represent not detected 
: concentrations (ND). 
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Figure A.5.4-28B. Cell 4 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D \/\/ell 
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Barium 
Intra-Well Shewhart-CUSUM Control Chart of 12341 

Baseline Mean= 59.1375; Baseline Std Dev = 4.13554; k = 1; h = 5; SCL = 5 
6 .---------------------------~--------------------~--~----~----------------. 

5~--~--~----------------~----------~--~----------~----~--~----~ hCL 

4 ~------------------------------------------------------------------------------~ 
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2 ~----------------------------------------------------------------------------4 
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Figure ASA-30_ Intra-We// Shewhart-CUSUM Control Chart (Barium 12341) 
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Iron 
Intra-Well Shewhart-CUSUM Control Chart of 22205 
Baseline Mean= 5967.5; Baseline Std Dev = 1011.5; k = 1; h = 5; SCL = 5 

6 ~--------------------------~--------------------~--~--~------------------. 
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Figure A.5.4-31. Intra-We// Shewhart-CUSUM Control Chart (Iron 22205) 
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Iron 
Intra-Well Shewhart-CUSUM Control Chart of 22206 
Baseline Mean= 9282; Baseline Std Dev = 4642.01; k = 1; h = 5; SCL = 5 

6 ~--------~--------------~--------------------~--~--~-----------------. 

5~----------------~--~--------------------~--~------------------~ h CL 

4 ~------------------------------------------------------------------------~ 
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Figure A.5.4-32. Intra-We// Shewhart-CUSUM Control Chart (Iron 22206) 
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Lithium 
Intra-Well Shewhart-CUSUM Control Chart of 22206 
Baseline Mean = 15.025; Baseline Std Dev = 1.46067; k = 1; h = 5; SCL = 5 

6 ~--------------------------~--------------------~--~--~-----------------. 

5~------------------------------------------------------------------~ h CL 

4 ~--------------------------------------------------------------------------~ 

3 r-------------------------------------------------------------------------~--~ 

2 r-----------------------------------------------------------------------------~ 

1 r-----------------------------------------------------------------------------~ 

~ ---+--. 
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Figure A.5.4-33. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22206) 
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Manganese 
Intra-Well Shewhart-CUSUM Control Chart of 22206 
Baseline Mean = 462.75; Baseline Std Dev = 124.483; k = 1; h = 5; SCL = 5 

6 ~--------------------------~--------------------~--~--~------------------. 

5~--------------------~------------------------~------------------~ h CL 

4~--------------------------------------------------------------------------__, 
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2 ~------------------------------------------~------------------------------__, 

1 ~--------------------------------------------------------~--~~----------------~ 
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Figure A.5.4-35. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22206) 
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Nickel 
Intra-Well Shewhart-CUSUM Control Chart of 12341 
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Figure A.5.4-36. Intra-Well Shewhart-CUSUM Control Chart (Nickel12341) 
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Nitrate + Nitrite as Nitrogen 
Intra-Well Shewhart-CUSUM Control Chart of 12341 
Baseline Mean= 13.3; Baseline Std Dev = 8.41279; k = 1; h = 5; SCL = 5 
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Figure A.5.4-37. Intra-Well Shewhart-CUSUM Control Chart (Nitrate 12341) 
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Potassium 
Intra-Well Shewhart-CUSUM Control Chart of 12341 
Baseline Mean = 1890; Baseline Std Dev = 382.697; k = 1; h = 5; SCL = 5 

6 .-------------------------~----------------------~--~--~------------------. 

5~------------------------------------------------------------------~ h CL 

4~------------------------------------------------------------------------~ 

3~--------------------------------------------------------------------------~ 

2 ~--------------------------------------------------------------------------~ 

1 ~--------------------------------------------------------------------------~ 
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Figure A.5.4-38. Intra-Well Shewhart-CUSUM Control Chart (Potassium 12341) 



Sodium 
Intra-Well Shewhart-CUSUM Control Chart of 12341 
Baseline Mean= 15800; Baseline Std Dev = 1214.2; k = 1; h = 5; SCL = 5 
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Figure A.5.4-39. Intra-We// Shewhart-CUSUM Control Chart (Sodium 12341) 
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Sodium 
Intra-Well Shewhart-CUSUM Control Chart of 22206 

Baseline Mean= 13387.5; Baseline Std Dev = 735.697; k = 1; h = 5; SCL = 5 
6 .---------------------------~--------------------~----~--~----------------. 
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Figure A.5.4-40. Intra-We// Shewhart-CUSUM Control Chart (Sodium 22206) 
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Zinc 
Intra-Well Shewhart-CUSUM Control Chart of 22206 

s~-------=B~a~se~l~in~e~M~e~an~=~9~.6~6~2~5;~B~a~s_e~li~n~e~S~t~d~D~e~v_=_5~·~10_0_7~5~; ~k _=~1~; ~h_=_5~;~S~C~L~=~5 ________ __, 

5 ~----------------------------------------------------------------~ h CL 

4 ~----------------------------------------------------------------------~----4 

3 ~------------------------------------~--------------------------------------4 

2 ~----------------------------------------------------------------------~ 

1 r------------------------------------=--·~~----------------------------------~ --- .......-- ..__,__ --- ------- ..__,__ --- --0 ~ - ----------- -- :;:::;> .... ..-::=--..~·~~~~..........:-o..=.-=- -'--"--=-- -=-=--=-- =-=- -=-.::...::- -:..±""<-=--=-- -=-=-=- .::...::- -=-.::...:- -o..=.-=- -'--=-~~~~oo.:::o::::::::------~~~~~~ - --- - - - - --- - - ~ --- --- ..__,__ --- --- ....___ ~ ..__,__ --~ -
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• Standard i2ed mean o CUSUM 
Sample Date 

Figure A.5.4-44. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22206) 
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The following information is provided in this sub-attachment: 

• Quarterly monitoring summary statistics (refer to Table A.5.5-1) 

• 

• 

• 

• 

• 

• 
• 

• 

Annual LCS sample summary information for detected parameters (refer to Table A.5.5-2) 

LCS monthly accumulation volumes (refer to Figure A.5.5-1) 

LDS monthly accumulation volumes (refer to Figure A.5.5-2) 

OSDF horizontal till well12342 water yield (refer to Figure A.5.5-3) 

GMA water levels and uranium concentration versus time (refer to Figures A.5.5-4 
and A.5.5-5) 

Plots of concentration versus time (refer to Figures A.5.5-6A to A.5.5-28B) 

A bivariate plot for uranium-sodium (refer to Figure A.5.5-29) 

Control charts (refer to Figures A.5.5-30 to A.5.5-42) 

A.5.5.1 Quarterly Monitoring Results 

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each 
cell for the purpose of determining if the OSDF is operating as designed. Water quality within 
the cell is sampled in the LCS and LDS. Water quality beneath the cell is sampled in the HTW 
and GMA wells. Concentrations versus time plots, bivariate plots, and control charts are used to 
help interpret and present the results. 

In the first quarter of2011, 23 parameters were sampled in the LCS, LDS, HTW, and GMA 
wells of each cell. In the second, third, and fourth quarters tritium was added to the analyte list 
for all horizons (LCS, LDS, HTW, and GMA wells), and the analyte list for the HTWs in all 
cells was changed to just four parameters: arsenic, uranium, tritium, and sodium. These changes 
were agreed to via the comment resolution process between Ohio EPA and DOE on LMICP 
(revision 4). Tritium results for all cells are reported in Section A.5.5. 

The LDS ofCell5 was dry during the fourth quarter of2011. As shown in Table A.5.5-1, 8 of 
the 23 parameters sampled quarterly in the LCS, LDS, HTW, and GMA wells (sulfate, arsenic, 
boron, copper, iron, lithium, manganese, and sodium) have upward trends in the HTW and/or the 
GMA wells based on the Mann-Kendall test for trend. 

Horizontal Till Well 

The HTW is located beneath the liner penetration box of each cell by design. The liner 
penetration box is considered to be potentially the weakest point in the cell design. If a leak were 
to develop, it should be detected beneath the liner penetration box first. Therefore, the water 
quality in the HTW represents the first line of evidence that a potential leak from the cell might 
be occurring. A leak would be indicated by an increasing concentration in the HTW. 

Of the 23 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, sulfate 
copper, and sodium are increasing in the HTW of Cell 5 (as indicated in the table below). The 
bivariate plot for the Cell 5 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.5-29. The plot shows that the chemical signature for uranium-sodium in the LCS 
LDS, and HTW are separate and distinct; indicating that mixing between the horizons is not 
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occurring. Therefore, the increasing concentrations measured in the HTW of Cell 5 are attributed 
to fluctuating ambient concentrations beneath the cell that are not related to cell performance. 

Parameter HTWa GMA-U3 

Sulfate Up 

Arsenic 

Boron 

Copper Up 

Iron 

Lithium Up 

Manganese 

Sodium Up 
a HTW = honzontal t1ll well, GMA-U = upgrad1ent Great M1am1 Aqu1fer, 
GMA-D = downgradient Great Miami Aquifer. 
No entry int;licates that the trend was not up. 

Great Miami Aquifer Wells 

GMA-03 

Up 

Up 

Up 

Up 

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow 
directions will be from west to east. However, water levels measured in 2011 indicate that 
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of 
northeast to south/southwest in response to the active groundwater remediation taking place to 
the west and southwest. Pumping for the groundwater remediation is scheduled to last until 2023. 
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring 
horizons are not mixing, the increasing concentrations seen in the GMA wells are attributed to 
fluctuating ambient conditions that are not related to cell performance. ( · · . ) 

The table below provides a summary of the average concentration (as reported in Table A.5.5-1) 
measured in the LDS and GMA wells for parameters with increasing concentrations in the Cell 5 
GMA wells. 

Parameter LDS3 GMA-Ua 
Arsenic (mg/L) 0.0187b 0.00250 
Boron (mg/L) 0.359 0.0370 
Iron (mg/L) 1.29 10.4 

Lithium (mg/L) 0.117 0.00974 
Manganese (mg/L) 0.0348 0.329 

Note: The h1ghest averages are shown m bold. 
a LOS = leak detection system, GMA-U = upgradient Great Miami Aquifer, 
GMA-D = downgradient Great Miami Aquifer. 

b Arsenic has only had one detect in the LOS (fourth quarter 2009, 0.0187 mg/L). 

GMA-03 

0.00729 
0.0307 

6.84 
0.00785 

0.376 

As shown in the table above, iron and manganese have higher concentrations in the GMA than in 
the LDS ofCell5. 

A.5.5.2 Control Charts 

Intrawell control charts employ historical measurements from a compliance point as background 
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified 
Guidance (EPA 2009) defmes the process of creating a Shewart-CUSUM control chart. 
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Appropriate background data are used to define a baseline for the well. The baseline parameters 
for the chart, estimates of the mean, and standard deviation are obtained from the background 
data. These baseline measurements characterize the expected background concentrations at the 
monitoring point. As future concentrations are collected, the baseline parameters are used to 
standardize the newly gathered data. After these measurements are standardized and plotted, a 
control chart is declared "out of control" if future concentrations exceed the baseline control 
limit. This is indicated on the control chart when either the Shewart or CUSUM plot traces begin 
to exceed a control limit. The limit is based on the rationale that if the monitoring point remains 
unchanged from the baseline condition, new standardized observations should not deviate 
substantially from the baseline mean. If a change occurs, the standardized values will deviate 
significantly from the baseline and tend to exceed the control limit. 

A minimum of eight samples are recommended for use in ChemStat® software to defme the 
baseline for a control chart. Therefore, only sample sets with greater than eight samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h) and a SCL on the control chart. The software recommends a value of 5 for the CUSUM 
control limit (h) and a value of 4.5 for the SCL. 

EPA Unified Guidance suggests that to simplify the interpretation of the control chart that an out 
of control condition be based on t.he CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM (h) control 
limit on the charts. As a "work-a-round", the SCL limit was defined as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 

As shown in Table A.5.5-1 in gray shading, thirteen parameters in the HTW and/or GMA wells 
of Cell 5 (nitrate, sulfate, TOC, calcium, cobalt, iron, lithium, magnesium, manganese, nickel, 
potassium, sodium, and zinc) meet the criteria for control charts (i.e., 8 samples, normal or 
lognormal distribution, no trend, and no serial correlation), resulting in 13 control charts. 

Parameter and Monitoring Pointa Assessment 
Nitrate in the HTW In Control 

Sulfate in the GMA-D In Control 

TOC in the GMA-U In Control 

Calcium in the HTW In Control 

Cobalt in the HTW Out of Control 

Iron in the GMA-U In Control 

Lithium in the GMA-D In Control 

Magnesium in the HTW In Control 

Manganese in the HTW Out of Control 

Nickel in the HTW In Control 

Potassium in the HTW In Control 

Sodium in the GMA-D In Control 

Zinc in the GMA-D In Control 

• HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; 
GMA-D = downgradient Great Miami Aquifer; and TOG =total organic carbon. 

These 13 control charts are presented in Figures A.5.5-30 to A.5.5-42. All of the control charts, 
with the exception of two, exhibit "in control" conditions. The two exceptions are cobalt and 
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manganese in the HTW. As discussed above, separate and distinct signatures for uranium and 
sodium in the LCS, LDS, and HTW of Cell S indicate that water is not mixing between the 
horizons, so the out of control conditions are attributed to fluctuating ambient conditions beneath 
the cell, and not to cell performance. 

A.5.5.3 Annual LCS Sample Results 

Animal LCS sampling results for CellS are provided in Table A.S.S-2 for those parameters that 
have been detected at least once and are not being sampled quarterly. No new Appendix I of 
PCB parameters were detected in the LCS of Cell S in 2011. 

A.5.5.4 Summary and Conclusions 

• The concentrations of eight parameters monitored quarterly are increasing in either the 
HTW and/or GMA wells of CellS (sulfate, arsenic, boron, copper, iron, lithium, manganese, 
and sodium). 

• Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and 
HTW of Cell S indicate that water is not mixing between the horizons. Concentration 
increases in the HTW and GMA wells of Cell S are attributed to fluctuating ambient 
concentrations beneath the cell and not to cell performance. 

• Thirteen control charts were constructed for CellS parameters. Eleven ofthe thirteen control 
charts exhibit "in control" conditions. Control charts for cobalt and manganese in the HTW 
are not in control. 

• No new Appendix I or PCB parameters were detected in the LCS of Cell S in 2011. 
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Note· The data used in this table has been standardized to quarterly 

Parameter 

Total Uranium (!Jg/L) 

Alkalinity as CaC03 (mg/L) 

Chloride (mg/L) 

Nitrate/Nitrite as N (mg/L) 

Sulfate (mg/L) 

Total Dissolved Solids (mg/L) 

Total Organic Carbon (mg/L) 

Total Organic Halogens (mg/L) 

Arsenic (mg/L) 

Barium (mg/L) 

U.S. Department of Energy 
May 201 2 

Horizon3 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

LCS 
LOS 
HTW 

GMA-U 
GMA-D 

No. of 
Monitoring Detected 
Location Samples 

12342C 36 
123420 33 
12342 39 
22207 33 
22208 34 

12342C 19 
123420 13 
12342 10 
22207 4 
22208 4 

12342C 19 
123420 13 
12342 10 
22207 4 
22208 4 

12342C 18 
123420 5 
12342 2 
22207 0 

. 22208 0 

12342C 36 
123420 33 
12342 32 
22207 35 
22208 35 

12342C 24 
123420 11 
12342 8 
22207 11 
22208 11 

12342C 27 
123420 30 
12342 30 
22207 29 
22208 30 

12342C 19 
123420 23 
12342 23 
22207 11 
22208 9 

12342C 5 
123420 1 
12342 9 
22207 5 
22208 5 

12342C 19 
123420 13 
12342 10 
22207 4 
22208 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

36 100.0 3.39 
33 100.0 2.93 
39 100.0 7.45 
40 82.5 ND 
41 82.9 . ND 

19 100.0 58.0 
13 100.0 120 
10 100.0 497 
4 100.0 337 
4 100.0 392 

19 100.0 16.9 
13 100.0 41.3 
10 100.0 20.9 
4 100.0 24.5 
4 100.0 24.4 

25 72.0 ND 
13 38.5 ND 
9 22.2 ND 
4 0.0 ND 
4 0.0 ND 

36 100.0 218 
33 100.0 1130 
32 100.0 101 
35 100.0 110 
35 100.0 221 

24 100.0 436 
11 100.0 2080 
8 100.0 1090 
11 100.0 552 
11 100.0 882 

35 77.1 ND 
33 90.9 ND 
35 85.7 ND 
40 72.5 ND 
40 75.0 ND 

36 52.8 ND 
33 69.7 ND 
36 63.9 ND 
40 27.5 ND 
40 22.5 ND 

24 20.8 ND 
20 5.0 ND 
20 45.0 ND 
11 45.4 ND 
24 20.8 ND 

19 100.0 0.0176 

13 100.0 0.00698 
10 100.0 0.0518 
4 100.0 0.0622 
4 100.0 0.0421 

Table A.5.5- 1. Summary Statistics for Cell 5 ~ 

Standard Distribution 

Maximumb A>€ragec.d Deviationc,d Typed,e Trendd,f 

285 131 52 Normal None 

27.1 16.6 5.3 Normal None 

19.2 9.47 2.54 Undefined None 

2.39 0.295 0.356 Undefined Down 
2.10 0.375 0.308 Undefined None 

563 445 131 Undefined None 

651 493 197 Undefined None 
1060 527 170 Undefined None 
353 346 7 Normal None 
421 418 14 Undefined None 

112 88.9 29.5 Undefined Up 
50.0 44.3 3.03 Lognormal None 
60.8 45.2 13.5 Normal Down 
32.9 28.3 3.5 Normal None 
31.9 27.1 3.4 Normal None 

4.18 0.957 1.01 Undefined None 
0.953 0.429 0.320 Lognormal Up 
0.211 lnsuff lnsuff Lognormal None 

NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 

5910 2430 1300 Normal Up 
3400 1860 590 Lognormal Up 
399 228 110 Undefined Up 
470 262 88 Lognormal Down 
583 377 93 Normal None 

6260 4700 2130 Undefined Down 
4560 4300 710 Undefined Up 
1190 1140 30 Normal None 
987 679 122 Normal Down 
1290 945 119 Undefined None 
4.21 1.99 0.88 Normal None 
10.7 6.02 2.37 Normal None 
5.27 2.89 0.92 Normal None 
4.15 1.44 0.66 Lognormal None 
2.45 1.43 0.47 Normal None 

0.0604 0.0117 0.0122 Undefined None 
0.0717 0.0309 0.0199 Normal None 
0.0320 0.00764 0.00696 Undefined None 
0.0150 0.00376 0.00487 Undefined Down 
0.0132 0.0040 0.00436 Undefined Down 
0.140 0.00375 0.0373 Undefined None 
0.0187 lnsuff lnsuff Undefined None 
0.0528 0.00375 0.0116 Undefined None 
0.0363 0.00250 0.0114 Undefined None 
0.0390 0.00729 0.0110 Lognormal Up 
0.0707 0.0318 0.0148 Lognormal Down 
0.0659 0.0240 0.0148 Lognormal Down 
0.0902 0.0802 0.0107 Undefined None 
0.0738 0.0664 0.0053 Normal None 
0.0617 0.0505 0.0085 Normal None 

Serial 
Correlationd,g 

Detected 
Detected 
Detected 
Detected 

Not Detected 

Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Not Detected 

Detected 
lnsuff 
lnsuff 

Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Detected 
Detected 
Detected 

Not Detected 

Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Detected 

Not Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 

Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Detected 

Not Detected 
Not Detected 

lnsuff 
lnsuff 

6.2 (02-02) 

552 (03-04) 

8.93 (04-01) 

0.047 (02-10) 

770 (02-05) 

Outl iersh,i 
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Note· The data used in this table has been sta d d' d t n ar tze 

Parameter Horizona 

LCS 
LOS 

Boron (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Calcium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Cobalt (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Copper (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Iron (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Lithium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Magnesium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Manganese (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Nickel (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Potassium (mg/L) HlW 
GMA-U 
GMA-D 

Femald Preserve 2011 Site Environmental Report 
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Monitoring 
Location 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

12342C 
123420 
12342 
22207 
22208 

rt I o qua ery. 

No. of Percent 
Detected Total No. of of 
Samples Samples Detects Minimumb 

34 36 94.4 ND 

33 33 100.0 0.202 

34 36 94.4 ND 

35 40 87.5 ND 
34 40 85.0 ND 

19 19 100.0 163 

13 13 100.0 222 
10 10 100.0 184 
4 4 100.0 143 
4 4 100.0 222 

13 24 54.2 ND 
9 20 45.0 ND 
15 17 88.2 ND 
0 11 0.0 ND 
0 11 0.0 ND 

14 20 70.0 ND 
8 15 53.3 ND 
6 11 54.6 ND 
4 4 100.0 0.00144 
4 4 100.0 0.00207 

20 24 83.3 ND 
19 20 95.0 ND 
17 17 100.0 1.74 
11 11 100.0 5.54 
11 11 100.0 4.92 

20 20 100.0 0.107 
19 19 100.0 0.0484 
13 17 76.5 0.0026 
11 11 100.0 0.00642 
11 11 100.0 0.00659 

19 19 100.0 57.7 
13 13 100.0 104 
10 10 100.0 42.9 
4 4 100.0 27.1 
4 4 100.0 52.5 
13 24 54.2 ND 
16 20 80.0 ND 
17 17 100.0 0.574 
11 11 100.0 0.276 
23 24 95.8 ND 
20 24 83.3 ND 
18 20 90.0 0.00163 
15 17 88.2 0.00322 
0 11 0.0 ND 
8 24 33.3 ND 
19 19 .100.0 6.22 
13 13 100.0 10.0 
9 10 90.0 ND 
4 4 100.0 2.75 
4 4 100.0 3.14 

Table A.5.5-1 (continued). Summary Statistics for Ce/15 

Standard Distribution 
Maximumb A\eragec,d Deviationc,d Typed,e Trendd, f 

1.59 0.759 0.335 Undefined None 
1.20 0.359 0.300 Undefined None 

0.221 0.110 0.047 Lognormal None 
0.0480 0.0370 0.0086 Undefined None 
0.0464 0.0307 0.0096 Normal Up 

990 520 165 Undefined None 
386 304 44 Normal None 
233 201 18 Normal None 
155 148 6 Normal None 
285 243 29 Normal None 

0.0116 0.00111 0.00314 Undefined None 
0.0034 0.00076 0.00092 Undefined Down 
0.0106 0.00333 0.00226 Lognormal None 

NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 

0.0862 0.0112 0.0188 Undefined None 
0.0209 0.0071 0.0065 Undefined None 
0.0150 0.00457 0.00514 Lognormal Up 

0.00762 0.0050 . 0.0026 Normal None 
0.00925 0.00681 0.00322 Normal None 

4.61 0.596 1.62 Undefined Down 
3.67 1.29 1.07 Normal Down 
18.9 3.31 5.21 Undefined None 
18.2 10.4 4.5 Normal None 
8.60 6.84 1.01 Normal Up 

0.293 0.178 0.055 Normal Up 
0.218 0.117 0.052 Undefined Up 
0.0050 0.00348 0.00080 Undefined None 
0.0141 0.00974 0.00296 Normal Up 

0.00901 0.00785 0.00075 Normal None 
913 512 267 Normal Up 
354 112 102 Undefined None 
61.1 52.1 6.3 Normal None 
31 .5 29.6 2.2 Normal None 
66.4 57.0 6.4 Normal None 
2.96 0.0100 0.986 Undefined None 

0.146 0.0348 0.0535 Undefined Down 
1.30 0.905 0.173 Normal None 

0.650 0.329 0.108 Undefined Down 
0.513 0.376 0.094 Undefined Up 
0.0452 0.0175 0.0161 Lognormal None 
0.0230 0.00832 0.00630 Lognormal Down 
0.0172 0.00805 0.00346 Normal None 

NA lnsuff lnsuff lnsuff lnsuff 
0.0069 0.00075 0.00177 Undefined None 

65.5 25.4 11 .5 Undefined Up 
42.7 12.2 10.0 Undefined None 
1.99 1.54 0.36 Normal None 
3.09 2.92 0.14 Normal None 
3.41 3.30 0.12 Normal None 

Serial 
Correlationd,g 

Detected 
Detected 
Detected 

Not Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Detected 

Not Detected 
lnsuff 
lnsuff 

Not Detected 
Not Detected 

Detected 
lnsuff 
lnsuff 

Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 

Detected 
Detected 
Detected 
Detected 

Not Detected 

Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Detected 

Not Detected 
lnsuff 

Detected 
Detected 
Detected 

Not Detected 
lnsuff 
lnsuff 

0.783 (02-02) 0.333 (01 -06) 

Outliersh,i 
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Table A.5.5-1 (continued). Summary Statistics for Cf!/15 

Note: The data used in this table has been standardized to quarterly. 

No. of Percent 
Monitoring Detected Total No. of of Standard Distribution Serial 

Parameter Horizona Location Samples Samples Detects Minimumb Maximumb Averagec.d Deviationc,d Typed,e Trendd,t Correlationd,g 

LCS 12342C 6 24 25.0 ND 0.212 0.00625 0.0448 Undefined None Not Detected 
LOS 123420 2 20 10.0 0.00086 0.0525 lnsuff lnsuff Undefined None Not Detected 

Selenium (mg/L) HlW 12342 0 17 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 
GMA-U 22207 1 11 9.1 ND 0.00509 lnsuff lnsuff Undefined None Detected 
GMA-D 22208 0 11 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 

LCS 12342C 23 24 95.8 16.4 108 70.8 19.9 Undefined Up Not Detected 
LOS 123420 20 20 100.0 323 474 384 50 Normal Up Detected 84.6 (04-02) 

Sodium (mg/L) HlW 12342 20 20 100.0 17.0 33.6 26.1 5.4 Normal Up Detected 
GMA-U 22207 11 11 100.0 13.0 17.1 14.9 1.2 Normal Down Not Detected 
GMA-D 22208 11 11 100.0 14.3 17.7 16.0 1.1 Normal None Not Detected 

LCS 12342C 9 24 37.5 ND 0.040 0.0142 0.0092 Lognormal None Not Detected 
LOS 123420 14 20 70.0 ND 0.1 31 0.0321 0.0299 Lognormal None Not Detected 

Zinc (mg/L) HlW 12342 11 17 64.7 ND 0.0869 0.0180 0.0229 Lognormal None Detected 
GMA-U 22207 3 11 27.3 ND 0.0123 0.00286 lnsuff Undefined None Not Detected 
GMA-D 22208 13 24 54.2 ND 0.0124 0.00438 0.00267 Lognormal None Not Detected 

Note: Shading identifies a horizontal till well or Great Miami Aquifer well , with at least 8 samples, normal or lognormal distribution, no trend, and no serial correlation. These wells achieve control chart criteria . 
Note: For results where the concentrations are below the detection limit, the results used in the Average, Standard Deviation, Distribution Type, Trend, Serial Correlation, and Outliers are each set at half the detection limit. 

aLeS = leachate collection system; LOS = leak detection system; HlW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer 

bND = not detected; NA = not applicable 

cAverages were determined based on the distribution assumption and requires n ~ 3. In addition, Standard Deviation requires· n ~ 4. 

d"lnsuff' = Insufficient and is used for Average, Standard Deviation, Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test. 
8 Data distribution based on the Shapiro-Wilk statistic (where 3 s; n s; 50) or Shapiro Francia (where n > 50). 

Normal : Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption. 
Lognormal: Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption. 
Undefined: Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values . "Average" is defined as the Median of the data. 

fTrend based on nonparametric Mann-Kendall procedure. Trend testing requires a sample with n ~ 4. 
9Serial correlation based on Rank Von Neumann test. Serial Correlation testing requires a sample with n ~ 6. 

houtliers determined by Rosner's (where n > 25) or Dixon procedure (where 4 s; n s; 25). 

;Q = quarterly 

U.S. Department of Energy 
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PARAMETER( UNIT) 

General Chemistry 

Ammnia (n-g/L) 

lnorganics 

-~~- ---~~~-

Table A.S.S-2. Cell 5 Annual LCS Sample Summary Information for Vetected Parameters 

NUMBER OF NUMBER OF SAMR...ES F£RCENT OF DETECliD IN MIN DETECTED MAX DETECliD A VG DETECTED GW FRL d (#OF 
SAMR...ES•·b WITH DETECTIONS•.b DETECTIONSa,b 2011 CONCENTRA TION"·b,c CONCENTRA TION"·b,c CONCENTRA TION"·b,c SAMA...ES>GWFRL) 

GW BACKGROUND"·b,e 

(#OF SAMR...ES>PN 

BACKGROUND) 

I I - I l -- l - -- II ___ - - L_ - I -
~ __1<l i 3 I ~ 300 I Ye• I 002 ~~- __ 0 _29_2 __ L _ ~- -~- 4.2n-g~/L_(_O) _ 

PN BACKGROUND"·b,e 

(#OF SAMR...ES>PN 

BACKGROUND) 

--

MAX PN DETECliD 
CONCENTRATION •.b.f 

(# OF SAMR...ES>MAX PN) 

4.34 n-g/L(O) 
------~~~------

220 n-g/L(O) 

---
Becylliom(,-gll) I ~ 10 ~ - 1 ~r 10.0 I -~No--f -0-. 0-00~36 - ~ ~ - _- --- -- -_ -- -~.004n-g/L(O) J - - - -

-

c-hr_o_m __ -~_~_(n-g_,_~ __ -_-_-~_-_J+-1~~~1-~o --]~-- =- _? - ~~~=- ~_.o -

1

[ _ ; ____ o.oo~13 I_ o.oo457 --:f--- o-_o_o_2_9_-+l __ o._o2_2_n-g_ ' _L
9
-(o_)_ J+---o.~~ ;L_(~-)--~-:----_o ___ oo_4_6_1Tg_ '_L_(o-) -----

Radionuclides _ 

Technetium-99 (pCi/L) I 18 [ 8 44 4 J No 2 04 19 10 3 94 pCi/L(O) · -;~pCi/L(O) _ _j __ 30 .e_CV~(~- _ __ 6130-p-CVL(O) -
-Organics ---- I - ~--- --- ---- . ~- -~--- . - l------ . -- ----'----'--'---!-- I 

0.0343 n-g/L(O) 

0. 818 n-g/L('--'0)'-----

1 ,1-Dichloroethane (ug/L) I - 9 ~ - 1 I 11.1 I No I 0~9~ - - I ~ -
I 16 I 1 I ,_, I "' I 0.744 I - _ - f_ ~ 
I_ ~ I _ -: _ I ~: J -: l :; --1~ ~-- -+--- --~ - c_-~ = __ - _-=- : I :_ .=c __ - ~ ~---

11 _ 9

9 

_1
1 

__ - 1

1 

I - 11.1 ~- No - ~ ~.33 - -~-- _ ~ - _ -~ -~ ug/L(O) _ -·-------F-~ _. _l _ ----~ __ _ 

1, 1-Di~hloroethene (ug/~) 

4-Methyi-2-Pentanone (ug/L) 

Acetone (ug/L) 

Carbon Disulfide (ug/L) 

I 11. ~ I No I -0.416- - I - - - -
- -

Toluene (ug/L) 

Note: Shading indicates that at least one. detected sar11Jie is greater than the FRL, groundwater background, P.JV background, or PN maximum. 

•If more than one sar11Jie is collected per well per day (e.g ., duplicates), then only one sample is counted for the total number of sar11Jies, and the sample with the maximum representative concentration is used for all the summary information 

hRejected data qualified with an R or Z were not included. 

elf the number of detected samples is equal to two, then the ninumun and maximurnn are reported. If the number of detected is equal to one, then the data point is reported as the ninimum. The "AVG DETECliD CONCENTRA 110N" is not reported for either of these cases. 

dFrom Operable Unit 5 Record of Decision, Table 9-4. 

•From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RVFS documents. 

rMax PN- maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5. 

9FRL based on hexavalent chromium from Operable Unit 5 Record of Decision, Table 9-4. 
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January =263,512 Gallons 
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Figure A.5.5-1. Monthly Accumulation Volumes For Cell 5 LCS 
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Year Total Volumesrgal.) 
2002 35815 
2003: 6200 
2004: 5425 
2005:. 4270 
2006: 3710 
2007: 4250 
2(M)8: 4~ 

2009: 3~ 
2010:. 4325 
2011: 4225 
Overall: 

Months Purged 
n=10 
n=6 
n=5 
n=4 
n=4 
n=4 
n=4 
n=3 
n=4 
n=4 
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so thecompa:cted claylinercoud be ·Constructed. 

""'Ex:cess water was pumped from this weLl in F ebn..ary2002 for 
well development. 

Figure A.5.5-3. OSDF Horizontal Till Well 12342 (Cell 5) Water Yield 
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November 23,1998: H1W purging initialed I'<Jgust29, 2005: Cap completion 
I 

November 19, 2002: Waste Placement iniialed I 

1000,-------~----~------------~--------~~~----c---~------------------, 
The groundwater FRL fC< r-------__, 
total uranium Is 30 ~giL. 

10 
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Note: Unfilled symbols 
represent not detected. 
concentrations (ND). 
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Figure A.5.5·6A. CeliS Uranium, Total Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HlW purging Initiated 
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I'<! gust 29, 2005: Cap cC<nplelion 
I 

November 19, 2002: Waste Placement Initiated I 
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The groundwaler FRL for 
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Figure A.5.5-6B. Cell 5 Uranium, Total Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging iniliated 
I 

I 

I 

Augusl29 2005: Cap completion 

Noverrber 19,2002: Waste Placement initiated 

1000~--~---;r-----------------~-----------;----------~------------------, 
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Figure A.5.5-7A. Cell5 Chloride Concentration vs. Time Plot for LCS, LDS, and HlW 

November 23, 1998: HlW purging initiated AUgust29, 2005: Cap completion 

I November 19.2002: ;:vaste Placementinniated I 
1000~------~i----------------~·~------~~i~--------------------~---, 

=: I Note: Unfilled symbols I ; 
: represent not detected : 
; concentrations (ND). ; . . 
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Figure A.5.5-7B. Cell5 Chloride Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November 23, 1996: HlW purging initiated 
I 

I 

August 29, 2005: Cap completion 
I 

November 19,2002: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 
ccncentrations (ND). 

10L---~--~~--~--~----~--~----~--~~~----~--~----~--~--~--~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-8A. Cell 5 Magnesium Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 19~8: HTW purgirig initiated 
I 

Augusl29, 2005: Cap completion 
I 

November 19,2002: Waste Placement inKiated I I 
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Figure A.5.5-8B. Cell 5 Magnesium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging Initiated August 29 2005: Cop completion 

November 19, 2002: Waste Placement Initiated 

100~------+---~----~--~--+----c--~c-+-~--~--~----------------, 
The groundwater FRL for .---------. 
nltmtetnltrtte ls11 mgJL. ......... 12342C- LCS 

--- 123420- LOS 

-9- 12342 • HTW 

I Q1+---~-H--~---+--~--~--~-++-~r-~HW~---+--~--~__, 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.S.S-SA. CeliS Nitrate+ Nitrite as Nitrogen Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging lnnleted August 29, 2005: Cep completion 

I November 19, 2002: Weste Placement Initiated ~ . 
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November 23, 1998: HlW purging initiated August 29, 2Q05: Cap completion 
I November 19,2002: Waste Placement Initialed I 
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Figure A.5.5-10A. CeliS Sulfate Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HlW purging inilialed 
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I 

/l.ugust 29, 2005: Cap completion 
I 

November 19,2002: Waste Placement inHiated I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 
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Figure A.5.5-1 OB. Cell 5 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated August 29 2005: Cap complelion 

Novent.er 19, 2002: WastC Placement initiated 
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represent not detected 
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Figure A.S.S-11A. CeliS Alkalinity, Total Concentration vs. Time Plot for LCS, LDS, and HTW 
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I November 19, 2002: ~aste Placement inHiated J . . . 
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Figure A.5.S-11 B. CeliS Alkalinity, Total Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated August 29 2005: Cap completion 

November 19, 2002: Waste Placement initiated 
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represent not detected 
concentrations (ND). 
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Figure A.5.5-12A. Cell 5 Total Dissolved Solids Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1996: HTW purging iniliated 
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h.lgu~t 29, 2005: Cap completion 
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November 19, 2002: Was~e Placement initiated I 

Note: Unfilled symbols 
represent not detected 
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Figure A.5.5-12B. CeliS Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated August 29 2005: Cap completion 

November 19,2002: Waste Placement Initiated 
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Figure A.5.5-13A. Cell 5 Total Organic Carbon Concentration vs. Time Plot for LCS, LDS, and HlW 

November 23,.1998: HlW purging initiated h.lgus;l29, 2005: Cap completion 

I November 19,2002: Waste Placementlnttiated I 
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Figure A.5.5-13B. CeliS Total Organic Carbon Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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Figure A.5.5-14A. Cell5 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.5-15A. Cell 5 Arsenic Concentration vs. Time Plot for LCS; LOS, and HTW 

November 23,1998: HlW purging initialed August 29,2005: Cap comptelion 

j November 19, 2002: Waste Placement inHiated ~ 

The groundwater FRL for 
arsenic Is 0.05 mg/L. 

Note: Unfilled symbols 
: represent not detected 
; concentrations (ND). 
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Figure A.5.5-15B. Cell5 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23 1 19_98: HlW purging initiated August29 2005: Cap completion 

November 191 2002: Waste Placement initiated 

10.-------;---------~--~---r~--o----o-7-c----c---~----------------. 
The groundwater FRL for r---------, 

bartum Is 2 mgll. 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

* 12342C • LCS 

---- 123420 • LDS 

--e- 12342 • HlW 
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1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-16A. Cell 5. Barium Concentration vs. Time Plot for LCS, LDS, and HlW 

November 23, 1998: HlW purging Initiated August29, 2005: Cap complelloo 

I November 19, 2002: ~asle Placement inKiated I . 
10r------~i ______________ ~i----------+-·------------------------, 

0.1 

0.01 

The groundwater FRL for 
barium Is 2 mgll. --e- 12342- HlW * 22207 • GMA-U 

1---+----,!i-+-: --;----+---!--r,-!: --;----;---,1;--+---+--+---+--+---+--11-w-- 22208 • GMA-D 
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;! I Note: Unfilled symbols I ; 
: represent not detected : 
; concentrations (ND). ; 
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Figure A.5.5-16B. CeliS Barium Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November 23,1998: HlWpurging iniliated .August29, 2005: Cap completion 
I 

Noverrber 19,2002: Waste Placement initiated I 

10~------~------------~---r----~----~------------------------~--~ 
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0.01 

The groundwater FRL for 
bacon Is 0.33 mg/L. 

Note: Unfilled symbols 
represent not detected 
conoentrations (NO). 
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Figure A.5.5-17A. Cell5 Boron Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HlW purging initiated 
I 

I 

August 29, 2005: Cap complelioo 
I 

November 19,2002: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 
conoentrations (NO). 
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Figure A.5.5-17B. Cell5 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23,1998: HTWpurging initiated '""gust 29 2005: Cap completion 

November 19,2002: Waste Placement initiated 

10000~------~--------------~--r-----------~----------------------------~ 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-18A. CeliS Calcium Concentration vs. Time Plot for LCS, LDS; and HTW 

November 23,1998: HlWpurging Initiated August~. 2005: Cap completion 

j November 19, 2002: Waste Placement lnttialed I 

Note: Unf ed symbols 
represent not detected 

concentrations (ND). 
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Figure A.5.5-18B. Cell 5 Calcium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated 
I 

I 

Augusl29 2005: Cap completion 

November 19, 2002: wBste Placement initiated 

The groundv.'a.ler FRL fa 
cobalt is 0.17 mg/L 
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Figure A.5.5-19A. CellS Cobalt Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HlW purging initiated 
I 

I 

Jlllgust 29, 2005: Cap compl~tioil 
I 

N_ovember 19,2002: Waste Placement initiated I 

The groundwater FRL for 
cob allis 0.17 mg/L. 

mcio:I:Jcbrn::: 
;'"'N~o~te-:~U._nf=;u'"""ed-c--sy""'m""""'bo....,...ls' 
: represent not detected 
; concentrations (ND). 
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Figure A.5.5-19B. Cell 5 Cobalt Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging Initiated 
I 

August 29, 2005: Cap completion 
I 

Noverrt>er 19,2002: Waste PlacementinKiated I I 

10~------~----------------~------------~----------~-----------------, 
The ground"WBler FRL for 

cooper Is 1.3 mg/L. 

Q1f---~--~----~--~--~--~----~--~;r~--~----~--~--~--~----; 

Note: Unfilled symbols 
; represent not detected 

concentrations (NO). 
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Figure A.5.5-20A. Cell 5 Copper Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HlW purging initialed h.lgus;l29, 2005: Cap conipletion 

j Noverrt>er 19, 2002: ':"aste Placement inKiated J 

10,--c--+ci--c-------~i--:--:-i~~-~-;--;--;--;--, 

0.1 
! : ! : 

0.01 ; : 
~ : 
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; 

The groundwater FRL for 
cooper Is 1.3 mg/L. 
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i : i : ~ 9 yl) ~ 1 ~ 
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1
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'1 Note: Unfilled symbols I : 

represent not detected : 
concentrations (NO). ; . . 
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Figure A.5.5-208. Cell 5 Copper Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging irtitiated 
I 

P<Jgusl29 2005: Cap complelion 

November 19, 2002: Waste Placement Initiated I 

1: 
1: 
I : r.-;-:---C~-:--'-:--,------, 
1.
: Note: Unfilled symbols 

represent not detected 
I : concentrations (ND). 
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1997 1998 1999 2000 2001 20o2 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-21A. Cell 5 Iron Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1996: HlW purging iniliated Pl.lgust29, 2005: Cap com~etion 

I NO\Iember 19, 2002: Wasle Placemenlln~ialed : 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-21 B. Cell51ron Concentration vs. Time Plot for HTW, GMA·U Well, and GMA·D Well 
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November 23, 1998: HlW purging initiated hlgust 29,2005: Cap completion 

0.1 

0.01 

I 
November 19,2002: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

0.001 .L----'----'-:....__....:.._ _ ___:. __ ,:__~ __ :....__....:.._.....!,___:. __ .:..,_ _ _:_ _ ___;:....__....:...._ _ ___:. _ ___J 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-22A. Cell 5 Lithium Concentration vs. Time Plot for LCS, LDS, and HlW 

November 23, 1998: HlW purging initiated 
I 

hlgust 29, 2005: Cap completion 
I 

November 19,2002: Wasle Placement inoiated I I 

0.1 

0.01 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.001~-~-~~--=------=---~-~----'~--=------=---~-~-~--~-~-~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 

Figure A.5.5-22B. Cell 5 Lithium Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated August 29 2005: Cap completion 

November 19, 2002: Waste Placement iniliate'd 

100~---o--;o----o----o--~~~o----o--~~r-~---o----~----------------, 
I : T~:~~~~~~;';'~~-=~~ .----... -12_3_42_C ___ L_C_S___, 

1: ---
1 ~ ...._ 123420- LOS 
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QOC01t---~--1H~--~---7--~~~~---7--~~r-~---T:~No~re~:~U~nf~illoo~sy~m~oo~ls-.7---~---; 
: represent not detected 

concentrations (ND). 
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Figure A.5.5-23A. Cell5 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW 

N011ember 23,.1998: HlW purging Initialed August 29, 2005: Cap completioo 

J November 19, 2002: ~aste Placement in~ialed ~ 

100,-----~·~-------c---c---~·---c---c-~·~---:---c---c---c----~--, 
I 
I 

The groundwater FRL for 
manganese Is 0.9 mgll. 
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Note: Unfilled symools I : 
represent not detected : 
concentrations (ND). ; 
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..... 22207 • GMA·U 
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Figure A.5.5-23B. Cell 5 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging iniliated Augusl29 2005: Cap complelion 

0.01 

0.001 

Noverrber 19, 2002: Waste Placement Initiated 

The groundwater FRL for 
nickel is 0.1 mg/l. 

Note: Unfilled symbols 
represent not detected 

concentrations (NO). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-24A. CeliS Nickel Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23,1998: HTWpurging initiated 
I 

Augusl29, 2005: Cap completion 
I 

November 19,2002: Waste Placement initiated I 

0.01 

0.001 

I 

The groundv.."ater FRL for 
nickel Is 0.1 mg/L. 
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Figure A.5.5-24B. Cell 5 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-0 Well 
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November 23, 1998: HTW purging initiated August 29,2005: Cap completion 
I 

November 19,2002: Waste Placement initialed I 

100~------~----------------~------------+---------------~----------~ 

Note: Unfilled symbols 
represent not detected 
ocnoentrations (ND). 

0.1~--~--~----~--~--~--~~--~--~--~~--~--~----~--~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.S.S-2SA. CeliS Potassium Concentration vs. Time Plot for LCS, LDS, and HTW 

Novembe-r 23, 1998: HTW purging initiated 
I 

I 

August 29, 2005: Cap completion 
I 

Noveniler 19, 2002: Waste Placemer)l initiated I 

Note: Unfilled symbols 
represent not detected 

concentrations (NO). 

I : 
0.1~--~--~----~--~--~--~~--~--~--~----~--~--~----~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.S.S-2SB. CeliS Potassium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated Augusl 29 2005: Cap complelion 

November 19, 2002: Waste Placement initiated 

.0.01 

0.001 

The groundwater FRL fa 
selenium Is 0.05 mg/L. 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

0.0001~--~---L~--~--~----~~~--~----~~~--~~--~--~----~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-26A. Cell 5 Selenium Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HlW purging initialed Augusl29, 2005: Cap complelion 
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0.01 

0.001 

j November 19,2002: :v•sle Placemenl in~ialed I . 
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The groundwater FRL fa 
selenium Is 0.05 mg/L. 
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'1 Note: Unfilled symbols I ; 
represent. not detected : · 

ooncenlrations (ND). ; . . 
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1997 199 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-26B. Cell 5 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HlW purging initiated .August29, 2005: Cap completion 
I 

November 19,2002: Waste Placement initiated I 
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Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-27 A. CeliS Sodium Concentration vs. Time Plot for LCS, LOS, and HTW 

Novernber 23, 1998: HlW purging initiated 
I 

I 

August29, 2005: Cap completion 
I 

November 19, 20<;)2: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 
CQnoentrations (ND). 
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Figure A.5.5-278. Cell 5 Sodium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated August 29 2005: Cap completiorl 

0.01 

0.001 

November 19,2002: Waste Placement initiated 

The groundwater FRl fa 
zinc Is 0.021 mg/1.. 

: Note: Unfilled symbols 
: represent not detected 

ooncentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.5-28A. Cell5 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging initiated 
I 

!'<Jgusl29, 2005: Cap completion 
I 

Ncwember 19,2002: Waste Placement inoialed I I 

The groundwater FRl for 
zinc Is 0.021 mg/1.. 

: Note: Unfilled symbols 
: represent not detected 
: ooncentrations (ND). 
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Figure A.5.5-288. Cell 5 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.5-29. Cell 5 Bivariate Plot for Uranium and Sodium 
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Calcium 
Intra-Well Shewhart-CUSUM Control Chart of 12342 
Baseline Mean= 198875; Baseline Std Dev = 17224.9; k = 1; h = 5; SCL = 5 

6 ~--------------------------~--------------------~--~----~--------------~ 

5~------------------------------------------------------------------~ hCL 

4 ~--------------------------------------------------------------------------~ 

3 ~--------------------------------------------------------------------------~ 

2 r---------------------------------------------------------------------------~ 

--
1 r-----------------------------------------------~~~~----------------------~ ---

_,. ~J' ~- -:-:":'_-- - - -- ------ ... - - - - ---

n: -- - ~ - - - -- - - - - =-=---- - -

---- ~ - - - ... ------ -- -- - - ----~--- ... ----- - - ---------~ --- ... - · } 

-1 r---------------------------------------------------------------------------~ 
r.... 
0 
0 
£:! 
10 
~ -10 

• Standardi2ed mean <) CUSUM 

Sample Date 

Figure A.5.5-30. Intra-Well Shewhart-CUSUM Control Chart (Calcium 12342) 



Cobalt 
Intra-Well Shewhart-CUSUM Control Chart of 12342 
Baseline Mean = 2.4375; Baseline Std Dev = 0.26152; k = 1; h = 5; SCL = 5 
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Figure A5.5-31: Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12342) 
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Figure A.5.5-32. Intra-We// Shewhart-CUSUM Control Chart (Iron 22207) 
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Figure A.5.5-33. Intra-We// Shewhart-CUSUM Control Chart (Lithium 22208) 
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Figure A.S.S-34. Intra-We// Shewhart-CUSUM Control Chart (Magnesium 12342) 
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Figure A.5.5-35. Intra-Well Shewhart-CUSUM Control Chart (Manganese 12342) 
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Figure A.5.5-36. Intra-We// Shewhart-CUSUM Control Chart (Nickel12342) 
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Figure A. 5.5-37. Intra-Well Shewhart-CUSUM Control Chart (Nitrate 12342) 
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Figure A.5.5-38. Intra-Well Shewhart-CUSUM Control Chart (Potassium 12342) 
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Figure A.S.S-39. Intra-We// Shewhart-CUSUM Control Chart (Sodium 22208) 
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h CL 



I 

I 

l=--

• 

l .... 
!.·· 

(/) 
c 
tr 

~ 
II) 
0 
::I" 
3 
C1) 
:::s -

._ .:-·, 



(. 'c- .. 

Sub-attachment A.5.6 

Cell6 



/ 

( .•. ) 

This page intentionally left blank - l 



The following information is provided in this sub-attachment: 

• Quarterly monitoring summary statistics (refer to Table A.5.6-1) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.6-2) 

• LCS monthly accumulation volumes (refer to Figure A.5.6-1) 

• LDS monthly accumulation volumes (refer to Figure A.5.6-2) 

• OSDF horizontal till welll2343 water yield (refer to Figure A.5.6-3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.6-4 
and A.5.6-5) 

• Plots of concentration versus time (refer to Figures A.5.6-6A to A.5.6-28B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.6-29) 

• Control charts (refer to Figures A.5.6-30 to A.5.6-46) 

A.5.6.1 Quarterly Monitoring Results 

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each 
cell for the purpose of determining if the OSDF is operating as designed. Water quality within 
the cell is sampled in the LCS and LDS. Water quality beneath the cell is sampled in the HTW 
and GMA wells. Concentrations versus time plots, bivariate plots, and control charts are used to 
help interpret and present the results. 

In the first quarter of 2011, 23 parameters were sampled in the LCS, LDS, HTW, and GMA 
wells of each cell. In the second, third, and fourth quarters tritium was added to the analyte list 
for all horizons (LCS, LDS, HTW, and GMA Wells), and the analyte list for the HTWs in all 
cells was changed to just four parameters: arsenic, uranium, tritium, and sodium. These changes 
were agreed to via the comment resolution process between Ohio EPA and DOE on LMICP 
(revision 4). Tritium results for all cells are reported in Section A.5.5. 

As shown in Table A.5.6-1, 10 of the 23 parameters sampled quarterly in the LCS, LDS, HTW, 
and GMA wells, (uranium, sulfate, TDS, TOC, arsenic, boron, cobalt, copper, iron, and lithium) 
have upward trends in the HTW and/or the GMA wells based on the Mann-Kendall test 
for trend. 

Horizontal Till Well 

The HTW is located beneath the liner penetration box of each cell by design. This area of the 
liner penetration box is considered to be potentially the weakest point in the cell design. If a leak 
were to develop, it should be detected beneath the liner penetration box first. Therefore, the 
water quality in the HTW represents the first line of evidence that a potential leak from the cell 
might be occurring. A leak would be indicated by an increasing concentration in the HTW. 

Of the 23 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium, 
sulfate, cobalt, copper, iron, and lithium are increasing in the HTW of Cell 6 (as indicated in the 
table below). The bivariate plot for the Cell 6 LCS, LDS, and HTW (uranium-sodium) is 
provided in Figure A.5.6-29. The plot shows that the chemical signature for uranium-sodium in 
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the LCS LDS, and HTW are separate and distinct; indicating that mixing between the horizons is 
not occurring. Therefore, the increasing concentrations measured in the HTW of Cell 6 are 
attributed to fluctuating ambient concentrations beneath the cell that are not related to cell ·· ) 
performance. 

Parameter HTWa GMA-Ua 

Uranium Up 

Sulfate Up 

TOS 

TOC Up 

Arsenic 

Boron 

Cobalt Up 

Copper Up 

Iron Up 

Lithium Up 
a HTW = honzontal t1ll well, GMA-U = upgrad1ent Great M1am1 Aqu1fer, 

GMA-0 = downgradient Great Miami Aquifer; TOS =total dissolved solids; 
TOC = total organic carbon. 
No entry indicates that the trend was not up. 

Great Miami Aquifer Wells 

GMA-Da 

Up 

Up 

Up 

Up 

Up 

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow 
directions will be from west to east. However, water levels measured in 2011 indicate that 
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of 
northeast to south/southwest in response to the active groundwater remediation taking place to 
the west and southwest. Pumping for the groundwater remediation is scheduled to last until 2023. 
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring 
horizons are not mixing, the increasing concentrations seen in the GMA wells are attributed to 
fluctuating ambient conditions that are not related to cell performance. 

The table below provides a summary ofthe average concentration (as reported in Table A.5.6-1) 
measured in the LDS, HTW, and GMA wells for parameters with increasing concentrations in 
the Cell 6 GMA wells. 

Parameter LDSa GMA-Ua GMA-Da 

Sulfate (mg/L) 2140 188 264 

TOS (mg/L) 5290 672 911 

TOC (mg/L) 4.85 1.23 1.30 
Arsenic (mg/L) 0.00375 0.00250 0.00250 
Boron (mg/L) 0.392 0.0363 0.0340 

Note: The highest averages are shown in bold. 
8 LOS = leak detection system, GMA-U = upgradient Great Miami Aquifer, GMA-0 = downgradient Great Miami 
Aquifer; TOS =total dissolved solids, TOC =total organic carbon 

As shown in the table above, the average concentration of arsenic in the GMA is higher than the 
average in the LDS of Cell 6. 
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A.5.6.2 Control Charts 

Intrawell control charts employ historical measurements from a compliance point as background 
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified 
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart. 
Appropriate background data are used to define a baseline for the well. The baseline parameters 
for the chart, estimates of the mean, and standard deviation are obtained from the background 
data. These baseline measurements characterize the expected background concentrations at the 
monitoring point. As future concentrations are collected, the baseline parameters are used to 
standardize the newly gathered data. After these measurements are standardized and plotted, a 
control chart is declared "out of control" if future concentrations exceed the baseline control 
limit. This is indicated on the control chart when either the Shewart or CUSUM plot traces begin 
to exceed a control limit. The limit is based on the rationale that if the monitoring point remains 
unchanged from the baseline condition, new standardized observations should not deviate 
substantially from the baseline mean. If a change occurs, the standardized values will deviate 
significantly from the baseline and tend to exceed the control limit. 

A minimum of eight samples are recommended for use in ChemStat® software to define the 
baseline for a control chart. Therefore, only sample sets with greater than eight samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h) and a SCL on the control chart. The software recommends a value of 5 for the CUSUM 
control limit (h) and a value of 4.5 for the SCL. 

EPA Unified Guidance suggests that to simplifY the interpretation ofthe control chart that an out 
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM (h) control 
limits on the charts. As a "work-a-round", the SCL limit was defined as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 

As shown in Table A.5.6-1 in gray shading, thirteen parameters in the HTW and/or GMA wells 
of Cell 6 (uranium, chloride, TDS, TOC, barium, calcium, iron, lithium, magnesium, manganese, 
'nickel, sodium, and zinc) meet the criteria for control charts (i.e., more than 8 samples, normal or 
lognormal distribution, no trend, and no serial correlation), resulting in 17 control charts. 

Control charts are presented in Figures A.5.6-30 to A.5.6-46. All of the control charts with the 
exception of one (i.e., iron in the GMA-D well) exhibit "in control" conditions. As discussed 
above, separate and distinct signatures for uranium and sodium in the LCS, LDS, and HTW of 
Cell 6 indicate that water is not mixing between the horizons, so out of control conditions are 
attributed to fluctuating ambient conditions beneath the cell, and not to cell performance. 

U.S. Department of Energy 
May 2012 
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Parameter and Monitoring Pointa Assessment 
Uranium in the GMA-D In Control 

Chloride in the HTW In Control 

TDS in the GMA-U In Control 

TOG in the HTW In Control 

Barium in the HTW In Control 

Calcium in the HTW In Control 

Iron in the GMA-U In Control 

Iron in the GMA-D Out of Control 

Lithium in the GMA-U In Control 

Lithium in the GMA-D In Control 

Magnesium in the HTW In Control 

Manganese in the HTW In Control 

Manganese in the GMA-D In Control 

Nickel in the HTW In Control 

Sodium in the GMA-D In Control 

Zinc in the GMA-U In Control 

Zinc in the GMA-D In Control 
"HTW = honzontal ttll well; GMA-U = upgradtent Great Mtamt Aqutfer; 

GMA-D = downgradient Great Miami Aquifer; TDS = total dissolved solids; 
TOC = total organic carbon 

A.5.6.3 Annual LCS Sample Results 

Annual LCS sampling results for Cell6 are provided in Table A.5.6-2 for those parameters 
detected at least once, and not being sampled quarterly. One new Appendix I parameter 1 : · 

(chromium) was detected in 2010 at Cell6. Chromium was detected again in the LCS ofCell6 
in 2011. As directed in the GWLMP, detection of chromium again in the LCS of Cell6 in 2011 
triggers sampling for chromium in the LDS of Cell 6 during the subsequent next scheduled 
sampling event. No new Appendix I or PCB parameters were detected in the LCS of Cell 6 
in 2011. 

A.5.6.4 Summary and Conclusions 

• The concentrations of ten parameters monitored quarterly are increasing in either the HTW · 
and/or GMA wells of Cell 6 (uranium, sulfate, TDS, TOC, arsenic, boron, cobalt, copper, 
iron, and lithium). 

• Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and 
HTW ofCell6 indicate that water is not mixing between the horizons. Concentration 
increases in .the HTW and GMA wells of Cell 6 are attributed to fluctuating ambient 
concentrations beneath the cell and not to cell performance. 

• Seventeen control charts were constructed for Cell 6 parameters. Sixteen of the control 
charts exhibit "in control" conditions. Iron in the GMA-D well exhibits "out of control" 
conditions. 

• No new Appendix I or PCB parameters were detected in the LCS of Cell 6 in 20 11. 

• Chromium was detected in the LCS of Cell 6 for a second time in 2011. It was first detected 
in 2010. Because chromium has been detected two consecutive times in the LCS, chromium 
will be sampled for in the LDS of Cell 6 during the subsequent next scheduled 
sampling event. 
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Note: The data used in this table has been standardized to quarterly . 

Parameter 

Total Uranium (IJg/L) 

Alkalinity as CaC03 (mg/L) 

Chloride (mg/L) 

Nitriate/Nitrite as N (mg/L) 

Sulfate (mg/L) 

Total Dissolved Solids (mg/L) 

Total Organic Carbon (mg/L) 

Total Organic Halogens (mg/L) 

Arsenic (mg/L) 

Barium (mg/L) 

U.S. Department of Energy 
May 201 2 

Horizon8 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

No. of 
Monitoring Detected 
Location Samples 

12343C 32 
12343D 32 
12343 32 
22209 32 
22210 35 

12343C 18 
12343D 14 
12343 9 
22209 5 
22210 4 

12343C 18 
12343D 14 
12343 9 
22209 5 
22210 4 

12343C 14 
12343D 6 
12343 1 
22209 0 
22210 0 

12343C 32 
12343D 32 
12343 28 
22209 35 
22210 35 

12343C 20 
12343D 12 
12343 8 
22209 11 
22210 11 

12343C 29 
12343D 30 
12343 24 
22209 24 
22210 25 

12343C 21 
12343D 24 
12343 14 
22209 8 
22210 6 

12343C 4 
12343D 4 
12343 1 
22209 5 
22210 5 

12343C 18 
12343D 14 
12343 9 
22209 4 
22210 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

32 100.0 43.3 
32 100.0 3.10 
32 100.0 6.32 
36 88.9 ND 
37 94.6 ND 

18 100.0 64.0 
14 100.0 161 
9 100.0 353 
5 100.0 273 
4 100.0 405 

18 100.0 20.1 
14 100.0 51.5 
9 100.0 24.0 
5 100.0 22.2 
4 100.0 28.6 

21 66.7 ND 
14 42.9 ND 
8 12.5 ND 
5 0 ND 
4 0 ND 

32 100.0 491 
32 100.0 1300 
29 96.6 ND 
35 100.0 2.07 
35 100.0 127 

20 100.0 267 
12 100.0 3690 
8 100.0 1210 
11 100.0 573 
11 100.0 827 

32 90.6 ND 
32 93.8 ND 
29 82.8 ND 
36 66.7 ND 
36 69.4 ND 

32 65.6 ND 
32 75.0 ND 
29 48.3 ND 
36 22.2 ND 
36 16.7 ND 

23 17.4 ND 
21 19.0 ND 
19 5.3 ND 
11 45.4 ND 
20 25.0 ND 

18 100.0 0.0190 
14 100.0 0.0127 
9 100.0 0.0307 
4 100.0 0.0738 
4 100.0 0.0332 

Table A.5.6-1. Summary Statistics for Ce/16 • 

Standard Distribution 

Maximumb Averagec.d Deviationc.d Typed,e Trendd,f 

197 136 32 Undefined None 

43.7 23.2 9.0 Normal Up 

24.2 12.1 3.8 Lognormal Up 

2.43 0.53 0.47 Undefined None 
0.95 0.63 0.18 Normal None 

557 454 104 Normal Down 

549 356 129 Normal None 
714 389 112 Undefined None 
340 318 27 Normal None 
409 406 2 Normal None 

139 114 35 Undefined Up 
149 59 41 Undefined Up 
26.9 25.1 1.0 Normal None 
33.4 25.6 4.6 Normal None 
34.6 30.6 2.7 Normal None 

4.67 0.995 1.39 Undefined None 
4.1 0.0138 1.16 Undefined Up 

0.0264 lnsuff lnsuff Lognormal None 
NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 

4800 2360 950 Normal Up 
3910 2140 810 Undefined Up 
595 446 81 Normal Up 
406 188 73 Undefined None 
578 264 90 Lognormal Up 

5970 5040 1800 Undefined Up 
6340 5290 770 Normal Up 
1350 1290 50 Normal None 
876 672 78 Normal None 
992 911 40 Normal Up 

3.55 2.15 0.61 Normal None 
10.4 4.85 2.17 Normal Down 
4.93 2.34 0.71 Lognormal None 
2.28 1.23 0.46 Normal Up 
2.39 1.30 0.46 Normal Up 

0.060 0.0153 0.0119 Lognormal None 
0.0446 0.0245 0.0109 Normal None 
0.0560 0.00869 0.0105 Lognormal Down 
0.0377 0.00303 0.00883 Undefined None 
0.0125 0.00204 0.00415 Undefined Down 
0.093 0.00375 0.0282 Undefined None 
0.023 0.00375 0.00518 Undefined None 
0.033 lnsuff lnsuff Undefined None 
0.0396 0.00250 0.0133 Undefined None 
0.0381 0.00250 0.0116 Undefined Up 
0.0868 0.0373 0.0195 Lognormal Down 
0.067 0.0298 0.0138 Lognormal Down 
0.0427 0.0354 0.0038 Normal None 
0.093 0.0855 0.0084 Normal None 
0.0459 0.0403 0.0054 Normal None 

Serial 
Correlationd,g 

Detected 
Detected 
Detected 

Not Detected 
Not Detected 

Not Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

Not Detected 
Detected 

Not Detected 
lnsuff 
lnsuff 

Detected 
Detected 

Not Detected 
lnsuff 
lnsuff 

Detected 
Detected 
Detected 

Not Detected 
Detected 

Detected 
Detected 

Not Detected 
Not Detected 

Detected 

Not Detected 
Detected 

Not Detected 
Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Detected 
Detected 

Not Detected 
lnsuff 
lnsuff 

876 (03-11) 

14.6 (04-03) 

0.091 (02-10) 

0.059 (02-1 0) 

Outliersh,i 
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Note· The data used in this table has been standardized to quarterly 

Parameter Horizona 

LCS 
LOS 

Boron (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Calcium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Cobalt (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Copper (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Iron (mg/L) HlW 
GMA-U 
GMA-E> 

LCS 
LOS 

Lithium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Magnesium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Manganese (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Nickel (mg/L) H'TW 
GMA-U 
GMA-D 

LCS 
LOS 

Potassium (mg/L) HlW 
GMA-U 
GMA-D 

Femald Preserve 20 II Site Environmental Report 
Doc. No. S08629 
Page A.5.6-6 

No. of 
Monitoring Detected 
Location Samples 

12343C 32 
123430 32 
12343 25 
22209 31 
22210 33 

12343C 18 
123430 14 
12343 9 
22209 4 
22210 4 

12343C 11 
123430 10 
12343 12 
22209 0 
22210 0 

12343C 15 
123430 11 
12343 6 
22209 4 
22210 4 

12343C 12 
123430 15 
12343 16 
22209 11 
22210 11 

12343C 20 
123430 20 
12343 15 
22209 11 
22210 11 

12343C 18 
123430 14 
12343 9 
22209 4 
22210 4 

12343C 9 
123430 10 
12343 ;1 6 
22209 11 
22210 20, 

12343C 18 
123430 15 
12343 12 
22209 0 
22210 18 

12343C 18 
123430 14 
12343 9 
22209 4 
22210 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

32 100.0 0.0566 
32 100.0 0.289 
29 86.2 NO 
36 86.1 NO 
36 91 .7 NO 

18 100.0 225 
14 100.0 302 
9 100.0 150 
4 100.0 144 
4 100.0 . 212 

23 47.8 NO 
21 47.6 NO 
16 75.0 NO 
11 0.0 NA 
11 0.0 NA 

19 79.0 NO 
16 68.8 NO 
10 60.0 NO 
4 100.0 0.000928 
4 100.0 0.00302 

23 52.2 NO 
21 71.4 NO 
16 100.0 0.23 
11 100.0 3.35 
11 100.0 1.57 

20 100.0 0.0234 
20 100.0 0.0703 
16 93.8 NO 
11 100.0 0.00524 
11 100.0 0.00631 

18 100.0 92.4 
14 100.0 130 
9 100.0' 65.11 

4 100.0 27.0 
4 100.0 50.8 

23 39.1 NO 
21 47.6 NO 
~ 6 100.0 0.0212 
11 100.0 0.243 
20 100.0 0.0735 

23 78.3 NO 
21 71.4 NO 
16 75.0 0.00151 
11 0.0 NA 
20 90.0 NO 

18 100.0 9.0 
14 100.0 24.5 
9 100.0 2.66 
4 100.0 3.0 
4 100.0 3.14 

Table A.5.6-1 (continued). Summary Statistics for CeYI 6 

Standard Distribution Serial 

Maximumb Averagec,d Deviationc,d Typed,e Trendd.f Correlationd,g 

1.37 0.782 0.248 Undefined None Detected 
2.38 0.392 0.385 Undefined None Detected 

0.124 0.0857 0.0212 Normal None Detected 
0.0447 0.0363 0.0080 Undefined None Not Detected 
0.0468 0.0340 0.0075 Undefined Up Detected 

996 516 159 Undefined None Not Detected 
518 392 70 Normal None Not Detected 
228 176 23 Nonnal None Not E>etected 
242 148 48 Undefined None lnsuff 
235 221 10 Normal None lnsuff 

0.0029 0.00075 0.00076 Undefined None Detected 
0.0105 0.00076 0.00215 Undefined Down Not Detected 

0.00666 0.00230 0.00224 Lognormal Up Not Detected 
NA lnsuff lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff lnsuff 

0.0254 0.00992 0.00700 Normal None Not Detected 
0.0224 0.0104 0.0076 Normal None Not Detected 
0.0150 0.00803 0.00507 Normal Up Not Detected 

0.00815 0.00491 0.00302 Normal None lnsuff 
0.0109 0.00742 0.00329 Normal None lnsuff 

4.48 0.0719 1.58 Undefined Down Detected 
3.69 0.215 1.15 Undefined Down Detected 
31 .9 6.88 8.46 Lognormal Up Not Detected 
5.58 4 .2~ 0.72 Lognormal None Not Detected 
4.55 2.33 .0.92 Lognonnal None Not Detected 

0.267 0.134 0.063 Normal Up Detected 
0.193 0.114 0.036 Normal Up Detected 
0.0124 0.0111 0.0018 Undefined Up Not Detected 

0.00739 0.00597 0.00071 Nonnal None Not Detected 
0.00797 0.0073 0.0006 Normal. None Not Detected 

791 334 238 Undefined Up Detected 
494 190 130 Undefined Up Detected 
83.5 76.7 5.4 Nonnal None Not Detected 
31 .6 29.5 2.0 Normal None lnsuff 
55.5 52.3 2.2 Normal None lnsuff 
1.41 0.0069 0.307 Undefined None Not Detected 

0.0913 0.0152 0.0202 Lognormal None Not Detected 
1.18 0.305 0.305 Lognormalt None Not IDetected 

0.287 0.267 0.014 Normal Down Not Detected 
0.420 0.203 0.102 Lognonnal None Not Detected 
0.0319 0.0128 0.0101 Lognormal Down Detected 
0.0572 0.0111 0.0119 Lognormal Down Detected 
0.0472 0.00959 0.011 Nonnal None Not Detected 

NA lnsuff lnsuff lnsuff lnsuff lnsuff 
0.0099 0.00376 0.00274 Lognonnal Down Detected 
75.5 25.5 14.0 Lognormal Up Detected 
69.8 29.4 13.8 Undefined None Detected 
4.27 3.31 0.49 Normal None Detected 
3.78 3.33 0.33 Normal None lnsuff 
3.62 3.39 0.20 Normal None lnsuff 

0.0333 (04-1 0) 

3.24 (04-03) 

0.748 (03-11) 

47.2 (03-10) 

Outliersh,i 
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Table A.5.6-1 (continued). Summary Statistics for Ce~/6 

Note: The data used in this table has been standardized to quarterly . 
No. of Percent 

Monitoring Detected Total No. of of Standard Distribution Serial 

Parameter Horizona Location Samples Samples Detects Minimumb Maximumb Averagec,d Deviationc,d Typed,e Trendd,t Correlationd,g 

LCS 12343C 5 23 21.7 ND 0.140 0.00625 0.0304 Undefined None Not Detected 
LOS 123430 3 21 14.3 ND 0.0545 0.00893 lnsuff Lognormal None Not Detected 

Selenium (mg/L) H1W 12343 0 16 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 
GMA-U 22209 0 11 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 
GMA-D 22210 0 11 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 

LCS 12343C 23 23 100.0 23.1 107 61 .0 18.3 Normal Up Not Detected 
LOS 123430 21 21 100.0 109 532 430 84 Undefined Up Detected 

Sodium (mg/L) H1W 12343 19 19 100.0 33.9 66.0 52.1 9.7 Normal None Detected 
GMA-U 22209 11 11 100.0 15.2 22.5 19.0 2.1 Normal Down Detected 
GMA-D 22210 11 11 100.0 17.4 20.4 18.6 0.9 Normal None Not Detected 

LCS 12343C 8 23 34.8 ND 0.0432 0.0127 0.0096 Lognormal None Not Detected 
LOS 123430 13 21 61 .9 ND 2.61 0.0321 0.626 Undefined Up Detected 

Zinc (mg/L) H1W 12343 14 16 87.5 0.0108 7.19 0.0228 1.78 Undefined None Not Detected 
GMA-U 22209 4 11 36.4 ND 0.0133 0.00576 0.00420 Normal None Not Detected 
GMA-D 22210 15 20 75.0 ND 0.0244 0.0117 0.0061 Lognormal None Not Detected 

Note: Shading identifies a horizontal till well or Great Miami Aquifer well, with at least 8 samples , normal or lognormal distribution, no trend, and no serial correlation. These wells achieve control chart criteria. 
Note: For results where the concentrations are below the detection limit, the results used in the Average, Standard Deviation, Distribution Type, Trend, Serial Correlation, and Outliers are each set at half the detection limit. 

aLeS = leachate collection system; LOS = leak detection system; H1W = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer 

bND = not detected; NA = not applicable . 

cAverages were determined based on the distribution assumption and requires n ~ 3. In addition, Standard Deviation requires n ~ 4. 

d"lnsuff' = Insufficient and is used for Average, Standard Deviation, Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test. 
8 Data distribution based on the Shapiro-Wilk statistic (where 3 ~ n $50) or Shapiro Francia (where n > 50). 

Normal: Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption. 
Lognormal : Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption. 
Undefined: Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values. "Average" is defined as the Median of the data. 

1Trend based on nonparametric Mann-Kendall procedure. Trend testing requires a sample with n ~ 4. · 
9Serial correlation based on Rank Von Neumann test. Serial Correlation testing requires a sample with n ~ 6. 

hOutliers determined by Rosner's (where n > 25) or Dixon procedure (where 4 $ n $ 25). 

;Q = quarterly 

U.S. Department of Energy 
May 2012 · 
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Table A.5.6-2. Cell 6 Annual LCS Sample Summary Information for Oetected Parameters 

NUMBER OF NUMBER OF SAMA...ES FERCENT OF DEfECTED IN 

PARAMETER( UNIT) 

General Chemistry 

Ammnia (rrg/L) 

Inorganic 

I 
I 
I 

Chromum (rrg/L) 

Mercury (rrg/L) 

Vanadium (rrg/L) 

-t 
Radio nuclides 

Technetium-99 (pCi/L) 

Organics 

Acetone (ug/L) 

Toluene (ug/L) 

I 
I 
I 

I 
I _ 3 

9 ~-~,~~ --

15 

~---

9 

2 

9 

15 4 

I 
9 

9 

DEfECTIONS•·b 

33.3 
j 

22.2 
1-

6.7 
-- - 1-

11 .1 

26.7 

11.1 

11.1 

2011 

Yes 

Yes 

No 

No 

No 

No 

No 

MIN DEfECTED GWFRLd (#OF 

CONCENTRA TION'·b,c CONCENTRA TlON'·b,c CONCENTRA TION'·b,c SAMA...ES>GWFRL) 
MAX DEfECTED A VG DEfECTED 

I I 
0.0198 0.369 I - I 

GW BACKGROUND"·b,e PN BACKGROUND"·b,e 

(#OF SAMA...ES>PN (#OF SAMA...ES>PN 

BACKGROUND) BACKGROUND) 

4.2 rrg/L(O) 4.34 rrg/L{O) 

_I - - II _ 
0.022 rrg/L9{0) · 

·- ---0.00288 0.021 rrg_IL_(O_) __ 0.0046 rrg/L(_2 ) 

0.000338 0.002 rrg/L(O) 

-

- - ----
0.00088 r -- -----

1 

- - - --
0.012 rrg/L®_ _ 

I 1.83 I 11.7 7.22 94 pCVL(O) 22 pCi/L(O) 30 pCi/L(O) 

j 
2.66 I 

I 0.716 I 
Note: Shading indicates that at least one detected sample is greater than the FRL, groundwater background, PN background, or PN maximum 

•If rrore than one sample is collected per well per day (e.g ., duplicates) , then only one sample is counted for the total number of samples, and the sample with the maximum representative concentration is used for all the summary information 

bRejected data qualified with an R or Z were not included. 

MAX PN DEfECTED 
CONCENTRATION a,b,r 

(#OF SAMA...ES>MAX PN) 

220 rrg/L{O) 

0.818 rrg/L(O) -- - -
_ ~.00~ _rrg/L(Ol __ 

_ 0.299 rrg/L{Ol 

6130 pCVL(O) 

elf the number of detected samples is equal to two, then the mnumun and maximumn are reported. If the number of detected is equal to one, then the data point is reported as the mnimum. The "AVG DEfECTED CONCENTRA TlON" is not reported for either of these cases . 

dFrom Operable Unit 5 Record of Decision, Table 9-4. 

•From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RVFS documents. 
1rv1ax PN- maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5. 

9FRL based on hexavalent chromium from Operable Unit 5 Record of Decision, Table 9-4. 
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Figure A.5.6-8B. Cell 6 Magnesium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

......_ 12343C- LCS 

--- 123430- LOS 

-e- 12343-HlW 

-G- 12343-HlW 

......_ 22209 • GMA-U 

----- 2221 0 • GMA·D 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

Page A.5.6-14 



~ 
.§. 

I 
I! 
,t:: 
z 

November 23, 1998: HTW purging Initiated 

0.1 

0.01 

Janufll)' 12, 2006: Cap completion 

November 16, 2003: Waste Placement imtiated ; 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-9A. Cell 6 Nitrate+ Nitrite as Nitrogen Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging lnhlated 
I 

I 

January 12,2006: Cap complellon 
I 

November 18,2003: Waste Ptacementlnltlated I 

...... 12343C-LCS 

....... 123430 ·LOS 

--9- 12343 • HTW 

100~---o--~----~--o----o---o--~c---~--~---o----c---~.----,,--~.----, 
The groundwater FR L for 
nitratefnllrite is 11 mgll. --9- 12343 • HTW 

...... 22209. GMA-U 

10 -F==i-~~== .... =....j==•==j....=#==,;,.=~F==,;,==-i===i==•==,;...==fl-e- 22210 -GMA-0 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-9B. Cell 6 Nitrate + Nitrite as Nitrogen Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Wei I 

U.S. DepartmentofEnergy 
May 2012 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 

Page A.5.6-15 



:J' 
0, 
.§. 

iS 
:!l! 
:I 
r/) 

:J' 
0, 
.§. .. 
;!g 
:I 
r/) 

November 23, 1996: HTW purging Initiated January 12, 2006: Cap completion 
I 

100 

10 

November 18, 2003: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-10A. CeliS Sulfate Concentration vs. Time Plot for LCS, LDS, and HTW 

Noverilber 23, 1998: HTW purging Initiated 
I 

January 12, 2006: cap completion 

November 18, 2003: Waste Placement lnttlated ; I 

100 

10 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 2011 

Figure A.5.6-1 OB. Cell 6 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

......... 12343C- LCS 

-J1- 123430- LDS 

--e- 12343- HlW 

--9- 12343-HlW 

......... 22209- GMA-U 

-J1- 22210- GMA-D 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

Page A.5.6-16 



i 

November 23, 1998: HTW purging initiated January 12, 2006: Cap completion 

November 18, 2003: Waste Placement initiated 

1000~------~----------------------~----------~------------------------~ * 12343C • LCS 

-II- 123430 • LOS 

-e- 12343 • HlW 

~ 100+-----~-+~-----7----~----~----~--1w.-----7----~----~----~--~-----7----~--~ 

~ 
,5 
] 
cc 

::J 
t;, 
g 
a 
{!. 
a; 
:s 
] 
cc 

Note: Unfilled symbols 
represent not detected 
conoentrations (ND). 

10~--~--~·~:----~--~----~--~--~~--~----~--~----~--~~--~--~~--~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-11A. Ce116 Alkalinity, Total Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging initiated 
I 

I 

1000 i 

100 
! 

10 

1997 1998 1999 2000 

January 12, 2006: Cap completion 
I 

November 18, 2003: Wasle Placementinitiated I 

i i 
I ~ 
I :1 
I :1 
I "I 
I 
I 
I 

:1 
~ : 

I 
~ I 

J 
1 
:1 
;I 
:1 
:1 

! j 
l 
J 
1 
l 
J 
1 
J 
J 
:1 

' . J : I Note: Unfilled symbols I ; J : represent not detected : 
:1 ; conoentrations (ND). ; 

I ' ' , 
2001 2002 2003 2004 2005 2006 2007 2008 2009 

~ 
i6~ 

2010 2011 

-e- 12343 • HTW 

........ 22209 • GMA-U 

-II- 2221 0 • GMA-D 

Ftgure A.5.6-11 B. Cell6 Alkahmty, Total Concentration vs. Ttme Plot for HTW, GMA-U Well, and GMA-D \Ilk II 

U.S. Department of Energy 
May2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

Page A.5.6-17 



::::;-
Dl 
.§. 
Ill 
:!! 
0 
UJ 
'tl ., 
> 
0 
Ill 

iS 
~ 

November 23, 1998: HTW purging initiated January 12, 2006: Cap completion 

November 18, 2003: Wasle Placement Initiated 

10000~------~----------------------~--------~------------------~-------, 

1000 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

100~--~--~----~--~--~--~--~~--~--~----~--~--~--~----~~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-12A. Cell 6 Total Dissolved Solids Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging initiated 
I 

I 

January 12, 2006: Cap completion 
. t I November 18, 2003: Was!e Placement lmtia ed J 

10000~----~·~------------~----~·--------~i--------~--------------~ 

~
.I Note: Unfilled symbols I ; 

represent not detected : 
concentrations (ND). ; . . 

100~--~--~~--~--~----~--~--~----~--~----~--~--~----~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

* 12343C- LCS 

-11- 123430 ·LOS 

-e- 12343- HlW 

--G- 12343- HlW 

~ 22209 - GMA-U 

-11- 22210 - GMA-D 

Figure A.5.6-128. Cell6 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

PageA.5.6-18 



::J' 
c. 
.§. 
c 
0 
-e .. 
0 
u 
'2 .. 
E' 
0 

s 
~ 

::J' 
c. 
.§. 
c 
0 
-e .. 
0 
u 
'2 .. 
e> 
0 
;;; 

~ 

NOYember 23, 1998: HTW purging Initiated 
I 

I 

10 

January 12, 2006: Cap completion 
I 

November 18, 2003: Waste Placementinitlaled I 

Note: Unfilled symbols 
represent not detected 
concentrations (NO). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-13A. Cell6 Total Organic Carbon Concentration vs. Time Plot for LCS, LOS, and HlW 

November 23, 1998: H1W purging initialed 
I 

I 

10 

January 12, 2006: Cap completion 
I 

November 18, 2003: Waste Placement Initiated I 

Note: Unfilled symbols 
represent not detected 
concentrations (NO). 

01~--~--~~--~--~----~--~--~~--~--~~--~--~----~--~----~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

___...._ 12343C- LCS 

---- 123430- LOS 

--e- 12343- HTW 

--e- 12343 - HlW 

___...._ 22Z09 • GMA-U 

---- 2221 0 • GMA-D 

Figure A.5.6-13B. Cell 6 Total Organic Carbon Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-0 Well 

U.S. Department of Energy 
May 2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

PageA.5.6-19 



:J" c. g 
Ill c .. 
Dl 
.2 .. 
:I: 
u 
"2 

"' E' 
0 

~ 

N011ember 23, 1996: HTW purging initiated January 12, 2006: Cap completion 
I N011ember 18, 2003: Waste Placement initialed I 

Q1~------~----------------------~--------~---------------------------, 

Note: Unfilled symbols 
represent not detected 

concentrations (NO). 

0.0001L---~---L~--~--~----~--~--~----~---L--~~--~--~----~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-14A. Cell6 Total Organic Halogens Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purgi~g initial(td 
I 

January 12, 2006: Cap completion 
I 

November 18, 2003: Waste Placement initiated I 

0.01 

0.001 

I 

: Note: Unfilled symbols 
: represent not detected 
; concentrations (ND). 

0.0001 .J......--~--....::....:----~--~----~--~--..:....:.----.:......,.--....::....-----=-----~--~--~----~---1 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006· 2007 2008 2009 2010 2011 

* 12343C -LCS 

---123430· LOS 

--9-12343-HlW 

--9- 12343-HlW 

......... 22209 • GMA·U 

--- 2221 0 • GMA·D 

Figure A.5.6-14B. Cell6 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
Page A.5.6-20 

U.S. Department of Energy 
May2012 

' 1: 



::;-
a, 
.§. 
u ·;:: 
Ql 

~ 
c( 

::;-

"' .§. 
u ·;:: 
Ql 

I!! 
c( 

November 23, 1998: HTW purging initiated 

I 

~ : 

0.1 

! : 

i: 0.01 :: 

0.001 
! : 

0.0001 
1997 1998 1999 2000 

January 12, 2006: Cap completion 

November 18, 2003: Waste Pfacementlnitlated 

: 

i ~ 
I; 
1: 
1: 

i: 

! 

i: 

I 

! 

The groundwater FRL for 
arsenic Is 0.05 mgll. 

. . : : :/' 

&¥ 
I 

I 
I 
! 

:
I Note: Unfilled symbols 1: 

represent not detected ; 
ccncentrations (ND). ; 

' 
1 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-15A. Cell 6 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging initiated 
I 

I . 
i 

0.1 i: 
:. 
i: 

0.01 

January 12, 2006: Cap completion 
I 

November 18, 2003: ~asle. Placement Initiated I . 
i i 

The groundwater FRL for 
arsenic Is 0.05 mg/l. 

i 
E : ' 

~' I M/~ u vv; ~ ...... "' "JL~~ .... I~ 
. I : : : l : . : 

0.001 +---!----l-c!:~~------!'-----!----!---l-7-!: --7--\-~--i+-f-':-~ -+v--;;r'':-~ -~--7---:-----1 

j : : 

E ~:~rNcoo--cte-:-:-U~·n"'tilo:-led-:-sy""'m'-cboc-:-ls-,1 ; 
~ represent not detected : 
l concentrations (ND). ; 
E • . 

. ' 
0.0001L---~--~~--~--~----~--~--~----~--~~~--~--~----~--~--~--__J 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-158. CeliS Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

_..._ 12343C- LCS 

--- 123430- LOS 

-e- 12343-HlW 

-B-12343-HlW 

_..._ 22209 • GMA-U 

--- 22210-GMA-0 

U.S. Department of Energy 
May2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

Page A.5.6-21 



:J' 

~ 
E 
:I 
·c 
~ 

November23,1996: HTWpurginglnitlated 
I 

I 

January 12, 2006: Cap completion 

November 18, 2003: Waste Aacemenl initiated 

10~--------~-----------------------+----------~----------------------------, 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

The groundy,oaler FRL for 
barium Is 2 mg/1... 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-16A. Cell6 Barium Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging initiated 
I 

I 

January 121 2006: Cap completion 
I 

November 18,_2003: W~sle Aacementinitlated J 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

The groundwater FRL for 
barium Is 2 mgll. 

1: 
0.01~--~----~--~----~--~----~--~~--~----~--~----~--~----~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-16B. Cell6 Barium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

___.._ 12343C • LCS 

_.._123430-LDS 

-9- 12343 • HlW 

-9- 12343-HlW * 22209 • GMA·U 

_.._ 22210 • GMA·D 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

Page A.5.6-22 



~ 

November 23, 1998: HTW purging initialed January 12, 2006: Cap completion 

November 18, 2003: Waste Placement Initialed 

10~------~----------------------;r--------~--------------------------~ 
The groundwater FRL for 

bocon is 0.33 mgll. 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

0.001 -L-----'-----'-':...._ __ ..:...,. __ ---" ____ .:,_ __ _:_ __ ...L.;:...._ __ ....:..._ __ ---:. ____ .:...._ __ ....:.... __ ---' ____ .,:_ __ _;_ __ __, 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-17A. Cell6 Boron Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging Initialed 
I 

I 

January 12, 2006: Cap -completion 
I NQVember 18, 2003: Waste Placement initialed I 

The groundwater FRL for 
bocon Is 0.33 mgJL. 

g U1f----7---+7----7----7----7----7-~~U4CF~~~----7-~uv~~~~~-n~~--~ 
c e rB .. 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

0.001 .L-----'------'-----'------'-----.:...._--....:.... __ ..:._.o ____ _;_ __ _;_ ____ ;..._ __ ..:...,. __ ---" ____ .:,_ __ _;_ __ ___, 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-17B. Cell6 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA·D Well 
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November 23, 1998: HTW purging initiated January 12, 2006: Cap completion 

November 18, 2003: Waste Placement initiated 
1 

I. 

10000~------;-~--~---o----~---o--~----~--~----o----c---o----o----o---. .-------. 

:J' 
~ 1000+---~---+7---~----7---~----7---~----~-.~----~--~----~--~----~--~ 

E 
:I ·o 
l3 

:J' 

Note: Unfilled symbols 
represent not detected , 

concentrations (ND). 
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1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-18A. Cell 6 Calcium Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging lniliated 
I 

I 

January 12, 2006: Cap completion 
I 

November 18,.2003: Waste Placement initiated I 

~ 1000t---~--~7---~----7----7----7-~r7----7---~----7----7----7----7----7---~ 
E 
:I 
'(j 

l3 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

100~--~--~~--~--~~--~--~--~----~--~----~--~--~----~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-18B. Cell6 Calcium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated 

;;r 

January 12, 2006: Cap completion 
I 

November 18 .. 2003: Wasle Placement lnlllated I 

The groundv.oaler FRL fer 
cobalt Is 0.17 mgll.. 

g 0.01t----7---t7----7----7----7----7-~~----~--~----~--~----~--~--~~--~ ... 
:a 
8 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.0001~--~--~~--~----~--~----~--~----~--~----~--~----~--~--~~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-19A. Cell6 Cobalt Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging initiated 
I 

January 12, 2006: Cap-'corripletion 

I 
. . I 

November 18, 2003: Wasle:, Placement 1nllialed I 

··-i i i 
: The groundwaler FRL fer 

cobalt Is 0.17 mgll.. 

i: i 
i: 0.1+---~---++----+----+----+----~--~----~--~----~--~----~--~--~~--~ 

0.01 +----c---t-7 !; ----c~--!----7------o---1-7-!~ -----o----1~!-----!---7------o---~--!----l 

0001 ~A:~ 1f 
. +--~-!~:---~~~---~T!~: ~-d~~ri~-~~~~-7k~~l::---~l:::~:::~~ol 

i!Note: Unfilled symbols I 
represent not detected 

concentrations (ND). l 
I 
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1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-~9B. Cell6 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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N<Wember 23.' 1998: HTW' purging initiated 
I 

I 
I 

I 

January 12, 2006: Cap completion 

November 18, 2003: West';, Placement initialed I 
I 

10r----o--~--~~--o----o--~---To---o----r--~----o----------------, j ~ 1 ; j The groundwater FRL fe< r---------, 
I: I: I cooperls1.3mg/l.. ......... 12343C-LCS 

I : I: i ----123430- LOS 

il :. 1: il 

~ : I ; j 
1: I 
1: I 
1: I 
•: I 

Q1+---~--~.~ .. ~--~--~----~--~--~----~---.~--~--~----~------------1 
' 1: I 

:J' I : I 
E ·= I . . 
l :: ~ ~~~~~ lb~.:k::--~~ "'!----:oL ~ ·a 0.01 +---+---1+ ;; ----if--+---+--+--t-;----+-t~}lt'-1-

1

-t:\-Ahl-~----;..-..,· -;:..::.--!"";,;,·o---+-T----+--+H 

:J' c, 
§. 
.... .. a. a. 
8 

1: . 
·=~~~~lA 
I ; il .. ,1.J •• ~ =--~..,_j.yJLIJLJ 

Q001t---~---+~--~----~--~----~--~----~--~----~--~----~--~----~~. __ ~~-1 
1: I 
1: I 
I ; I 11Note: Unfilled symbols I ; 

represent not detected : 
I ; I concentrations (NO). ; 

I; ! : : : : 
0.0001L---~--~~--~----~--~----~--~----~---L1 ----~·----~·----~·----·~--~--_J 

1997 1998 1999 20.00 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-20A. Cell 6 Copper Concentration vs. Time Plot for LCS, LDS, and HlW 

November 23, 1998: HTW purging initialed 
I 

January 12, 2006: Cap completion 

November 18, 2003: Was!• Placement initjeted I I 
I 

10,------~·--------~--------~·~-------~·-----------------------, : : 

0.1 

0.01 

0.001 

0.0001 

1997 

! ! 

i 
! 

I 

1998 1999 2000 2001 2002 2003 2004 

! 

• rR ~ 

The groundwater FRL fa
cooper Is 1.3 mg/1.. 

,.., 
__;,..---- • 

1~ ~ 
~ il 

! : : 
. . ' 

~~ Note: Unfilled symbols I ; 
represent not detected : 
concentrations (NO). ; . . 

2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-20B. Cell 6 Copper Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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:J' 

l 

November23, 1998: HTWpurglng initiated January 12, 2006: Cap completion 

November 18, 2003: Waste Placement initiated 

100~---o--~----o---c----c--~---T~---o---;----o---o---~--~----~--· ..----------. * 12343C-LCS 

-JI-123430- LOS 

-B- 12343 • HlW 

~ 0.1+----+--~+----+----+----+----~--+7----~--~~--~---+----~---+---r~~~ 

0.001L---~--~~--~----~--~----~--~----~--~~--~--~----~--~----~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-21A. Cell 6 Iron Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purgiQg initiated 
I 

I 

January 12, 2006: Cap completion 
I 

November 18, 2003: Waste Placement initiated I 

0.1+----+---+~---+----~---+----~--~----~--~----~---+----~---+----~--~ 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.001~--~--~~--~--~----~--~--~----~--~--~~--~--~----~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-21 B. Cell 6 Iron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated 

0.1 

0.01 

January 12, 2006: Cap completion 

November 18, 2003: Waste Placementinitiated 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.001 L---~--~·~=~--~----~--~~--~---L~--~----~----~--~----~----~--~----~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-22A. Cell 6 Lithium Concentration vs. Time Plot for LCS, LDS, and HlW 

November 23, 1998: HTW purging initiated 
I 

January 12, 2006: Cap completion 

November 18, 2003: Wa~e Placement initiated ~ I 

i I i 

0.1 
~ . ~ : ! 

oobq~ -tO :Yo-cP 0.01 i: i: 
~ : i 

Vl ~ I 
I 

' I . . . 
I ll Note: Unfilled symbols I ; 
' represent not detected : 
I concentrations (ND). ; 

I . . 
0.001 I 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-22B. Cell 6 Lithium Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging Initiated January 12, 2006: Cap completion 

November 18,2003: Waste Placement initiated 

10r----c--~c---c----c----c---~--;o----c---~---o----o------------------, 

0.1 

0.01 

The groundwaler FRL fa 
manganese Is 0.9 mgll. 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

0.0001 .L-__ .....:.... __ ....!...;'-----=------=-----'----...;....--...L.:.. ____ .:...._ __ ....:!... __ --...:. ____ ..:._ __ .....:.... __ __: ____ ...:.._ __ _J 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-23A. Cell6 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging Initiated 
I 

I 

January 12, 2006: Cap completion 

N . I 
oviJmber 18, 2003: Wast: Placement lmtlated J 

10r-----~~~------------c-----~~---------~1 --c--------------------, 
J 
I 
l 
J 
I . 
I o: 

The groundwater FRL fa 
manganese IS 0.9 mgll. 

~ j~~ .s r [~ 
~ J ~~ 
~ I : 
a ! ~ :;;: 0.01+---~--~----~--~----~--~--~----~--~.~~~-----~--~--~----~--1 

~ : i : 
l : 
J : 
I : 

i: i: ! ~ 
0.001T----7--~7---~----7---~----7---~----7---~--~~--~--~----~--~----~ 

I 
I 
J 
I 
I 

. . . 
j
"l Note: Unfilled symbols I : 

represent not detected : 
concentrations (ND). : . . 

0.0001.L---~----=-..:._ __ _,_ ____ ..:._ __ .....:.... ____ .:...._ __ ~----'----~'-----''----...;....-----'~--~-----'----~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-23B. Cell 6 Manganese Concentration vs. Time Plot for HTW, GMA·U Well, and GMA-D Well 
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November 23, 1998: HTW purging lnilia!ed January 12, 2006: Cap comple!ion 

November 18, 2003: Waste Placement initiated 

The groundwater FRL for 
nickel Is 0.1 mg/l. 

~ .§. 0.01 

]! 
u z 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

0.0001L---~--~~--~--~----~--~--~----~--~--~~--~--~----~--~--_J 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6·24A. Cell6 Nickel Concentration vs. Time Plot for LCS, LOS, and HTW 

November23,1998: HTWpurginginitiated 
I 

I 

January 12, 2006: Cap completion 
I November 18, 2003: Waste Placement Initiated I 

The groundwater FRL fer 
nickel is 0.1 mg/l. 

0.0001L---~--~~--~--~----~--~--~----~--~--~----~--~--~~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-24B. Cell 6 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-0 Well 
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November 23, 1998: HTW purging initiated, 
I 

I 

January 12, 2006: Cap completion 
I . 

November 18, 2003: Waste F1acementlnitlated I 

100~-------+----------------------~----------~--~--~----~--~--------, 

Note: Unfilled symbols 
represent not detected 

concentrations (NO). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-25A. Cell 6 Potassium Concentration vs. Time Plot for LCS, LOS, and HlW 

November 23, 1998: HTW purging Initiated 
I 

I 

January 12, 2006: Cap completion 
I November 18, 2003: Waste Placement Initiated I 

Note: Unfilled symbols 
represent not detected 

concentrations (NO). 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-25B. CeliS Potassium Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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November23,1998: HTWpurginginitiated 

0.01 

0.001 

January 12, 2006: Cap complelion 

November 18, 2003: Waste Placement Initiated 

The groundwaler FRL for 
selenium Is 0.05 mg/L. 

:1 : I : : : 
~~ : I : : : . 

1
1 

~ ~ II :·I Note: Unfilled sy;,bols I ~ 
represent not detected : 

I · · I concentrations (ND). : 

1: : I : : : : 
0.0001~--~--~~--~--~----~--~--~----~--~--~_.--~--~--~~--~--~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-26A. Cell 6 Selenium Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging inilialed 
I 

I 

I 

January 12, 2006: Cap complelion 

November 18, 2003: Wast", Placement inillaled ~ 

I i 
The groundwater FRL for 

selenium Is 0.05 mg/L. 

j: t 0.1 +---~~-;~----T----7----~--~~--~----~---.----~----r----r----~--~----; 

§ 001+---~---+7~----7----7----7----7---+7----7--~~~--~----~--~~+-~--~---; 

~ M 
UJ 

G4t ~: 
0.001+---~-;!~--~--~--~---7--~!~:--~---~!~--~--~~--~--~--7-~ 

t 
I 
~ 
t 
I 

~
.1 Note: Unfilled symbols I : 

represent not detected : 
concentrations (ND). : . . 
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1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-26B. Cell 6 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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::J' 

November 23, 1998: HTW purging Initiated January 12, 2006: Cap completion 

November 18, 2003: Waste Placement initialed 

1000r---~--~----~--~-------------To---~----r---~---o----o----,--------, 

! 100+---~--~~--~----~--~----~--~~--~--~~--~----~--~----~--~--~ 
E 
:I 

~ 

•. Note: Unfilled symbols 
represent not detected 
ooncentrations (ND). 

10~--~--~~--~----~--~----~--~~--~--~:~·--~~--~--~~--~----~--~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-27 A. Cell 6 Sodium Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging initiated 
I 

January 12, 2006: Cap completion 

NQVember 18, 2003: Was!e Placement initiated ; I 

: Note: Unfilled symbols J 
: represent not detected =I 
:. ooncentrations (ND). 1 

:1 

~--~ 
10~--~~--~·~:----~--~----~----~--~----~----~~----~--~~--~----~--~----~ 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-27B. Cell 6 Sodium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging Initiated January 12, 2006: Cap completion 

November 18, 2003: Waste Placement initiated 

10~------+---------c-----------~--------~--------------~-------. The groundYr"aler FRl for 
zinc Is 0.021 mg/1.. 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.001L---~--~~--~--~·~---~----~~~--~----~--~----~--~--~----~--~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-28A. Cell 6 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1998: HTW purging Initiated 
I 

I 

January 12, 2006: Cap completion 

November 18, 2003: Waste Placement initiated I 

The groundwater FRl for 
zinc Is 0.021 mg/1.. 

~ Q1f---~---7~--~----~--~----~--~----~--~r--+~--~~--~--4R~--~--~ 
u 
c 
N 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 
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1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.6-28B. Cell 6 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D \Ilk II 
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Figure A.5.6- 29. Ce/16 Bivariate Plot for Uranium and Sodium 

U.S. Department of Energy 
May 2012 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 

Page A.5.6- 35 



"Od~ 
'" 0 (1) 
~ ~ ~ 
:>Z-. 0 0. 
~· ""0 
Odll""' 
I o ~ 

w 00 (1) 
0\ 0\ ~ 

(;5(1) 
N 

~ -
(/l 

a-· 
tn 

" < a· 
5 
g 
E. -~ (n 
(1) ~ '1:1 

§. s:::: 
::J 
"0 
G.l 
N 

"0 
~ 
~ 

"0 
s:::: 
~ .... 

(/) -u 
s:::: 
0 

(.) 

6 

5 

4 

3 

2 

1 

0 

-1 

-2 

Barium 
Intra-Well Shewhart-CUSUM Control Chart of 12343 

Baseline Mean = 36.0375; Baseline Std Dev = 3.60315; k = 1; h = 5; SCL = 5 
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Figure A.5.6-30. Intra-Well Shewhart-CUSUM Control Chart (Barium 12343) 
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Calci um 
Intra-Well Shewhart-CUSUM Control Chart of 12343 
Baseline Mean = 169500; Baseline Std Dev = 13158.4; k = 1; h = 5; SCL = 5 
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Figure A.5.6-31. Intra-Well Shewhart-CUSUM Control Chart (Calcium 12343) 
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Figure A.5.6-32. Intra-Well Shewhart-CUSUM Control Chart (Chloride 12343) 
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Intra-Well Shewhart-CUSUM Control Chart of 22209 
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Figure A.5.6-33. Intra-We// Shewhart-CUSUM Control Chart (Iron 22209) 
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Figure A.5.6-34. Intra-Well Shewhart-CUSUM Control Chart {Iron 22210) 
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Intra-Well Shewhart-CUSUM Control Chart of 22209 
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Figure A.5.6-35. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22209) 
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Figure A.5.6-36. Intra-We// Shewhart-CUSUM Control Chart (Lithium 22210) 
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Intra-Well Shewhart-CUSUM Control Chart of 12343 
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Figure A.5.6-37. Intra-Well Shewhart-CUSUM Control Chart (Magnesium 12343) 
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Intra-Well Shewhart-CUSUM Control Chart of 12343 
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Figure A.5.6-38. Intra-We// Shewhart-CUSUM Control Chart (Manganese 12343) 
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Intra-Well Shewhart-CUSUM Control Chart of 22210 
Baseline Mean = 262.7; Baseline Std Dev = 133.554; k = 1; h = 5; SCL = 5 

6 ~------------------------~~--------------------~--~--~----------------~ 

5~--------------------------------------~~------------~----------~ h CL 

4~--------------------------------------------------------------------------~ 

3 r-----------------------------------------~--------------------------------------~ 

2 r---------------------------------------------------------------------------~ 

1 ~--------------------------------------------------------------------------~ 

0.;. -------- -·;;. --------- -(;o --------- .(.;. --------- .... ::.;.- -------- -co- ----- - --- -(;o --- --- --- ""~ --------- ....:;. -------- -·8- --- ~-- 4"'o:....------- ....... 
-~ ~ --- '-.., __ __...._._____--+-----+--- --....-+----- ---+--.----~ ~ ...---+-- ~ ____...---

-1...--

~r------r------r------r------+------r------+-----~------,_----~----~~----~ 
CD 
0 
0 
£:! 
10 
~ -C\1 

CD 
0 
0 . 
£:! 
10 
~ -10 

• Standardized mean 

CD 
0 
0 
£:! 
10 
~ -~ 
~ 

0 CUSUM 

0 
0 0 0 ~ ~ 
~ ~ ~ 0 ~ 

0 0 0 £:! 0 
£:! £:! £:! 10 £:! 
10 10 10 ~ 10 
~ ~ ~ - ~ - - - ~ -C\1 10 00 ~ C\1 

Sample Date 

Figure A.5.6-39. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22210) 
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Intra-Well Shewhart-CUSUM Control Chart of 12343 
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Figure A.5.6-40. Intra-We// Shewhart-CUSUM Control Chart (Nickel12343) 
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Intra-Well Shewhart-CUSUM Control Chart of 22210 
Baseline Mean = 18850; Baseline Std Dev = 868.496; k = 1; h = 5; SCL = 5 
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Figure A.5.6-41 . Intra-Well Shewhart-CUSUM Control Chart (Sodium 22210) 



Total Dissolved Solids 
Intra-Well Shewhart-CUSUM Control Chart of 22209 
Baseline Mean = 665500; Baseline Std Dev = 28299.4; k = 1; h = 5; SCL = 5 
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Figure A.5.6-42. Intra-Well Shewhart-CUSUM Control Chart (TDS 22209) 
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Intra-Well Shewhart-CUSUM Control Chart of 22209 
Baseline Mean = 6.285; Baseline Std Dev = 4.21045; k = 1; h = 5; SCL = 5 
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Figure A.5.6-45. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22209) 
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Figure A.5.6-46. Intra-We// Shewhart-CUSUM Control Chart (Zinc 22210) 
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The following information is provided in this sub-attachment: 

• Quarterly monitoring summary statistics (refer to Table A.5.7-1) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.7-2) 

• Site-specific parameter selection results (refer to Table A.5.7-3) 

• LCS monthly accumulation volumes (refer to Figure A.5.7-1) 

• LDS monthly accumulation volumes (refer to Figure A.5.7-2) 

• OSDF horizontal till well12344 water yield (refer to Figure A.5.7-3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.7-4 
and A.5.7-:-5) 

• Plots of concentration versus time (refer to Figures A.5.7-6A to A.5.7-28B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.7-29) 

• Control charts (refer to Figures A.5.7-30 to A.5.7-43) 

A.5.7.1 Quarterly Monitoring Results 

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each 
cell for the purpose of determining if the OSDF is operating as designed. Water quality within 
the cell is sampled in the LCS and LDS. Water quality beneath the cdl is sampled in the HTW 

. and GMA wells. Concentrations versus time plots, bivariate plots, and control charts are used to 
help interpret and present the results. 

In the first quarter of 2011, 23 parameters were sampled in the LCS, LDS, HTW, and GMA 
wells of each cell. In the second, third, and fourth quarters tritium was added to the analyte list 
for all horizons (LCS, LDS, HTW, and GMA Wells), and the analyte list for theHTWs in all 
cells was changed tojust four parameters: arsenic, uranium, tritium, and sodium. These changes 
were agreed to via the comment resolution process between Ohio EPA and DOE on LMICP 
(revision 4). Tritium results for all cells are reported in Section A.5.5. 

The Cell 7 HTW was dry during the first quarter of 2011, and the Cell 7 LDS was dry during the 
fourth quarter of2011. As shown in Table A.5.7-1, 8 of the 23 constituents sampled quarterly in 
the LCS, LDS, HTW, and GMA wells (uranium, sulfate, TOC, boron, cobalt, iron, manganese, 
and sodium) have upward concentration trends in the HTW and/or GMA wells based on the 
Mann-Kendall test for trend. 

Horizontal Till Well 

The HTW is located beneath the liner penetration box of each cell by design. This area of the 
liner penetration box is considered to be potentially the weakest point in the cell design. If a leak 
were to develop, it should be detected beneath the liner penetration box first. Therefore, the 
water quality in the HTW represents the first line of evidence that a potential leak from the cell 
might be occurring. A leak would be indicated by an increasing concentration in the HTW. 

Of the 23 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium, 
sulfate, cobalt, iron, sodium, and zinc concentrations are increasing in the HTW of Cell 7 
(as indicated in the table below). The bivariate plot for the Cell 7 LCS, LDS, and HTW 
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(uranium-sodium) is provided in Figure A.5.7-29. The plot shows that the chemical signature for 
uranium-sodium in the LCS, LDS, and HTW are separate and distinct; indicating that mixing 
between the horizons is not occurring. Therefore, the increasing concentrations measured in the 
HTW of Cell 7 are attributed to fluctuating ambient concentrations beneath the cell that are not 
related to cell performance. 

Parameter HTWa GMA-Ua 
Uranium Up 

Sulfate Up Up 

TOC Up 

Boron 

Cobalt Up 

Iron Up Up 

Manganese 

Sodium Up 
a HTW = honzontal till well, GMA-U = upgrad1ent Great M1am1 Aqu1fer, 
GMA-D = downgradient Great Miami Aquifer; TOC = total organic carbori. 
No entry indicates that the trend was not up. 

Great Miami Aquifer Wells 

GMA-Da 

Up 

Up 

Up 

Up 

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow 
directions will be from west to east. However, water levels measured in 2011 though indicate 
that groundwater in the GMA in most oft:P.e area of the OSDF is moving in a general direction of 
northeast to south/southwest in response to the active groundwater remediation taking place to 
the west and southwest. Pumping for the groundwater remediation is scheduled to last until 2023. 
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring 
horizons are not mixing, the increasing concentrations seen in the GMA wells are attributed to 
fluctuating ambient conditions that are not related to cell performance. 

The table below provides a summary of the average concentration (as reported in Table A.5.7-1) 
measured in the LDS and GMA wells for parameters with increasing concentrations in the Cell 7 
GMAwells. 

Parameter LOS a GMA-Ua 
Sulfate (mg/L) 1740 241 
TOC (mg/L) 5.60 1.26 

Boron (mg/L) 0.309 0.0344 
Iron (mg/L) 0.987 9.17 

Manganese (mg/L) 0.083 0.310 
Note: The highest averages are shown in bold. 
a LDS = leak detection system, GMA-U = upgradient Great Miami Aquifer, 
GMA-D = downgradient Great Miami Aquifer; TOC = total organic carbon 

GMA-Da 
331 
1.36 

0.0286 
8.19 
0.459 

As shown above, both iron and manganese have higher concentration averages in the GMA than 
they do in the LDS of Cell 7. 
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A.5.7.2 Control Charts 

Intrawell control charts employ historical measurements from a compliance point as background 
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified 
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart. 
Appropriate background data are used to define a baseline for the well. The baseline parameters 
for the chart, estimates of the mean, and standard deviation are obtained from the background 
data. These baseline measurements characterize the expected background concentrations at the 
monitoring point. As future concentrations are collected, the baseline parameters are used to 
standardize the newly gathered data. After these measurements are standardized and plotted, a 
control chart is declared "out of control" if future concentrations exceed the baseline control 
limit. This is indicated on the control chart when either the Shewart or CUSUM plot traces begin 
to exceed a control limit. The limit is based on the rationale that if the monitoring point remains 
unchanged from the baseline condition, new standardized observations should not deviate 
substantially from the baseline mean. If a change occurs, the standardized values will deviate 
significantly from the baseline and tend to exceed the control limit. 

A minimum of eight samples are recommended for use in ChemStat® software to define the 
baseline for a control chart. Therefore, only sample sets with greater than eight samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h) and a SCL on the control chart. The software recommends a value of 5 for the CUSUM 
control limit (h) and a value of 4.5 for the SCL. 

EPA Unified Guidance suggests that to simplify the interpretation of the control chart that an out 
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM control 
limit on the charts. As a "work-a-round", the SCL limit was defined as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 

As shown in Table A.5.7-1 in gray shading, 10 constituents in the HTW and GMA wells 
of Cell 7 (TDS, TOX, barium, boron, copper, lithium, manganese, nickel, sodium, and zinc) 
meet the criteria for control charts (i.e., more than 8 samples, normal or lognormal distribution, 
no trend, and no serial correlation), resulting in fourteen control charts. 

' Constituent and Monitoring Point8 Assessment 
TDS in the GMA-U In Control 
TDS in the GMA-D In Control 
TOX in the HTW In Control 

TOX in the GMA-U In Control 
TOX in the GMA-D In Control 
Boron in the HTW In Control 

Copper in the HTW Out of Control 
Lithium in the GMA-U In Control 
Lithium in the GMA-D In Control 

Manganese in the HTW Out of Control 
Nickel in the HTW Out of Control 

Sodium in the GMA-D In Control 
Zinc in the HTW In Control 

Zinc in the GMA-D In Control 

"HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; 
GMA-D = downgradient Great Miami Aquifer; TDS = total dissolved solids; 
TOX = total organic halogens 
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The control charts are presented in Figures A.5.7-30 to A.5.7-43. All but three of the fourteen 
control charts exhibit "in control" conditions. Out of control conditions are indicated for copper, 

- manganese, and nickel in the HTW. As discussed above, separate and distinct signatures for 
uranium and sodium in the LCS, LDS, and HTW of Cell 7 indicate that water is not mixing 
between the horizons, so the out of control conditions are attributed to fluctuating ambient 
conditions benbath the cell, and not to cell performance. 

A.5.7.3 Annual LCS Sample Results 

Annual LCS sampling results for Cell 7 are provided in Table A.5.7-2 for those parameters that 
have been detected at least once, and are not being sampled quarterly. No new Appendix I or 
PCB parameters were detected in the LCS of Cell 7 in 2011. 

As reported in the 2009 SER, 1, 1-dichloroethene was detected for the first time in the LCS of 
Cell 7 in 2009. In 2010, 1,1-dichloroethene was detected again in the LCS of Cell 7. As stated in 
Appendix B of the GWLMP (DOE 2010a) "two consecutive detects in a cell's LCS triggers 
sampling in the cell's LDS during the next scheduled sampling round." Sampled for twice in the 
LDS of Cell 7 in 2011, 1, 1-dichloroethene was not detected in the LDS of Cell 7. Since it 
continues to be detected in the LCS of Cell 7 sampling in the LDS will continue. 

A.5.7.4 Site-Specific Parameter Selection for Cell 7 

The sample size of the Cell 7 dataset reached a minimum of eight samples at the end of2011; 
therefore, the site-specific leachate monitoring parameter selection approach presented in ) 
Figures A.5-5A and A.5-5B was followed to determine if any of the Appendix I and PCB 
parameters detected in Cell 7 should be selected as site-specific monitoring parameters. 

As discussed in Attachment A.5, the objective of the selection process is to determine if the 
mean concentration of an Appendix I or PCB parameter (that has been sampled eight times and 
detected more than 25 percent of the time) is statistically greater than the mean of either the 
pre-design or background data for the parameter. If the mean is greater, then the parameter is 
selected for more quarterly monitoring in the LCS, LDS, HTW, and GMA wells of the cell. 

The null hypothesis used for each statistical test is that the mean of the concentration of the LCS 
dataset is less than or equal to the mean of the pre-design or background dataset. Failure of the 
null hypothesis indicates that the mean of the LCS dataset is greater than the mean of the pre
design or background dataset. 

As shown in Table A.5.7-2 four of the Appendix I parameters not already being sampled for_ 
quarterly have been detected at least 25 percent of the time (ammonia, beryllium, chromium, 
and technetium-99). As reported in the Fernald Preserve 2009 Site Environmental Report 
(DOE 2010b), technetium was already evaluated for Cell 7 and passed the null hypothesis 
therefore it was not evaluated again this year. 

Pre-design and/or background data does not exist for beryllium so parameter selection statistics 
could not be conducted. The low beryllium detections (maximum of0.00025 mg/L) indicate that , _ 

1 
adding the constituent to the quarterly sampling program would not significantly enhance the 
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early detection capability of the monitoring program. Therefore, beryllium will not be added to 
the quarterly sampling list. 

Parameter selection statistics were conducted for the remaining two parameters (ammonia and 
chromium). Results for Cell 7 are presented in Table A.5.7-3. Ammonia passed the null 
hypothesis and chromium failed the null hypothesis for the Tarone-Ware Test. Based on those 
results, chromium will be added to the quarterly sampling list for the LCS, LDS, and GMA wells 
of each cell beginning in January 2013. 

A.5.7.5 Summary and Conclusions 

• The concentrations of 8 parameters monitored quarterly are increasing in either the HTW 
and/or GMA wells of Cell 7 (uranium, sulfate, TOC, boron, cobalt, iron, manganese, 
and sodium). 

• Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and 
HTW of Cell 7 indicate that water is not mixing between the horizons. Concentration 
increases in the HTW and GMA wells of Cell 7 are attributed to fluctuating ambient 
concentrations beneath the cell, and not to cell performance. 

• Fourteen control charts were constructed for Cell 7 parameters. Eleven of the fourteen 
control charts exhibit "in control" conditions. Control charts for copper, manganese, and 
nickel in the HTW are not in control. 

• No new Appendix I or PCB parameters were detected in the LCS of Cell 7 in 2011. 

• Chromium has been sampled at least 8 times in the LCS of Cell 7 and detected at least 
25 percent of the time. It failed the null hypothesis of the Tarone-Ware test and will be 
added to the quarterly sampling list for the LCS, LDS, and GMA wells of each cell 
beginning in January 2013. 

• Ammonia has been sampled at least 8 times in the LCS of Cell 7 and detected at least 
25 percent of the time. It passed the null hypothesis of the Tarone-Ware test and will not be 
added to the quarterly sampling list. 

• Beryllium has been sampled 8 times in the LCS of Cell 7 and detected at least 25 percent of 
the time. Parameter selection statistics were not conducted because no pre-design or 
background data sets exist. The small concentrations detected (maximum of0.00025 mg/L) 
imply that the adding the constituent to the quarterly sampling program would not 
significantly enhance the early detection capability of the monitoring program. Therefore, 
beryllium will not be added to the quarterly sampling list. 
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Note· The data used in this table has been standardized to quarterly 

Parameter 

Total Uranium (IJg/L) 

Alkalinity as CaC03 (mg/L) 

Chloride (mg/L) 

Nitrate/Nitrite as N (mg/L) 

Sulfate (mg/L) 

Total Dissolved Solids (mg/L) 

Total Organic Carbon (mg/L) 

Total Organic Halogens (mg/L) 

Arsenic (mg/L) 

Barium (mg/L) 

U.S. Department of Energy 
May 201 2 

Horizon8 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

LCS 
LDS 
HlW 

GMA-U 
GMA-D 

No. of 
Monitoring Detected 
Location Samples 

12344C 29 
12344D 27 
12344 30 
22212 29 
22211 31 

12344C 17 
12344D 13 
12344 8 
22212 4 
22211 4 

12344C 17 
12344D 13 
12344 8 
22212 4 
22211 4 

12344C 13 
12344D 10 
12344 5 
22212 0 
22211 o· 

12344C 29 
12344D 27 
12344 27 

22212 31 
22211 31 

12344C 17 
12344D 11 
12344 7 
22212 11 
22211 11 

12344C 25 
12344D 27 
12344 24 
22212 26 
22211 25 

12344C 20 
12344D 20 
12344 12 
22212 10 
22211 7 

12344C 6 
12344D 4 
12344 1 

· 22212 3 
22211 5 

12344C 17 
12344D 13 
12344 8 
22212 4 
22211 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

29 100.0 4:72 
27 100.0 12.2 
30 100.0 2.00 
31 93.6 ND 
32 96.9 0.131 
17 100.0 86.0 
13 100.0 155 
8 100.0 377 
4 100.0 316 
4 100.0 284 

17 100.0 26.7 
13 100.0 43.0 
8 100.0 69.4 
4 100.0 24.2 
4 100.0 19.7 

18 72.2 ND 
13 76.9 ND 
8 62.5 ND 
4 0.0 NA 
4 0.0 NA 

29 100.0 122 
27 100.0 1280 
27 100.0 80.4 

31 100.0 96.7 
31 100.0 152 

17 100.0 960 
11 100.0 2590 
7 100.0 1020 
11 100.0 609 
11 100.0 602 

29 86.2 ND 
27 100.0 2.99 
27 88.9 ND 
31 83.9 ND 
31 80.6 0.555 

29 69.0 ND 
27 74.1 ND 
27 44.4 ND 
31 32.3 ND 
31 22.6 0.00062 

22 27.3 ND 
20 20.0 ND 
18 5.6 ND 
11 27.3 ND 
20 25.0 ND 

17 100.0 0.0234 
13 100.0 0.0197 
8 100.0 0.0922 
4 100.0 0.0508 
4 100.0 0.0429 

Table A.5. 7-1. Summary Statistics for Cell 7 ~ 

Standard Distribution 

Maximumb Averagec, d Delliationc,d Typed,e Trendd,t 

355 175 61 Normal None 

33.7 24.5 5.4 Normal None 

8.61 3.54 1.54 Lognormal Up 

5.53 0.490 1.17 Undefined None 
2.30 0.328 0.535 Undefined None 

822 432 174 Undefined None 

586 383 122 Normal None 
455 414 26 Normal None 
345 333 13 Normal None 
399 360 51 Normal None 

175 114 49 Normal Up 
197 46.4 47.2 Undefined None 
84.0 76.7 5.8 Normal None 
31 .9 26.9 3.4 Normal None 
31.7 25.2 5.1 Normal None 

4.89 0.796 1.92 Undefined Up 
3.61 0.908 1.41 Normal Up 
0.34 0.172 0.108 Lognormal None 
NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 

3920 2850 1120 Undefined Up 
4030 1740 780 Undefined Up 
465 208 135 Normal Up 

731 241 136 Lognormal Up 
572 331 126 Normal Up 

6400 5710 1810 Undefined Up 
6870 4440 1450 Normal Up 
1200 1120 60 Normal None 
1510 870 299 Lognormal None 
1350 1050 230 Normal None 
5.55 2.33 0.88 Lognormal None 
8.80 5.60 1.36 Normal None 
3.72 2.24 0.72 Normal None 
2.24 1.26 0.51 Normal Up 
2.15 1.36 0.50 Undefined Up 

0.039 0.0130 0.0114 Undefined Up 
0.064 0.0291 0.0140 Normal None 
0.035 0.0101 0.0098 Lognormal None 
0.050 0.00532 0.00876 Lognormal None 
0.0134 0.00352 0.00341 Lognormal None 
0.179 0.00375 0.0470 Undefined None 
0.048 0.0025 0.0108 Undefined None 
0.0298 lnsff lnsuff Undefined None 
0.0394 0.0025 lnsuff Undefined None 
0.0323 0.0025 0.0094 Undefined None 
0.112 0.0509 0.0283 Lognormal Down 
0.0891 0.0362 0.0193 Lognormal Down 
0.121 0.111 0.010 Normal None 
0.0971 0.0770 0.0218 Normal None 
0.0693 0.0558 0.0111 Normal None 

Serial 
Correlationd,g 

Not Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Detected 

Not Detected 
lnsuff 
lnsuff 

Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

Detected 
Detected 
Detected 

Detected 
Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Detected 
Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 

10.7 (04-05) 
9.03 (03-04) 

0.054 (02-10) 

Outliersh,i 
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Note· The data used in this table has been standardized to quarterly 

Parameter Horizon8 

LCS 
LOS 

Boron (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Calcium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Cobalt (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Copper (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Iron (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Lithium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Magnesium (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Manganese (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Nickel (mg/L) HlW 
GMA-U 
GMA-D 

LCS 
LOS 

Potassium (mg/L) HlW 
GMA-U 
GMA-D 
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No. of 
Monitoring Detected 
Location Samples 

12344C 29 
123440 27 
12344 19 
22212 29 
22211 28 

12344C 17 
123440 13 
12344 8 
22212 4 
22211 4 

12344C 12 
123440 10 
12344 10 
22212 1 
22211 0 

12344C 16 
123440 13 
12344 5 
22212 4 
22211 4 

12344C 21 
123440 18 
12344 14 
22212 11 
22211 11 

12344C 20 
123440 19 
12344 10 
22212 11 
22211 11 

12344C 17 
123440 13 
12344 8 
22212 4 
22211 4 

12344C 14 
123440 13 
12344 14 
22212 11 
22211 20 

12344C 19 
123440 16 
12344 11 
22212 4 
22211 3 ' 

12344C 17 
123440 13 
12344 7 
2221 2 4 
22211 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

29 100.0 0.926 
27 100.0 0.168 
27 70.4 NO 
31 93.6 NO 
31 90.3 NO 

17 100.0 153 
13 100.0 155 
8 100.0 149 
4 100.0 146 
4 100.0 153 

22 54.6 NO 
20 50.0 NO 
15 66.7 NO 
11 9.1 NO 
11 0.0 NA 

22 72.7 NO 
20 65.0 NO 
9 55.6 NO 
4 100.0 0.00106 
4 100.0 0.00599 

22 95.4 NO 
20 90.0 NO 
15 93.3 0.119 
11 100.0 4.15 
11 100.0 4.88 

20 100.0 0.0188 
19 100.0 0.0529 
15 66.7 NO 
11 100.0 0.00495 
11 100.0 0.00566 

17 100.0 60.5 
13 100.0 61.1 
8 100.0 46.0 
4 100.0 28.6 
4 100.0 34.6 

22 63.6 0.0041 
20 65.0 NO 
15 93.3 NO 
11 100.0 0.219 
20 100.0 0.256 

22 86.4 NO 
20 80.0 NO 
15 73.3 NO 
11 36.4 NO 
20 15.0 NO 

17 100.0 8.12 
13 100.0 13.2 
8 87.5 NO 
4 100.0 3.47 
4 100.0 2.74 

Table A.5. 7-1 (continued). Summary Statistics for C£!11 7 

Standard Distribution Serial 

Maximumb Averagec.d Deviationc.d Typed,e Trendd,t Correlationd,g 

1.35 1.18 0.10 Normal None Not Detected 
2.10 0.309 0.382 Undefined Up Detected 

0.075 0.0248 0.0137 Normal None Not Detected 
0.0458 0.0344 0.0063 Normal None Detected 
0.0433 0.0286 0.0069 Undefined Up Not Detected 

759 577 178 Undefined Up Not Detected 
474 312 121 Lognormal None Detected 
187 164 13 Normal None Not Detected 
377 156 112 Undefined None lnsuff 
263 206 45 Normal None lnsuff 

0.0080 0.0017 0.0022 Undefined Down Not Detected 
0.0025 0.000826 0.00053 Lognormal None Not Detected 
0.0433 0.00675 0.0132 Normal Up Detected 

0.00138 lnsuff lnsuff Undefined None Detected 
NA lnsuff lnsuff lnsuff lnsuff lnsuff 

0.0266 0.0108 0.0089 Undefined None Not Detected 
0.0239 0.00833 0.00657 Lognormal Down Detected 
0.015 0.00358 0.00434 Lognormal None Not Detected 

0.00966 0.00636 0.00393 Normal None lnsuff 
0.00956 0.00754 0.00151 Normal None lnsuff 

18.7 5.18 4.99 Lognormal Down Not Detected 
2.74 0.987 0.820 Undefined Down Detected 
66.1 21.2 18.2 Lognormal Up Detected 
20.5 9.17 4.68 Lognormal Up Not Detected 
11.2 8.19 2.00 Normal None Detected 

0.393 0.171 0.095 Normal Up Detected 
0.226 0.119 0.053 Lognormal Up Detected 

0.00874 0.00716 0.00143 Undefined None Not Detected 
0.00892 0.00620 0.00125 Lognormal None Not Detected 
0.00827 0.00690 0.00083 Normal None Not Detected 

834 448 276 Normal Up Detected 
369 88.8 117 Undefined None Detected 
58.9 51 4 Normal None Not Detected 
54.6 38.2 11 .3 Normal None lnsuff 
60.6 47.6 10.6 Normal None lnsuff 

0.991 0.0351 0.276 Undefined Down Detected 
1.20 0.083 0.266 Normal None Not Detected 

0.223 0.0525 0.0565 Lognormal None Not Detected 
1.23 0.310 0.299 Undefined None Not Detected 

0.680 0.459 0.136 Normal Up Detected 

0.0265 0.00999 0.00795 Lognormal Down Detected 
0.0138 0.00681 0.00384 Normal None Not Detected 
0.0761 0.0114 0.0215 Lognormal None Not Detected 

0.00493 0.00075 0.00148 Undefined None Not Detected 
0.00520 0.00075 lnsuff Undefined None Detected 

61.4 44.3 15.5 Undefined Up Detected 
97.9 32.6 2.4.3 Lognormal None Not Detected 
2.89 2. 15 0.57 Normal None Not Detected 
4.81 3.58 0.64 Undefined None lnsuff 
3.40 3.04 0.32 Normal None lnsuff 

0.299 (04-04) 0.0625 (01 -05) 

Outliersh,i 

0.288 (02-05) 0.249 (03-05) ).249 (04-05) 
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Table A.5. 7-1 (continued). Summary Statistics for CM 7 

Note· The data used in this table has been standardized to quarterly 

No. of Percent 
Monitoring Detected Total No. of of Standard Distribution Serial 

Parameter Horizona Location Samples Samples Detects Minimumb Maximumb Averagec.d Deviationc,d Typed,e Trendd,f Correlationd,g 

LCS 12344C 4 22 18.2 NO 0.171 0.00625 0.0368 Undefined None Not Detected 
LOS 123440 3 20 15.0 NO 0.0477 0.00712 lnsuff Lognormal None Not Detected 

Selenium (mg/L) HTW 12344 1 15 6.7 NO 0.0292 lnsuff lnsuff Undefined None Not Detected 
GMA-U 22212 1 11 9.1 NO 0.00827 lnsuff lnsuff Undefined None Detected 
GMA-D 22211 0 11 0.0 NA NA lnsuff lnsuff lnsuff lnsuff lnsuff 

LCS 12344C 22 22 100.0 18.1 102 80.7 25.3 Undefined Up Detected 
LOS 123440 20 20 100.0 186 913 584 166 Normal None Not Detected 

Sodium (mg/L) HTW 12344 18 18 100.0 19.8 37.4 27.6 7.1 Undefined Up Detected 
GMA-U 22212 11 11 100.0 19.6 27.0 23.1 2.6 Normal Down Detected 
GMA-D 22211 11 11 100.0 11 .1 19.2 15.5 2.5 Nonnal None Not Detected 

LCS 12344C 14 22 63.6 NO 0.154 0.0294 0.0401 Lognormal None Not Detected 
LOS 123440 17 20 85.0 NO 5.16 0.0255 1.43 Undefined Up Detected 

Zinc (mg/L) HTW 12344 14 15 93.3 0.0048 0.655 0.211 0.213 Lognonnal None Not Detected 
GMA-U 22212 6 11 54.6 ND 0.0148 0.00659 0.00429 Normal None Not Detected 
GMA-D 22211 10 20 50.0 NO 0.0205 0.00462 0.00446 Lognormal None Not Detected 

Note: Shading identifies a horizontal till well or Great Miami Aejuifer well, with at least 8 samples, normal or lognonnal distribution, no trend, and no serial correlation. These wells achie~;e control chart criteria . 
Note: For results where the concentrations are below the detection limit, the results used in the Average, Standard Deviation, Distribution Type, Trend, Serial Correlation, and Outliers are each set at half the detection limit. 

aLCS = leachate collection system; LOS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer 

bND = not detected; NA = not applicable 

cAverages were determined based on the distribution assumption and requires n ;e: 3. In addition, Standard Deviation requires n ;e: 4. 

d"lnsuft" = Insufficient and is used for Average, Standard Deviation, Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test. 
8 Data distribution based on the Shapiro-Wilk statistic (where 3 ::; n ::; 50) or Shapiro Francia (where n > 50). 

Normal: Normal assumption could not be rejected at the 5 percent le~;el and has a higher probability value than the lognormal assumption. 
Lognormal: Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption. 
Undefined: Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values. "Average" is defined as the Median of the data. 

rTrend based on nonparametric Mann-Kendall procedure. Trend testing requires a sample with n ;e: 4. 

9Serial correlation based on Rank Von Neumann test. Serial Correlation testing requires a sample with n ;e: 6. 

houtliers determined by Rosner's (where n > 25) or Dixon procedure (where 4 ::; n ::; 25). 

iQ = quarterly 
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-----------------------------------------------------------
.. 

Table A.5. 7-2. Cell 7 Annual LCS Sample Summary Information for Detected Parameters 

GW BACKGROUND"·b,e PN BACKGROUND"·b,e 
NUMBER OF NUMBER OF SAMA...ES PERCENT OF DEfECTED IN MIN DETECTED MA.X DElECTED A VG DEfECTED GW FRLd (#OF (#OF SAMA...ES>PN (#OF SAMA...ES>PN 

PARAMEfER(UNin SAMA...ES•,b WITI-l DETECTlONS•.b DEfECTIONS•.b 2011 CONCENTRA TlON"·b,c CONCENTRA TION"·b,c CONCENTRA TlON"·b,c SAMA...ES>GWFRL) BACKGROUND) BACKGROUND) 
I 

I I I General Chemistry I 
Ammnia (rrg/L) ] 8 3 37.5 I Yes 0.026 I 0.254 [ 0.113 4.2 rrg/L(O) 4.34 rrg/L(O) 

In organics l _I_ -- _I _ 
Berylliu~ (rrg/L) 8 2 25.0 I No 0.00017 I 0.00025 I 0.0002 - 0.004 rrg/L(O) ------ ----

I 
-

_[ - ,------r---
Cadrrium (rrg/L) 8 12.5 No 0.0002 0.014 rrg/L(O) 0.014 rrg/L(O) 

Chromum (ITQ/L) 8 2 25 Yes 0.0055 0.0292 0.0174 0.022 rr:g/L9(1) 0.0046 rrg/L(2) 

Lead (rrg/L) 8 12.5 No 0.0061 0.015 ITQ/L(O) 0.0016 rrg/L(1) 

Thallium (rrg/L) 8 12.5 No 0.00046 

Vanadium (rrg/L) 8 No 0.:_038 rrg/L(O) 0.012 rrg/L(O) 0. 005 rrg/L( 1 ) 

Radionuclides j I I I I I 
Technetium-99 (pCi/L) 16 6 37.5 I No 0.86 

-~ 
16.2 I 9.05 I 94 pCVL(O) 22 pCVL(O) I 30 pCVL(O) 

Organics j I _I 
r-

I 
1, 1-Dichloroethene (ug/L) 14 3 21.4 I Yes 0.455 0.72 I 0.558 7 ug/L(O) I 
Acetone (ug/L) 8 12.5 

I 
No 3.5 I I I j 

Total Xylenes (ug/L) 8 12.5 No 1.01 I I I 
Note: Shading indicates that at least one detected sample is greater than the FRL, groundwater background, PN background, or PN maximum I 
"If more than one sample is collected per well per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample with the maximum representative concentration is used for all the summary information 

bRejected data qualified with an R or Z were not included. 

MA.X PN DEfECTED 

CONCENTRATION a.b.f 

(#OF SAMA...ES>MA.X PN) 

220 rrg/L(O) 

0 .03~ rrg/Lj O) 

0.05 rrg/L(O) 

0.0028 rrg/L(O) 

0.299 rrg/L(O) 

6130 pCi/L(O) 

elf the number of detected samples is equal to two, then the rrinumun and maximumn are reported. If the number of detected is equal to one, then the data point is reported as the rrinimum. The "AVG DEfECTED CONCENTRATION" is not reported for either of these cases . 

dFrom Operable Unit 5 Record of Decision, Table 9-4. 

•From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RVFS documents. 

rMax PN- maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5 . 

9FRL based on hexavalent chrorrium from Operable l.Jnit 5 Record of Decision, Table 9-4. 
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Parameter Dataset 

Ammonia LCS 
PreDesign** 
*before 2/10/95 
** after 2/10/95 

Chromium LCS 
PreDesign 
PreDesign* 
PreDesign** 
*before 2/10/95 
** after 2/10/95 

. U.S. Department of Energy 
May 2012 

- -- ---------

Samples Detects Detect% 
Shapiro- Shapiro-
Wilk (N) Wilk (LN) 

8 3 38% 
9 7 78% 

8 2 25% 
40 19 48% 
19 17 89% 
21 2 10% 

Table A.5. 7-3. Site-Specific Parameter Selection Resblts 

t-Test 
Mean 

Median Variance 
Std. 

Min Max (mg/L) Dev. 

0.005 0.254 0.0518 0.0205 0.0070 0.0837 

0.015 450 54.98 0.604 22100 149 

0.0010 0.0292 0.0067 0.0038 0.0000858 0.0093 

0.002 0.478 0.046 0.004 0.008 0.087 
0.004 0.478 0.093 0.051 0.012 0.110 
0.002 0.012 0.004 0.004 0.000 0.002 

Log Log 
F-Test 

t-Test 
Mean so Prob 

Wilcoxon + Quantile Tarone-Ware Test 
Wilcoxen Group 

Comparison 
Quantile Test 

Pass 

Pass 
Pass 

':~fJ 
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Figure A.5.7-6A. Cell? Uranium, Total Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.7-6B. Cell? Uranium, Total Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.7-7A. Cell? Chloride Concentration vs. Time Plotfor LCS, LDS, and HTW 
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Figure A.5.7-8B. Cell? Magnesium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

* 12344C-LCS 

---123440-LDS 

-e- 12344- HTW 

-e- 12344- HTW * 22212-GMA-U 

--- 22211 • GMA-D 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May2012 

Page A.5.7-18 

\ 
j 



November23, 1998: HlW purging lnillated 

I 

100 
! 

10 
! 

1 ; 

;r ! 

"' .§. 
s 
'C 

I 0.1 i 

0.01 I 

0.001 I· 

1997 1998 1999 2000 

October 25 2006: Cap CO!ll>lellon 

September 9, 2004: Waste Placement Initiated 

I 

! The groundwater FRL for 
nllrate/nltrlte Is 11 mgtl. 

: : 
: : : 

! : : : 
: 

:_.._ :~ 

~ ~ 
~ rf] : 

: 
c· 
~ I 

~ ,,m \j 
.~ : 
: I 

Note: Unfilled symbols I ~ ! I represent not detected : 
I concentrations (NO). : 

I 
I : : 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

+ 12344C-LCS 

-----123440- LOS 

-6- 12344 - H'IW 

Figure A.5.7-9A. Cell? Nitrate+ Nitrite as Nitrogen Concentration vs. Time Plot for LCS, LOS, and HTW 

:::t c, 
.§. 

~ z 

! z 

November23, 1998: HlW purging Initialed 
I 
I 

100 i 

10 
i 

1 
! 

0.1 

0.01 

0.001 

1997 1998 1999 2000 

October 25, 2006: Cap CO!ll>lellon 
I 

SepCember 9, 2004: Waste Placement Initialed I 
j i . . . I . . . 

I 
The groundwater FRL for 

I 
nllrate/ntt ·te Is 11 mgtl. 

I 

i 
I 

! 

! ! 

; ~ !I 
! 

~ ~7{ 
i 

J~ 1 I Note: Unfilled symbols I 
represent not detected 

concentrations (NO). 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

-e- 12344- HlW 

+ 22212- GMA-U 

----- 22211 - GMA·D 

Figure A.5.7-9B. Cell? Nitrate+ Nitrite as Nitrogen Concentralton vs. Ttme Plot for HTW, GMA-U Well, and GMA-D \/lie II 

U.S. Department of Energy 
May 2012 

Fernald Preserve 2011 Site Eiwironmental Report 
Doc. No. S08629 

Page A.5.7-19 



~ .s 
~ 
:I 
rn 

November 23, 1998: HTW purging initiated October 25, 2006: Cap completion 
I 

September 9, 2004: Waste Placement initiated I 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

10L---~--~~--~----~--~----~--~--L-~--~--~·~=----~--~----~--~--~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
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Figure A.5.7-10B. Cell? Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.7-11A. Cell? Alkalinity, Total Concentration vs. Time Plot for LCS, LOS, and HTW 
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September 9, 2004: Waste Placement inillated 
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ooncentrations (ND). 
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Figure A.5.7-13A. Cell? Total Organic Carbon Concentration vs. Time Plot for LCS, LOS, and HlW 
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Figure A.5.7-13B. Cell 7 Total Organic Carbon Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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Figure A.5.7-14A. Cell? Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.7-15A. Cell 7 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.7-15B. Cell? Arsenic Concentration vs. Time Plotfor HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated October 25 2006: Cap completion 

September 9, 2004: Waste Placement initiated 

10,----c---;o----o---o----o---~----~~-o--~~~o---~------------------· 
The groundwater FRl for r--------; 

::::r 

E 
E 
:I 
'C 

8f 

::::r 

E 
E 
:I 
·c 
~ 

I. 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

barium Is 2 mgll. 

0.01 ~--~--~--~--~--~--~--~-L-~--~-~·~·--~--~--~--~--~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.7-16A. Cell? Barium Concentration vs. Time Plot for LCS, LOS, and H1W 
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Figure A.5.7-16B. Cell? Barium Concentration vs. Time Plot for H1W, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated October 25 2006: Cap completion 

September 9, 2004: Waste Placement initialed 
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Figure A.5.7-17A. Cell? Boron Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.7-17B. Cell? Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.7-18A. Cell 7 Calcium Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.7-188. Cell? Calcium Concentration vs. Time Plolfor HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.7-19A. Cell? Cobalt Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.7-19B. Cell? Cobalt Concentration vs. Time Plot for HTW, GMA·U Well, and GMA·D Well 
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November 23, 1998: HTW purging initiated 
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Figure A.5.7-20A. Cell 7 Copper Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.7-208. Cell? Copper Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging Initiated October 25 2006: Cap completion 

September 9, 2004: Waste Placement initiated 

Note: Unfilled symbols 
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Figure A.5.7-21A. Cell? Iron Concentration vs. Time Plot for LCS, LOS, and HTW 
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Figure A.5.7-21 B. Cell 7 Iron Concentration vs. Time Plot for HTW, GMA·U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated October 25 2006: Cap completion 

September 9, 2004: Waste Placement initiated 

Note: Unfilled symbols 
represent not detected 

concentrations (ND). 

0.001 ~--~--~~----~--~----~----~--~--~~--~~~·~:----~--~~--~----~--~ 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Figure A.5.7-22A. Cell? Lithium Concentration vs. Time Plot for LCS, LDS, and HlW 
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Figure A.5.7-228. Cell? Lithium Concentration vs. Time Plot for HlW, GMA·U Well, and GMA·D Well 

......... 12344C • LCS 

....._ 123440 • LOS 

--e- 12344 • HlW 

--B- 12344 • HlW 

......... 22212-GMA-U 

....._ 22211 • GMA·D 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 

U.S. Department of Energy 
May 2012 

Page A.5.7-32 

/~.-.·~ 

) 



~ 
"' §. .. 
ID 
c 
'" "' c 
'" :;: 

November23,1998: HTWpurginginitiated October 25 2006: Cap completion 

September 9, 2004: Waste Placement initialed 
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The groundwater FRL for 
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Figure A.5.7-23A. Cell? Manganese Concentration vs. Time Plot for LCS, LOS, and HTW 

November 23, 1998: HTW purging iniliated 
I 

October 25, 2006: Cap completion 
I 

September 9, 2004: Waste Placement Initiated I 

0.1 

0.01 

I 

The groundv.-ater FRL for 
manganese Is 0.9 mg/1... 

0.001+---~--~----~---7----~--~--~~--7---~~~----~--~--~----~--~ 

Note: Unfilled symbols 
represent not detected 
concentrations (ND). 

0.0001 .l-----'------'-----'-----'---'----'----'----'-.:...._-....:.... _ __:. __ ~---=-----=---'---1 

1997. 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

__._ 12344C • LCS 

..._ 123440 • LDS 

-e- 12344 • HlW 

-e- 12344. HlW 

__._ ~2212 • GMA-U 

..._ 22211-GMA·D 

Figure A.5.7-23B. Cell? Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 

U.S. Department of Energy 
May2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

Page A.5.7-33 



November 23, 1998: HTW purging Initiated 

:J' 

October 25 2006: Cap completion 

September 9, 2004: Waste Placement initiated 

The groundwater FRl for 
nickel is 0.1 mg/L. 
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Figure A.5.7-24A. Cell? Nickel Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.7-24B. Cell? Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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Figure A.5.7-25A. Cell? Potassium Concentration vs. Time Plot for LCS, LOS, and HlW 
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Figure A.5.7-25B. Cell? Potassium Concentration vs. Time Plot for HlW, GMA-U Well, and GMA-D Well 
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Figure A.5.7-26A. Cell? Selenium Concentration vs. Time Plot for LCS, LDS, and HTW 

November 23, 1996: HTW purging Initiated 
I 

Oclober 25, 2006: Cap complelion 
I 

September 9, 2004: Waste Plac:;ement initiated 

0.1 

0.01 

0.001 

1997 

I : 
i i 

I I 

! : ! 

I: 

~ : ~ 

I Note: Unfilled symbols I 
represent not detected 

concentrations (ND). 

1998 1999 2000 2001 2002 2003 2004 

I . 
i 

I 

! 

I 

: 

q 

IJ 
~ 

~ 
2005 2006 

The groundwater FRL fer 
selenium Is 0.05 mgll. 

dii 

: ~ 

A v 
2007 2008 2009 2010 2011 

Figure A.5.7-268. Cell 7 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well 
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November 23, 1998: HTW purging initiated 
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Figure A.5.7·27A. Cell 7 Sodium Concentration vs. Time Plot for LCS, LDS, and HTW 
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Figure A.5.7-38. Intra-Well Shewhart-CUSUM Control Chart (TDS 22212) 
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The following information is provided in this sub-attachment: 

C · · · \ • Quarterly monitoring summary statistics (refer to Table A.5.8-1) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.8-2) 

• Site-specific parameter selection results (refer to Table A.5.8-3) 

• LCS monthly accumulation volumes (refer to Figure A.5.8-1) 

• LDS monthly accumulation volumes (refer to Figure A.5.8-2) 

• OSDF horizontaltill well12345 water yield (refer to Figure A.5.8-3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.8-4 
and A.5.8-7) 

• Plots of concentration versus time (refer to Figures A.5.8-8A to A.5.8-30B) 

• A bivariate plots (refer to Figure A.5.8-31 and A.5.8-32) 

• Control charts (refer to Figures A.5.8-33 to A.5.8-56) 

A.S.S.l Quarterly Monitoring Results 

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each 
cell for the purpose of determining if the OSDF is operating as designed. Water quality within 
the cell is sampled in the LCS and LDS. Water quality beneath the cell is sampled in the HTW 
and GMA wells. Concentrations versus time plots, bivariate plots, and control charts are used to 
help interpret and present the results. 

In the first quarter of2011, 23 parameters were sampled in the LCS, LDS, HTW, and GMA 
wells of each cell. In the second, third, and fourth quarters tritium was added to the analyte list 
for all horizons (LCS, LDS, HTW, and GMA wells), and the analyte list for the HTWs in all 
cells was changed to just four parameters: arsenic, uranium, tritium, and sodium. These changes 
were agreed to via the comment resolution process between Ohio EPA and DOE on LMICP 
(revision 4). Tritium results for all cells are reported in Section A.5.5. 

The Cell 8 HTW was dry for all four quarters of 2011, and the LDS of Cell 8 was dry the fourth 
quarter of2011. As shown in Table A.5.8-1, twelve of the 23 parameters monitored quarterly in 
the LCS, LDS, HTW, and GMA wells, (uranium, nitrate, sulfate, TDS, TOC, arsenic, boron, 
lithium, manganese, nickel, sodium, and zinc) have upward concentration trends in the HTW 
and/or GMA wells based on the Mann-Kendall test for trend. CellS is unique in that it has four 
GMA wells (GMA-U, GMA-D, GMA-SW, and GMA-SE). 

Horizontal Till Well 

The HTW is located beneath the liner penetration box of each cell by design. This area of the 
liner penetration box is considered to be potentially the weakest point in the c~ll de.sign. If a leak 
were to develop, it should be detected beneath the liner penetration box first. Therefore, the 
water quality in the HTW represents the first line of evidence that a potential leak from the cell 
might be occurring. A leak would be indicated by an increasing concentration in the HTW. 

U.S. Department of Energy 
May20I2 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 

Page A.5.8-1 



Of the 23 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, only nitrate 
concentrations are increasing in the HTW ofCell8 (as indicated in the table below). A bivariate 
plot for the Cell 8 LCS, LDS, and HTW (uranium-sodium) is provided in Figure A.5.8-31 and a 
bivariate plot for the Cell 8 LCS, LDS, and HTW (uranium-sulfate) is provided in 
Figure A.5.8-32. Both plots show that the chemical signature for uranium-sodium and uranium
sulfate in the LCS are separate and distinct from the signatures seen in the LDS and HTW. The 
uranium-sulfate plot does a better job than the uranium-sodium plot for showing that the 
chemical signatures in the LDS and HTW are also separate and distinct. Separate and distinct 
chemical signatures in the LCS, LDS, and HTW indicate that water is not mixing between the 
horizons. The increasing nitrate concentrations in the HTW of Cell 8 are therefore due to 
fluctuating ambient concentrations beneath the cell, and are not related to cell performance. 

Parameter HTW8 GMA-U8 GMA-Da GMA-SWa GMA-SEa 

Uranium Up Up 

Nitrate Up 

Sulfate Up Up 

TDS Up Up 

TOC Up Up 

Arsenic Up 

Boron Up 

Lithium Up Up 

Manganese Up 

Nickel Up 

Sodium Up 

Zinc Up 
8 HTW = honzontal till well, GMA-U = upgradrent Great Mramr Aqurfer, GMA-D = downgradrent Great Mramr 
Aquifer; GMA-SW = southwest Great Miami Aquifer; GMA-SE = southeast Great Miami Aquifer; 
TDS = total dissolved solids; TOC =total organic carbon. No entry indicates that the trend was not up. 

Great Miami Aquifer Wells 

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow 
directions will be from west to east. However, water levels measured in 2011 indicate that 
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of 
northeast to south/southwest in response to the active groundwater remediation occurring to the 
west and southwest. This may be the reason nine parameters had increasing concentration trends 
in the GMA-SW well ofCell8 in 2011. Pumping for the groundwater remediation is scheduled 
to last until2023. Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW 
monitoring horizons are not mixing, the increasing concentrations seen in the GMA wells are 
attributed to fluctuating ambient conditions that are not related to cell performance. 

The following table provides a summary of the average concentration (as reported in 
Table A.5.8-1) measured in the LDS and GMA wells for parameters with increasing 
concentrations in the Cell8 GMA wells. 
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Parameter LDSa GMA-Ua GMA-Da GMA-SWa GMA-SEa 

Uranium (IJg/L) 22.0 0.377 0.488 0.480 7.94 

Sulfate (mg/L) 3050 199 253 138 445 

TDS (mg/L) 6070 795 712 698 1080 

TOG (mg/L) 3.07 1.28 1.35 1.32 1.60 

Arsenic (mg/L) 0.0118 0.00250 0.00250 0.00250 0.00250 

Boron (mg/L) 0.899 0.0344 0.0294 0.0335 0.0269 

Lithium (mg/L) 0.196 0.00580 0.00542 0.00584 0.00671 

Manganese (mg/L) 0.117 0.257 0.368 0.298 0.982 

Nickel (mg/L) 0.0116 0.00176b 0.00075 0.00524c 0.00423 

Sodium (mg/L) 408 27.3 11.1 15.9 14.0 

Zinc (mg/L) 0.130 0.00703 0.00337 0.00668 0.00698 
Note: The highest averages are shown in bold. 
a HTW = horizontal till well, GMA-U = upgradient Great Miami Aquifer, GMA-D = downgradient Great Miami Aquifer; 
GMA-SW = southwest Great Miami Aquifer; GMA-SE = southeast Great Miami Aquifer; 
TDS = total dissolved solids; TOG = total organic carbon. 

b Nickel has only been detected once in the GMA-U (third quarter 2010, 0.00176 mg/L). 
c Nickel has only been detected once in the GMA-SW (second quarter 2011, 0.00524 mg/L and third quarter 2011, 0.0019 mg/L) 

A.5.8.2 Control Charts 

Intrawell control charts employ historical measurements from a compliance point as background 
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities- Unified 
Guidance (EPA 2009), defines the process of creating a Shewart-CUSUM control chart. 
Appropriate background data are used to define a baseline for the well. The baseline parameters 
for the chart, estimates of the mean, and standard deviation are obtained from the background 
data. These baseline measurements characterize the expected background concentrations at the 
monitoring point. As future concentrations are collected, the baseline parameters are used to 
standardize the newly gathered data. After these measurements are standardized and plotted, a 
control chart is declared "out of control" if future concentrations exceed the baseline control 
limit. This is indicated on the control chart when either the Shewart or CUSUM plot traces begin 
to exceed a control limit. The limit is based on the rationale that if the monitoring point remains 
unchanged from the baseline condition, new standardized observations should not deviate 
substantially from the baseline mean. If a change occurs, the standardized values will deviate 
significantly from the baseline and tend to exceed the control limit. 

A minimum of eight samples are recommended for use in ChemStat® software to define the 
baseline for a control chart. Therefore, only sample sets with greater than eight samples were 
selected for control charts. By default, the ChemStat® software plots both a CUSUM control 
limit (h) and a SCL o:n the control chart. The software recommends a value of 5 for the CUSUM 
control limit (h) and a value of 4.5 for the SCL. 

EPA Unified Guidance suggests that to simplify the interpretation of the control chart that an out 
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not 
needed. The ChemStat® software though, by default, plots both the SCL and CUSUM (h) control 
limit on the charts. As a "work-a-round", the SCL limit was defined as 5 to match the 
recommended CUSUM limit. On the charts the combined limit is identified as hCL. For 
interpretation purposes, regard hCL as the CUSUM limit (h). 
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As shown in Table A.5.8-1 in gray shading, eleven parameters in the HTW and/or GMA wells 
ofCell8 (uranium, sulfate, TDS, TOC, TOX, boron, iron, lithium, manganese, sodium, and zinc) 
meet the criteria for control charts (i.e., more than 8 samples, normal or lognormal distribution, ( .- :',) 
no trend, and no serial correlation), resulting in twenty four control charts. 

Parameter and Monitoring Poine Assessment 
Uranium in the HTW In Control 

Uranium in the GMA-SE In Control 

Sulfate in the GMA-D Out of Control 

Sulfate in the GMA-SE In Control 

TDS in the GMA-SE In Control 

TOG in the HTW Out of Control 

TOC in the GMA-SE In Control 

TOX in the HTW In Control 

Boron in the HTW In Control 

Boron in the GMA-U In Control 

Boron in the GMA-SE In Control 

Iron in the GMA-U In Control 

Iron in the GMA-D In Control 

Iron in the GMA-SE In Control 

Lithium in the GMA-U In Control 

Lithium in the GMA-SE In Control 

Manganese in the GMA-U In Control 

Manganese in the GMA-SE In Control 

Sodium in the GMA-U In Control 

Sodium in the GMA-D In Control 

Sodium in the GMA-SE In Control 

Zinc in the GMA-U In Control 

Zinc in the GMA-SW In Control 

Zinc in the GMA-SE In Control 

"HTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer; 
GMA-U = upgradient Great Miami Aquifer; GMA-SW = southwest Great Miami Aquifer; 

· GMA-SE = southeast Great Miami Aquifer 

The control charts are pr~sented in Figures A.5.8-33 to A.5.8-56. With the exception of Sulfate 
in the GMA-D well and TOC in the HTW, the charts all exhibit "in control" conditions. As 
discussed above, separate and distinct signatures for uranium-sodium and uranium-sulfate in the 
LCS, LDS, and HTW ofCell8 indicate that water is not mixing between the horizons, so the out 
of control conditions are attributed to fluctuating ambient conditions beneath the cell, and not to 
cell performance. 

A.5.8.3 Annual LCS Sample Results 

Annual LCS sampling results for Cell8 are provided in Table A.5.8-2 for those parameters that 
were detected at least once, and are not being sampled quarterly. One new Appendix I parameter 
(cadmium) was detected in the LCS of Cell 8 in 2011. Detection of cadmium in the LCS of 
CellS in 2012 will trigger sampling for cadmium in the LDS ofCell8 during the subsequent 
next scheduled sampling event. 
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As reported last year, in 2009, 1,1-dichloroethene was detected for the first time in the LCS of 
Cell8. In 2010, 1,1-dichloroethene was detected again in the LCS ofCell8. As stated in 
Appendix B of the GWLMP (DOE 201 Oa) "two consecutive detects in a cell's LCS will trigger 
sampling in the cell's LDS during the next scheduled sampling round." Sampled for twice in the 
LDS ofCell8 in 2011, 1,1-dichloroethene was not detected in the LDS ofCell8. Since it 
continues to be detected in the LCS of Cell 8 sampling in the LDS will continue. 

A.5.8.4 Site-Specific Parameter Selection for Cell 8 

The sample size of the ~ell 8 dataset reached a minimum of eight samples at the end of 2011; 
therefore, the site-specific leachate monitoring parameter selection approach presented in 
Figures A.5-5A and A.5-5B was followed to determine if any of the Appendix I and PCB 
parameters detected in Cell 8 should be selected as site-specific monitoring parameters. 

As discussed in Attachment A.5, the objective of the selection process is to determine if the 
mean concentration of an Appendix I or PCB parameter (that has been sampled eight times and 
detected more than 25 percent of the time) is. statistically greater than the mean of either the 
pre-design or background data for the parameter. If the mean is greater, then the parameter is 
selected for more quarterly monitoring in the LCS, LDS, HTW, and GMA wells of the cell. 

The null hypothesis used for each statistical test is that the mean of the concentration of the LCS 
dataset is less than or equal to the mean of the pre-design or background dataset. Failure of the 
null hypothesis indicates that the mean of the LCS dataset is greater than the mean of the pre
design or background dataset. 

As shown in Table A.5.8-2, three of the Appendix I parameters not already being sampled for 
quarterly have been detected at least 25 percent of the time (ammonia, chromium, and 
tetrachloroethene). Pre-design and/or background data does not exist for tetrachloroethene so 
parameter selection statistics could not be conducted. Since 2004, tetrachloroethene has been 
sampled 19 times and detected 6 times. Four of the six detects were at concentrations that were 
greater than the MDL but less than either the PQL or RDL. The two other detects were also very 
low (1.1 ug/L and 1.24 ug/L). Given the low concentrations, adding tetrachloroethene to the 
quarterly sampling list would not significantly enhance the early detection capability of the 
monitoring program. 

Parameter selection statistics were conducted on ammonia and chromium for Cell8. Results 
are presented in Table A.5.8-3. Both ammonia and chromium passed the null hypothesis for 
the Tarone-Ware test so they do not need to be added to the quarterly sampling list. As stated 
in Attachment A.5.7, chromium failed the null hypothesis for Cell 7 so has been added to the 
quarterly sampling list for the LCS, LDS, and GMA wells of each cell beginning in January 
of2013. 

A.5.8.4 Summary and Conclusions 

• The concentrations of 12 parameters monitored quarterly are increasing in either the HTW 
and/or GMA wells ofCell8 (uranium, nitrate, sulfate, TDS, TOC, arsenic, boron, lithium, 
manganese, nickel, sodium, and zinc). 

• The chemical signature for uranium-sodium and uranium-sulfate in the LCS of Cell 8 is 
separate and distinct from the signatures seen in the LDS and HTW. The signature for 
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uranium-sodium the HTW is also separate and distinct from the LDS, but low uranium 
concentrations in both horizons have the clusters closer than what is seen in the other seven 
cells. The 9ignature for uranium-sulfate in the HTW is separate and distinct from the LDS. ( l 
Separate and distinct chemical signatures in the LCS, LDS, and HTW indicate that water is 
not mixing between the horizons. Concentration increases in the HTW and GMA wells of 

· Cell 8 are attributed to fluctuating ambient concentrations beneath the cell, and not to cell 
performance. It should also be noted that the HTW of Cell 8 has been dry since the third 
quarter of 2008, providing additional evidence that the secondary liner is not leaking. 

• Twenty-four control charts were constructed for CellS parameters. Twenty-two of the charts 
exhibit "in control" conditions. The control chart for sulfate in the GMA-D and TOC in the 
HTW are not in control. 

• One new Appendix I parameter (cadmium) was detected in the LCS of Cell 8 in 2011. 
Detection of cadmium in the LCS of Cell 8 in 2012 will trigger sampling for cadmium in the 
LDS of Cell 8 during the subsequent next scheduled sampling event. 

• Chromium and ammonia have been sampled at least 8 times in the LCS of Cell 8 and 
detected at least 25 percent of the time. Both passed the null hypothesis of the Tarone-ware 
test. Because chromium failed for Cell 7 it is being added to the quarterly sampling list for 
the LCS, LDS, and GMA wells of each cell beginning in January 2013. 

• Tetrachloroethene has been sampled at least 8 times in the LCS of Cell 8 and detected at 
least 25 percent of the time. Pre-design and/or background data does not exist for 
tetrachloroethene so parameter selection statistics could not be conducted. Given the low 
concentrations of the detections, adding tetrachloroethene to the quarterly sampling list 
would not significantly enhance the early detection capability of the monitoring program. 
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• 

• 

• 

Note· The data used in this table has been standardized to quarterly 

Parameter 

Total Uranium (IJg/L) 

Alkalinity as CaC03 (mg/L) 

Chloride (mg/L) 

Nitrate/Nitrite as N (mg/L) 

Sulfate (mg/L) 

Total Dissolved Solids (mg/L) 

Total Organic Carbon (mg/L) 

U.S. Department of Energy 
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Horizon8 

LCS 
LDS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

No. of 
Monitoring Detected 
Location Samples 

12345C 28 
123450 26 
12345 16 
22213 25 
22214 31 
22215 22 
22217 21 

12345C 17 
123450 12 
12345 7 
22213 4 
22214 4 
22215 4 
22217 4 

12345C 17 
123450 12 
12345 7 
22213 4 
22214 4 
22215 4 
22217 4 

12345C 16 
123450 6 
12345 2 
22213 0 
22214 0 
22215 0 
22217 0 

12345C 28 
123450 26 
12345 15 
22213 31 
22214 31 
22215 24 
22217 21 

12345C 16 
123450 11 
12345 0 
22213 11 
22214 11 
22215 11 
22217 11 

12345C 25 
123450 25 
12345 9 
22213 26 
22214 25 
22215 20 
22217 20 

Percent 
Total No. of of 

Samples Detects Minimumb 

28 100.0 1.51 
26 100.0 9.38 
16 100.0 3.67 
31 80.6 ND 
32 96.9 ND 

25 88.0 ND 
21 100.0 0.898 

17 100.0 64.9 
12 100.0 170 
7 100.0 328 
4 100.0 326 
4 100.0 291 
4 100.0 330 
4 100.0 323 

17 100.0 18.9 
12 100.0 34.5 
7 100.0 743 
4 100.0 29.7 
4 100.0 22.8 
4 100.0 30.2 
4 100.0 23.1 

17 94.1 ND 
12 50.0 ND 
7 28.6 ND 
4 0.0 ND 
4 0.0 ND 
4 0.0 ND 
4 0.0 ND 

28 100.0 146 
26 100.0 1730 
15 100.0 95.5 
31 100.0 90.3 
31 100.0 172 
25 96.0 ND 
21 100.0 163 

16 100.0 882 
11 100.0 3860 
0 0.0 NA 
11 100.0 672 
11 100.0 531 
11 100.0 457 
11 100.0 842 

28 89.3 1.04 
26 96.2 ND 
15 60.0 ND 
31 83.9 0.486 
31 80.6 0.536 
25 80.0 ND 
21 95.2 ND 

Table A.5.8-1. Summary Statistics for Ce/18 • 

Standard Distribution 

Maximumb Averagec,d De'viationc,d Typed,e Trendd,t 

335 178 71 Normal Up 
64.4 22.0 11 .0 Lognormal None 
7.30 5.02 0.99 Normal None 

0.627 0.377 0.135 Normal Up 
1.58 0.488 0.410 Undefined None 
16.4 0.480 3.40 Undefined Up 
18.3 7.94 5.04 Normal None 
466 281 143 Normal Up 
487 422 114 Undefined None 
921 374 212 Undefined None 
353 341 12 Normal None 
336 320 20 Normal None 
338 334 3 Normal None 
348 338 10 Normal None 
339 185 115 Normal Up 
104 63.9 23.4 Normal None 

1290 1020 200 Normal . Down 
52.0 39.2 10.1 Normal None 
28.4 25.9 2.8 Normal None 
38.6 34.0 3.7 Normal None 
32.5 27.4 3.9 Normal None 
74.6 32.9 22.9 Normal None 
3.62 0.0225 1.17 Undefined Up 

0.123 lnsuff lnsuff Normal Up 
NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 

3030 2340 950 Undefined Up 
5020 3050 890 Normal Up 
152 116 18 Normal None 
284 199 67 Undefined Up 
457 253 73 Lognormal None 
911 138 214 Undefined Up 

1320 445 248 Lognormal None 
5300 5090 1500 Undefined Up 
7990 6070 1170 Normal Up 
NA lnsuff lnsuff lnsuff lnsuff · 
843 795 54 Undefined None 
872 712 122 Normal Up 
1800 698 459 Undefined Up 
1550 1080 250 Norm aT None 

5.31 2.39 0.87 Lognormal None 
5.45 3.07 1.04 Normal None 
3.12 1.63 0.62 Normal None 
2.23 1.28 0.48 Normal Up 
2.03 1.35 0.42 Undefined None 
2.83 1.32 0.55 Normal Up 
2.33 1.60 0.39 Normal None 

Serial 
Correlationd,g 

Detected 
Detected 

Not Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 
lnsuff 
lnsuff 

Detected 
Detected 
Detected 

lnsuff 
lnsuff 
lnsuff 
lnsuff 

Detected 
Detected 

Not Detected 
lnsuff 
lnsuff 
lnsuff 
lnsuff 

Detected 
Detected 
Detected 
Detected · 

Not Detected 
Detected 

Not Detected 

Detected 
Detected 

lnsuff 
Not Detected 
Not Detected 

Detected 
Not Detected 

Not Detected 
Detected 

Not Detected 
Detected 

Not Detected 
Detected 

Not Detected 

Outliersh,i 
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Note· The data used in this table has been standardized to quarterly 

Parameter Horizona 

LCS 
LDS 
HTW 

Total Organic Halogens (mg/L) GMA-U 
. GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
HTW 

Arsenic (mg/L) GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
HTW 

Barium (mg/L) GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
HTW 

Boron (mg/L) GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
HTW 

Calcium (mg/L) GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
HTW 

Cobalt (mg/L) GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LDS 
HTW 

Copper (mg/L) GMA-U 
GMA-D 

GMA-SW 
GMA-SE 
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No. of 
Monitoring Detected 
Location Samples 

12345C 17 
12345D 17 
12345 11 
22213 5 
22214 6 
22215 6 
22217 7 

12345C 4 
12345D 3 
12345 0 
22213 4 
22214 5 
22215 4 
22217 3 

12345C 15 
12345D 10 
12345 7 
22213 4 
22214 4 
22215 4 
22217 4 

12345C 28 
12345D 26 
12345 15 
22213 28 
22214 29 
22215 23 
22217 19 

12345C 15 
12345D 10 
12345 7 
22213 4 
22214 4 
22215 4 
22217 4 

12345C 10 
12345D 7 
12345 6 
22213 0 
22214 0 
22215 0 
22217 7 

12345C 12 
12345D 9 
12345 5 
22213 4 
22214 4 
22215 4 
22217 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

28 60.7 ND 
26 65.4 0.00274 
15 73.3 ND 
31 16.1 ND 
31 19.4 ND 
25 24.0 ND 
21 33.3 ND 

20 20.0 ND 
17 17.6 ND 
7 0.0 ND 
11 36.4 ND 
20 25.0 ND 
11 36.4 ND 
11 27.3 ND 

15 100.0 0.0236 
10 100.0 0.0146 
7 100.0 0.284 
4 100.0 0.112 
4 100.0 0.0582 
4 100.0 0.0409 
4 100.0 0.0294 

28 100.0 0.0681 
26 100.0 0.582 
15 100.0 0.0683 
31 90.3 ND 
31 93.6 ND 
25 92.0 ND 
21 90.5 ND 

15 100.0 65.4 
10 100.0 279 
7 100.0 250 
4 100.0 167 
4 100.0 174 
4 100.0 164 
4 100.0 204 

20 50.0 ND 
17 41 .2 ND 
7 85.7 ND 
11 0.0 ND 
11 0.0 ND 
11 0.0 ND 
11 63.6 ND 

20 60.0 ND 
17 52.9 ND 
7 71.4 ND 
4 100.0 0.0016 
4 100.0 0.00117 
4 100.0 0.00332 
4 100.0 0.00191 

Table A.S.B-1 (continued). Summary Statistics for Ce11B 

Standard Distribution 

Maximumb Averagec,d Deltiationc,d Typed,e Trendd,f 

0.080 0.0154 0.0221 Undefined Up 
0.0794 0.0153 0.0156 Lognormal None 
0.0942 0.0484 0.0244 Normal None 
0.0231 0.00165 0.00458 Undefined None 
0.0590 0.00165 0.0107 Undefined None 
0.0460 0.00220 0.00971 Undefined None 

0.00658 0.00165 0.00150 Undefined None 

0.142 0.00375 0.0450 Undefined None 
0.0912 0.0118 lnsuff Normal None 

NA lnsuff lnsuff lnsuff lnsuff 
0.0406 0.00250 0.0128 Undefined None 
0.0457 0.00250 0.0132 Undefined Up 
0.0430 0.00250 0.0146 Undefined None 
0.0344 0.00250 lnsuff Undefined None 

0.103 0.0492 0.0234 Lognormal Down 
0.0837 0.0380 0.0220 Normal Down 
0.444 0.352 0.064 Normal Down 
0.132 0.120 0.009 Normal None 
0.105 0.0825 0.0231 Normal None 
0.122 0.0745 0.0349 Normal None 
0.0844 0.0551 0.0284 Normal None 

0.776 0.660 0.215 Undefined Up 
2.40 0.889 0.468 Undefined None 

0.0978 0.0834 0.0078 Normal None 
0.0463 0.0344 0.0072 Normal None 
0.0393 0.0294 0.0064 Undefined None 
0.0409 0.0335 0.0065 Undefined Up 
0.0360 0.0269 0.0062 Normal None 

874 468 253 Normal Up 
678 490 119 Normal None 
402 . 338 60 Normal None 
186 174 9 Normal None 
230 198 27 Normal None 
446 307 149 Normal None 
334 208 64 Undefined None 

0.00290 0.00077 0.00081 Undefined None 
0.00250 0.00072 0.00081 Undefined Down 
0.00145 0.000949 0.000356 Normal None 

NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 
NA lnsuff lnsuff lnsuff lnsuff 

0.00216 0.00109 ·0.00057 Normal None 

0.0309 0.00455 0.00828 Undefined None 
0.0427 0.00750 0.0127 Undefined Down 
0.0106 0.00379 0.00326 Lognormal None 

0.0111 0.00633 0.00391 Normal None 
0.0105 0.00634 0.00392 Normal None 
0.0102 0.00799 0.00315 Normal None 
0.0127 0.00748 0.00456 Normal ·None 

Serial 
Correlationd,g 

Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Not Detected 
Not Detected 

lnsuff 
Not Detected 

Detected 
Not Detected 
Not Detected 

Not Detected 
Detected 
Detected 

lnsuff 
lnsuff 
lnsuff 
lnsuff 

Detected 
Detected 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Detected 
Detected 

lnsuff 
lnsuff 
lnsuff 
lnsuff 

Not Detected 
Not Detected 
Not Detected 

lnsuff 
lnsuff 
lnsuff 

Not Detected 

Not Detected 
Detected 

Not Detected 
lnsuff 
lnsuff 
lnsuff 
lnsuff 

Outliersh,i 

0.0560 (Q2-1 0) 

0.0140 (Q4-06) 0.0149 (Q2-07) 0.0730 (Q2-10) 
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Note: The data used in this table has been standardized to quarterly. 

Parameter 

Iron (mg/L) 

Lithium (mg/L) 

Magnesium (mg/L) 

Manganese (mg/L} 

Nickel (mg/L) 

Potassium (mg/L) 

U.S. Department of Energy 
May2012 

Horizon8 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

LCS 
LOS 
H1W 

GMA-U 
GMA-D 

GMA-SW 
GMA-SE 

No. of 
Monitoring Detected 
Location Samples 

12345C 15 
123450 14 
12345 6 
22213 11 
22214 11 
22215 11 
22217 11 

12345C 19 
123450 16 
12345 7 
22213 11 
22214 11 
22215 11 
22217 11 

12345C 15 
123450 10 
12345 7 
22213 4 
22214 4 
22215 4 
22217 4 

12345C 11 
123450 11 
12345 7 
22213 11 
22214 20 
22215 11 
22217 11 

12345C 16 
123450 15 
12345 7 
22213 1 
22214 4 
22215 2 
22217 6 

12345C 15 
123450 10 
12345 6 
22213 4 
22214 4 
22215 4 
22217 4 

Percent 
Total No. of of 

Samples Detects Minimumb 

20 75.0 NO 
17 82.4 NO 
7 85.7 0.696 
11 100.0 0.551 
11 100.0 2.87 
11 100.0 5.25 
11 100.0 1.13 

19 100.0 0.0073 
16 100.0 0.0702 
7 100.0 0.0145 
11 100.0 0.00489 
11 100.0 0.00431 
11 100.0 0.00467 
11 100.0 0.00546 

15 100.0 21 .9 
10 100.0 148 
7 100.0 77.7 
4 100.0 37.4 
4 100.0 39.6 
4 100.0 35.4 
4 100.0 41.6 

20 55.0 ND 
17 64.7 ND 
7 100.0 0.0116 
11 100.0 0.222 
20 100.0 0.293 
11 100.0 0.24 
11 1QO.O 0.537 

20 80.0 NO 
17 88.2 0.00178 
7 100.0 0.0057 
11 9.1 NO 
20 20.0 NO 
11 18.2 NO 
11 54.6 NO 

15 100.0 4.86 
10 100.0 38.0 
7 85.7 NO 

4 100.0 3.67 
4 100.0 2.53 
4 100.0 3.18 
4 100.0 2.95 

Table A.5.8-1 (continued). Summary Statistics for Ce718 

Standard Distribution Serial 

Maximumb Averagec,d Deviationc,d Typed,e Trendd,f Correlationd,g 

3.91 1.20 1.07 Lognormal Down Not Detected 
6.20 2.37 2.03 Lognormal Down Detected 

2.68 1.62 0.74 Normal None Not Detected 
2.83 1.91 0.78 Normal None Not Detected 

6.69 4.12 1.13 Normal None Not Detected 
17.4 6.00 3.63 Undefined None Not Detected 
10.3 4.86 2.85 Normal None Not Detected 

0.150 0.106 0.042 Undefined Up Detected 
0.367 0.196 0.076 Normal Up Detected 
0.0183 0.0164 0.0015 Normal None Not Detected 

0.00728 0.00580 0.00067 Normal None Not Detected 
0.00718 0.00542 0.00096 Normal Up Not Detected 
0.00828 0.00584 0.00115 Normal Up Not Detected 
0.00799 0.00671 0.00091 Normal None Not Detected 

583 351 221 Undefined Up Detected 
787 359 221 Normal None Not Detected 
118 104 16 Normal None Not Detected 
42.0 39.1 2.0 Normal None lnsuff 
48.4 43.8 4.5 Normal None lnsuff 
74.5 52.0 19.6 Normal None lnsuff 
55.2 46.2 6.1 Normal None lnsuff 

0.328 0.0398 0.0795 Lognormal None Not Detected 
0.687 0.117 0.174 Lognormal None Not Detected 
0.199 0.0528 0.0653 Lognormal None Not Detected 
0.281 0.257 0.020 Normal None Not Detected 
0.706 0.368 0.135 Undefined None Not Detected 
1.94 0.298 0.595 Undefined Up Detected 
1.57 0.982 0.349 Normal None Not Detected 

0.0180 0.00645 0.00458 Normal None Not Detected 
0.0220 0.0116 0.0068 Normal None Not Detected 
0.0144 0.00903 0.00312 Normal None Not Detected 

0.00176 lnsuff lnsuff Undefined None Detected 
0.00630 0.00075 0.00134 Undefined None Detected 
0.00524 lnsuff lnsuff Undefined Up Detected 
0.0228 0.00423 0.00685 Undefined None Not Detected 
27.6 25.1 7.9 Undefined Up Detected · 
99.4 66.7 21 .8 Normal None Not Detected 
2.90 2.43 0.50 Normal None Not Detected 
4.14 3.92 0.20 Normal None lnsuff 
3.07 2.77 0.24 Normal None lnsuff 
5.01 4.10 0.90 Normal None lnsuff 
4.09 3.32 0.53 Lognormal None lnsuff 

Outliersh,i 
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Table A.5.8-1 (continued). Summary Statistics for Ce~IB 

Note: The data used in this table has been standardized to quarterly . 
No. of Percent 

Monitoring Detected Total No. of of Standard Distribution Serial 

Parameter Horizona Location Samples Samples Detects Minimumb Maximumb Averagec,d Deviationc,d Typed,e Trendd,f Correlationd,g 

LCS 12345C 2 20 10.0 ND 0.151 lnsuff lnsuff Lognormal None Not Detected 
LOS 123450 1 17 5.9 ND 0.0750 lnsuff lnsuff. Lognormal None Not Detected 
HlW 12345 0 7 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 

Selenium (mg/L} GMA-U 22213 0 11 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 
GMA-D 22214 0 11 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 

GMA-SW 22215 1 11 9.1 ND 0.00648 lnsuff lnsuff Undefined None Detected 
GMA-SE 22217 0 11 0.0 ND NA lnsuff lnsuff lnsuff lnsuff lnsuff 

LCS 12345C 20 20 100.0 16.8 118 97.0 37.0 Undefined Up Detected 
LOS 123450 17 17 100.0 76.6 762 408 192 Normal Up Not Detected 
HlW 12345 7 7 100.0 277 385 334 45 Normal None Not Detected 

Sodium (mg/L) GMA-U 22213 11 11 100.0 22.7 30.3 27.3 2.4 Normal · None Not Detected 
GMA-D 22214 11 11 100.0 9.83 13.6 11.1 1.1 Normal None Not Detected 

GMA-SW 22215 11 11 100.0 13.5 18.8 15.9 1.5 Normal Up Detected 
GMA-SE 22217 11 11 100.0 12.1 16.2 14.0 1.3 Normal None Not Detected 

LCS 12345C 11 20 55.0 ND 0.0622 0.00463 0.0160 Lognormal Up Not Detected 
LOS 123450 13 17 76.5 ND 0.333 0.130 0.098 Lognormal None Detected 
HlW 12345 5 7 71.4 0.0062 1.89 0.00855 0.704 Undefined None Not Detected 

Zinc (mg/L) GMA-U 22213 6 11 54.6 ND 0.0221 0.00703 0.00589 Lognormal None Not Detected 
GMA-D 22214 10 20 50.0 ND 0.00705 0.00337 0.00185 Normal Up Not Detected 

GMA-SW 22215 6 11 54.6 ND 0.0158 0.00668 0.00458 Normal None Not Detected 
GMA-SE 22217 6 11 54.6 ND 0.0184 0.00698 0.00536 Normal None Not Detected 

Note: Shading identifies a horizontal till well or Great Miami Actuifer well, with at least 8 samples, normal or lognormal distribution, no trend, and no serial correlation. These wells achieve control chart criteria. 
Note: For results where the concentrations are below the detection limit, the results used in the Average, Standard Deviation, Distribution Type, Trend, Serial Correlation, and Outliers are each set at half the detection limit. 

aLeS = leachate collection system; LDS = leak detection system; HlW =horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer 

bND = not detected; NA = not applicable -

cAverages were determined based on the distribution assumption and requires n ;:: 3. In addition, Standard Deviation requires n ;:: 4. 

d"lnsuff' = Insufficient and is used for Average, Standard Deviation, Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test. 

eoata distribution based on the Shapiro-Wilk statistic (where 3 ~ n ~ 50) or Shapiro Francia (where n > 50). 
Normal: Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption. 
Lognormal: Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption. 
Undefined: Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values . "Average" is defined as the Median of the data. 

rTrend based on nonparametric Mann-Kendall procedure. Trend testing requires a sample with n ;:: 4. 

9Serial correlation based on Rank Von Neumann test. Serial Correlation testing requires a sample with n;:: 6. 

houtliers determined by Rosner's (where n > 25) or Dixon procedure (where 4 ~ n ~ 25). 

iQ = quarterly 

Fernald Preserve 2011 Site Environmental Report 
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Table A.5.8-2. Ce/18 Annual LCS Sample Summary Information for Detected Parameters 

GW BACKGROUND'·b,e PN BACKGROUND"·b,e 

NUMBER OF NUMBER OF SAMA...ES PERCENT OF DETECTED IN MIN DETECTED MAX DETECTED A VG DETECTED GW FRLd (#OF (# OF SAMA..ES>PN (# OF SAMPLES>PN 

PARAMETER{ UNIT) SAMA...ES•·b WITH DETECTIONS•·b DETECTIONS•.b 2011 CONCENTRA TION"·b.c CONCENTRA TION"·b,c CONCENTRA TION"·b,c SAMA...ES>GWFRL) BACKGROUND) BACKGROUND) 

General Chemistry 
I I 

All'lTOnia ( rrg/L) 8 2 25.0 Yes 0.03 0.0451 0.0376 I 4.2 rrg/L{O) 4.34 rrg/L(O) 

In organics I 
Cadmium (rrg/L) 8 12.5 Yes 0.000127 I 0.014 rrg/L{O) 

3 37.5 0.0016 0.0107 

8 12.5 No 0.00057 

0.016 

Radionuclides 

Technetium-99 22 15 68.2 Yes 8.39 101 40.4 94 pCiiL{1) 22 pCiiL(9) 30 pCiiL{8) 

Organics 

f 1,1-Dichloroethene 19 3 15.8 Yes 0.86 2.11 1.65 7 ug/L(O) 

Acetone 8 12.5 No 2 .31 I 
Aroclor- 1260 8 12.5 No 0.058 

Tetrachloroethene 19 6 31.6 Yes 0.38 1.24 0.784 

TrichiOroethene 19 3 15.8 No 0.246 1.11 0.587 5 ug/L(O) 

Note: Shading indicates· that at least one detected sample is greater than the FRL, groundwater background, PN background, or PN maximum. 

•If more than one sarnple is collected per well per day (e.g., duplicates), then only one sample is counted for the total number of samples , and the sarnple with the maximum representative concentration is used for all the summary information 

bRejected data qualified with an R or Z were not included. 

MAX PN DETECTED 
CONCENTRATION a,b,t 

(#OF SAMA...ES>MAX PN) 

I 
I 220 rrg/L{O) 

J 

I 0.05 rrg/L(O) 

0.0028 rrg/L(O) 

0.299 rrg/L{O) 

6,130 pCiiL(O) 

I 

j 
I 
I 

cff the number of detected samples is equal to two, then the ninumun and maximurnn are reported . If the number of detected is equal to one, then the data point is reported as the ninimum. The "AVG DETECTED CONCENTRATION" is not reported for either of these cases. 

dFrom Operable Unit 5 Record of Decision, Table 9-4. 

•From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RVFS documents. 
1Max PN- maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5. 

9FRL based on hexavalent chromium from Operable Unit 5 Record of Decision, Table 9-4 . 

U.S. Department of Energy 
May 201 2 



Parameter Dataset 

Ammonia LCS 
PreDesign** 
* before 2/10/95 
** after 2/10/95 

Chromium LCS 
PreDesign 
PreDesign* 
PreDesign** 
* before 2/1 0/95 
** after 2/10/95 

Femald Preserve 20 II Site Environmental Report 
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Detect% 
Shapiro- Shapiro-

Samples Detects Wilk (N) Wilk (LN) 
8 2 25% 
9 7 78% 

8 3 38% 
40 19 48% 
19 17 89% 
21 2 10% 

Table A.5.8-3. Site-Specific Parameter Selection Re~ults 

t-Test 

Min Max 
Mean 

Median Std. 
(mg/L) Variance 

Dev. 
0.0050 0.0451 0.0184 0.0150 0.000196 0.0140 
0.015 450 54.98 0.604 22100 149 

0.0010 0.0269 0.0061 0.0031 0.000075 0.0086 
0.002 0.478 0.046 0.004 0.008 0.087 
0.004 0.478 0.093 0.051 0.012 0.110 
0.002 0.012 0.004 0.004 0.000 0.002 

Log Log t-Test 
F-Test 

Mean SD Prob 

Wilcoxon + Quantile 

Wilcoxen Group 
Quantile Test 

Comparison 

Tarone-Ware Test 

Pass 

Pass 
Pass 
Pass 

U.S. Department of Energy 
May 2012 
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Intra-Well Shewhart-CUSUM Control Chart of 22217 

Baseline Mean = 28.7094; Baseline Std Dev = 3.68743; k = 1; h = 5; SCL = 5 
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Figure A.5.8-35. Intra-We// Shewhart-CUSUM Control Chart (Boron 22217) 
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Intra-Well Shewhart-CUSUM Control Chart of 22213 
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Figure A.S.B-36. Intra-Well Shewhart-CUSUM Control Chart {Iron 22213) 
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Intra-Well Shewhart-CUSUM Control Chart of 22214 

Baseline Mean = 3758.75; Baseline Std Dev = 586.915; k = 1; h = 5; SCL = 5 
6 ~--------------------------~--------------------~--~----~---------------. 

~ 

~ 

0 
£:! 
10 
~ -10 

• Standardized mean o CUSUM 

Sample Date 

Figure A.5.8-37. Intra-We// Shewhart-CUSUM Control Chart (Iron 22214) 
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Intra-Well Shewhart-CUSUM Control Chart of 22217 
Baseline Mean= 4880; Baseline Std Dev = 2215.17; k = 1; h = 5; SCL = 5 -
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Figure A.5.8-38. Intra-Well Shewhart-CUSUM Control Chart (Iron 22217) 
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Lithium 
Intra-Well Shewhart-CUSUM Control Chart of 22213 
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Figure A.5.8-39. Intra-Well Shewhart-CUSUM Control Chart (Lithium 22213) 
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Intra-Well Shewhart-CUSUM Control Chart of 22217 
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Figure A.5.8-40. Intra-We// Shewhart-CUSUM Control Chart (Lithium 22217) 



Manganese 
Intra-Well Shewhart-CUSUM Control Chart of 22213 
Baseline Mean = 254.25; Baseline Std Dev = 21.7502; k = 1; h = 5; SCL = 5 
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Figure A.S.B-41 . Intra-We// Shewhart-CUSUM Control Chart (Manganese 22213) 



Manganese 
Intra-Well Shewhart-CUSUM Control Chart of 22217 
Baseline Mean = 1032.5; Baseline Std Dev = 355.6; k = 1; h = 5; SCL = 5 
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Figure A.S.B-42. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22217) 
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Sodium 
Intra-Well Shewhart-CUSUM Control Chart of 22213 
Baseline Mean = 26650; Baseline Std Dev = 2485.39; k = 1; h = 5; SCL = 5 
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Figure A.S.B-43. Intra-Well Shewhart-CUSUM Control Chart (Sodium 22213) 
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Sodium 
Intra-Well Shewhart-CUSUM Control Chart of 22214 

Baseline Mean = 10678.8; Baseline Std Dev = 785.883; k = 1; h = 5; SCL = 5 
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Figure A.5.8-44. Intra-Well Shewhart-CUSUM Control Chart (Sodium 22214) 
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Intra-Well Shewhart-CUSUM Control Chart of 22217 

Baseline Mean = 14637 .5; Baseline Std Dev = 922.632; k = 1; h = 5; SCL = 5 
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Figure A.S.B-45. Intra-Well Shewhart-CUSUM Control Chart (Sodium 22217) 
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Sulfate 
Intra-Well Shewhart-CUSUM Control Chart of 22217 
Baseline Mean = 461188; Baseline Std Dev = 380750; k = 1; h = 5; SCL = 5 
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Figure A5.8-47. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 22217) 
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Total Dissolved Solids 
Intra-Well Shewhart-CUSUM Control Chart of 22217 

Baseline Mean = 1.09925e+006; Baseline Std Dev = 240379; k = 1; h = 5; SCL = 5 
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Figure A5.8-48. Intra-Well Shewhart-CUSUM Control Chart (TOS 22217) 



Total Organic Carbon 
Intra-Well Shewhart-CUSUM Control Chart of 12345 

Baseline Mean = 1424.38; Baseline Std Dev = 333.442; k = 1; h = 5; SCL = 5 
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Figure A.S.B-49. Intra-We// Shewhart-CUSUM Control Chart (TOG 12345) 
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Intra-Well Shewhart-CUSUM Control Chart of 22217 

Baseline Mean = 1465.63; Baseline Std Dev = 449.527; k = 1; h = 5; SCL = 5 
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Figure A.S.B-50. Intra-Well Shewhart-CUSUM Control Chart (TOG 22217) 
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Intra-Well Shewhart-CUSUM Control Chart of 12345 
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Figure A.5.8-51. Intra-Well Shewhart-CUSUM Control Chart (TOG 12345) 
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Intra-Well Shewhart-CUSUM Control Chart of 12345 

Baseline Mean= 4.74625; Baseline Std Dev = 0.713846; k = 1; h = 5; SCL = 5 
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Figure A.5.8-52. Intra-Well Shewhart-CUSUM Control Chart (Uranium 12345) 
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Figure A.5.8-53. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22217) 
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FFCA 

FRL 

GMA 

IEMP 

LMICP 

NPDES 

OU5ROD 

cfs 

mg/L 

pCi/L 

f!g/L 

Abbreviations 

Federal Facilities Compliance Agreement 

final remediation level 

Great Miami Aquifer 

Integrated Environmental Monitoring Plan 

Comprehensive Legacy Management and Institutional Controls Plan 

National Pollutant Discharge Elimination System 

Final Record of Decision for Remedial Actions at Operable Unit 5 

Measurement Abbreviations 

cubic feet per second 

milligrams per liter 

picocuries per liter 

micrograms per liter 
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B.l.O Surface Water and Treated Effluent 

·• ... , This appendix presents additional surface water and treated effluent data in support of Section 4 
of this Fernald Preserve 2011 Site Environmental Report. This appendix provides an evaluation 
of the final remediation level (FRL) exceedances for surface water and treated effluent, including 
an assessment of potential cross-media impacts to the groundwater pathway. Surface water data 
are available through the Department of Energy Office of Legacy Management's Geospatial 
Environmental Mapping System (http://www.lm.doe.gov/Femald/Sites.aspx). 

Surface water and treated effluent samples are collected as required by the Integrated 
Environmental Monitoring Plan (IEMP), which is Attachment D of the Comprehensive Legacy 
Management and Institutional Controls Plan (LMICP) (DOE 2010). Figures B.1-1 and B.1-2 
show all surface water monitoring locations. The following information is discussed in this 
attachment: 

• Surveillance monitoring (see Section B.1.1). 

• Federal Facilities Compliance Agreement (FFCA)/Final Record of Decision for Remedial 
Actions at Operable Unit 5 (OU5 ROD) (DOE 1996) compliance (see SectionB.l.2). 

• Controlled and uncontrolled areas (see Section B.l.3). 

The National Pollutant Discharge Elimination System (NPDES) permit sampling is not discussed 
in this attachment because it is discussed in detail in Section 4, "Surface Water and Treated 
Effluent Pathway," of this report. 

B.l.l Suryeillance Monitoring 

Surveillance monitoring is the comparison of surface water and treated effluent analytical results 
to the surface water FRLs to determine effects of remediation activities on the surface water 
pathway. Surveillance monitoring also includes an assessment of the effects surface water may 
have on the groundwater pathway (referred to as cross-media impacts). 

All2011 data were compared to FRLs. Samples collected at the Parshall Flume (PF 4001) are 
used in the surveillance evaluation because this is the last point treated effluent is sampled prior 
to discharge to the Great Miami River. 

Water discharges to the Great Miami River are required to be below the FRLs at the point where 
discharged water is completely mixed with water in the Great Miami River (i.e., outside the 
mixing zone). In cases where the Parshall Flume data are already below the FRLs, no further 
action is taken. When the Parshall Flume data are above the FRLs, to make a determination of 
each constituent's concentration at this point in the. Great Miami River, the following calculation 
is applied: 

where: 

CPF4001 

U.S. Department of Energy 
May 2012 

Flow-weighted average concentration outside the mixing zone in the Great 
Miami River, picocuries per liter (pCi/L) micrograms per liter (l!g/L), or 
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• Q10 7 -day, 1 0-year low flow, 706 cubic feet per second ( cfs) 

Background concentration in Great Miami River from Table 4-2 in 
Attachment D of the 2010 LMICP, pCi/L, j..tg/L, or mg/L (zero was used 
when no background concentration was available) 

QPF Daily flow at PF 4001, cfs 

CPF Daily concentration at PF 4001, pCi/L, j..tg/L, or mg/L 

Note: Flow conditions at the Hamilton Dam gauge are periodically reviewed to determine if 
there is a lower flow than the 7-day, 10-year low flow of706 cfs. The lowest daily flow 
measured at the Hamilton Dam gauge (if lower than 706 cfs) is used in the equation to 
see if an exceedance could potentially occur. The lowest daily flow recorded during 20 11 
was 662 cfs, which occurred on September 3. The low flow of 706 cfs went into effect 
during the 2003 NPDES permit renewal process. 

B.l.l.l Evaluation of Constituents above FRLs for 2011 

As shown in Table B.1-1, there were 27 exceedances in 2011 of surface water FRLs. The 
following are general observations: 

• No FRL exceedances occurred at PF 400 1, thus there was no need to run the mixing 
equation to determine the concentration in the Great Miami River. 

• Twenty-seven results from sampling location SWD-09 exceeded the surface water FRL for 
total uranium (530 j..tg/L). Figure B.l-3 is a plot of the total uranium concentration versus 
time for sampling location SWD-09. Figures B .1-4 through B .1-22 are plots of the total 
uranium concentration versus time for all of the surface water sampling locations. .( · ) 

As discussed in Section 4, surface water monitoring currently conducted in a small area west of 
the former waste pits continues to show elevated but slowly diminishing uranium concentrations. 
After a limited maintenance activity was completed in the fall of 2007, DOE committed to 
continued monitoring of the area. Two monitoring points (SWD-05 and SWD-09) were added to 
the surface water program to fulfill this monitoring commitment. These two locations are 
sampled weekly, when water is present. As shown in Table B.1-1, SWD-09 has been sampled 
131 times between January 2007 and December 2012. One-hundred and one of the 131 sampling 
events have exceeded the surface water FRL. SWD-05 has been sampled 90 times and SWD-09 
has been sampled 131 times. 

B.1.1.2 Evaluation of Cross-Media Impacts for 2011 

Another objective of the IEMP surveillance monitoring program is to provide an ongoing 
assessment of the potential for cross-media impacts from surface water to the underlying Great 
Miami Aquifer (GMA). To conduct this assessment, sampling locations were selected to evaluate 
contaminant concentrations in surface water just upstream from those areas where site drainages 
have eroded through the protective glacial overburden (e.g., the Storm Sewer Outfall Ditch, Pilot 
Plant Drainage Ditch, and certain reaches of Paddys Run). In areas where the glacial overburden 
is absent, a direct pathway exists for contaminants to reach the aquifer. Key sampling locations 
associated with these areas of direct infiltration are SWD-02, SWD-03, SWD-04, SWD-05, 
SWD-07, SWD-08, STRM 4005, and SWP-02 (Figures B.1-4 through B.l-11). 
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Figure 8.1-2. IEMP Background Surface Water Sample Locations 

Because it is the primary contaminant at the site, total uranium is used as an indicator to evaluate 
the impact of surface water on the GMA. A conservative assumption is used in this assessment, 
which considers the total uranium concentration (and all other constituent concentrations) in the 
surface water to be at the same concentration when the water reaches the GMA through 
infiltration. However, the more likely scenario is that the total uranium concentration (and all 
other constituent concentrations) would decrease through dilution and adsorption as the water 
infiltrates through the ground and mixes with the groundwater in the GMA. 

The resul~s of the cross-media impact assessment for 2011 indicate that three of the eight 
surface water locations (SWD-04- Figure B.1-6, SWD-05- Figure B.1-7, and STRM 4005-
Figure B.1-1 0) evaluated had results that exceeded the total uranium groundwater FRL 
of30 1-!g/L. 

Location SWD-05 is the point at which drainage from the swale area adjacent to former 
Waste Pit 3 collects and infiltrates into the underlying aquifer. As discussed in Attachment A.2, 
this may be contributing to increased uranium concentrations in adjacent groundwater 
monitoring wells. However, the area in question remains within the capture zone of Waste 
Storage Area Module extraction wells. The design of the groundwater restoration systems has 
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accounted for this potential contaminant pathway by installing extraction wells downgradient of 
these areas where direct infiltration can occur. 

B.1.2 FFCA/OUS ROD Compliance 

The OU5 ROD and subsequent Explanation of Significant Differences for Operable Unit 5 
(DOE 2001) stipulate compliance with a monthly flow-weighted average total uranium 
concentration of30 )lg/L at the Great Miami River via PF 4001. In addition to the concentration 
limitation, the OU5 ROD stipulated that the total mass discharged during a year not exceed 
600 pounds. 

During 2011, the total uranium concentrations were monitored daily at PF 4001 to demonstrate 
compliance with these limitations. The Fernald Preserve was in compliance with the total mass 
limitation, as uranium discharges totaled 565 pounds, which is below the 600-pound limit. The 
Fernald Preserve was in compliance with the monthly flow-weighted concentration limit every 
month in 2011, as identified on Figure B.1-23. 

B.1.3 Controlled and Uncontrolled Storm Water Runoff Areas 

In 2011, there were no previously uncontrolled areas that were added to the Fernald Preserve 
controlled storm water system (refer to Figure B. I-24). At the conclusion of remediation in 
October 2006, control of storm water runoff is no longer required. The only storm water 
collected for treatment is that which falls on the controlled pad of the Converted Advanced 
Wastewater Treatment Facility. 
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Table B. 1-1. Summary Statistics and Trend Analysis for Constituents with 2011 Results above Surface Water Final Remediation Levels 

No. of No. of Samples 
No. of Samples FRLe Min. b,c,d,f,g Max. b,c,d,f,g A vg. b,c,d,f,g SDb,c,d,r,g Trendb,c,d,f,g 

Location a Constituent Samplesb,c,d Above FRL b,c,d AboveFRL 
( Jlg/L) ( Jlg/L) ( Jlg/L) ( Jlg/L) ( Jlg/L) ( Jlg/L) -for 2011c,d 

SWD-09 
Uranium 131 101 27 530 40.8 1,710 810 350 

Down, 

(Waste Storage Area) Significant 

"Refer to Figure B.1-l. 
bBased on samples collected from January 3, 2007, through December 31, 2011. 
elf more than one sample is collected per surface water location per day (e.g., duplicate, grab, composite), then only one sample is counted for the number of samples, and the sample with the maximum 
concentration is ·used for determining the summary statistics (minimum, maximum, average, and standard deviation), Mann-Kendall test for trend, and in determining FRL exceedances. 
dRejected data qualified with either an R or Z were not included in the count, the summary statistics, or Mann-Kendall test for trend. · 
°From OU5 ROD, Table 9-5. -
fFor results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall test for trend are each set at half the method detection limit. 
glf the number of samples is greater than or equal to four, then all of the summary statistics and the Mann Kendall test for trend are reported. If the total number of samples. is equal to three, then the 
minimum, maximum, and average are reported. If the total number of samples is equal to two, then the minimum and maximum are reported. If the total number of samples is equal to one, then the 
data point is reported as the minimum. 
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Note: The surface water FRL for total uranium is 530 ~giL. 

200y----o----~--~---:----:----:--~----;----:----:---:----;----;----o---. 

:: :::::::r:.:::.:t::::::::::::::-:J:::: r:::::r::::: 
--o- Not Detected Concentration 

...... • .. • --+--Detected Concentration 

I I I I .· ..................................................... . 
I I I I 
I I I I 

I I I I 
I I I f 

0 0 0 I I I 0 I 0 0 
I I I 0 I 0 I I I I 

140 ····----~·-·-----r---····~----·· -~·-·····-~·-······r······· 
I I I I 

•••••••r••••••••rf"•••••••-.••••••••.,•••••••• 
0 I I I 
I 0 0 I . . . . . . . 

120 ................. , ......................................... . 
I I I I I 

.. ....................................... .,. ........ , ....... . . . . . 
I I o I . . . 
I I I I . . . 

I I I I 
I I I o . ..................................................... . 
I I I I 

100 ....... ; ...... ; ....... ~ ........... .. . . 
. . . 

. ....... ·······"·················-'········.1·-······ I I I I 
I I I 0 

80 ! .. .. . . .. .. ........ -~ ....... . 

0 I I I . ...... ............................. h••·············· . . . . . . . .......................... 60 
0 I 0 0 

40 ........... . . . . . .. . . .. ....... ;. .......... : .......... :. . . .. . . . ~- ......... . . . . . . . . . . 
·' 

20 ............... , .... .,, 

0 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

0 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Sample Date (Year) 

Figure 8.1-5. Plot of Total Uranium Concentration versus Time for Location 
SWD-03 (Former Pilot Plant Drainage Ditch) for Cross-Media Impact Evaluation 

Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure 8.1-6. Plot of Total Uranium Concentration versus Time for Location SWD-04 
(Former Waste Pit 3) for Cross-Media Impact Evaluation 
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Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure B. 1-7. Plot of Total Uranium Concentration versus Time for Location SWD-05 
(Former Waste Storage Area) for Cross-Media Impact Evaluation 

Note: The surface water FRL for total uranium Is 530 ~giL. 
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Figure B. 1-8. Plot of Total Uranium Concentration versus Time for Location SWD-07 
(Former Production Area Drainage) for Cross-Media Impact Evaluation 
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Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure B. 1-9. Plot of Total Uranium Concentration versus Time for Location SWD-08 
(Former Southern Waste Units) for Cross-Media Impact Evaluation 

Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure 8.1-10. Plot of Total Uranium Concentration versus Time for Location STRM 4005 
(Drainage to Paddys Run) for Cross-Media Impact Evaluation 
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Note: The surface water FRL for to!al uranium is 530 ~giL. 
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Figure 8.1-11. Total Uranium Concentration vs. Time Plot for Location SWP-02 (Paddys Run) for 
Cross-Media Impact Evaluation 

Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure 8.1-12. Plot of Total Uranium Concentration versus Time for Location SWD-06 
(Former Pilot Plant) 
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Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure 8.1-13. Total Uranium Concentration vs. Time Plot for Location SWD-10 (Lodge Pond) 

Note: The surface water FRL for total uranium Is 530 ~giL. 
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Figure 8.1-14. Total Uranium Concentration vs. Time Plot for Location SWD-11 
(Former Lime Sludge Pond) 
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Noll>: The surface walerFRL for total uranium is 530 ~giL. 
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Figure 8.1-15. Total Uranium Concentration vs. Time Plot for Location SWD-12 
(Former Area 48) 

Noll>: The surface water FRL for total uranium is 530 ~giL. 
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Figure 8.1-16. Total Uranium Concentration vs. Time Plot for Location STRM 4004/4004A 
(Drainage to Paddys Run) 
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Note: The sunace water FRL lor total uranium is 530 ~giL. 
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Figure 8.1-17. Total Uranium Concentration vs. Time Plot for Location STRM 4006 
(Drainage to Paddys Run) 

Note: The surface water FRL for total uranium is 530 ~gn.. 

70r----;---;----;---;----;---;----;----;---;----;---;----;---;----;---, 

50 -----------------

40 -- -~~-~~---~- -:--------:- ---------------. - -. - -- - -

+ Not Detected Concentration 

-+- Detected Concentration 

30 -- - ---:----- --~ ------- -------:- ------:- ----. . . . 
• • 0 • . . . . . . . . . ' . . 
0 • 0 • . . . . 
0 • • • 

20 .... ooO.o ~-- ---~- ---·· 0 • 

10 

0+---~---+--~~--+---~--~----~--~---+--_,----+---~---+----~~ 
1997 1996 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Sample Date (Year) 

Figure B. 1-18. Plot of Total Uranium Concentration versus Time for Location SWD-13 
(Former Silos Area) 
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Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure 8.1-19. Total Uranium Concentration vs. Time Plot for Location STRM 4003 
(Drainage to Paddys Run) 

Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure 8.1-20. Total Uranium Concentration vs. Time Plot for Location SWR-01 
(Great Miami River Background) 
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Note: The surface water FRL for total uranium is 530 ~giL. 
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Figure B.1-21. Total Uranium Concentration vs. Time Plot for Location SWP-01 
(Paddys Run Background) 

Note: The surface water FRL for total uranium is 530 ~giL. 
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Appendix C presents additional dosimeter data and analysis in support of Section 5 of this 
Fernald Preserve 2011 Site Environmental Report. This appendix consists of two attachments: 

• Attachment C.1 provides information on thedirect radiation monitoring program, including 
an assessment of 2011 results with respect to historical data. 

• Attachment C.2 provides the results of supplemental dose assessments that are part of the 
standards and requirements contained in DOE Order 5400.5. The methods and data sources 
used for the population and biota dose assessments are explained. In addition, an evaluation 
of trends observed in the dose assessments over the past 10 years is also provided. 

References 
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C.l.O Direct Radiation 

The Fernald Preserve maintains 11 optically stimulated luminescence (OSL) dosimeters, which 
are used to collect direct radiation measurements as part of the Integrated Environmental 
Monitoring Plan Dose Assessment Program; which is Attachment D of the Comprehensive 
Legacy Management and Institutional Controls Plan (DOE 2010a). The OSL dosimeters are at 
one background, five boundary, and four trail locations, as well as a single location at the 
Visitors Center (Figure C.1-1 ). Three OSL dosimeters are deployed at each location to track and 
evaluate direct radiation, and each OSL dosimeter is collected and measured quarterly 
(approximately every 91 days). The three measurements are averaged to obtain a quarterly result 
for each location. Quarterly results are plotted on Figure 29 in Section 5. The OSL dosimeter 
data for each location are presented on the U.S. Department of Energy Office of Legacy 
Management's (LM) website under the Fernald Preserve 
(http://www.lm.doe.gov/fernald/Sites.aspx) 

Table C.1-1 provides a summary of the annual dose for 2011 and 2010. Annual dose is 
calculated by summing the quarterly results at each location. Quantification of the direct 
radiation dose delivered to an individual at the Fernald Preserve boundary (Section 5) indicates 
there is no significant dose associated with direct radiation. These results are in agreement with 
Figure C.1-2, which shows that the 95 percent confidence interval of the mean values for the 
on-site dosimeters and background dosimeter overlap. One exception is the lower 95 percent 
confidence interval for OSL-2 is slightly above the upper 95 percent confidence interval for 
OSL-27. Note that OSL-54 is inside the Visitors Center, and direct radiation is lowest there due 
to the shielding effects of the building. Given the remediation of the Fernald Preserve to soil 
FRLs, and statistically similar boundary and background values in 2011, it is reasonable to 
expect future readings to be at or near background levels. 

U.S. Department of Energy 
May2012 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 

Page C.l-1 



' 1FormerWaste ' 
/ Storage Area ~ .,.. 

I 
r--

/ 

Legend 

Fernald Preserve Boundary 

• Direct Radiation (OSL) Location 

M:\LTS\111\0051\17\006\SD8671\S086710Dmxd pawels 021210J1 8: 8:54AM 

-Trail 

500 250 500 1,000 
Feet 

NAD 1983 Stale Plane Ohlo South 

Figure C.1-1. Direct Radiation (OSL) Monitoring Locations 

Femald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
Page C.l-2 

U.S. Department of Energy 
May2012 

( _ _ · 



Table C.1-1. Dose Based on Direct Radiation (OSL) Measurements 

U.S. Department of Energy 
May2012 

Direct Radiation (mrem)a 

Location 2011 2010 
Boundary 
2 33 26 
3 25 25 
6 16 18 
SA 33 26 
35 28 20 
50 25 21 
51 30 28 
52 23 20 
53 21 18 
54 6.0 5.2 
Minimum 6.0 5.2 
Maximum 33 28 

Background 
27 21 18 

aAnnual dose is derived by summing the average quarterly 
result for each location. 
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C.2.0 Supplemental Dose Assessments 

This attachment contains a detailed discussion of the supplemental dose assessments performed 
for calendar year 2011, and compares the 2011 results to those from 2000 through 2010. The 
supplemental dose assessment comprises the population and biota dose assessments, which 
provide required information for compliance with DOE Order 5400.5. 

The 2011 population dose assessment provides an aggregate measure of the impact of direct 
radiation from sources at the Fernald Preserve to the population in the area. However, with the 
completion of soil remediation, removal of the silo and waste pit material, and capping of the 
final OSDF cells in 2006, the only remaining source for direct radiation is the soil. As the soil 
has been certified to contain contaminant levels below the OU5 FRLs, there is no significant 
remaining source to deliver a dose to the public in excess. of the dose that corresponds to an 
incremental lifetime cancer risk of 1 in 10,000, which is acceptable for EPA superfund sites. 
The population dose assessment presented below supports this conclusion. 

The groundwater remediation program continues to discharge large volumes of water to the 
Great Miami River, and the biota dose assessment provides information on the Fernald 
Preserve's compliance with dose limits to aquatic organisms in the Great Miami River. 
Groundwater is not considered as part of the population dose because contaminated groundwater 
is not consumed by the public. 

C.2.1 Population Dose Assessment 

Computation of a population dose is a requirement of DOE Order 5400.5, which defines 
population dose as the collective effective dose equivalent. Collective effective dose is the dose 
spread across the population within a 50-mile radius of the site. For 2011, the effective dose 
equivalent was 0.048 person-rem/yr from the direct radiation component (Table C.2-l). 
Monitoring of the air inhalation pathway was discontinued at the beginning of 2010 and there 
was no estimated biota dose to the population from consumption of produce, as the produce 
monitoring program was completed in 2003. 

Table C.2-1. Estimated Population Doses (person-rem) 

2000 2001 2002 2003 2004 2005 2006 

Air Inhalation 3.29 3.35 3.47 3.84 3.87 1.20 0.485 

Direct radiation 0.108 0.159 0.23 0.155 0.47 0.35 0.030 
Biota•·b 0.48 NA NA 0.002 NA NA NA 

Total 3.88 3.51 3.70 4.00 4.34 1.55 0.515 

"NA = not applicable. 
bProduce for biola dose was sampled every three years, and program was completed in 2003. 

•particulate monitoring for the air inhalation pathway was discontinued in 2010. 

2007 2008 

0.010 0.039 

0.015 0.019 

NA NA 
0.025 0.058 

2009 2010° 

0.014 NA 

0.028 0.019 

NA NA 
0.042 0.019 

The direct radiation dose component was estimated by using the population distribution within 
50 miles of the site, as distributed between 16 equally spaced compass sectors (N, NNE, NE, 
ENE, etc.). In 2011, monitoring was performed at the 5 boundary locations approved by EPA 
(DOE 2006a and 2006b ), resulting in direct radiation dose data that are not uniformily 
distributed between the 16 sectors. Therefore, an estimate of the direct radiation at the 
unmonitored 11 compass sectors is used to evaluate the direct radiation dose. 

2011 

NA 

0.048 

NA 
0.048 
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The 95 percent confidence interval of the mean for quarterly measurements at the on-site and 
background locations overlap (Attachment C.l). This implies that direct radiation at the site 
boundary is not significantly different from background; therefore, the background value was 
applied to the 11 compass sectors that had no collected data. A dose was estimated for each 
population sector based on the direct radiation level that exceeded background at the site 
boundary, and the distance between the location of the population and the site boundary. The 
following conservative assumptions were used in the calculations: 

• Population lives 8,760 hours per year in area (DOE Order 5400.5). 

• The number of people per household is estimated by total population per sector per mile 
divided by number of households per sector per mile. 

• The net direct radiation levels are calculated from on-site OSL dosimeter results minus the 
background result, with no correction for analytical uncertainty. 

The collective effective population dose was in 2011 was higher than 2010 due to a larger 
difference between the highest boundary and background dosimeter. The air inhalation pathway 
is no longer evaluated at the Fernald Preserve, per DOE and EPA agreement (DOE 2010b ). As 
discussed in Attachment C.1, the direct radiation dose has been at or near background for the 
past several years. 

The collective population dose attributed to direct radiation at the Fernald Preserve 
(Table C.2-1) is very low relative to background dose values from the sun and food products. 
The background radiation dose from the sun and naturally occurring radionuclides in food 
products and the earth is estimated to be 300,000 person-rem for the population within 50 miles 
of the Fernald Preserve. A review of the 2011 estimated dose in Table C.2-1 shows dose 
attributable to the Fernald Preserve is over 6 million times less than background dose, which 
implies it is an insignificant dose in terms of compliance with DOE Order 5400.5. 

C.2.2 Biota Dose Assessment 

DOE Order 5400.5 requires that populations of aquatic biota be protected at a dose limit of 
1 rad/day. DOE has issued a technical standard entitled A Graded Approach for Evaluating 
Radiation Doses to Aquatic and Terrestrial Biota (DOE 2002) and supporting software 
(RAD-BCG) for use in the evaluation and reporting of biota dose limits. A biota dose assessment 
divides the radionuclide concentrations in surface water and/or sediment samples by 
pre-established biota concentration guides (BCGs) for specific radionuclides and sums the 
fractions for each radionuclide. If the resulting sum of fractions is less than 1.0, compliance with 
the biota dose limit is assured. BCGs have been established for radionuclides that are relatively 
common constituents in past radionuclide releases to the environment from DOE facilities. For 
the isotopes at the Fernald Preserve, the radium isotopes have the lowest BCG values, hence they 
account for inost of the weight in the sum of fractions presented here. 

For 2000 through 2005, the Fernald site determined compliance with the biota dose limit to 
aquatic biota using RAD-BCG and the diluted (i.e., mixed) concentration for each applicable 
radionuclide discharged to the Great Miami River at the Parshall Flume. Although the Parshall 
Flume was the only discharge point evaluated through 2005, two discharge points (Paddys Run 
and the Parshall Flume) are delivering mass to the Great Miami River. Beginning in 2006, both 
discharge points were evaluated to calculate the dose to aquatic biota in the Great Miami River. 
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In 2003, Ohio EPA published a fact sheet that provided the harmonic mean flow of0.19 cubic 
feet per second (cfs) for Paddys Run (Ohio EPA 2003), allowing this discharge point to be 

. evaluated in addition to the Parshall Flume. Therefore, the biota assessments for 2003 through 
2011 were performed using the mass delivered from both discharge points to determine the 
annual average mixing concentration in the Great Miami River. These assessments only evaluate 
the contaminant contribution from the Fernald Preserve, and contaminant concentrations in the 
Great Miami River may be higher due to other sources that discharge similar pollutants. 

The maximum measured concentration for radium-226 and total uranium (note that radium-228 
and technetium-99 were reported at detection limit values and one-half of the detection limit was 
used in the calculation) at the Parshall Flume (PF 4001) and total uranium (note that radium-226, 
radiium-228 and thorium-232 were reported at detection limit values and one-half of the 
detection limit was used in the calculation) at Paddys Run (SWP-03) monitoring locations (see 
Section 4.0 and Appendix B) was multiplied by the annual volume of water discharged to the 
Great Miami River at the Parshall Flume and Paddys Run to obtain an estimate of the maximum 
activity of each radionuclide delivered to the river at each discharge point (e.g., pCi/L x L = total 
pCi). For each radionuclide, the activity discharged at the Parshall Flume was added to the 
activity discharged at Paddys Run to obtain the annual total activity delivered to the river. The 
annual total activity delivered to the river was divided by the annual total volume of mixed water 
(Parshall Flume + Paddys Run+ Great Miami River)to obtain the annual radionuclide activities 
used in RAD-BCG for the biota dose assessment (as noted above, this activity represents 
discharge from a single source, the Fernald Preserve). 

! Table C.2-2 contains a summary of the output from RAD-BCG for 2000 through 2011. Results 
for 2011 show that the sum-of-fractions result (0.006) is well below the compliance threshold 
value of 1.0. 

Table C.2-2. Estimated Sum-of-Fractionsa for Biota Dose 

A 
8 

0.035 0.038 
NA NA 

0.023 
NA 

2003 

0.035 
0.035 

2004 

0.059 
0.059 

200.5 

0.017 
0.005 

NA 
0.062 

Note: A= 2000 through 2005 calculated using one discharge point (Parshall Flume) 

NA 
0.009 

NA 
0.010 

8 = 2003 through 2011 calculated using two discharge points (Paddys Run and Parshall Flume) 

•sum-of-the-fractions calculated with the RAD-8CG code. 
~NA = not applicable. 

NA 
0.005 

NA 
0.007 

Recalculated results for 2003 and 2004, for two discharge points, are identical to the initial 
results calculated for one discharge point. This indicates that the mass delivered from 

NA 
0.006 

Paddys Run is insignificant relative to the mass delivered at the Parshall Flume. When the 
contaminant concentration is similar at the two discharge points, the contaminant mass delivered 
to the Great Miami River from Paddys Run will be much less than the mass delivered to the river 
at the Parshall Flume because of the large difference in discharge volume. Based on the 
harmonic mean flow for Paddys Run (0.19 cfs; Ohio EPA 2003), the annual volume of water 

1 discharged in 2011 to the Great Miami River is 1.70 x 108 L, compared to 9.62 x 109 L for the 
Parshall Flume. 
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The 2005 sum-of-fractions result for Scenario A (one discharge point) is greater than that for 
Scenario B (two discharge points). This anomaly is due to an incorrect calculation of the mass of . ·) 
radium discharged to the Great Miami River for Scenario A. In 2005, the maximum radium 
concentration recorded for water discharged to Paddys Run was multiplied by the annual volume 
discharged at the Parshall Flume. As the maximum radium concentration at Paddys Run was 
much higher than radium values recorded at the Parshall Flume, changing the radium 
concentration to maximum observed at the Parshall Flume (lower than the maximum value for 
Paddys Run) lowers the mass of radium delivered to the Great Miami River and decreases the 
sum-of-fractions result for Scenario B to the proper value. 
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Ecological Restoration Monitoring 
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AlP 

AIBI 

BAP 

cc 
DBH 

DOE 

FACW 

FPA 

FQAI 

GIS 

NPP 

NRRP 

NRT 

NWE 

OBL 

Abbreviations 

Area to Perimeter Ratio 

Amphibian Index of Biotic Integrity 

Borrow Area Project 

Coefficient of Conservatism 

Diameter at Breast Height 

U.S. Department of Energy 

Facultative Wet 

Former Production Area 

Floristic Quality Assessment Index 

Graphical Information System 

Northern Pine Plantation 

Natural Resource Restoration Plan 

Natural Resource Trustee 

Northern Woodlot Enhancement 

Obligate 

Ohio EPA Ohio Environmental Protection Agency 

USACE U.S. Army Corps ofEngineers 

VIBI Vegetation Index of Biotic Integrity 

WMl Wetland Mitigation Phase I 

WM2 Wetland Mitigation Phase II 

WMMP Fernald Preserve Wetland Mitigation Monitoring Plan 

WMMR Fernald Preserve Wetland Mitigation Monitoring Report 
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Measurement Abbreviations 

em centimeters 

m2 meter squared 
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D.l.O Ecological Restoration Monitoring 

Ecological restoration monitoring at the Fernald Preserve in 2011 involved completing the 
wetland mitigation monitoring program, as well as characterization of forest communities as part 
of functional monitoring. Implementation monitoring was conducted in 2011 as well, as a 
follow-up to the Natural Resource Trustee (NRT) "Resolution No.3" projects. Species inventory 
activities also took place, including reptile and small mammal coverboards. 

Wetland mitigation monitoring, functional phase monitoring and implementation monitoring are 
required as a result of the natural resource damage settlement between U.S. Department of 
Energy (DOE), Ohio Environmental Protection Agency (Ohio EPA) and U.S. Department of 
Interior. The Fernald Preserve Natural Resource Restoration Plan (NRRP) specifies ecological 
restoration monitoring requirements (State of Ohio 2008). 

D.l.l Wetland Mitigation Monitoring 

Enhanced wetland mitigation monitoring was to take place from 2009 through 2011, as specified 
in the Fernald Preserve Wetland Mitigation Monitoring Plan (WMMP, DOE 2009). For 2011, 
activities included vegetation surveys, amphibian monitoring, hydrological monitoring and soil 
biogeochemical sampling. A jurisdictional wetland delineation was also conducted, in order to 
calculate the extent of mitigation wetland acreage created. Wetland perimeter to area ratios and 
basin morphometry were calculated as well, Figure D-1 shows the wetland areas that are 
included in the wetland mitigation monitoring program. 

The discussion below summarizes 2011 activities only. The Fernald Preserve Wetland 
Mitigation Monitoring Report (WMMR, DOE 2012) presents detailed discussions of the three
year monitoring effort, as well as a comparison to mitigation performance standards that were 
established in the WMMP (DOE 2009). 

D.l.l.l Jurisdictional Wetland Delineation and Other Design Parameters 

Mitigation wetland acreage was estimated via a jurisdictional wetland delineation. The 
1987 U.S. Army Corp of Engineers (USACE) Wetland Delineation Manual (USACE 1987) and 
associated Interim Regional Supplement to the Corps of Engineers Wetlands Delineation 
Manual: Midwest Region (USACE 2008) were used to delineate wetland boundaries within all 
evaluated wetland basins. Fieldwork commenced in late May 2011 and continued through 
July 2011. Field personnel identified major landscape or vegetation units within each of the 
23 wetland areas to be evaluated. One or more delineation sample points were selected from each 
basin. Two indicator tests were applied to determine the presence of hydrophytic vegetation and 
hydric soil in order to determine whether the delineation sample point fell within a wetland area, 
thus determining the wetland boundary. Landscape-level photographs and photographs of · 
vegetation and soil, were taken at each sample point. Each sample point was documented with a 
Midwest Region Wetland Determination Data Form (USACE 2008). Pursuant to Ohio EPA 
monitoring protocols (Mack 2004), net wetland acreage was calculated by subtracting the area of 
unvegetated open water (above 10 percent) from the total acreage within the delineation 
boundary. 
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A total of 31.3 acres of jurisdictional wetlands was delineated across the wetland areas included 
in the monitoring program. Table D-1 provides wetland acreages by basin. Figures D-2A 
through D-2E show the wetland delineation boundary within each basin, along with delineation 
sample locations. The delineation acreage is well in excess of the 17.85 acres of mitigation 
wetlands specified in the WMMP. 

Additional design parameter performance standards include a perimeter to area ratio of greater 
than 75 percent, and basin morphometry of greater than 15:1 ratio (i.e., less than 6.8 percent side 
slope). Basin morphometry and perimeter-to-area ratio were estimated using Graphical 
Information System (GIS) measurement and analytical tools. Delineation boundaries were used 
to calculate morphometry via slope histograms. Slope percentage was determined for all areas 
within the wetland boundary. Pursuant to the Ohio EPA monitoring protocols, the performance 
standard is met when greater than 50 percent of the wetland area has a slope of less than 
6.8 percent. · 

Because impacted wetlands were lost during remediation, a "basin to basin" comparison for 
determining perimeter to area ratio was not possible. Instead, the ratio was calculated on a 
sitewide basis. The total length of mitigation wetlands is approximately 84 percent of the total 
impacted wetland length. Therefore, the 75 percent performance standard is met. Note that since 
this calculation is for all wetlands evaluated, basin-specific percentages are not presented in 
Table D-1. 

For basin morphometry (percent side slopes), Table D-1 shows that this performance standard 
was met for all basins except FP A W7. This is most likely an artifact of the way that 
morphometry is calculated. The "open water" portions of the wetland areas are excluded from 
the area calculations by the GIS program. Most of FP A W7 consists of a level, emergent wetland 
community. Since the GIS shape considers this area "open water" it is not included in the 
calculation. If it were included, FP A W7 would certainly meet the greater than 50 percent 
performance standard. 

D.1.1.2 Hydrologic Regime Parameters 

Hydrological monitoring consists of daily water level readings from shallow wells 
(i.e., piezometers) that were installed in late 2009. The location of piezometers within site 
wetlands is shown on Figures D-2A to D-2E. Table D-2 summarizes the 2011 findings. 

There are three performance standards associated with water levels: the average depth to water 
from ground surface should be less than 29.4 centimeters (em), water should be present in 
the root zone (less than 30 em from ground surface) more than 53 percent of the time, and the 
"flashiness index" of the basin should be less than 2.0. Flashiness index is determined by 
calculating the absolute value of daily water elevation differences and averaging them 
throughout the year. 

Table D-2 shows that most wetlands met both the root zone standard and average depth 
standard. All basins met the standard for flashiness index. These findings are as expected for 
surface water-fed emergent wetlands such as those at Fernald. Hydrographs, which are included 
in Figures D-3A to D-3W showed a similar trend as in 2010, with variation dictated by 
precipitation. Over 60 inches of rain fell onsite in 2011, making it the wettest year on record. 
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Nevertheless, most basins experienced a drawdown of water in the fall. This pattern is 
consistent with other surface water-fed wetlands in Ohio (Mack 2004). Note that the results 
presented in the hydrographs and in Table D-2 are slightly different than what is reported in 
the WMMR (DOE 2012). These SER results represent the entire calendar year, while the 
values presented in the WMMR were through October 15, 2011. Notes are provided on the 
hydrograph charts indicating when the piezometer was dry, or when data was not collected due 
to transducer failure. 

D.1.1.3 ·vegetation Parameters and Vegetation Index of Biotic Integrity 

Several vegetation parameters are used to compare on-site restored wetlands against performance 
criteria established by Ohio EPA (Mack 2004). Parameters include less than 10 percent of 
unvegetated open water, greater than 75 percent native perennial hydrophytes, and a Vegetation 
Index of Biotic Integrity (VIBI) of 48 to 63. All of these metrics are obtained via fixed plot 
vegetation survey, where ten 10-meter by 10-meter modules are established and surveyed for 
species richness. The 10 plots are arranged to be representative of the vegetation within a 
particular wetland area. Usually, the fixed plot grid is laid out in a 2-module by 5-module 
pattern. However, this configuration can be altered if conditions warrant. For instance, a 
1-module by 10-module pattern may be used to survey a long, narrow stretch of wetland 
vegetation along a shoreline. Four of the 10 modules are intensively monitored, with cover and 
biomass data collected in addition to species richness. Field procedures are documented in the 
Fernald Preserve Ecological Monitoring Methods Plan (DOE 2010). 

Unvegetated open water is determined from cover estimates taken during the fixed plot surveys. 
The percentage of native perennial hydrophytes is estimated via species richness values for each 
wetland basin. The Ohio Floristic Quality Assessment Index (FQAI) Database is used to 
determine nativity status (Andreas 2004). 

The VIBI is calculated using 10 metrics. Collected vegetation data are used to assign a score 
(0, 3, 7, 10) for each of the 10 metrics, which results in a composite score for a given wetland 
between 0 and 100. The WMMP (DOE 2009) established that site wetland areas will be 
evaluated against the emergent wetland performance criteria. Therefore, the VIBI metrics 
calculated from the collected vegetation data include the following: 

1. Carex Richness: The total number of species in the genus Carex. 

2. Dicot Richness: The total number of native species that are dicotyledons. 

3. Shrub Richness: The total number of native wetland shrubs. 

4. Hydrophyte Richness: The total number of native species that have a facultative wetland 
(FACW) or obligate (OBL) wetland indicator status. 

5. Annual/Perennial Ratio (AlP Ratio): The number of annual species divided by the number of 
perennial species. 

6. FQAI: The sum of Coefficient of Conservatism (CC) values is divided by the square root of 
the total number of species. 

7. Percent Sensitive Species: The sum of relative cover for all species with CC of6 or higher. 

8. Percent Tolerant Species: The sum of relative cover for all species with CC of2 or less. This 
includes non-native species, which are assigned a CC of 0. 
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9. Percent Invasive Graminoids: The sum of the relative cover for reed canary grass 
(Phalaris arundacea), cattails (Typha spp.), and giant reed (Phragmites australis). 

10. Biomass: Average grams per square meter (m2
) of standing biomass samples. Four biomass 

samples were collected in each wetland basin; one from each of the four intensive modules. 

Figures D-2A to D-2E show the location of fixed plot grids within each wetland basin 
evaluated. Data summaries for each of the wetland basins are provided in Table D--:-3. 
Basin-specific species lists are included in Tables D-4 to D-26. As discussed in the WMMR, 
results of the vegetation surveys are mixed. Most basins met the unvegetated open water 
standard. Most of the basins that did not meet the standard were created adjacent to larger open 
water bodies. For the percent native perennial hydrophytes, many basins either met the standard 
or came close. As the basin-specific tables show, some basins are influenced by non-native 
species such as cattail (Typha x glauca). 

There may be some benefit to wetlands that are located near existing forest communities. All of 
the wetlands in the Northern Pine Plantation (NPP) and Wetland Mitigation Phase II (WM2) met 
the VIBI performance standard. These wetland areas are both located in the northern part of the 
site, adjacent to undisturbed woodlots (Figure D-1 ). The basin-specific tables show that the 
WM2 basins benefit from establishment of volunteer woody vegetation. For other wetland areas, 
it is difficult to discern a pattern for vegetation. Additional monitoring in future years would help 
to establish trends. 

D.1.1.4 Soil Biogeochemical Parameters and Water Chemistry 

Soil and water samples were collected at each wetland basin. Pursuant to Ohio EPA monitoring 
protocols, six samples were collected: five in a "Y" shaped pattern that extended into the wetland 
basin and one at the center of vegetation monitoring fixed plots (Mack 2004). Samples were 
analyzed for total nitrogen, total organic carbon, and percent solids. Median values were 
calculated for all parameters in each basin. Additionally, a surface water grab sample was 
collected in each basin and analyzed for a number of water quality parameters. Sample locations 
are shown on Figures D-2A to D-2E. 

Table D-27 provides the results of soil and water chemistry sampling. For soil sampling, the 
only performance standards that were obtained were for percent total organic carbon in three of 
the Former Production Area basins. These results are consistent with other wetland mitigation 
evaluations in Ohio (Fennessy 2004). The compacted clay that is needed to construct surface 
water-fed wetlands limits the establishment of a loose, organic soil column. Field observations 
showed that there was strong stratification in the soil samples, with a thin organic layer sitting on 
top of a dense clay horizon. It is expected that biogeochemistry will improve over time. 
Hydrologic and vegetation results show that basins are sufficiently inundated and that wetland 
vegetation is well established. These factors will lend to gradual buildup of the organic soils that 
are characteristic of natural wetlands. 

There are no performance standards associated with water quality. All of the results appear to be 
within normal range of conditions. 
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D.l.l.S Amphibian Index of Biotic Integrity 

The use of the Amphibian Index of Biotic Integrity (AIBI) is an additional tool for evaluation of 
wetlands as detailed in the WMMP (DOE 2009). The purpose of the AIBI is to use amphibian 
communities in wetlands as indicators of overall wetland conditions. The data collected provides 
information on species richness and abundance per wetland basin. While there are no 
performance standards associated with AIBI calculations, the results do provide a good 
indication of mitigation wetland ecological services and functions. 

Monitoring and data collection are conducted three times between late February and early July, 
with each event spaced approximately six weeks apart. Late winter to early spring sampling 
(late February to early April) allows for monitori~g of adult salamanders, early breeding frogs 
and macroinvertebrates. Middle spring sampling (late April to mid May) is conducted to collect 
adult frog species, amphibian larvae, and macroinvertebrates. Late spring to early summer 
sampling (early June to early July) is conducted to collect well-developed amphibian larvae and 
macroinvertebrates. 

Ten funnel traps are placed evenly around the perimeter of a wetland basin. The distance 
between each trap was determined by pacing around the wetland perimeter and dividing the total 
paces by 10. Traps are placed on the substrates of the wetland and partially submerged. The traps 
are left at the designated locations for 24 hours to ensure results for diurnal and nocturnal activity 
patterns. Traps are not baited. Funnel traps are similar in size and shape to a commercial minnow 
trap but constructed with a smaller mesh aluminum screen. Cylinders are 18 inches long and 
8 inches in diameter with fiberglass cones on each end. The funnels are directed inward and 
contain a 1.75-inch-diameter circular opening in the middle. The monitoring methods described 
above are in accordance with Integrated Wetland Assessment Program Part 7: Amphibian Index 
of Biotic Integrity for Ohio Wetlands (Micacchion 2004). 

The AIBI is calculated using five metrics. Amphibian data are used to assign a score (0, 3, 7, 10) 
for each of the 5 metrics resulting in a composite score for a given wetland between 0 and 50. 
The WMMP established that site wetland areas will be evaluated against the emergent wetland 
performance criteria (DOE 2009), therefore, the AIBI metrics calculated from the collected 
amphibian data include the following: 

• Amphibian Quality Assessment Index: A weighted index that takes into account both the 
sensitivity of individual species and the number of individuals collected. The sum of each 
individual species is multiplied by its associated CC score. This total is then divided by the 
total number of amphibians collected in the wetland. 

• Relative Abundance of Sensitive Species: The sum for all species with CC of six or higher 
divided by the total number of amphibians. 

• Relative Abundance ofTolerant Species: The sum for all species with CC of three or less 
divided by the total number of amphibians. 

• Number of Pond Breeding Salamanders Species: Adult pond breeding ambystomatid 
salamander species are primarily terrestrial; however, egg and larval life stages are aquatic. 

• Presence of Spotted Salamanders or Wood Frogs: These two species are indicators of 
relatively undisturbed conditions. Neither occurs at sites that are severely degraded. 
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Fifteen wetland basins within five different restoration areas were surveyed in 2011. 
Figures D-2A to D_:_2E show the wetland areas that are included in the amphibian 
monitoring program. 

Scoring metrics and results of the amphibian monitoring program are provided in Table D-28. 
Table D-291ists the amphibian species observed in 2011. These tables show that several of the 
onsite mitigation wetlands are developing into good habitat for amphibians. It is interesting to 
note the importance of placement of created wetlands. As with the vegetation results discussed 
above, most of the basins that support ambystomatid salamanders are located adjacent to 
established forest communities. The NPP wetlands had two species observed, and all three WM2 
wetlands included at least one salamander species. These findings are corroborated with previous 
species inventory and public outreach activities, where ambystomatid salamanders have been 
observed in the WM2 basins for several years. For the first time, a larval salamander 
(Ambystoma sp.) was also observed in the Wetland Mitigation Phase I (WMl) wetlands. This is 
an encouraging indication that ambystomatid salamanders may be expanding their range where 
habitat allows. 

D.1.2 Forest Functional Phase Monitoring 

Pursuant to the NRRP, functional phase monitoring in 2011 focused on restored and existing 
forest communities. Fifteen random 1 m2 quadrats were surveyed across each of 23 forest areas 
during the growing season (June through September). Figures D-4A to D-4D show quadrat 
locations within each monitoring area. Surveys were divided into three rounds of five samples to 
ensure coverage throughout the growing season. Species richness data were collected and were 
used to calculate the percent native species, average CC and FQAI for each restoration area. 
Cover class estimates were also obtained in order to evaluate the extent of vegetation 
establishment across restored areas. Processes for calculating FQAI and cover are described in 
the Ecological Monitoring Methods Plan (DOE 2010). 

A summary of forest functional monitoring fmdings is provided in Tables D-30 and D-31. 
Results are presented separately in these tables for the herbaceous layer and woody vegetation. 
As with previous functional monitoring efforts, the forest data sets are used to compare to both 
the baseline and reference sites. The baseline and reference site information was originally 
reported in the 2002 Consolidated Monitoring Report for Restored Areas (DOE 2003). This 
information is now available as an appendix to the Fernald Preserve Ecological Monitoring 
Methods Plan (DOE 2010). A comparison ofthe three communities originally investigated in 
2005 is provided in Table D-32. Area-specific data summaries for herbaceous vegetation are 
provided in Tables D-33 through D-55. For woody vegetation, area-specific results are included 
in Tables D-56 to D-78. 

Results are mostly as expected across the site, with older forests containing quality herbaceous 
vegetation and larger trees. A number of restored forest communities have diverse native trees 
and shrubs, due to revegetation efforts during restoration. For the baseline and reference site 
comparison, results show improvement over baseline conditions in Area 8, Phase II, but 
relatively similar conditions in the N orthem Woodlot Enhancement (NWE) and the Southern 
Waste Units. The NWE area benefits from restoration plantings, but this was offset by several 
new woody invasives that were not present in 2005. Callery pear (Pyrus communis) is 
establishing in restored areas, and this has affected the native species composition in NWERF1. 
There was also a higher density of multiflora rose (Rosa multiflora) and amur honeysuckle 
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(Lonicera maackii) when compared to 2005 (Table D-32). Continued control of invasive species 
is needed to reverse this trend. 

D.1.3 Implementation Monitoring 

The Natural Resource Trustee Resolution No.3 projects were completed in late summer 2010. 
These projects involved erosion repair, addition of soil amendment and seeding to establish 
mesic tallgrass prairie within three areas in the Former Production Area. Figure D-1 shows the 
location of these projects, which are known as the Solid Waste Landfill, the Haul Road, and the 
Prairie Area. In 2011, herbaceous surveys were conducted as required in the NRRP. Five random 
quadrats were sampled from each of these areas to determine total cover and native species 
establishment. A summary of results is provided in Table D_:_79, with area-specific species lists 
included in Tables D-80 to D-82. Figures D-4A to D-4D show quadrat locations within 
each area. 

The NRRP specifies a goal of 90 percent total cover and 50 percent native species establishment. 
Native species was met for two of the three areas, but total cover goals were not met. The Prairie 
Area appears to be impacted by the existing cool season grasses and forbs that dominated the 
area prior to seeding, with only two forbs from the seeding mix observed (gray-headed 
coneflower and black-eyed Susan, Table 82). Glysophate herbicide was applied to the area prior 
to seeding, but there still appeared to be competition from the soil seedbank. A large amount of 
ragweed (Ambrosia artemisifolia) became established, prompting the need to mow and bale the 
area. This may have led to additional impacts from Canada geese, which were observed grazing 
these mowed areas in the fall of 2011. All three of the Resolution No. 3 project areas will be 
surveyed in 2012, to determine if conditions have improved. 

D.1.4 Species Inventory Activities 
~ 

An effort was initiated in 2008 to inventory a variety of plant and animal species at the Fernald 
Preserve. This work assists with adaptive management of ecologically restored areas, adds to the 
local database of biological information, and provides opportunities for educational outreach. 

Reptile and small mammal surveys were continued in 2011. Coverboards were placed around a 
number of site wetlands and monitored biweekly from April through October. The coverboards 
are simply 2-feet by 4-feet pieces of corrugated sheet metal placed directly on the ground. 
Animals are attracted to the cover and warmth the coverboards provide. Table D-83 lists the 
species observed and frequency of occurrence in 2011. Findings were roughly similar to those 
in previous years. No new species of reptiles or amphibians were observed in 2011. 

D.l.5 Activities in 2012 

The WMMR is the primary driver for future monitoring activities (DOE 2012). The report 
specifies that intensive annual monitoring of mitigation wetlands is no longer required. However, 
wetlands will continue to be evaluated on a three-year rotation, as part of a continued functional 
monitoring program. This process involves vegetation and amphibian surveys of mitigation 
wetlands in 2012. Hydrological monitoring will also continue. Implementation monitoring will 
continue as well, with a second year of herbaceous cover in the Resolution No.3 project areas. 
Several restoration projects are planned for 2012, and these will be evaluated for herbaceous 
cover and woody vegetation survival. Project-specific species inventory activities will also 
continue. 
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Table 0-1. Wetland Mitigation Design Parameters Summary 

Less Than 6.8% 
Delineation side slope 

Restoration Project Area Wetland Area Acreage (Percent of area) 

BAPW2 NN NAa 

BAPW3 2.8 84% 
Borrow Area (BAP) BAPW4 3.0 86% 

BAPW7 NN NAa 

BAPW9 7.3 76% 
FPAW2 2.0 84% 
FPAW4 1.4 76% 

Fonner Production Area (FPA) 
FPAW5 1.2 85% 
FPAW7 1.4 48% 
FPAW9 0.5 68% 
PREW6 2.8 75% 

Northern Pine Plantation Enhancement (NPP) 
NPPW4 0.7 73% 
NPPW5 0.2 98% 
WM1W1 0.9 68% 
WM1W2 1.1 91% 
WM1M3 0.8 80% 

Wetland Mitigation Phase I (WM1) WM1W4 0.8 88% 
WM1W5 0.2 71% 
WM1W6 1.5 83% 
WM1W7 0.5 76% 
WM2W1 1.2 55% 

Wetland Mitigation Phase II (WM2) WM2W2 0.6 89% 
WM2W3 0.5 53% 
All Basins 31.3 

Peformance Standard 17.85 Acres >50% 

Values m bold have met the performance standard 

"NA = Not Applicable. BAPW2 and BAPW7 were combined during the delineation. The acreage for these three areas 
are included in the delineation acreage for BAP.W9. 
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Table D-2. Wet/arid Mitigation Hydrological Monitoring Summary 

Average 
Wetland Depth 

Restoration Project Area Area (em) 
BAPW2 25 
BAPW3 13 

Borrow Area (BAP) BAPW4 17 
BAPW7 26 
BAPW9 18 
FPAW2 27 
FPAW4 16 

Former Production Area (FPA) 
FPAW5 23 
FPAW7 20 
FPAW9 30 
PREW6 7 

Northern Pine Plantation NPPW4 18 
Enhancement (NPP) NPPW5 24 

WM1W1 41 
WM1W2 32 

Wetland Mitigation Phase I 
WM1W3 38 
WM1W4 22 

(WM1) 
WM1W5 29 
WM1W6 52 
WM1W7 25 

Wetland Mitigation Phase II 
WM2W1 4 
WM2W2 20 

(WM2) 
WM2W3 0 

Performance Standard <29.4 

Values m bold have met the performance standard 

U.S. Department of Energy 
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Time in Root 
Zone Flashiness 

(Percent) Index 

70% 0.6 
81% 0.8 
81% 0.8 
79% 0.4 
77% 0.9 
78% 0.4 
85% . 0.3 
81% 0.4 
80% 0.9 
76% 0.3 
83% 0.5 
76% 0.7 
73% 0.6 
55% 0.7 
74% 0.4 
69% 0.7 
79% 0.4 
67% 1.3 
46% 0.6 
66% 0.6 
97% 0.9 
60% 0.7 
76% 0.6 

>53% <2.0 
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Table D-3. Wetland Mitigation Vegetation Monitoring Summary 

Restoration Project Area Wetland Area 

BAPW2 
f-· 

BAPW3 
Borrow Area (BAP) BAPW4 

BAPW7 
BAPW9 
FPAW2 
FPAW4 

Former Production Area (FPA) 
FPAW5 
FPAW7 
FPAW9 
PREW6 

Northern Pine Plantation NPPW4 
Enhancement (NPP) NPPW5 

WM1W1 
WM1W2 

Wetland Mitigation Phase I 
WM1M3 
WM1W4 

(WM1) 
WM1W5 
WM1W6 

-·-w"M1w7--

Wetland Mitigation Phase lk:· 
WM2W1 
WM2W2 

(WM2) 
WM2W3 

Performance Standard 

Values m bold have met the performance standard 

•cc = Coefficent of Consetvatism 

b FQAI = Floristic Quality Assessment Index 

c VIBI = Vegetative Index of Biotic Integrity 

Unvegetated Native Perennial 
Open Water Hydrophytes 

(Percent) (Percent) 

1.3% 84.3% 
2.0% 67.2% 
1.3% 61.8% 
1.8% 55.5% 
3.0% 70.2% 

40.0% 96.1% 
26.0% 42.0% 
11.5% 56.0% 
1.0% 29.1% 
2.8% 58.3% 
17.3% 46.2% 

5.3% 72.1% 
3.8% 79.6% 
1.3% 47.2% 
2.1% 60.6% 
3.8% 75.6% 
8.0% 60.2% 
0.0% 71.0% 
1.3% 43.3% -- 2.9% _____ --·-·-64-:-w.-·--· 

1.0% 63.8% 
13.8% 81.0% 
20.5% 55.6% 

<10% >75% 

dNA = Not Applicable. No performance standard exists for this parameter 
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Non· Native 
Total Native Native Species 

Species Species Species (Percent) 

34 30 4 88% 
37 30 i,--· 81% 
42 28 14 67% 
45 35 9 78% 
35 28 7 80% 
22 19 3 86% 
33 27 4 82% 
58 42 13 72% 
12 10 2 83% 
35 30 4 86% 
40 28 12 70% 

49 41 6 84% 
55 44 10 80% 
33 27 6 82% 
70 52 18 74% 
43 29 13 67% 
63 48 14 76% 
42 22 19 52% 
58 42 16 72% ·--29---·:zr-- ---6- -·-n%--
50 37 10 74% 
34 31 2 91% 
45 38 7 84% 

NAd NAd NAd NAd 

Average VIBI 
cc• FQAib Score• 

2.78 15.73 46 
2.08 12.5 42 
1.71 10.93 23 
1.83 11.88 50 
1.91 11.15 29 
2.14 9.82 40 
2.10 11.67 18 
2.17 15.8 54 
2.25 8.37 13 
2.85 16.36 56 
1.64 10.25 25 
2.34 16.05 58 
2.04 14.97 61 
2.18 12.53 39 
1.94 16.01 61 
1.75 11.07 46 
1.72 13.44 54 
1.30 8.22 32 
1.96 14.7 48 

·--2.00-- -10.39- ·-·42-
1.73 11.63 53 
2.29 12.75 49 
2.20 14.76 51 
NAd NAd 48-63 
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Table D-4. BAPW2 Wetland Vegetation Monitoring Data Summary 

Total Species: 34 
Native Species: 30 

Non-Native Species: 4 
Average cca: 2.78 

Species Common Name I Type I cca 
I Wetland I Relative 
lndicatorb Cover 

Alisma subcordatum SOUTHERN WATER-PLANTAIN __ forb __ 2 OBL 0.296% --- ------ f--FACU -
Ambrosia artemisiifolia COMMON RAGWEED forb 0 0.075% 
Ammarmia robusta SESSILE TOOTH-CUP 

--r------- --y---r-- OBL r--forb __ 0.296% -- --------------- -FAC -- ----
Andropogon gerardii BIG BLUESTEM f-grass 5 1.035% ---=:--- f- OBL -- -----
Asclepias incamata SWAMP MILKWEED forb __ 4 0.739% 
Carex cristatella CRESTED SEDGE sedg~-- 3 FACW 0.222% - --5--r- OBL Carex hystericina PORCUPINE SEDGE ~-E!._ 0.517% -

BUTTONBUSH shrub 6 OBL 1.035% Cephalanthus occidentalis ·------------- NON-- . NDAC fyperus~- . NDAC 
- ·-----

EJeocharis erythropoda RED-FOOTED SP_IKE-RUSH ---
Eleocharis obtusa BLUNT SPIKE-RUSH ·----------- ·---
~ymus canadensis CANADA WILD RYE --------- ------
Hamamelis ~iniana _____ WITCH-HAZEL 
Juncus tenuis PATH RUSH 
Leersia oryzoides RICE CUT GRASS 
Lemna minor COMMON DUCKWEED -
LudL\i!ll!!Balustris WATER-PURSLANE -
Panicum virgatum SWITCH GRASS ------
Populus deltoides EASTERN COTTONWOOD --- --~--

Potamogeton nodosus LONG-LEAVED PONDWEED 
Robinia QSeudoacacia _________________ BLACK LOCUST 

~'------------------

Sagittarif,l_ Jatifoli~-------------- COMMON ARROWHEAD -- --~--------

Salix nigra BLACK WILLOW ·--------
SchoenC!plectus tabemaemo~!_f!!!l_ ___ SOFT-STEMMED BULRUSH -----------------
Scipus atrovirens : ___________________ ~EEN BULRUSH __ _ 
So!1}_hasfro[!!_nutans _____________ INDIAN GRASS 
§p_'!__rganium eury_pap_y_l!!_ _______ GIANT BUR-REED _________ 

------ -----
Spartina pectinata PRAIRIE CORD GRASS 
Ulmusrobra __ SLIPPERY ELM 
Vilis sp. 
!!_grostis gj_gantea 
~as minor 
Polyg_onum e_ersicaria 
Solanum carolinense 

" CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

NDAC 
REDTOP 
EURASIAN WATER-NYMPH 
LADY'S THUMB 

-~-

HORSE NETTLE 

sedg!_ __ 0.001% ------ r-------
_sedge __ 4 OBL 10.420% -------- --------

r---s edg_~-- 1 OBL 0.443% -------- - FACU+--r-__ grass ___ 6 0.517% 
sm tree 5 FAG- 0.074% -------

r---FAC-r-- for_!:)_ __ 1 0.443% 
grass 1 OBL 10.790% 
forb-- - 3 OBL 0.001% 

-· 

forb 3 OBL 0.223% 
i-· 

_grass __ 4 FAC 18.476% --------
tree 3 FAG 0.591% ----- __ 3 ___ 

~- OBL-forb 7.243% --------- -· FACU-~~--- 0 5.617% --·-:;----
forb OBL 0.074% ----·- ----------

-FACW+-
-----

tree 2 2.143% --------- --~----- ------f--'--
sedg_~_ 2 OBL 5.912% -------------------------
sed~_ 1 OBL 0.222% ____ 5 ___ ------------ ---

___ 9_!"aS~-- UPL - 0.074% 
forb 

_ ___ 4 ____ 
OBL 1.330% ----------· ----~- -oBL -- -------

~rass 5 22.171% 
tree 3 FAG 1.109% 
vine NDAC NDAC 0.001% 

grass 0 FACW 1.109% 
forb 0 OBL 6.651% ------

I 
forb 0 FACW 0.074% 
forb 0 UPL 0.075% 
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Table D-5. BAPW3 Wetland Vegetation Monitoring Data Summary 

Total Species: 37 :)_ 
Native Species: 30 

Non-Native Species: 6 
Average cca: 2.08 

I I 
I Wetland Relative 

Species Common Name Type cca lndicatorb Cover 
Alisma subcordatum SOUTHERN WATER-PLANTAIN forb 2 OBL 1.568% 
Ambrosia arlemisiifolia COMMON RAGWEED forb 0 FACU 0.224% 
Andropogon gerarclii BIG BLUESTEM grass __ __ 5 FAC 0.224% 
Bidens frondosa DEVIL'S BEGGAR'S-TICK forb 2 FACW 0.672% ---c--

1-- OBL Garex comosa BEARDED SEDGE sedg~ ___ 2 __ 0.523% 
Garex frankii FRANK'S SEDGE -- ___23edg~ 2 OBL 0.747% --- --- -

Garex vulpinoide~------------ FOX SEDGE __ sedg_!!__ 1 OBL 2.763% ---------
Cephalanthus occidentalis ________ BUTTONBUSH shrub 6 OBL 0.523% 

SILKY DOGWOOD 
----------- 2 

Comus amomum , shr~-- FACW 1.120% 
f}P_erus strigosus __ STRAW-COLORED UMBRELLA-S. _ _ sed~_ 1 FACW 0.075% 
Eleocha~_ erythropQ!Iil_ ______ ~_ RED-FOOTED SPIKE-RUSH sedg~--

__4 ____ 
OBL 10.978% 

TALL BONESET ---------- ------------ ___ ._ 

Eupatorium altissimum forb 0 UPL 0.224% 
Iris versicolor NORTHERN BLUE FLAG forb -~ OBL 1.120% 
Juncus effusus SOFT RUSH __ forb __ FACW+ 1.120% . 
Juncus tenuis PATH RUSH forb 1 FAC- 1.120% 
Leersia myzoides RICE CUT GRASS grass 1 OBL 4.854% 

--
Lemna minor COMMON DUCKWEED forb 3 OBL 0.075% 
Ludwigia pa/ustris WATER-PURSLANE forb 3 OBL 3.659% 
Mimulus ringens COMMON MONKEY-FLOWER forb 4 OBL 0.075% -
Panicum virgatum SWITCH GRASS grass 4 FAC 12.696% 
Phyla Janceo/ata FOG-FRUIT forb ; --r-- ~:~ 0.224% -
Populus deltoides _____________ EASTERN COTTONWOOD tree 0.149% ------- --------

LONG-LEAVED PONDWEED forb 3 OBL 18.670% ~otamogeton nodosus -------- --------------1--=c------
Salix nigra 
Schoenoplectus tabemaemontani 
Scirpus atrovirens 
Scipus cyperinus 
Solidago canadensis 
Sparg_anium eury_carpum 
Sparlina pectinata --
Echinochloa crusgalli 
Najasminor 
Polyg_onum e_ersicaria 
Schoenoe.!ectus mucronatus --
Trifolium e_ratense 
Iye_ha x glauca 
Euphorbia species 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

BLACK WILLOW 
SOFT-STEMMED BULRUSH 
GREEN BULRUSH 
WOOL-GRASS 
CANADA GOLDENROD 
GIANT BUR-REED 
PRAIRIE CORD GRASS 
BARNYARD GRASS 
EURASIAN WATER-NYMPH 
LADY'S THUMB 
RICEFIELD BULRUSH 
RED CLOVER 
HYBRID CAT-TAIL 
NDA0 
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--

--

--

-~-----

--

tree 2 -----
sed~-- 2 -----
sed~_ -- 1 
~~~- 1 

forb 1 
forb 4 

grass 5 
_grass 0 

forb 0 
forb 0 

_ sedg_~ _ 0 
__ forb 0 

forb 0 
forb NDA'' 

FACW+ 2.838% 
- OBL 4.258% 

1--- OBL 0.523% 
FACW+ 0.523% 
FACU 0.224% 
OBL 0.523% 
OBL 1.120% 

FACU 0.075% 
OBL 6.721% 

FACW 0.075% 
OBL 0.672% 

FACU- 0.075% 
OBL 18.969% 
NDAc-- 0.001% 

U.S. Department of Energy 
May2012 



Table D-6. BAPW4 Wetland Vegetation Monitoring Data Summary 

Species 

Acer negundo ----·-· 
Alisma subcordatum 
Ambrosia artemisiifo/ia 
Androe_ogon gerardii 
Asclepias incamata 
Bidens connate 
Bidens frondosa 

·---· 

Carex cristatella 
Carex frankii -----------
Carex J!ysterici'!!!_ ___________ . 
Carex vulpinoidea 
Cepha/anthus occidentalis 
Cyperus sp. 
Eleocharis e!Y_!!!!!!Boda -· 
Juncus effusus ·---·--·------
Juncus tenuis ---------------
Juncus torreyi 

···---· 
Leersia oryzoides 
Lemnaminor 
Ludwigia palustris --------
Panicum viryatum 
Potamog_eton nodosus 
SagJltaria latifo/ia 
Salix nig!a 
Schoen.gl!f.ectus tabef1!aem~ntani __ 
Scipus atrovirens --
Solidago canadensis 
Verbena hastata 
Agrostis gigantea -
Bromus jaeonicus _____ 
Cichorium intybus ·----· 
Echinochloa crusgalli ________ 
Festuca elatior 
Najas minor -
Plantago lanceolata _ 

Poly_gonum eersicaria ·-----
Potamogeton crispus 
Rumex ~~e_us 
Schoenoplectus mucronatus 

·-· 

Trifolium repens 
!yeha x glauca -
Xanthium strumarium 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 

c NDA = No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

I 

Total Species: 42 
Native Species: 28 

Non-Native Species: 14 
Average cca: 1.71 

Common Name Type I cca 
I Wetland I Relative 

lndicatorb Cover 

BOX ELDER tree 3 FAC+ 0.173% ·----· 
SOUTHERN WATER-PLANTAIN forb 2 OBL 3.001% 
COMMON RAGWEED 

--
-·forb 0 

··-

FACU 0.346% 
BIG BLUESTEM grass __ 5 FAC 0.404% 1--·---· 
SWAMP MILKWEED forb 4 OBL 0.289% 

---·- . 

PURPLE-STEMMED 8EGGAR'S-Tl9S_ forb 3 FACW+ 0.115% --·--- --~ -· FACW DEVIL'S BEGGAR'S-TICK forb 1.154% 
··-·---

CRESTED SEDGE sedge _ 3 FACW 4.385% 
FRANK'S SEDGE --~~9.~-

--·r- OBL 0.808% 
PORCUPINE SEDGE -- f----5-- -·OBL - i-0.346%. sedg_~ 
FOX SEDGE -----------·-

._sed_g~-
!--·--1----r-OBL 2.597% 

BUTTONBUSH ···----- ----
shrub 6 OBL 0.866% 

NDAC sedg_~ .NDAc NON 0.173% 
RED-FOOTED SPIKE-RUSH··----

c--'--·--
sedge 4 OBL 5.078% --------- ---·- -- -

SOFT RUSH forb 1 FACW+ 0.808% --------------------------------· ----------- -----··- ----
PATH RUSH forb 1 FAC- 1.673% 

--·--------------~----- ------!-··--·-···-· 1------- ----·--
TORREY'S RUSH ____ ___ forb __ 3 1-- FACW 1.731% 

~1---
RICE CUT GRASS grass OBL 5.366% 
COMMON DUCKWEED forb __ 3 OBL 0.173% 
WATER-PURSLANE forb - ---3--c-- OBL __!.731% 

-~--~--- -·----------.T- FAC-· SWITCH GRASS _g~ 6.751% ----- ----
LONG-LEAVED PONDWEED forb ---- ; ---- . g~~ 17.022% 
COMMON ARROWHEAD forb 0.173% 
BLACK WILLOW tree ~-·-2- FACW+ 0.115% 
SOFT-STEMMED BULRUSH sedge __ 2 OBL 4.155% --···---- ---·-· 
GREEN BULRUSH . sedg.!!_ 1 OBL 7.617% ··--1---r-· FACU CANADA GOLDENROD forb 0.173% 
BLUE VERVAIN --

------4 .. 

forb FACW+ 0.173% ·----- ----
REDTOP _grass 0 FACW 3.289% 
JAPANESE BROME ----

-------
__gra~_§_ 0 FACU- 0.058% ------------·-- ----------- -----------

0.001% . CHICORY forb 0 UPL 
BARNYARD GRASS·-·-·----····----·- --------- ____ o _____ 

--FACU- ---
grass 0.058% ------·----·---- ------- ·--------

TALL FESCUE grass 0 FACU 0.173% 
EURASIAN WATER-NYMPH forb 0 OBL 6.347% 
ENGLISH PLANTAIN forb 0 UPL 0.058% ----·- --=-=-·-
LADY'S THUMB forb 0 FACW 0.173% ------ -a··--c------·-- ----
CURLY-LEAVED PONDWEED forb OBL 1.731% - -0-1-- FAClT·----
CURLY DOCK forb 0.173% 

-:::::.=i-~j·--=- ,_-- -----
RICEFIELD BULRUSH OBL 0.058% 
WHITE CLOVER forb 0 FACU- 0.173% --,-------
HYBRID CAT-TAIL forb 0 OBL 20.196% 
COMMON COCKLEBUR 

--ToibT ____ o 
FAC 0.115% 
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Table D-7. BAPW7 Wetland Vegetation Monitoring Data Summary 

Species 
Alisma subcordatum 
Alopecuros sp. 
Ambrosia arlemisiifolia 
~ndro..J!Egon ~rardii 
Asclepias incamata 
Bidens frondosa 
Carex annectens 
Carex comosa 
Carex cnstatella 
Carex frankii --------
Carex vulpinoidea 
Cef!.halanthus occidentalis 
Ceratophy/lum demersum 
Cyperus sp. _ 
Eleocharis ery_thropoda 
Eleocharis obtusa -
Eupatorium altissimum 
Eupatorium perfoliatum 
Juncus effusus 
Juncus tenuis -·---------
Leersia_ o~des 
Lemna minor ------------------· 
Ludwig_ia e_alustris 
Mimulus ring_ens 
Panicum virgatum 
Polyg_onum hy_droe_iper 
Populus deltoides 
Potamogeton nodosus 
Salix ni!l.@_ 
Schoenoplectus tabemaemontani 
Scirpus atrovirens -·---··--------
Scirpus cyperinus 
Scirpus pendu/us 
Solidago canadensis 
~rg_anium eurycarpum 
Agrostis gigantea 
Cirsium atvense -------
Echinochloa crus~ 
Festuca elatior 
Najas minor ----
Polygonum persicaria 
Potamog_!ton crispus ------
Rumex crispus -
I'le.ha x glauca 
Unknown forb 

a CC = Coefficient of ConseiVatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

I Common Name Type 
SOUTHERN WATER-PLANTAIN forb 
NDAC grass 
COMMON RAGWEED forb 
BIG BLUESTEM --1-- grass 
SWAMP MILKWEED forb 

t-----·-
DEVIL'S BEGGAR'S-TICK forb 
YELLOW FOX SEDGE 

r-------
sedge_ 

BEARDED SEDGE sedg~ --·-------
CRESTED SEDGE sedge -·------
FRANK'S SEDGE ~E!_«!ge __ ------------
FOX SEDGE _sed@_ __ --
BUTTONBUSH shrub 
COONTAIL forb 
NDAC 

r-·----
sedg~_ 

RED-FOOTED SPIKE-RUSH sedge __ 
BLUNT SPIKE-RUSH _sed~ 

·-·-

TALL BONESET forb 
COMMON BONESET forb 
SOFT RUSH forb 
PATH RUSH forb 
RICE CUT GRASS 1---!J!aSS_ -----
COMMON DUCKWEED forb 
WATER-PURSLANE 

-1------
forb 

COMMON MONKEY-FLOWER 1-- for~_ 
SWITCH GRASS grass 
WATER-PEPPER r-- forb 
EASTERN COTTONWOOD _ 1--- tree __ 
LONG-LEAVED PONDWEED forb 
BLACK WILLOW tree --
SOFT-STEMMED BULRUSH sed@__ 
GREEN BULRUSH sedJ!~-
WOOL-GRASS r--sedg~ --
DROOPING BULRUSH sedge 
CANADA GOLDENROD forb 
GIANT BUR-REED forb -
REDTOP WJass 
CANADA THISTlE forb --t------
BARNYARD GRASS ~ . --f-- --
TAll FESCUE grass __ 
EURASIAN WATER-NYMPH forb 
lADY'S THUMB r-- forb 

-------
CURlY-lEAVED PONDWEED forb 

===f CURlY DOCK forb 
HYBRID CAT-TAll forb 
UNKNOWN forb 
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Total Species: 45 .>J 
Native Species: 35 

Non-Native Species: 9 
Average cca: 1.83 

cca 
I Wetland I Relative 
lndicatorb Cover 

2 OBL 1.448% 
NDAC NDN 0.603% 

·-· 

0 FACU 0.121% 
5 FAC 0.181% .. 
4 OBL 0.060% 

r-- 2 FACW 0.784% 
3 FACW 0.181% 
2 OBL 3.016% ----
3 ,_...fACW 0.181% 
2 OBL 1.749% ·-··--:,--- -----

5.549% OBL 
1-·-6--

OBL 5.488% --
2 OBL 0.181% 

1-· NDAC NON 0.181% --
4 ___Q~ 5.609% --··1---- OBL 4.825% r--------- ----·· ---
0 UPL 1.267% .--------·--
3 FACW+ 0.181% 
1 FACW+ 0.603% 
1 FAC- 10.555% 

1--··---
---osL 1 1.327% --·--·- -------

3 OBL 0.785% --------
3 

1-----4 
4 
1 
3 
3 
2 
2 

!-···--
1 ·--------
1 
2 
1 
4 
0 
0 r-· 
0 

f---
0 r---0-
0 ----0--
0 
0 

NDA'' 

OBL 0.603% 
OBL 1.327% -- ----
FAC 11.158% 
OBL 0.181% 
FAC 3.016% 
OBL 0.965% 

FACW+ 1.809% 
OBL 0.724% 
OBL 4.644% 

FACW+ 0.905% 
OBL 0.422% 

FACU 0.060% 
OBL 4.825% -

FACW 5.549% 
FACU -P-181%_ 
FACU 0.362% 

__ FACU 0.181% 
OBL 11.580% 

FACW 0.060% 
OBL 4.222% 

FACU 0.483% 
OBL 1.689% 
ND~ 0.181% 

U.S. Department of Energy 
May 2012 



' 
Table D-8. BAPW9 Wetland Vegetation Monitoring Data Summary 

Total Species: 35 
Native Species: 28 

Non-Native Species: 7 
Average cca: 1.91 

I I I I 
Wetland I Relative 

Species Common Name Type cca lndicatorb Cover 
AJisma subcordatum SOUTHERN WATER-PLANTAIN forb 2 OBL 1.149% 

- -
Andropogon gerardii BIG BLUESTEM ____ gras_§_ ____ 5 ____ _FAC__ 0.805% 

~~i~~~:::ata ~~~~;:~~~~~~~TICK __ -~-~~~~-~+-~-~- - -F~~~ ~:~b~~ 
Garex comosa BEARDED SEDGE __ --~edg~_ ---~--- ______ QBL __ 12.643% 
Garex lurida BOTILEBRUSH SEDGE _sedge --1-- 3 OBL 1.724% 
Garex vulpinoidea FOX SEDGE ___ seci_~ 1 OBL 8.046% 
Comus am_omum __________ SILKY DOGWOOD ___ shruQ_ ___ 2 _____ fACW 0.805% _ 
Qy~rus sp. _____ NON sedge NDA" NDA0 0.690% 
Desmodium canescens HOARY TICK-TREFOIL ---- forb-- 4 UPL 1.609% --------- ------------ ------:-:-~--

Eieochans erythropoda ____ RED-FOOTED SPIKE-RUSH __ _ sedg~- __ 4 ___ -~- 4.368% 
~~1!.~~_!1_!15 obtusa ___________ BLUNT SPIKE-RUS\:I __________ j_ sedg~ -c- _ _1 ______ QBL___ 1.149% 
Eu~orium altissimuf!!________ TALL BONESET ______________ !1~--,----_Q___ UPL 0.345% 
Fraxinus pennsy_lvanica GREEN ASH _______________ -~~- --~-- _f.ACW 0.345% 
Juncus tenuis PATH RUSH forb 1 FAC- 5.747% ------------·--·------ ··-----·------··- ------- --------,-----t-----,::.-=:--1--~~-=--1 

Leersia oryzoides RICE CUT GRASS -~ 1 OBL 4.253% 
_Le_m_n_a _m_in_o~ _ _ COMMON DUCKWEED ----~--~--~_o_rb ______ 3 __ ---.::0;-::B:-:_:L:..__+-:Oo-:.6,:.:9:::2:.:%-::--
Panicum virgatum ---------~'!YITCH GRASS _______________ gras~_ :-_ _! _______ FAC ___ ]]33% 
Parlhenocissus quin~JEJ.~---- VIRGINIA CREEPER ______ . vine ____ _g_ _____ E_ACU __ 0.345% _ 
PolygQ!IY.m !!y_dropiper ____ WATER-PEPPER ··--- forb 1 ~- OBL __ 0.345% 
Potamogeton _f!_odosus _ LONG-LEAVED POND\NEE;D _________ forb___ 3 OBL 1.609% 
Schoenoplectus tabemaemontani SOFT -STEMMED BULRUSt!_ _______ ~!!g~ 2 OBL 1.034% 
Scirpus atrovirens GREEN BULRUSH ________________ !--.§.~.!!_~_ 1 OBL 0.805% 
Scirpus cy~nus _______ WOOL-GRASS ------1-- se!!g~ ____ L___ FACW+ 5.747% 
Senna hebecarpa _ NORTHERN WILD SENNA t--·-forb_ 4 FAC 0.345% 
Solidago canadensis _ CANADA GOLDENROD 1-- forb 1 FACU 1.724% 

~r!fna l!_~~~inata ------------~JRIE CORD ~_RAS~----·-·------·-·- ___ gras_§__ ___ _§____ ____ OB!:__ __ J9.539% 
Ulmus robra SLIPPERY ELM tree 3 FAC 0.002% 
!lgrostis giganteil_______________ REDTOP ---=-~-=--===~~--+--gi_ass __ _ ___ o ___ --- FAclii- -3.448%" 
Cirsium awense CANADA THISTLE forb 0 FACU 1.609% .::=-=--::=-:=.c.=.=:.::_______ ----------------·- ----- ----- -------~--=~=-::c-1 

Echinochloa crusgalli BARNYARD GRASS __ g.I_aS? ___ Q___ __ f--_FACU 5.747% 
Najas minor EURASIAN WATER-NYMPH forb 0 OBL 4.023% 
Polygonum persicaria _________ LADY'S.JHUMB___________ forb 0 FACW __ r-!l=-690% 
Rumex crispus CURLY DOCK forb 0 FACU 0.690% 
Typhax glauca HYBRID CAT-TAIL --fu~ ---0-- OBL 0.115% 

a CC = Coefficient of ConseiVatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May2012 
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Table 0-9. FPAW2 Wetland Vegetation Monitoring Data Summary 

Species 
Acerse:__ 
Alisma subcordatum -
Asclee.ias incamata 
Bidens frondosa 
Carex annectens 
Carex cristateJJa 
Ceratoe.hy_llum demersum 
E/e.Q_charis eryth_rpe..oda -------··-----· 
Eleocharis obtusa 
Leersia ~oides -
Lemna minor 
Panicum virgatum 
Poe.ulus deltoides 
Potamo{}!!.fon nodosus 

Sagittaria jafifQ~--------·--
Salix nigra 
Schoenoplectus fabemaemontani 
Scipus atrovirens 
§E.a!Jlanium eurycapum 
Echinochloa crusgalli 
Schoenoelectus mucronatus 
Typha x glauca 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
0 NDA = No Determination Available 
. Species in bold are non-native. 

Common Name 
NON 
SOUTHERN WATER-PLANTAIN 
SWAMP MILKWEED 
DEVIL'S BEGGAR'S-TICK 
YELLOW FOX SEDGE 
CRESTED SEDGE 
COONTAIL 
RED-FOOTED SPIKE-RUSH --------------------
BLUNT SPIKE-RUSH __ 
RICE CUT GRASS . --~------

COMMON DUCKWEED -
SWITCH GRASS 

~~~~~~~~~~~~~~~ED ~= 
COMMON ARROWHEAD --------
BLACK WILLOW 
SOFT-STEMMED BULRUSH 
GREEN BULRUSH --
GIANT BUR-REED 
BARNYARD GRASS 
RICEFIELD BULRUSH ------
HYBRID CAT-TAIL 
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Type 
tree 
forb 
forb 
forb 

sedge 
sedgi!_ 
forb 

--~~~g_~~-
__ sed gil_ _ 
_g_!ass _ 
--.-fQ!~_ 
__ grass_ 

tree ------
__ forb 

forb 
tree 

sedge 
·--

_sedg~_ 
forb 

grass 
sedge 

--forb--

Total Species: 22 
Native Species: 19 

Non-Native Species: 3 
Average cca: 2.14 

Wetland Relative 
cca lndicatorb Cover 

NDA0 NDA0 0.002% 
2 OBL 2.256% 
4 OBL 0.846% 
2 FACW 0.094% 
3 FACW 0.282% 
3 FACW 0.094% 
2 OBL 7.049% 
4 OBL 5.639% ------------· -------- ------

_ _1_ OBL 1.974% 
1 OBL 16.541% 

==-3 -~= 
-

OBL 1.128% 
4 FAG 0.282% 

-··. 

3 FAG 4.041% ----
3 OBL 51.221% 
1 OBL 0.094% -------- ---- -·---
2 FACW+ 6.579% 
2 OBL 0.846% -----.,-- OBL 0.094% ----
4 OBL 0.282% 
0 FACU 0.376% 
0 OBL o:188%-__ 0 ___ 

OBL 0.094% 

U.S. Department of Energy 
May2012 



Table D-10. FPAW4 Wetland Vegetation Monitoring Data Summary 

Species I 
Ambrosia artemisiifo/ia 
Androeog_on g_erardii 
Aeocy_num cannabinum 
Ascleeias incamata 
Aster novae-angliae 
Bidens connate 
Bidens frondosa 
Carex hy_stericina 
Carex lurida 
Carex vuleinoidea 
fyperus ~E!.:__ ___________________ 

Eleocharis erythroeoda 
-----~-

Eleocharis obtuse ---------
Erechtites hieracifolia 
-· ·----
Juncus tenuis ---·-

Leersia oryzoide~---------
Lemnaminor --------------·-----
Ludwigia ealustris ----
Monarda fistulosa 
Panicum virgatum -
Potamogetonnodosus 
Ratibida [!_innate 
Rudbeckia hirta 
Schoenoelectus tabemaemontani 
Scirpus atrovirens 
Solidago canadensis 
Verbena hastata 
Echinochloa crusgalli -
t!Jidrocoty_le ranunculoides 
Me/ilotus alba 

-· 
Najas minor 
[ypha x glauca 
Unknol'in forb 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

Common Name 
COMMON RAGWEED 
BIG BLUESTEM 
INDIAN HEMP 
SWAMP MILKWEED 
NEW ENGLAND ASTER 
PURPLE-STEMMED BEGGAR'S-TICK 
DEVIL'S BEGGAR'S-TICK 
PORCUPINE SEDGE ·-------· 
BOTILEBRUSH SEDGE 
FOX SEDGE 
NDA'' - ---
---------------~---------

RED-FOOTED SPIKE-RUSH __________ 
BLUNT SPIKE-RUSH 
PILEWORT . -·--------

--------------
PATH RUSH 

··--·-----

RICE CUT GRASS --··------
COMMON DUCKWEED ·------
WATER-PURSLANE --
WILD BERGAMOT 
SWITCH GRASS 
LONG-LEAVED PONDWEED --
GRAY-HEADED CONEFLOWER 
BLACK-EYED SUSAN -----
SOFT-STEMMED BULRUSH 
GREEN BULRUSH 
CANADA GOLDENROD 
BLUE VERVAIN 
BARNYARD GRASS 
BUTTERCUP-PENNYWORT -
WHITE SWEET-CLOVER --
EURASIAN WATER-NYMPH --
HYBRID CAT-TAIL 
UNKNOWN 

Total Species: 33 
Native Species: 27 

Non-Native Species: 5 
Average cca: 2.10 

I Type I cca 
I Wetland I Relative 
lndicatorb Cover 

forb 0 FACU 0.251% 

g~ 5 FAG 0.497% 
forb 1 FACU 0.124% 
forb 4 OBL 1.368% -----
forb __ 2 FACW- 0.002% 

1--- forb __ 3 FACW+ 0.124% 
forb 2 FACW 0.622% 

1------·-
5 OBL 2.736% --~if_g~-- ----···--

1-- sedg~_ 3 OBL 0.124% 
r2ed9!J._ 1 OBL 2.612% 
--~~~g~_ -NDA0 NDA0 1.244% 

~------------ ··---
:2.985%-_ se<!_g~- 4 OBL 

·---~---- ---·-

~~g~ 1 OBL r--J-865% ------ --------
forb 2 FACU 0.002% 

------
forb 1 FAG- 0.746% c-----·- -----

1------ OBL 27.111% ___ grass __ -- 1 
forb 3 OBL 5.969% ---·-- ·---------
forb 3 OBL 10.944% 
forb 3 UPL 0.002% 

grass 4 FAG 3.109% 
forb 3 OBL 0.251% c----- --
forb 5 UPL 0.373% --
forb 1 FACU- 0.124% 

1--·-----
2 OBL 0.622% _sedg~_ 

sed~ 1 OBL 0.373% 
--

forb 1 FACU 0.622% 
·-

forb 4 FACW+ 0.249% 
grass 0 1---- FACU 4.726% 
--~ -·a--forb OBL 1.741% 
forb 0 FACU- 0.373% ------
forb 0 OBL 2.612% 

----·- OBL --1----24.251 o/;;-I-· forb 0 -
forb NDA0 NDA0 1.244% 
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Table D-11. FPAWS Wetland Vegetation Monitoring Data Summary 

Species 
Ambrosia arlemisiifolia -
Ammannia robusta 
Androeogon gererdii 
Apocynum cannabinum 
Asclepias incamata 
Aster novae-ang_liae 
Bidens frondosa 
Garex ctistatella 
Garex frenkii 
Garex hyslericina 
Garexsp. 

Garex vulef_l}!?idea ---------------· 
Geretoehy_llum demersum 
Chamaecrista fasciculata 
Conyza canadensis -
Qyeeru~eo 
E/eocharis erythropoda 
Eleocharis obtusa 
~ymus canadensis 
Erigeron annuus 
~ueatorium serotinum 
Eutham~reminifolia 

Juncus tenuis 
Juncus torreyi 
Leersia ory_zoides 
Lemnaminor 
Ludwig_ia eatustris 
Monarda fistulosa 
Panicum virg_atum 
Penstemon digitalis 
Platanus occidentalis 
Poeutus delloides 
Potamog_eton nodosus 
Ratibida pinnata 
Rudbeckia hirla 
Salix nigre 
Schizachytium_~arium 
Schoenoplectus tabemaemontani 
Solidag_o canadensis 
Sparlina pectinata ' 
Tredescantia ohiensis 
Verbena hastata --- -
Bromus japonicus 
Cirsium aJVense 
Conium iiiaculatum ___ 
Daucus carota 
Dipsacus fullonum 
Echinochloa crusgalli 
Melilotus officina/is 
Planta~nceolata 

Plantago major 
Polyg_onum persicaria 
Trifolium pratense 
Trifolium re~ 
"[ypha x glauca 
Unknown forb 
Unknown g_ress 
Unknown 

• CC = Coefficient of ConseJVatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 
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I Common Name I Type 
COMMON RAGWEED forb 
SESSILE TOOTH-CUP forb 
BIG BLUESTEM grass 
INDIAN HEMP forb 
SWAMP MILKWEED forb 
NEW ENGLAND ASTER forb ---· 
DEVIL'S BEGGAR'S-TICK forb 
CRESTED SEDGE sedge 
FRANK'S SEDGE sedge 
PORCUPINE SEDGE sed!)e 
NDA0 sedge 
FOX SEDGE ---------- ~<!_g!__ 
COONTAIL forb 
PARTRIDGE-PEA forb 
HORSEWEED forb 
NDA0 sedge 
RED-FOOTED SPIKE-RUSH sed!le 
BLUNT SPIKE-RUSH sedge 
CANADA WILD RYE g~ --r-·forb DAISY FLEABANE 
LATE-FLOWERING BONESET forb 
FLAT-TOPPED GOLDENROD forb 
PATH RUSH forb 
TORREY'S RUSH forb 
RICE CUT GRASS grass 
COMMON DUCKWEED forb 
WATER-PURSLANE forb 
WILD BERGAMOT forb 
SWITCH GRASS ··- _grass 
FOXGLOVE BEARD-TONGUE forb 
SYCAMORE tree 
EASTERN COTTONWOOD tree 
LONG-LEAVED PONDWEED forb 
GRAY-HEADED CONEFLOWER forb 
BLACK-EYED SUSAN forb 
BLACK WILLOW tree 
LITTLE BLUESTEM grass _ 
SOFT-STEMMED BULRUSH sedge 
CANADA GOLDENROD forb 
PRAIRIE CORD GRASS grass 
OHIO SPIDERWORT forb 
BLUE VERVAIN forb --
JAPANESE BROME grass 
CANADA THISTLE ·--·-----:----fQ!:'?__ 
POISON-HEMLOCK forb 
QUEEN-ANNE' S-LACE forb 
WilD TEASEl forb 
BARNYARD GRASS grass 
YEllOW SWEET-ClOVER forb 
ENGLISH PlANTAIN forb 
COMMON PlANTAIN forb 
lADY'S THUMB forb 
RED CLOVER forb 
WHITE ClOVER 

~fum HYBRID CAT-TAll _fQ!._b_ ___ 

UNKNOWN forb 
UNKNOWN grass __ 
UNKNOWN NDA0 

Total Species: 58 
Native. Species: 42 

Non-Native Species: 13 
Average cca: 2.17 

I cc• 
I Wetland I Relative 
lndicatorb Cover 

0 FACU 0.163% 
7 OBL 0.003% 
5 FAC 5.373% 
1 FACU 0.486% 
4 OBL 0.488% 
2 FACW- 0.166% 
2 FACW 0.814% 
3 FACW 0.163% 
2 OBL 0.486% 
5 OBL 11.886% 

NDA0 NDA0 0.488% -----___ L __ OBL 6.513% 
2 

--- OBT _____ 
-3:256%-

3 FACU ~86% 
0 UPL 0.163% 

NDN NDA0 2.280% 
4 OBL 1.626% 
1 OBL 1.628% 
6 FACU+ 0.486% r---··--
0 FACU 0.163% 
2 FAC- 0.003% 
2 FAC 0.003% 
1 FAC- 3.419% 
3 FACW 8.141% 
1 r---OBL 3.582% 
3 OBL 3.256% 
3-- OBL 0.163% 
3 UPL 0.488% 
4 FAC 7.164% -
2 FAC 0.163% ---
7 FACW- 0.651% 
3 FAC 0.651% 
3 OBL 1.628% 
5 UPL 1.143% 
1 FACU- 0.651% 
2 FACW+ 0.166% 

t---2.__ __ - FACU- 3.582% 
2 OBL 1.628% 
1 
5 
5 
4 -
0 

r-- 0 
r------

0 
0 
0 
0 --
0 -
0 
0 
0 

I-- 0 
~-

0 ·-----
NDA0 

NDA0 

1-----
NDA0 

FACU 2.768% 
OBL 1.140% 
FAC 0.488% 

FACW+ 0.651% 
FACU- 0.003% 
FACU 0.488% 
FACW 0.488% 
UPL 0.977% 

FACU- 3.582% 
FACU 0.163% 

1--fACL!.:_ __ ~-141% 
UPL 0.326% 

r--FACU 0.003% 
FACW 0.163% 
FACU- 0.163% 

1--fACU- 0.488% 
OBL ~8% ··------
NDA0 0.163% 

I-· NDA
0 
-- 0.651% 

NDA0 0.488% 

U.S. Department of Energy 
May2012 

1 
·I 



Table D-12. FPAW7 Wetland Vegetation Monitoring Data Summary 

Total Species: 12 
Native Species: 10 

Non-Native Species: 2 
Average CC"' 2.25 

I 
Wetl 

Species Common Name Type CC" lndicatorb Co 

a CC = Coefficient of Consel'kltism 

b see http://plants.usda.gov/wetinfo.html . 

c NDA = No Determination Available 
Species in bold are non-nati~. 

U.S. Department of Energy 
May 2012 
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Table D-13. FPAW9 Wetland Vegetation Monitoring Data Summary 

Species I 
Carex hystericina 
Carex vule_inoidea 
A/isma subcordatum --· 
Ammannia robusfa 
Andropo!JQ!!_g_erardii ______ 
Ae_ocynum cannabinum -----
Asclepias incamata 
Bidens frondosa -----
Boute/oua curlie_endula 
Cephalanfhus occidentalis 
Comus amomum 
Cye_erussp. 
Eleocharis erythropoda 
Eleocharis obtusa -
Eue_atorium serotinum 
/lex verlicillata 
Lemna minor 
Ludwig_ia pa!ustris 
Monarda fistulosa 
Panicum vj[galuf12 __________ 
Poe_ulus de!toides 
Potamog_eton nodosus 
Salix discolor -
Salix '!f_g_ra ------
Schoenoe_lectus tabemaemontani 
Sci[py§ atrovirens 

-------------~----· 

Solidag_o canadensis 
Se_iraea alba ----
Verbena hastata 
Vilis vule_ina -----
Echinochloa crusgalli 

fi'!_mex cri§!_~~----·----··---------
Schoenoe_lectus mucronatus 
Iye_ha x ~uca -----· 
Unknown cress 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
0 NDA = No Determination Available 
Species in bold are non-native. 

Common Name I Type 
PORCUPINE SEDGE sedge 
FOX SEDGE ,__sedge __ 
SOUTHERN WATER-PLANTAIN -- forb 
SESSILE TOOTH-CUP forb 
BIG BLUESTEM 

----·---1--'-----
grass --r-·-

INDIAN HEMP forb 
f-------

SWAMP MILKWEED forb __ 
DEVIL'S BEGGAR'S-TICK forb 
SIDE-OATS GRAMA GRASS ------

c-·-----··--
_ ____g_@_S S . -----~-

BUTTON BUSH shrub -- -··--
SILKY DOGWOOD shrub -- -·--

NON sedge ... 
RED-FOOTED SPIKE-RUSH ___ sedfl!_ __ 
BLUNT SPIKE-RUSH --~ed~---
LATE-FLOWERING BONESET forb 
WINTERBERRY shrub 

COMMON DUCKWEED -------t--~-
WATER-PURSLANE forb 
WILD BERGAMOT_ ----·---L- forb --

SWITCH GRASS ______ _grass _ 
EASTERN COTTONWOOD tree 
LONG-LEAVED PONDWEED forb ·---------------· 
PUSSY WILLOW shrub ------·· 
BLACK WILLOW -1---~-
SOFT-STEMMED BULRUSH sedge 
GREEN BULRUSH ·-·-sed9.!.__ --------·--
CANADA GOLDENROD forb 

·---

MEADOW-SWEET shrub --------
BLUE VERVAIN forb 
FROST GRAPE vine 
BARNYARD GRASS 

··-_g~ 
CURLY DOCK forb ---· -------·--- ~----·· 

RICEFIELD BULRUSH sedge 
HYBRID CAT-TAIL ~orb-
UNKNOWN forb 
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Total Species: 35 ., ) 
Native Species: 30 

Non-Native Species: 4 
Average cca: 2.85 

cca 
Wetland I Relative 

lndicatorb Cover' 
5 OBL 0.467% 
1 OBL 0.350% 1----2- OBL 4.433% 
7 OBL 0.117% 

1-·--·--
FAG 0.233% 5 

1 FACU 0.355% 
4 OBL 1.867% 

1----· 
2 FACW 0.583% -------- ------ ------a __ UPL 0.117% 
6 OBL 5.716% r----
2 FACW 0.117% --NON: ____ ----=- ----

NON 0.117% 
1---· 

4 OBL 2.917% ------------
r-· OBL 1 1.517% r--2---- -··--C- ----

FAC- 3.267% 
6 FACW+ 0.117% 
3 OBL 0.236% --3- OBL 9.919% 

f.--· 3 
~L- 0.350% ·---

4 FAG 16.333% 
---·-·- r-- FAC 3 3.267% 

3 OBL 3.733% 
·-----· 

3 FACW 1.633% 
2 FACW+ 10.383% 

f-·----
2 OBL 1.517% --
1 OBL 4.900% ----------
1 FACU 1.167% 

c--·· 
3 FACW+ 0.350% 

c----· -
4 FACW+ 0.002% 
3 FAC 0.002% ----·---
0 FACU 0.119% 
0 FACU 0.002% 

c---·--·--··· --- OBL-- --0.467% 0 
0 

NDA0 

OBL 23.332% 
---

NDA0 0.002% 

U.S. Department of Energy 
May2012 

) 



Table D-14. PREW6 Wetland Vegetation Monitoring Data Summary 

Total Species: 40 
Native Species: 28 

Non-Native Species: 12 
Average CC"' 1.64 

I I I 
Wetland I Relative 

Species Common Name Type CC" lndicatorb Cover 
Acer negundo ___________ BOX ELDER ____ ~~~--~--~C+ 0.107% 
Acersaccharinum SILVER MAPLE ----1-.!!:.~1--.l._____ FACW 0.320% 
Alisma subcordatum SOUTHERN WATER-PLANTAIN forb 2 OBL 1.814% 

---·--· 

Apocynum cannabinum ______ INDIAN HEMP ------1-__!l_tE _____ _L_ __ FACU 0.002%_ 
Bidens frondosa ___________ g,EVIL'S BEGGAR'S-TICK _________ _forb --1-- 2 FACW·-t-0.002% 
~sis radicans -------t-NUMPET:CREEPER __ vine__ 1 FAC 0.107% 
Garex cristatella _________________ CRESTED SEDGE ___ se.!!_g~ _ ___ l____ FACW 0.747% 
Garex vulpinoidea __________________ ~OX SEDG~-------------1--~edg~-1-_!_____ ___ OBL 8.003% 
fyperu~ strig_osus _______________ STRAW-COLORED UMBRELLA-S. ___ _§edgL ___ !__ ___ !--FACW __ ~~7% _ 
EJeochans e1J11Jropoda RED-FOOTED SPIKE-R_ld§!:l_~-- _2edg_~--1----~--- _ __ OBL 5.656% 
EJeocharis obtusa ____________ BLUNT§PI~~~RUSf-! ____________ sedge_ 1 OBL 0.320% __ 

~;;ir~Ju~Ef{~~~~--=--~=~-~-~~~-=Z&~~~wffifNG80NE8ET _____ -~~- ~~;~-=-~~- ~---=-t·-~~~~ . ~;-
!:_eersia o!Y?_oi~~------ RICE CUJ GRASS______________ qrass __ 1____ OBL 1.069% 
Lemna minor ________________ COMMON DUCKWEED ~-1---_l____ _ OBL___ 8.857% 
Platanus occidentalis -------~CAMORE -------·---· tree 7 ___ FACW- 0.747% 
PoJygonum hydropiper _ __ WATER-PEPPER ____ _ forb ___ _ __ _!__ 1--- OBL 3.950% 
EP_puJus deJtoides _________ EASTERN COTTONWOOD ___ !~~--l--l._--1-- FAC __ 0.107% 
Potamogeton _!]OdosuE_ _________ r-'=.9NG-LEAVED PONDWEED __ ~~b --1-·· 3 OBL 7.470% 
Rosa palustris ·------------ SW_!._MP ROSE ______________ shrub 1----5____ OBL 0.747% 
Salix nifl!!!__ ______________ ~_LACK WILLOW __________ tree_ 1--_?__ FACW+ 8.003% 
Schoenop_Jectus tabemaemontarl[ ____ SOFT-STEMMED BULRUSH __ se<!_@__ ___ 2___ __ OBL ____ _§.936% _ 
Scipus penduJus --------~QOPING BULRUSH _ _ ____ .§edg_e_J-_.? _____ 1-_ _QBL __ 1.601% 
Solidago canadensis ______________ ~ANADA GOLDEf':!gOD _____________ fo~l--- _1_ ___ 1--_fACU __ _!).107o/~ __ 
§pa~anium eu'YE!}_tpum ________ GIANT BUR-REED _ _ ___ forb ___ I--.!_____ OBL 0.322% 
Toxicodendron radicans ---~OlSON-IVY __ -· vin~-1---L _____ FAC _ 1--!:601% 
!flmusmbra -------·-- --------~Pf=l.SR'[ ELM _____________ ~~ I-·_3 ____ FAg___ 0.107% 
Vilis :P....:_ ______________ ~!JA0 __________________________ vine_ l-f\IDA0 

__ NON [ _0.107% 
!!g!Pstis gJ_!J!!11tea REDTOP ________ c__grass --1---_Q__- FACW 1.707% 
Convolvulus arvensis _ FIELD BINDWEED _________ forb _______ _Q__ UPL 0.107% _ 
Die_sacus fullonum __ WILD TEASEL ---·------1--forb --1-----0___ FACU- 0.320% 
Echinochloa crusgalli BARNYARD GRASS _grass --1----0 ______ FACL!__~-107% _ 
Najas minor EURASIAN WATER-NYMPH forb 0 .. OI:Jb,._ 13.339% 
Phalaris arundinacea REED CANARY GRASS __ -~as!!__I--_Q_ __ !--FACW+ 9. 711% _ 
Phleum_p_ratense ____________ TIMOTHY __ __9_@.§~-- __ _Q______ FACU 0.107% 
Rum~!._0:f~11.!!_s _______ ____ CURLY DOCK _____ _f~rb -~---- FACU 0.320% 
Schoen_QP_Iectus mucro!!_atus ______ ~~LD _!!ULRUSH -·---------- -~edg_L 1--_Q_- OBL 0.640% 
SorrJ!!'!!!' h~f!e_ense_______________ JOHNSON G~SS _________________ gra!!_~ ___ _!)____ FACU 0.320% 
Iye_hax glaur:;!!________ HYBRID._~AT-TAIL __________ forb ·-1--_Q_- ___ 08'=. __ 13.339% 
Xanthium strumarium COMMON COCKLEBUR forb 0 FAC 0.107% 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
SpeCies in bold are non-native. 

U.S. Department of Energy 
May 2012 
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Table D-15. NPPW4 Wetland Vegetation Monitoring Data Summary 

Species 
Agrimonia !J!Ypose~ 
A/isma subcordatum 
Ambrosia arlemisiifo/ia 
Andropogon gerardii 
Asclepias incamata 
Carex annectens 
Carex cristate/la --
Carex frankii 
Carex hystericina ----------
Carex Jurida -------------
Carex vulpinoidea 
Ceratophy}lum demersum ___ 
Desmodium canescens 
Eleocharis erythropoda ___ 
Eleocharis obtusa 
Epilobium co/oratum __________ 
Erechtites hieracifolia 
§p_atorium macu/atum 
§p_atorif!!J1 perfoliatum 
Euthamia !J!Ilminifolia --------
Fraxinus pennsylvanica 
Juncus effusus 
Juncus torrey]_ ____ 
~eersia oryzoides -
Lemnaminor 
Ludwigia pa/ustris 
Mimu/us rin~------
Monarda fistu/osa --
Panicum virgatum 
Polygonum aff_lphibium _______ 
Potamogeton nodosus 
Rubus occidentalis 
§!!g_ittaria /atifolia 
Schoenoplectus tabemaemontani 
Scipus atrovirens 
~uscy~nus 

So/ida@ canaden~~-----------------
Sparlina pectin ala 
Ulmus rubra 
Verbena hastata ---------
Verbena urlicifo/ia -------·--------
~g_rostis gfmmt~-----------· ____ _ ____ 
Convolvulus atvensis 
~psacus_ful~f!'!..'!~ _______________ 
Rosa multinora 
Solanum carotinense 
Typha x glauca _____________ 
Unknmvn forb -----------· ·---------·-·------
Unkno1vn grass 

a CC = Coefficient of ConseJVatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

I Common Name 
TALL AGRIMONY 
SOUTHERN WATER-PLANTAIN 
COMMON RAGWEED -----
BIG BLUESTEM 
SWAMP MILKWEED 
YELLOW FOX SEDGE -
CRESTED SEDGE 
FRANK'S SEDGE 
PORCUPINE SEDGE ----
BOTILEBRUSH SEDGE --------
FOX SEDGE --
COONTAIL --------
HOARY TICK-TREFOIL --
RED-FOOTED SPIKE-RUSH 
BLUNT SPIKE-RUSH 
PURPLE-LEAVED WILLOW-HERB 
PILEWORT ---------

SPOTIED JOE-PYE WEED 
COMMON BONESET 
FLAT-TOPPED GOLDENROD ·----------------------
GREEN ASH 
SOFT RUSH 
TORREY'S RUSH _____ 
RICE CUT GRASS 
COMMON DUCKWEED 
WATER-PURSLANE 
COMMON MONKEY-FLOWER 
WILD BERGAMOT __ 
SWITCH GRASS 
WATER SMARTWEED --
LONG-LEAVED PONDWEED ----
BLACK RASPBERRY 
COMMON ARROWHEAD 
SOFT-STEMMED BULRUSH 
GREEN BULRUSH ----------
WOOL-GRASS 
CANADA GOLDENROD -------
PRAIRIE CORD GRASS -·----------

SLIPPERY ELM 
BLUE VERVAIN . ---
WHITE VERVAIN 
REDTOP -----------·------·--··-----·--·-------·· 
FIELD BINDWEED ------
WILD TEASEL 1-c,------------------
MULTIFLORA ROSE 
HORSE NETTLE ----
HYBRID CAT-TAIL --
1--------------------
UNKNOWN ·-----------
UNKNOWN 
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I Type 
forb 

~b-

f-_fo~~ 
grass_ 

1----Jorb 
sedge 
sedQe 

~--~!!_g_!l__ 
-~e!!.~--

sedg_!!_ __ 
c-_sedg!_ 

forb 
forb 

f-·---
_ sedge 

r-- se<!g_!l__ 
forb ----_-
forb 
forb 
--~ 

forb r----·-
forb -------
tree 

___ forb __ 
forb -------

f--~~ 
forb 

r---forb __ 

~----
,--forb __ 
~ - --
forb 

r--··----
forb 

shrub 
fori?__ 

sedge __ 

_3edg~--
_ sedg.!!_ 

forb -------
grass 
tree 

c--- forb 
forb ----

___ g_@_~--
~forb 

forb ---·--------
shrub 
forb r--
forb -----
forb --

grass 

Total Species: 49 
Native Species: 41 

Non-Native Species: 6 
Average cca: 2.34 

cca 
I Wetland I Relative 
lndicatorb Cover 

3 FACU 1.875% 
2 OBL 0.893% --
0 FACU 0.268% 

-- 5==-
-

FAC 0.089% 
- 4 

3 
3 
2 r----------
5 ------------ --
3 ----------

___ 1__ 
2 -----
4 --------
4 -
1 ------
1 ---------
2 
6 ----·-
3 
2 1--3--

r--1-

~-=-l~~=~ 
r--_1 __ 

3 
r---l ___ 

4 1----------
1--· 3 

4 
r-----4 
----3--

1 
~-
r-- 2 
r----_,---

1 
r---- 1 
-------

5 
3 
4 ----

r---l ____ 
0 

····-------·--· 

0 
0 __ o _____ 
0 

r- 0 
NDAC 

. NDAC 

OBL 0.091% 
FACW 0.268% 
FACW 0.270% 
OBL 1.160% -----·- -----
OBL 6.427% 
OBL ~,536% -----
OBL 2.142% 
OBL 0.268% 
UPL 0.268% -------- ----
OBL __ 1.428% 
OBL 0.089% ----- ----
OBL 2.142% 

--FACU- ----·-
0.089% 

··--- -
FACW 0.625% 

FACW+ 4.285% .. 

FAC 2.053% ----------------
FACW 0.268% ----

FACW+ 4.642% 
FACW 0.536% 
OBL 20.531% 

_OBL 0.896% 
OBL 1.428% 
OBL 5.088% ------ -----
UPL 0.002% 
FAC 0.268% 
OBL 1------
OBL 

~002% 
0.089% 

UPL 0.268% 
OBL 0.002% 
OBL 1.607% 
OBL 11.069% 

FACW+ 4.285% 
FACU 11.158% --------- -----
OBL 0.982% 
FAC 0.089% 

FACW+ 0.002% 
r-- FACU 0.714% 

FACW 1.250% -·-·-··------ -----
UPL 0.002% 

FACU- 0.179% ----- ----
FACU 6.784% -----
UPL 0.004% 
OBL 1.875% 
NDAC 0.091% 
NDAC-- -----

0.625%. 

U.S. Department of Energy 
May20I2 



Table D-16. NPPW5 Wetland Vegetation Monitoring Data Summary 

Total Species: 55 
Native Species: 44 

Non-Native Species: 10 
Average cca: 2.04 

I I 
I Wetland Relative 

Species Common Name Type cca lndicatorb Cover 
~grimonia parviflora SMALL-FLOWERED AGRIMONY forb ---1-----__L __ - FAG 0.820% 
Ambrosia artemisiifolia COMMON RAGWEED for~_ 0 1-- FACU 0.546% ----
Androf!!!~gerardii BIG BLUESTEM -- __ grass 5 FAG ~%-
Aster pilosus ___ AWL ASTER forb 1 UPL 0.273% 
Carex cn"slalel/a ________ CRESTED SEDGE -- ~ge 3 - FACW-- -0.637% 

-
Carex frankii FRANK'S SEDGE --1-_sedR!l__ 1----2 __ OBL 5.828% ·-------
Carex granularis MEADOW SEDGE ---------l--sec1_~ 1----3 ____ FACW+ 0.911% --------
Qarex hystericina PORCUPINE SEDGE - -- _sed~ I---_§_ ___ OBL 1.366% ··----------

-0.182% Carex shorliana -----·------ SHORTS SEDGE ---------~~g~ 1---1_- FAC ------
-4.006%-Carex vulpinoidea FOX SEDGE 1--se~g~ 1 OBL ------ COONTAIL ---

----- ---.-----------
2.823% Ceratophyllum de_IE~t:~!!!_ __ forb 2 OBL 

STRAW-COLORED UMBRELLA-s-:--· 
---------------

fxperos strigosus - _sed~---- 1-----1 ---- FACW 0.364% ------------
2.094%-Desmodium canescens HOARY TICK-TREFOIL forb __ 4 UPL 

Eleocharis ery_!!l_!!!B_oda ______ RED-FOOTED SPIKE-RUSH 
--- 2.185%--_ sedg~---:-----~--- OBL 

~B_i/obium co/ora!um _______ PURPLE-LEAVED WILLOW-HERB-- forb 1 OBL 0.002% --- ---· 
Erigeron annuus - DAISY FLEABANE forb 1---_Q_- FACU 0.004% ------ -----------
~torium altr"ssimum TALL BONESET I-- forb 0 UPL 1.275% -------- -
Eupatorium e_erfoliatum COMMON BONESET forb 3 FACW+ 0.273% -------- --------- --------·-
Euthami'!_graminifolia _ FLAT-TOPPED GOLDENROD forb 2 FAC 2.278% -------
Fraxinus pennsylvanica ---~EN ASH --- 1----_!ree __ 3 FAC~---- 1.548% ------ ----
Juncus effusus SOFT RUSH I-- forb __ 1 FACW+ ~1% 
Juncus tenuis PATH RUSH ------ ----- -----

1--- forb _ I---_!_ ____ FAC- 2.550% 
Juncus ton-e__yi__ __ ~-----~~ 

------------------ -------
TORREY'S RUSH __ forb __ 3 _FACW __ __11],_~% -----

Leersia oJEP!des ________ RICE CUT GRASS ___ __ grass _ _ ___ 1 ___ OBL 14.569% 
Lemna mir1or ______________ COMMON DUCKWEED forb 3 OBL 0.637% ------------- ------------

J546%~ Uatris spica!'!_ ______ SPIKED BLAZING-STAR __ forb __ _]_ ___ FAC+ -----------· 
Ludwi!E!_palustris _________ WATER-PURSLANE forb 3 __ QI:l_h__ 1.275% 
"f!l-1Jarda fislulosa - WILD BERGAMOT forb __ L_ UPL 0.093% 

SWITCH GRASS -
------- ----

Panicum virgalum __ grass __ ___ 4 __ FAC 3.005% 
BLACK RASPBERRY-------~=-~ ---------

Rubus occidentalis --------- 2~ __ _1_ __ UPL 0.639% 
Rudbeckia hirta ~K-EYED SUSAN ________ forb 1 __ FACU-__ _p.093% 
Schizachyrium scopariuf!! ___ _=- LlffiE BLUESTEM __ _grass 5 FACU- __Q_p3% ------- ------
SchoenoB_/ectus tabemaemontani SOFT -STEMMED BULRUSH __ _ sedg~ 2 OBL 6.376% ------------

9.834% Scirpus atrovirens ------- GREEN BULRUSH _______ -~ed~ 1 OBL ---------- ------------
Scipus cyperinus -------- WOOL-GRASS _________ -~ed~ 1 FACW+ 1.366% ----------
Scirpus pendu/us DROOPING BULRUSH _sed~_ 1--___L ____ OBL 0.273% ----·----·-· 

-0.091% Senna hebecapa NORTHERN WILD SENNA forb 4 1- FAC ---·--
Silphium laciniatum COMPASS PLANT forb 8 1--___l,l_Elb_-~1% 
Solidago canadensis CANADA GOLDENROD - forb 1 FACU 2.276% ----- -9.470%-§E?_dina pectinala _ PRAIRIE CORD GRASS gr_as~-- 5 OBL -----
Toxicodendron radi~~-----~OlSON-IVY _______________ _ vme __ 1 FAC 0.091% ------ -----~- -
U/musrubra SLIPPERY ELM tree 3 FAC 0.091% -------------- . -----------· 
Verbena urlicifolia ______ 

Vernonia gjgan~~-----
t!grostis gj_gantea __________ 
Daucus carota 

--·-
Diesacus fullonum 
Melilotus officina/is 
Najasminor 
Phleum eratense 
Plantago maj!'!_ ________ 
Potamog_eton ctJ!;eus 
Rumex criseus __ 
Trifolium rel!!!_ns 
Unknown forb 

• CC = Coefficient of Conservatism 
b see http:/lplants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May2012 

~!}E VERVAIN ·---------------- __ JQ~_ 1---3 ____ FACU :----!l-.182% ··----------
TALL IRONWEED forb 1----1_ _____ FAC 0.002% 
REDTOP ---------- ---- ---------- -----

___ gras~--- 0 FACW 4.462% 
QUEEN-ANNE's:iAcE ______________ -----· ------------

-0.182% forb 0 UPL 
WILD TEASEL 1-- forb __ 1------0 FACU- 1.184% 
YELLOW SWEET-CLOVER 

--
_ _fACU-__ J.091%-forb 0 

EURASIAN WATER-NYMPH forb 0 __ OBL 0.637% 
------

TIMOTHY grass 0 __ FACU 0.091% ----- ----
COMMON PLANTAIN forb 0 __ FACU 0.002% 
CURLY-LEAVED PONDWEED forb 0 OBL 0.637% 
CURLY DOCK forb 0 FACU 0.182% 
WHITE CLOVER __ forb __ 0 FACU- 0.637% --------
UNKNOWN forb NDAe NDN 0.002% 
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Table D-17.-WM1W1 Wetland Vegetation Monitoring Data Summary 

Species 
Alisma subcordatum 
Carex annecfens 
Carex comosa 
Carex /urida 
Carex vule_inoidea 
Cee_halanthus occidentalis 
Ceratoe_hyllum demersum 
Eleocharis ery_fhroe_oda 
Epilobium colorafum 
Eu[Jatorium e_effoliatum 
Fraxinus e_ennsy_lva!Jfca 
Juncus effusus ---
Leersia OI_}'!_gides ____ 
Lemna minor 
Ludl?f"g_ia e_alusfris 
Lycopus americanus 
Mimulus ringens 
Polygonum hydrop~roides 
Polygonum lae_afhifolium 
Sag_ittarfa lafifolia 
Schoenoplecfus tabemaemontani 
Scipus atrovirens 
$cipus q_yperinus 

§olid_!!_gQ_ can__aden~~-------------
Se_arganium eurycarpum 
Ufricularia vulgaris 
Verbena hastafa 
~grostis !l!_gantea 
Cirsium arvense 
Mentha x e_ie_erata 
Phra9!!!!tes australis subse_. australis 
Poly_gonum f!_ersicaria 
Typha x glauca 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
0 NDA = No Determination Available 
Species in bold are non-native. 

Common Name 
SOUTHERN WATER-PLANTAIN 
YELLOW FOX SEDGE 
BEARDED SEDGE 
BOTILEBRUSH SEDGE 
FOX SEDGE 
BUTIONBUSH 
COONTAIL 
RED-FOOTED SPIKE-RUSH 
PURPLE-LEAVED WILLOW-HERB ---
COMMON BONESET ---
GREEN ASH --------
SOFT RUSH --------
RICE CUT GRASS --
COMMON DUCKWEED 
WATER-PURSLANE 
AMERICAN WATER-HOREHOUND 
COMMON MONKEY-FLOWER 
MILD WATER-PEPPER 
DOCK-LEAVED SMARlWEED --
COMMON ARROWHEAD 
SOFT-STEMMED BULRUSH 
GREEN BULRUSH 
WOOL-GRASS 
CANADA GOLDENROD ------------
GIANT BUR-REED 
COMMON BLADDERWORT 
BLUE VERVAIN 
REDTOP --
CANADA THISTLE 
PEPPERMINT 
GIANT REED -
lADY'S THUMB 
HYBRID CAT-TAIL 
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Type 
forb 

sedge 
sedge 
se~~ 

_sedge 
shrub 
forb 

sedge 
forb __ 
forb 
tree --------

r-_fQ_~ 
!--grass 

forb 
forb 
forb 
forb 
forb 
forb 
forb 

sed!I_E!_ 
sedge 
sedg~--
forb r------
forb 
forb 
forb 

1----grass 
forb 
forb 

~ 
forb 
forb 

Total Species: 33 
Native Species: 27 

Non-Native Species: 6 
Average cca: 2.18 

Wetland Relative 
cca lndicatorb Cover 

2 OBL 0.069% 
3 FACW 0.412% 
2 OBL 3.569% 
3 OBL 8.030% __ 1 _____ 

OBL 0.412% 
6 OBL 5.149% 
2 OBL 1:235% 
4 OBL 2.608% 
1 OBL 0.137% ------
3 FACW+ 3.638% 
3 FACW 0.069% ---
1 FACW+ 1.167% ---:;---

OBL 1.579% 
3 OBL 0.892% 
3 OBL 1.235% 
3 OBL 0.480% 
4 OBL 1.579% 
6 OBL 0.137% 
1-- FACW+ 0.069% 
1 OBL 0.206% 
2 OBL 13.383% 
1 OBL 0.206% 
1 FACW+ 0.207% ------
1 FACU 1.441% ---4-- - OBL-- -

1.167% 
6 OBL 0.755% 
4 FACW+ - 1.029% -
0 FACW 3.363% -----------
0 FACU 0.275% 
0 FACW+ 3.569% 
0 FACW 17.158% 
0 FACW 0.069% 
0 OBL 24.708% 
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Table D-18. WM1W2 Wetland Vegetation Monitoring Data Summary 

Species 
Acerrobrum ------------· 
Ag_rimonia e_atVillora 
Alisma subcordatum 
Aloe_ecurus se_. 
Ambrosia artemisiilolia 
~g_erardii 
Asclee_ias incamata 
Asclee_ias syriaca 
Aster novae-angliae _ 
Aster e_ilosus 
Bidens connata --
Carex annectens 
Carex btanda 
Carex cnstatella -----·-· 
Carex lrankii 
Carex hystericina ____ 
Carexlu~----· 
Carexlurida 
Carex sco~-----· 
Carex vule_in.E!_dea ___________ 
Cee_halanthus oacidentalis 
gyp_erusse_. 
Decodon verticillatus 
Eleocharis ery_throe_oda 
t:fymus canadensrs 
Erigeron annuus 
Eue_atorium altissimum 
Eue_atorium e_elfo/iatum ----
Eulhamia g_raminilo/ia 
Ga/ium ae_arine 
Geum canadense 
Juncus ellusus 
Juncus tenuis 
Junie_erus virginialla 
Leersia o'E_oides 
Lemnaminor 
LudWigia palustris ------

~eus americanus 
Monarda listulosa 
Panicum virgalum 
Parthenocissus g_u!!Jrluefolia 
Rubus occidentalis 
Rudbeckia /rirta 
Scireus alrovirens 
Senna hebeca'Ea 
Solidago canadensis 
Sorghastrum nutans 
§P.E_'!@!!!um eurycareum 
Se_artina e_ectinata -
Utricularia vulgaris ___ 
Vernonia !llgl)_~.!_ _______ 
Vilisrie_aria 
~grostis giganlea 
Bromus j;Jpon/cus ___ 
Cirsium a!Vense 
Cirsium vulgare 
Conium maculalum 
Daucus carota 
Dipsacus fullonum 
Fesluca e/atior 
Hordeum iubatum 
Medica~pulina 

Mentha x p_ip_erala 
Polygonum persicaria 
Rosa mulliffora 
Rumex crisp_us 
Solanum carolinense 
Trifolium pratense 
Trifolium re~----
Typha x g/auca 

• CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
• NDA = No Detennination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May,2012 

I 

Total Species: 70 
Native Species: 52 

Non-Native Species: 18 
Average CC" 1.94 

I I 
I Weiland Relative 

Common Name Type CC' Indicator' Cover 
RED MAPLE tree 2 FAC 0.001% 
SMALL-FLOWERED AGRIMONY forb 2 FAC 0.069% 
SOUTHERN WATER-PLANTAIN forb 2 OBL 0.207% 

NDA0 grass NDA• NDA" 0.069% 
COMMON RAGWEED forb 0 FACU 1.105% 
BIG BLUESTEM _grass 5 FAC ~-
SWAMP MILKWEED forb 4 OBL 0.760% --
COMMON MILKWEED forb 1 FACU- 0.069% 
NEW ENGLAND ASTER forb 2 FACW- 0.414% -----
AWL ASTER 

fOri)" --
1 UPL 0.345% 

PURPLE-STEMMED BEGGAR'S-TICK I forb -
1----

3 FACW+ 0.070% 
YELLOW FOX SEDGE r--~edge 3 FACW 0.207% 
COMMON WOOD SEDGE sedge 1 FAC 0.276% 
CRESTED SEDGE --
FRANK'S SEDGE -
PORCUPINE SEDGE 
HOP SEDGE 
BOTTLEBRUSH SEDGE 
POINTED BROOM SEDGE 
FOX SEDGE -----·-
BUTTONBUSH --
NDA0 

SWAMP LOOSESTRIFE 
RED-FOOTED SPIKE-RUSH 
CANADA WILD RYE 
DAISY FLEABANE 
TALL BONESET -
COMMON BONESET 
FLAT-TOPPED GOLDENROD 
CLEAVERS 

----------~----

WHITEAVENS -
SOFT RUSH 
PATH RUSH 
EASTERN RED CEDAR 
RICE CUT GRASS 
COMMON DUCKWEED _ _.:= 
WATER-PURSLANE 
AMERICAN WATER-HOREHOUND --
WILD BERGAMOT ------
SWITCH GRASS --
VIRGINIA CREEPER -
BLACK RASPBERRY 
BLACK-EYED SUSAN 
GREEN BULRUSH 
NORTHERN WILD SENNA 
CANADA GOLDENROD 
INDIAN GRASS 
GIANT BUR-REED 
PRAIRIE CORD GRASS 
COMMON BLADDERWORT ·--
TALL IRONWEED 
RIVERBANK GRAPE 
REDTOP --
JAPANESE BROME --
CANADA THISTLE 
BULL THISTLE 
POISON-HEMLOCK 
QUEEN-ANNE'S-LACE 
WILD TEASEL --
TALL FESCUE 
SQUIRREL-TAIL BARLEY --
BLACK MEDICK 
PEPPERMINT 
LADY'S THUMB ------
MULTIFLORA ROSE --
CURLY DOCK 
HORSE NETTLE 
RED CLOVER 
WHITE CLOVER --
HYBRID CAT-TAIL 

~~ 3 FACW 1.450% 
sedge 2 OBL 0.483% 

~ge 5 OBL 0.207% 
sed~_ _ ___]__ OBL -- lf.069% 
sedge 3 OBL i o.276% 
sedge 3 FACW I 0.207% 
sed!l_ll__ 1 -~-_j_ 2.555% 

f-. shrub 
-6--

OBL 111.394% 
sedge NDA0 NDA0 

__ j 0.898% 
forb 6 _ _QEl_'-c_j 0.483% 

sedge 4 . OBL I 0.691% 
gr~~ 6 FACU+ I o.o69% 
forb 0 FACU 0.138% 
forb 0 UPL 0.070% 
forb 3 ___ fACW+ J 0.276% 
forb 2 FAC l 0.414% 
forb 0 FACU t 0.276% 
forb 2 FACU 0.001% 
forb 1 FACW+ 1.450% 
forb 1 FAC- 3.867% 
tree 3 FACU 0.207% 

grass_ --~ ~-12.072% 
forb ___ 3 ___ OBL 0.001% 

--Tori)· 
3 -·oEil"-T o.691%-

r--forb --
----;;---· 

1-· OBL --~ 1.243% 3 
forb 3 UPL T 0.069%-

grass 4 FAC i 1.450% 
vine 2 FACU l 0.069% 

shrub 1 UPL :_::] 0.207% 
forb 1 """"f'Acij: 1 0.414%-

sedge 1 OBL 0.483% 
forb 4 FAC 1.312% 
forb 1 FACU j_ 4.143% 

grass 5 UPL I o.2o1% 
forb 4 OBL J 1.243% 

grass 5 OBL 118.645% 

--~ 6 ~-10.138% 
forb --2- FAC 0.691% 
vine 3 FACW i 0.207o/_c>__ 

_ grass __ _!) _ FACW 8.287% 
grass 0 r--trcu-- i o.276% 

-forb __ 0 FACU I 0.691% 
forb _____g___ ~~u- "J"o.o69% 

~~ 0 FACW I 0.691% 
forb 0 UPL l 1.105%-

~_forb __ 0 FACU- 1_}.038% 
grass --~~ FACU T 0.069% 
grass 0 -- FAC 0.138% 

__ forb 0 f--- UPL I 0.001% 
forb 0 FACW+ I 1.174% 

_ forb - 0 FACW I 0.276% 
shrub 0 -- FACU 1.243% 

--~ _ _Q___ ..=. FACU j 0.069% 

--~ _ __Q_ __ ~-R0.069% 
forb 0 ~~U- __ 0.069% 

-forb-- --o·-- FACU- 0.483% 
forb-- ----o--r---o&--1 8.632% 
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Table D-19. WM1W3 Wetland Vegetation Monitoring Data Summary 

Species I Common Name Type I cc• 
Acer saccharum SUGAR MAPLE tree 5 
A/isma subcordatum SOUTHERN WATER-PLANTAIN forb 2 
Ae_oclnum cannabinum INDIAN HEMP forb 1 
Asclee_ias incamata SWAMP MILKWEED -+--forb __ 4 - ----
Carex cristatella CRESTED SEDGE sedge 3 
Carex hlsfericina PORCUPINE SEDGE -- sedg~ r---~ 
Carex lurida BOTTLEBRUSH SEDGE ~_!!g~ 3 
Carex vule_inoidea FOX SEDGE 

1-------

~llil 1 
Carex se_. NDN _...§.~.9~ NDA" ·------------- r-----· 
Cee_ha/anthus occidentalis BUTTON BUSH shrub 6 
Eleocharis ery_thropoda _ RED-FOOTED SPIKE-RUSH sedg_~-- 4 t-------
Erechtites hieracifo/ia PILEWORT forb f----2__----- ----
Eupatoriut!]_E_erfoliatum COMMON BONESET forb r---l_ __ ------· 
Fraxinui!!..P_ennsylvanica GREEN ASH tree 3 
Galium ae_arine CLEAVERS forb 0 
Juncus effusus SOFT RUSH forb 1 ----·-----c------
heersia oryzoides RICE CUT GRASS ---,__grass _ 1 
Ludwig_ia palustris WATER-PURSLANE forb 3 ---c------
~pus americanus AMERICAN WATER-HOREHOUND forb 3 
Polyg_onum hydroe_iper WATER-PEPPER forb 1 
Polyg_onum Jae_athifolium DOCK-LEAVED SMARTWEED forb 1 
Potamog_eton nodosus LONG-LEAVED PONDWEED forb 

c---
3 

Rubus occidentalis BLACK RASPBERRY shrub 1 -------
Schoenoplectus tabemaemontani SOFT-STEMMED BULRUSH sed~-- ~------~ 

Soli~go canadensis CANADA GOLDENROD forb 1 - ---- ----- -----
Sparg_anium eu!YE!!!E.um GIANT BUR-REED forb 4 
Toxicodendron radicans POISON-IVY vine 1 

COMMON BLADDERWORT forb 6 Utricu/aria vulgaris 
-- NDA"--Vilis sp. NDA" __ vin~_ 

!!grostis gigantea 
Cirsium arvense 
Daucus carota 
Dipsacus fullonum 
Echinochloa crusgalli 
G/echoma hederacea 
Medicago lue_ulina 
Mentha x e_ie_erata 
Poly_gonum e_ersicar~--
Rosa multinora 
Trifolium ree_ens 
"[y_pha x glauca 
Xanthium strumarium 
UnklloLvn forb 

a CC = Coefficient of Conservatism 
b see http:l/plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 

REDTOP 
CANADA THISTLE 
QUEEN-ANNE' S-LACE 
WILD TEASEL 
BARNYARD GRASS 
GROUND IVY 
BLACK MEDICK 
PEPPERMINT 
LADY'S THUMB 
MULTIFLORA ROSE 
WHITE CLOVER 
HYBRID CAT-TAIL 
COMMON COCKLEBUR 
UNKNOWN 
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__ grass __ 0 f------
forb 0 
forb 0 
forb 0 

------- grass 0 
~---- __ 0 ___ 

forb 
forb 0 
forb 0 
forb -~ 

~hrub 0 
forb 0 
forb 0 
forb c--N~A" -----
forb 

Total Species: 43 
Native Species: 29 

Non-Native Species: 13 
Average cc•: 1.75 

I Nativity 
Wetland I Relative 

lndicatorb Cover 
native FACU- 0.230% 
native OBL 0.989% 
native FACU 0.304% 

_nat~ve_ OBL 0.533% 
r--FACW 

----
native 0.228% 

__ nat~ve OBL 0.076% 
nat1ve OBL 0.533% 
native OBL 2.663% 

. -
~oN native 0.228% --·-- ·-- OBL- 11:871% native 

native OBL 6.088% -·----·------
To44% native FACU -----

native FACW+ 0.536% 
native FACW 0.076% 
native FACU 0.457% 
native FACW+ 4.033% 
native OBL 1.294% -----
native OBL 0.989% 
native OBL 8.523% 
native OBL 0.304% 
native FACW+ __ 2.511% 
native OBL 0.076% 
native UPL 0.076% 

--native OBL ~.667% 
native FACU 6.544% 

native OBL 0.228% 
native FAC 0.078% 
native OBL 0.152% -----
native NDN 0.076% 

adventive FACW 1.674% 
adventive FACU 1.902% 
adventive UPL 0.304% 
adventive FACU- 1.370% 
adventi~~ FACU 0.304% 

-- FACU adventive 0.230% 
adventive UPL 0.076% 
adventive FACW+ 1.065% 
adventive FACW r----:,-_-370% 
adventive FACU 0.002% 
adventive FACU- 0.078% 
adventive __ OBL 0.913% 
adventive FAC 0.228% -----

native NDN 0.076% 

U.S. Department of Energy 
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Table D-20. WM1W4 Wetland Vegetation Monitoring Data Summary 

Total Species: 63 
Native Species: 48 

Non-Native Species: 14 
Average cca: 1.72 

I I I I 
Wetland I Relative 

Species Common Name Type cc• lndicatorb Cover 
~grimonia paNiflora SMALL-FLOWERED AGRIMONY forb 2 FAG 0.087% 
Alisma subcordatum SOUTHERN WATER-PLANTAIN forb 2 OBL 0.694% 
Ambrosia arlemisiifolia ·----- COMMON RAGWEED __ forb 0 FACU 0.260% 
Apocynum cannabinum ··-----~N HEMP --·-·-----c---· forb _ __!__. FACU 0.087% 
Asclepias incamala SWAMP MILKWEED forb 4 OBL T2o8%-
Asclepias synilca COMMON MILKWEED forb 1 FACU- 0.260% 
Aster novae-angliae NEW ENGLAND ASTER forb 2 FACW- 0.260% 
Asterpi/osus AWLASTER forb 1 UPL 0.087% 
Bidens connala·----------t:P~Uc;;R~P:O;L";E:.C-S;;:T;;E~M~MED BEGGAR'S-TICK 1-~ - 3 FACW+ 0.087% 

Bidens frondosa DEVIL'S BEGGAR'S-TICK f-- forb 2 _ FACW . 0.260% 
(;~~gJa se{ifUm···----- HEDGE BINDWEED ______ forb ~--J--- FAG- o:sn%-
Carex anneclens YELLOW FOX SEDGE sed~_ 3 FACW 0.608% 
Carex blanda COMMON WOOD SEDGE __ sedge 1 FAG 0.260% 
Carexcomosa _BEARDED SEDGE _____ ~gEl__ ___ 2_~::--Qi3L· 1.910% 
Carex crislatella ------- CRESTED SEDGE __________ ~~- ___ 3_ r-£~CW . ~~7% 
CarexTriii!kJT_____ FRANK'S SEDGE sedg~-r---- 2 OBL 0.608% 
Carex lurida BOTTLEBRUSH SEDGE __ sed~ ___ 3__ OBL 6.250% 
Carex tribuloides BLUNT BROOM SEDGE sedge 4 FACW+ 0.868% 
Carex vulpinoidea FOX SEDGE ·----~~~- 1 OBL 2.083% 
Ceratophyllum demersum COONTAIL forb 2 OBL 0.694% 
Decodon verlicillalus SWAMP LOOSESTRIFE forb __ 6___ OBL 1.563% 
Desmodium canescens HOARY TICK-TREFOIL _ forb ~- . UPL 0.087% 
Eleocharis erylhropoda RED-FOOTED SPIKE-RUSH sedge 4 OBL 0_868% 
I"E::O'-'Ieo=ch""a,_,ri~s.ocob,l:oous,a=----·------· BLUNT SPIKE-RUSH sedQe 1 OBL 0.347% 
Erigeron annuus DAISY FLEABANE __ forb ~- FACU 0.434% 
Eupatorium perfolialum COMMON BONESET __ ~_forb __ 3 FACW+ 1.476% 
Fraxinus pennsy_/vanica GREEN ASH tree . 3 __ . FACW 0.694% 
Ga/ium aparine __ CLEAVERS forb 0 FACU 0.608% 
Juncus effusus SOFT RUSH forb 1 FACW+ 6.250% 
Juniperus virginiana EASTERN RED CEDAR __ tree 1---:J_ _ FACU 1.128% 
Leersia oryzoides RICE CUT GRASS _grass 1 OBL 3.993% 
Ludwi~palustris WATER-PURSLANE ------ forb --f---~ ·-·OE:iL-· 1.fi49% 

N2ym=7p~h.=.ae"'· a'-:o"'d"oora=la'---------- FRAGRANT WATER-LILY _ forb ~-- _OBL 13.021% 
I~P~a';'m"'·c,um.,__,v,.lfg,'!'a"'lu"'m~-;:------- SWITCH GRASS mass 4 .- FAG 0.868% 
Poly_gonum lapathifolium ·----· DOCK-LEAVED SMARTWEED forb 1 FACW+ 0.521% 
PolamoMion no!fosu:s.. LONG-LEAVED PONDvyEED ____ __!_o~-- _____ 3 _ ~-- 0.521% 
Prunella vulgaris ______ SELF-HEAL forb 0 FACU+ · O.fi94% 
Rosa paluslris SWAMP ROSE shrub 5 OBL 0.260% 
Rubus occidentalis - BLACK RASPBERRY shrub 1-- UPL 0.260% 
Schoenoplectus tabemaemontani SOFT-STEMMED BULRUSH sed!!!_ 2 OBL 3.646% 
Scipus atrovirens GREEN BULRUSH se<!_~ __ 1 OBL 1.563% 
Scipus cy_perinus WOOL-GRASS sedg!_ c---- 1 FACW+ 1.302% 
Solidago canadensis CANADA GOLDENROD forb 1 FACU 7.378% 
Ve!bena hastata BLUE VERVAIN forb 4 FACW+ 0.955% 
Vernonia giganlea TALL IRONWEED forb 2 FAG 2.778% 
Vibumum dentatum ARROW-WOOD ··- -~hrub _ 2 FAC 0.521% 
Vilis riparia RIVERBANK GRAPE vine ---3-- -FACW - 0.2fi0% 
Vitissp::_. ~------- NDA0 vine --f.J[)AC -~o:oa7%-
Agrostis gigantea REDTOP grass 0 FACW 5.903% 
Citsium aivense CANADA THISTLE -- -· forb

0_F ___ T FACU 0.521% 
Citsium vulgare___ BULL THISTLE forb 0 FACU- 0.087% 

ED:::a::::u::::cu::.:s:.:ca=:;-ro=o:t:=a____ QUEEN-ANNE'S-LAC~-- ________ forb _ ---0 -- --UPL o:iJ68% 
~l ... ro• Wlloo"m Wllll TI'ASEL _ _;,;,_ J -.--- FACU- 2.257% 
Lonicera japonica JAPANESE HONEYSUCKLE vine 0 ___ FAG- 1.215% 
Loniciera maackii AMUR HONEYSUCKLE shrub 0 UPL 2.604% 
Medicago lupulina BLACK MEDICK forb --0-- -----uFil- 0.087% 
Meli/otus offlc~in=ao;;/is-- YELLOW SWEET-CLOVER forb - 0- -FJ\co:-- 0.347% 
Najas m=i=n=or_~_ EURASIAN WATER-NYMPH --- -~ --a- -OBL·- -4.601% 
fY.rus communis PEAR sm tree r----0-· -- UPL 1.910% 
Rumexcrispus ------- CURLY DOCK -·---forb 1-- 0 FACU -o:o81%-
Trifolium repens WHITE CLOVER forb 0 FACU- 1.389% 
I'lpha x glauca HYBRID CAT-TAIL forb ·-0-. - OBL 2.604% 
Unknown grass UNKNOWN -- grass NDA0 NDA0 I 0.608% 

• CC = Coefficient of ConseNatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May2012 
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Table D-21. WM1W5 Wetland Vegetation Monitoring Data Summary 

Species 
Alisma subcordatum 
Andropogon g_erardii 
Aster pilosus 
Comus amomum 
Cyperus sp. 
Eleocharis erythropoda ----
FraxinU!!__J?_ennsylvanica ----
Leersia o!Y?_oides 
Lemna minor 
Mimulus ringens _____ 
Panicum 'li!JI!!lu!!' ____________ 
Parthenocissus ~J___~olif! _____ 
Phyla lanceolata ---------· 
~ulus deltoides 
Salix exigua 
Salix nigra 
Schoenof!!ectus tabemaemontani · 
Scipus atrovirens 
Scipus cyperinus 
So!idago canadensis 
Sorghasfrum nutans 
Vernonia gjgantea 
~rostis gf__gantea __________ 
Bromus ~e_onicus 
Cirsium arvense 
Convolvulus atvensis 
Daucus carota 
Dipsacus fullonum 
Festuca elatior 
Loniciera maackii 
Morusalba 
Plantago lanceolata 
Poly~um persicaria 
Pyrus communis ----·-----·--
Rosa multiflora 
Rumex crise_us 
Solanum carolinense 
Sonchus arvensis 
Trifolium repens 
frpha x glauca 
Xanthium strumarium 
Regreen 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native_ 

Common Name Type 
SOUTHERN WATER-PLANTAIN forb 
BIG BLUESTEM - __ g_r~_§_§__ __ 
AWL ASTER forb 
SILKY DOGWOOD shrub 
NDAC sedge 
RED-FOOTED SPIKE-RUSH __ _§edge_ ------
GREEN ASH tree --- -----
RICE CUT GRASS grass 
COMMON DUCKWEED forb 
COMMON MONKEY-FLOWER forb ---
SWITCH GRASS ------- grass ----.---
VIRGINIA CREEPER vme ------------------
FOG~FRUIT forb ------
EASTERN COTTONWOOD tree 
SANDBAR WILLOW shrub 
BLACK WILLOW tree 
SOFT-STEMMED BULRUSH _ sedge_ 
GREEN BULRUSH _ se<i~ ---
WOOL-GRASS sedge 
CANADA GOLDENROD forb 
INDIAN GRASS _grass --
TALL IRONWEED forb 
REDTOP grass 
JAPANESE BROME ___ g_@_SS 

-~------

CANADA THISTlE __ forb 
FIELD BINDWEED forb 
QUEEN-ANNE'S-LACE forb 
WILD TEASEL forb 
TALL FESCUE grass 
AMUR HONEYSUCKLE shrub 
WHITE MULBERRY tree 
ENGLISH PLANTAIN forb 
LADY'S THUMB forb --- -----
PEAR sm tree 
r,.ru-LTIFLORA ROSE ____ shrub 
CURLY DOCK forb 
HORSE NETILE forb 
FIELD SOW-THISTlE forb 
WHITE CLOVER forb -----
HYBRID CAT-TAIL forb -
COMMON COCKLEBUR forb 
REGREEN grass 
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Total Species: 42 
Native Species: 22 

Non-Native Species: 19 
Average cca: 1.30 

I cca 
I Wetland I Relative 
lndicatorb Cover 

_ _1__ c--9BL 0.002% 
5 r-_FAC 0.495% ---------
1 UPL 0.002% 
2 FACW 0.124% 

NDAC NDAC 0.247% 
4 OBL 6.186% 

!------::----r------
r-- 3 FACW 0.742% 

1 OBL 1.114% 
3 OBL 1.237% 
4 OBL 0.371% 
4 FAC 1.237% 

---· 
2 FACU 0.124% 

-------- ---

r-· 3 OBL 0.371% 
3 FAG 0.002% 
1 OBL 18.312% --
2 FACW+ 0.124% 
2 OBL 39.593% ---_,---- ---------

OBL 0.124% ---1-- ---------------

1 
5 
2 r----
0 
0 
0 
0 
0 
0 
0 --
0 
0 
0 
0 

f-------c-- ---
0 ---------
0 
o· 
0 
0 
0 

r--- 0 
r-----

0 
NDN 

FACW+ 2.227% 
FACU 1.980% 
UPL 0.742% 
FAC 0.002% 

FACW 0.742% 
FACU- 0.002% 
FACU 0.371% 
UPL 0.002% 
UPL 0.250% 

FACU- 0.374% 
FACU 0.742% 
UPL 0.371% 

r---- UPL 0.124% 
UPL 0.495% 

__ FACW _ 1.237% 
----

UPL 0.371% 
~=-----

FACU 0.124% 
FACU 0.742% 
UPL 0.002% 
UPL 0.124% 

FACU- 0.002% 
OBL -- 18.188% 

r-FAC 
-

0.371% NDN ___ -0.-002% 

U.S. Department of Energy 
May 2012 
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Table D-22. WM1W6 Wetland Vegetation Monitoring Data Summary 

Species 
Acer saccharum 
A/isma subcordatum 
Ambrosia ariemisiifolia 
Androl!E9_on gerardii 
Asclepias incamata 
Aster novae-angliae 
Asters£!.-
Carex anneclens --
Carex comosa -· 
Carex cristatella -----------
Carex frankii 
Carex h~stericina 

------~-

Carex Jurida 
~_rex nom1a!is -----------
Carex stncta 
Carex vulpinoidea 
Cel!!!!!J.anthus occidentalis 
freerusse. 
Eleocharis erylhroeoda 
Eleocharis obtusa 
Erigeron annuus 
Euthamia graminifolia 

··-

Fraxinus eennsrfvanica .. 
Juglans nigr<~__ 
Juncus effusus -
Juncus tenuis 

··-------
Lemnaminor 
Ludwigia ealuslris 
L~coeus americanus 
Panicum clandestinum 
Panicum virgatum 
Parihenocissus g_uing_uefolia 
Poly_gonum amehibium 
Prunella v!iJJJ~. 
Schoenoeleclus labemaemontani 
Scip_us atrovirens 
Scip_us ~perinus ------
Senna hebecarea 
Solidago canadensis 
Seariina eectinata 
Toxicodendron radicans 
Verbesina allemifolia 
~grostis gj_~ea 
Bromus ~p_onicus 
Daucus carota 
Dip_sacus fullonum -
Festuca elatior 
Hordeum i!!!!_~um ________ 
Loniciera maackii 
Lotus comiculatus 
Me!!_[~!l_g_o lyp_ulina -------~------· 
Me/llotus officina/is -
Phleum eratense -
Py_rus communis 
Rosa multiflora -
Rumex crisl!l!!!__ 
Solanum carolinense 
Typha x glauca 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
e NDA = No Determination Available 

U.S. Department of Energy 
May 2012 

Total Species: 58 
Native Species: 42 

Non-Native Species: 16 
Average CC"' 1.96 

Common Name I Type cc• 
I Wetland I Relative 

lndicatorb Cover 
SUGAR MAPLE tree 5 FACU- 0.003% 
SOUTHERN WATER-PLANTAIN forb 2 OBL 0.296% 
COMMON RAGWEED forb 0 FACU 0.151% 
BIG BLUESTEM grass 5 FAC 0.592% 
SWAMP MILKWEED forb 4 OBL 0.148% 
NEW ENGLAND ASTER forb 2 FACW- 0.148% 
NDA" forb NDA" NDA0 0.003% 
YELLOW FOX SEDGE sedge 3 FACW 4.442% -
BEARDED SEDGE ·- sedge 2 OBL 0.444% 
CRESTED SEDGE ~9..~ 3 FACW 2.517% 
FRANK'S SEDGE 

---- ----
~:369% sedj:je 2 __ OBL __ 

PORCUPINE SEDGE sedge 5 OBL 0.444% 
BOffiEBRUSH SEDGE sedQ!__ 3 OBL 0.296% 
~fE STRAW SEDGE --~9!..- 4 __ FA.fld__ 0.148% ------

-0.148o/o TUSSOCK SEDGE ---- sed~ 5 OBL 
FOX SEDGE sedQ!__ 1 OBL 3.258% 
~ONB!:!.§!:!._ __________ shrub --;-~~----- __OBL __ 2.221% 
NDA" sedgi::_ NDA" NDA" Q003% 
RED-FOOTED SPIKE-RUSH 

·-
seq9!.._ 4 OBL 0.444% 

BLUNT SPIKE-RUSH sedge --~ OBL 0.148% 
DAISY FLEABANE forb 0 FACU 2.665% 
FLAT-TOPPED GOLDENROD forb 2 FAC 0.447% ·---. 
GREEN ASH tree 3 - FACW-- 0.148% 

-· 
BLACK WALNUT tree 5 FACU 0.148% 
SOFT RUSH ------------~ 1 FACW+ 1.037% 
PATH RUSH forb 1 FAC- 7.256% ---· 
COMMON DUCKWEED forb 3 OBL 0.003% 
WATER-PURSLANE forb 3 OBL 1.481% 
AMERICAN WATER-HOREHOUND forb r---L- OBL 0.296% 
DEER'S-TONGUE PANIC GRASS grass 2 --FAC+-- -0.595% 
SWITCH GRASS 11rass 

I-· 
4 FAC 9.625% 

VIRGINIA CREEPER vine 2 FACU 0.148% 
WATER SMARTWEED forb 4 OBL 0.003% 
SELF-HEAL _ __ forb ___ __ 0 __ _fACU-t: _ 0.003% 
SOFT-STEMMED BULRUSH sedge 2 OBL 1.481% 
GREEN BULRUSH sedge 1 OBL 0.740% 
WOOL-GRASS _sed~~ 1----1 FACW+ 0.148% 
NORTHERN WILD SENNA forb 4 FAC 1.037% --
CANADA GOLDENROD forb 1 --FACU-12.142% --- i-· 5 PRAIRIE CORD GRASS -- __ g~ OBL 9.625% 
POISON-IVY vme 1 __ FAC 0.148% 
WINGSTEM forb 5 FAC 0.154% -------
REDTOP grass 0 FACW 3.702% 
JAPANESE BROME __grass 0 FACU- 11.109% 
QUEEN-ANNE'S-LACE forb 0 UPL 0.891% 
WILD TEASEL --- forb 0 FACU:_ .4442% 
TALL FESCUE -~ 0 FACU 0.296% 
SQUIRREL-TAIL BARLEY---- . grass ___ _Q__ __ FAC 0.003% 
AMUR HONEYSUCKLE --·----- -slin:lb- 0 UPL 0.148%·-
BIRD'S-FOOT TREFOIL 

-----r----
FACU- -3.258% forb 0 

BLACK MEDICK __ forb __ 0 UPL ~~o/o_ -------------------- _____ 0 ___ 
-- FAcu:-YELLOW SWEET-CLOVER forb 0.592% 

TIMOTHY 11rass 0 FACU 0.444% 
PEAR ·----------- ~!!1_ tree f---__Q_- UPL 1.333% 
MULTIFLORA ROSE shrub 0 FACU 1.481% 

--------~--- ----------
CURLY DOCK ---~ 0 FACU 0.003% ------- --0-HORSE NETTLE ------ forb __ UPL __ 0.296% 
HYBRID CAT-TAIL --forb 0 OBL ""4.442% 
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Table D-23. WM1W7 Wetland Vegetation Monitoring Data Summary 

Total Species: 29 
Native Species: 21 

Non-Native Species: 6 
Average cca: 2.00 

Species I Common Name Type I cca 
I Wetland I Relative 
lndicatorb Cover 

A/isma subcordatum SOUTHERN WATER-PLANTAIN forb 2 OBL 3.786% 
Amo~ fruticosa FALSE INDIGO forb 3 FACW 1.136% 
Carex comosa BEARDED SEDGE sedge 2 OBL 1.515% 
Carex vuleinoidea FOX SEDGE sedge 1 OBL 7.573% 
Eleocharis obtusa BLUNT SPIKE-RUSH sed~_ 1 OBL 3.786% 
Q!y_ceria striata FOWL MANNA GRASS 1--9.@..~-- 2 OBL 0.379% --
Iris versicolor NORTHERN BLUE FLAG forb 6 OBL 0.379% 
Juncus effusus SOFT RUSH forb 1 FACW+ 12.495% 
Juncus tenuis PATH RUSH forb 1 FAC- 15.903% 

---· ----
Juncus torreyi TORREY'S RUSH 1-- forb _ 3 _FAS]!j._ 3.786% ·---------· ----
Leers/a oryzoides RICE CUT GRASS _gras_~_ 1 OBL 3.786% ---- -------------OBL --Lerona minor COMMON DUCKWEED forb 3 0.386% 
Poly_gonum amehibium WATER SMARTWEED forb --4 OBL 1.893% 
Potamogetonnodosus LONG-LEAVED PONDWEED forb 3 OBL 1.515% 
Schoenoelectus tabemaemontani SOFT -STEMMED BULRUSH sedg_f!_ 2 OBL 1.136% - ----
Scipus atrovirens - GREEN BULRUSH sedge 1 OBL 1.515% 
Senecio aureus GOLDEN RAGWORT forb 4 FACW 0.008% 

forb Solidago canadensis ___ CANADA GOLDENROD 1 FACU 1.522% --1------ --
Searg_anium eU!YQ!!JPUm GIANT BUR-REED forb 4 OBL 9.466% 
Searlina eectinata PRAIRIE CORD GRASS 
Verbena hastata BLUE VERVAIN ----------··--------· Rffifoli--------------··-··----
f!g~~J_[!i_glgantea _ 
Cirsium aJVense 
Dipsacus fullonum 
Festuca elatior 
Rumex crispus 
"[ypha x glauca 
Unknown forb 
Unknown 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

CANADA THISTlE 
WILD TEASEL 
TALl FESCUE 
CURLY DOCK 
HYBRID CAT-TAll 
UNKNOWN 
UNKNOWN 
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--
--

grass 5 
forb 4 ----------a-grass_ __ 0 ___ 
forb 
forb 0 

_grass 0 
forb 0 -----
forb 0 
forb NDA0 

NON' NDA0--

OBL 13.253% 
_FAC~ 0.379% ----

FACW 9.466% ------
-0.394% FACU 

FACU- 0.379% 
FACU 1.515% 
FACU 0.379% 
OBL 1.136% 
NDA0 0.758% 
NDAe 0.379% 

U.S. Department of Energy 
May2012 
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Table D-24. WM2W1 Wetland Vegetation Monitoring Data Summary 

Species Common Name 
Acerrubrum RED MAPLE ----------------
Achillea millefolium YARROW 

·----~---

SMALL-FLOWERED AGRIMONY--Agrimonia earvif/ora 
Ambrosia arlemisiifo/ia COMMON RAGWEED 
---------------- --
Bidens frondosa DEVIL'S BEGGAR'S-TICK 

··-------- --
Calysteg~ seeiuf!l ________ HEDGE BINDWEED 
Camesi~-radican~--------- TRUMPET-CREEPER 

Carex_~----- NDA" -----·--
Carex cristatel/a CRESIED SEDGE ___________ --------------------

Total Species: 
Native Species: 

Non-Native Species: 
Average cc•= 

I Type cc• 
Wetland I 

lndicatorb 

~-~- 2 FAC ------

1-J~ 1 FACU ------
forb_ 2 FAC 
forb 0 FACU 
forb f--L FACW -----·-
forb 1 FAC-----
vine 1 . FAC 

~-ON 1--NON--_§~Q9_~_ e.:-·---- 1--'·----

~g~ __ 3 ____ FACW __ 

50 
37 
10 

1.73 

Relative 
Cover 

0.082% ---
0.242% ----
0.081% 
0.161% 
0.081% --------
0.081% 
0.081% -·------
0.081% --------
0.161% -------

Carex frankii FRANK'S SEDGE --~-~!!9~-- __ g___ _ _ _QI_3_L_ 0.403% ---------------------·------------ ·----------------------- ---------

Carex Y!E_nularis --·-·------------~E_ADOY\L§_@GS_ _________ 
Q_;~rex hyslericit!_a ______________ PORCUPINE SEDGE 

- ----------
Care){ vuje_inoidea ____ FOX SEDGE ---------------
Cee._h_!!/anlhu~ occi!!_enla/i~- -··-----~TTONBUSH . -·---·-----
Ceratophyllum demersum COONTAIL ·------
Desmodium canescens HOARY TICK-TREFOIL __ 

~eoCi1aiis e'Y!!!_roeoda -=~--- RED-FOOTED SPIKE-RUSH --------
Equisetum arvense FIELD HORSETAIL 
~[fg!!_ron ~f!:_ ________________ NDA" -----------------------
Euthamia__g_raminifolif!_ __________ J'"_LAT-TOPPED GQ_~QE!'J_~OD _______ 
Geum canadense WHITE AVENS ' 

-------------- ------------------·-
Hamamelis virginiana _____ WITCH-HAZEL 

. -------
Juncus lenuis PATH RUSH ___________ 
Leersia opoides-=~~~-=~-=~=----- RICE CUT GRASS 

Lemna mir1pr ---------·-----~JVION DUCKWEED --~==~ 
Monarda fistu/osa ~~D BERGAMOT·--------------
Oxa/is stricta COMMON YELLOW WOOD-SORREL 

-~---· 

Panicum virgatum ________ SWITCH GRASS 
~---

f:p_e_ujys deltoides EASTERN COTTONWOOD ·---------
'fO'NG-LEAVED PONDWEED Polam~eton nodosus _ 

Schoeno[!_lectus tabemaemonlani . SOFT-STEMMED BULRUSH __ 
Scipus_iJJ!Qvirens _____________ GREEN BULRUSH ________ 
Scip_us_E_Y.l!_erinus ----·-· WOOL-GRASS ·------
Solidago canadensis CANADA GOLDENROD 
~IJJ!!.nium e!!_f}'§P_Um _______ GIANTJ3UR-REE.Q_ ________ 
Toxicodendron radicans POISON-IVY 
Vemof!ia g_igantea ___________ TALL IRONWEED ___ 
Daucus carota $EEN-ANNE'S-L,ACE ·--------------------------------·-----·--------

l?l~fl_c_'-!_s fullonum -----------·-~l_JAS~L ___________________ 
!,.~machia nummulf!ria ___ . _____ MONEYWORT 

~LACK MEDICK -·---------- _ Medi£f!.Y.E lup_ulina _ _ ______ 

!!!!!'!..t!!_go lanc~ola~---·----·--------- ENGLISH PLANTAIN 1-=-.-----------------
!!Jantf!go ma~ COMMON PLANTAIN 
~otam.E_get~ cri~~.!!_ _____________ ~LV-LEAVED fOf!!lJ!l!EEQ __ =.-= 
Solanum carolinense HORSE NETTLE -------------
Trifolium repens ______________ WHITE CLOVER ------------

IYI!.ha !_glauca ----·----·----·--- HYBRID _CAT.:.T!I_b___ _ _________ 
Unknown Gress --------------------------
Unk!_J_E_lvn Grass __________ 

Unknown . 

a CC = Coefficient of ConseiVatism 
b see http://plants.usda.gov/wetinfo.html 
0 NDA = No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

~.I'J.I5!'JOYYl:J __________________ 

~KNQ~N ------------------·--
UNKNOWN . 

~ed~ 3 FACW+ 0.645% - -·---- ··- -------- ---·-------
~_!!g~ 5 OBL 0.081% -----------
~g~ 1 ~ OBL 0.886% 

-~--~ -_- ~~t ~~= _?hrub __ 0.242% 
forb := 18.933% ·= -----·---------
forb 4 UPL 0.081% ------- ----

f-- 1.208% -= ~-~!!9~. 1--L-1---OBL __ 
~!!!_ i__Q__ _fl.f_ ~- 2.338% -

forb NDA0 NON 0.081% _ ___:__:_f---------- -o:Ci!Fr%--forb 2 FAC -------------------
-0.081%-_fo~L 2 FACU 

;lJ~~t 
sm tree 7.251% 

forb 0.806% 
__ grass f-__!!,725% _ 

forb _.:L_L OBL __ 1-0.002%---
_fo~~- _ _L_I __ _!JP~---- 0.002% -------

forb __ Q__ UPL 0.002% ----
~ 1.128%--_ grass_ ____ '!_ _ FAC -----

tree 3 FAC f-.0.4~% -·-··-------
forb 3 OBL 22.156% 

~g~ 2 _ _Q_~_ 0.242% 
. sedg~ __ 1__ __ OBL __ i-- _Q.483~ _ 

sedf!.E!_ 1 ~W+ __ ~-0.242% 
_forb __ 1 FACU 0.324% 

i--for)?_ 4 OBL 12.891% 

1--vine 1 FAC 0.242% 
__ £AC __ 

------
forb 2 0.002% ------
forb 0 UPL 0.081% ------·--· --------------
forb 0 FACU- 0.483% 

---------- -·-------
forb 0 OBL 0.242% ------- -------
forb __ _Q_ ___ ____ _!:!~_!::_ __ i-'.J!.:.QQ2% -
forb __ _Q__ UPL 0.002% ------------ ---0.081% -f-l!~- f--.Q __ FACU 
forb 0 OBL 15.469% -----

1- forb __ I--lL_ UPL 1-..!!.:.9_61% --------
forb 0 FACU- 0.322% 
forb ___ 9_ OBL 10.071% --·------ - ·-
forb NDA0 NON ~_Q,_OB1~--

~!;~~--~ NON 
----------------

NON 0.002% -------· 
NDA~ NDA0 NON 0.002% 
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Table D-25. WM2W2 Wetland Vegetation Monitoring Data Summary 

Species 
Acerrubrum 
----· 

Alisma subcordatum 
Ambrosia arlemisiifolia -· 
Asclepias incamata 
Bidens frondosa 
Q~mpsis radicans 

~-------

Carex cristate/Ja 
Carex frankii ---------------------
Carex g_ranularis _____________ 
Carex hJI.sferi0!la ______ 
Carex vulpinoidea 
9P_ha/anthus occidentalis 
Cerarop~y/Jumdemeroum 

f.YI!'!..fll!!_sp_:_ _____________________ . 
Desmodium canescens 
Eleocharis erythroppda 
Eleocharis obtusa 
Eupatorium sp. ---·-· 
Fraxinus pennsylvanica 
Juncus tenuis --------------------
Leersia oryzoides _ 
Panicum virgatum ----
Penstemon digitalis -
Populus deltoides --------·-
Potamog_eton nodosus --
~a/ix t!fg_ra ___________ 
Schoenoplectus tabemaemol}tani 
Scipus atrovirens 
Solidago canadensis 

--
§trophol!_fyles helvula .. 
Verbena urlicifo/ia ·---··-----
~~f!r!enoplectus mucronatus ... 
Typha x _g_lauca 
Unknown forb 

a CC = Coefficient 'of Conservatism 
b see http://plants.usda.gov/wetinfo.html 
c NDA = No Determination Available 
Species in bold are non-native. 

Common Name 
RED MAPLE 
SOUTHERN WATER-PLANTAIN --
COMMON RAGWEED 
SWAMP MILKWEED --
DEVIL'S BEGGAR'S-TICK 
TRUMPET-CREEPER --
CRESTED SEDGE --
FRANK'S SEDGE -----------
MEADOW SEDGE 
PORCUPINE SEDGE 
FOX SEDGE ---------
BUTTONBUSH 

------··-·---··-

COONTAIL --
NDAC 

-------------
HOARY TICK-TREFOIL 
RED-FOOTED SPIKE-RUSH 
BLUNT SPIKE-RUSH --
NON . --------
GREEN ASH ---------------· 
PATH RUSH 
RICE CUT GRASS-------------
SWITCH GRASS ·-----

FOXGLOVE BEARD-TONGUE 
EASTERN COTTONWOOD ..,--,---- . 
LONG-LEAVED PONDWEED 
BLACK WILLOW 
SOFT-STEMMED BULRUSH _______ 

GREEN BULRUSH --------

~~~;~~~OLDENROD __ 

WHITE VERVAIN 
.milltELD BULRUSt!__ _________ 
HYBRID CAT-TAIL 
UNKNOWN 
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Total Species: 34 
Native Species: 31 

Non-Native Species: 2 
Average CC": 2.29 

I Type I 
I Wetland I Relative 

cca lndicatorb Cover 
tree 
forb 

!---,--.,..--

forb 
forb 
forb 
vine 
sedg~ 

~~~g~ 
~_Q_~ 
sedg~ 
sedge r-:-·--
shrub 
forb 

_§edg_~ 
forb 
sedg~ 
sedg~ 
forb ------
tree · 

r--!Q!I!__ 
_gras~_ 

I grass 

~-
tree 
forb 
tree 
~--

sedg~ 
sedge 
r-:-~-
·forb 1--,--,----
r--!~~-

forb 
~lj_g~ 

forb --
forb 

··· ~ fyi~L 
0.148% 
0.148% 

-· 0.148% 
4 OBL 1.038% 

I---- ---- -----
2 FACW 0.445% 

~~-- 1 __ =r~ FAC _ 0.151% 
r--- 0.445% 3 FACW 

2 OBL 0.593% 
1---3--- r-FACW+- -------

0.297% r----·---·- ------
5 OBL 0.448% ------- -------· ------
1 OBL 1.187% 

·-
6 OBL 2.077% ------------ -----------
2 OBL 5.192% 

--NDA" NDAC 0.003% -------- ------~ ---------
4 UPL 0.445% ----
4 OBL 54.885% ----:;--1--- OBL 0.148% 

- NDAC -- . -

r-···------
3 r----1--

-----.,-----·-
---------

4 ----------
2 -----· 
3 1------
3 
2 ---------
2 
1 

1----1--
1------

3 
!---·--·· 

3 
____ !!_ ___ 

0 
NDAC 

NON 0.148% 
FACW - r--- 1.038%--

FAC- 0.593% ... --·--
OBL 0.593% 
FAC 6.675% --FAC ___ --------

0.003% ------
FAC 0.148% ------1----·-----· 
OBL 0.448% 1-------- ·------

FACW+ 2.670% 
1------· 

OBL 2.670% 
OBL 0.148% 

---FACU-- -
0.148% --------

FACU- 0.297% 
FACU 0.148% 

- -
1-· 0.148% OBL r--------· -----

OBL 16.317% 
NDN 0.006% 

U.S. Department of Energy 
May 2012 



Table D-26. WM2W3 Wetland Vegetation Monitoring Data Summary 

Total Species: 45 
Native Species: 38 

Non-Native Species: 7 
Average CC3

' 2.20 

I I I 
Wetland I Relative 

Species Common Name Type cca lndicatorb Cover 

a CC = Coefficient of Conservatism 
b see http://plants.usda.gov/wetinfo.html 

c NDA =No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 
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Table D-27. Wetland Mitigation Soil Biogeochemistry and Water Chemistry Analytical Summary 

Soil Water 

(.) 

Restoration Project Area 
BAPW2 0.2 1.2 75.4 0.228 0.534 11.54 0.872 14.7 1.25 5.5 7.66 0.3 3.37 294 26.67 1.78 16.6 438 184 2.65 
BAPW3 0.1 0.5 74.3 0.278 0.624 3.35 19.1 17.6 0.127 -67 7.06 0.3 3.47 407 27.62 1.07 22.1 463 217 4.25 

Borrow Area (BAP) BAPW4 0.1 0.9 74.6 0.212 1.21 10.04 1.17 17.9 0.01 24 7.79 0.1 0.745 502 29.22 1.27 16.9 223 18.8 6.99 
BAPW7 0.2 1.6 67.3 0.193 0.353 7.5 2.25 11.8 0.05 -104 6.95 0.3 1.4 392 23.73 1.19 15.7 297 96 6.16 
BAPW9 0.4 1.5 85.7 0.226 0.405 10.59 0.768 6.99 1.99 2 8.09 0.6 2.05 160 27.52 2.76 13.7 350 222 2.65 
FPAW2 0.2 6.0 75.0 1.2 8.35 3.57 7.04 43.9 <0.01 -86.7 7.03 0.4 12.1 578 21.37 10.3 62.2 783 198 96 
FPAW4 0.1 4.5 60.0 0.295 0.955 3.23 1.36 15.4 <0.01 -15 7.87 0.111 6.27 330 21.11 2.16 24.6 241 18.4 10.3 

F p d . A (FPA) FPAW5 0.2 3.3 55.3 0.513 12.8 1.24 2.53 57.3 O.Q1 -159 7.2 0.4 37.8 1024 20.66 9.61 37.5 928 198 9.35 
orrner ro uction rea I--:F=':P:'-::A7:W:7.7:---+-:o"'.2:---l-5:.:.. 7=---+-=79:.:..-=-6 ·U-o:.:._-=-64.;.;:1;-.+..,:0c;:.3::::;67=-l-~5.~84-:-+~8.~03:---1f-c3:-:6,:.:.4;.+-;.:1.~83:::-+--:_1:-71-=-5 -+-=-6.793=+--=o..:.,.8:-+-=6..:.,.5::7+--:::::87;::c4:.._!-=1~8.:.:.3;-=5+..::6.:.:. 77:::--ll-5~0,:.:.6:+.;9~68=-+"""'3;.::5~2+.2::-::2:.:. 7:-ll 

Northern Pine Plantation 
Enhancement (NPP) 

Wetland Mitigation Phase I 
(WM1) 

Wetland Mitigation Phase II 
(WM2) 

Performance Standard 

FPAW9 0.1 4.3 85.9 0.31 1.49 4.83 0.995 11.5 0.178 -31.5 7.55 0.1 7.87 321 22.82 .2.05 19.9 269 75 6.24 
PREW6 0.1 0.4 74.9 0.263 0.456 5.3 3.43 8.62 2.59 185 7.6 0.7 5.15 162 22.11 2.05 16.5 229 63 8.08 
NPPW4 0.1 0.8 78.4 0.236 21.7 4.26 18.1 17.6 1.04 -30 6.87 0.1 2.64 255 28 2.29 16.3 532 189 9.48 
NPPW5 0.1 0.6 71.2 0.174 19.8 9.9 1.14 24.3 0.286 56 7.66 0.2 1.92 606 25.22 0.312 9.47 452 50.8 13.6 
WM1W1 0.1 1.7 78.2 0.153 2.68 9.61 3.52 16.3 <0.01 11.2 7.07 <0.1 3.08 453 19.67 0.237 13.4 400 91.2 50.9 
WM1W2 0.3 1.1 77.8 0.156 1.01 5.01 3.69 16.6 <0.01 116.4 7.26 <0.1 4.22 450 20.24 0.988 15.7 352 73 23.8 
WM1W3 0.2 1.3 83.8 0.148 0.674 4.75 2 20.4 0.311 103 7.28 <0.1 4.36 494 20.41 0.253 15.6 314 5.6 13 
WM1W4 0.1 0.6 76.3 0.113 0.908 6.06 2.01 6.49 2.03 57.9 7.53 0.2 4.19 190 20.53 1. 7 9.64 369 215 29.9 
WM1W5 0.1 1.5 79.5 0.36 19.4 6.22 2.67 19.6 <0.01 63.3 7.05 0.5 22.8 540 18.58 2.1 28.6 508 108 179 
WM1W6 0.1 1.1 85.5 0.136 78.6 3.91 1.24 19.8 0.166 -25.6 6.97 0.2 1.56 763 19.21 0.36 10.6 615 150.8 24.5 
WM1W7 0.1 1.9 84.3 0.183 140 7.62 1.37 21.7 0.396 83.5 7.23 0.4 2.18 900 19.61 0.359 17.4 698 35.6 22.2 
WM2W1 0.0 0.5 73.9 0.146 12.9 6.75 3.62 22.7 0.095 -21.1 7.08 <0.2 1.48 384 27.08 1.69 8.83 310 17.2 7.23 
WM2W2 0.1 0.5 85.0 0.129 11.5 7.28 2 12.2 <0.01 125 7.73 <0.1 2.28 295 26.86 0.991 12.2 266 31.2 34.2 
WM2W3 0.0 0.3 78.6 0.132 26.8 8.04 1.88 18.5 <0.01 113 7.61 0.3 2.94 482 28.68 0.783 14.3 507 171 22.5 

>0.5 >3.9 <46.6 NA" NAa NAa NAa NAa NAa NAa NAa NAa NAa NAa NA" NAa NAa NA" NA" NAa 

Values m bold have met the performance standard 

• No performance standard exists for this parameter 

' / 
',____:.,: ·--'-"' 



Table D-28. Wetland Mitigation Amphibian Monitoring Scoring Metrics and Results Summary 

Amphibian Percent Relative Number of 
Quality Abundance Percent Relative Pond- Spotted Amphibian Index 

Wetland Assessrne nt Sensitive Abundance Breeding Salamanders or of Biotic Integrity 
Restoration Area Area Index Score Species Score Tolerant Species Score Salamanders Score Wood Frogs Score Score 

BAPW2 1.60 0 0% 0 100% 0 0 0 0 0 0 
Borrow Area (BAP) BAPW4 1.00 0 0% 0 100% 0 0 0 0 0 0 

BAPW7 3.20 3 20% 7 60% 3 0 0 0 0 13 

FPAW2 3.50 3 25% 7 75% 3 0 0 0 0 13 
Former Production Area FPAW7 1.90 0 0% 0 100% 0 0 0 0 0 0 

(FPA) FPAW9 2.28 0 29% 7 71% 3 0 0 0 0 10 
PREW6 4.18 3 45% 7 55% 3 0 0 0 0 13 

Northern Pine Plantation NPPW4 6.26 10 85% 10 15% 10 1 3 0 0 33 
Enhancement (NPP) NPPW5 2.82 0 0% 0 100% 0 0 0 0 0 0 

Wetland Mitigation Phase I 
WM1W1 2.00 0 0% 0 80% 0 1 3 0 0 3 
WM1W4 1.51 0 2% 3 98% 0 0 0 0 0 3 

(WM1) 
WM1W7 3.00 0 0% 0 100% 0 0 0 0 0 0 

Wetland Mitigation Phase II 
WM2W1 2.31 0 7% 3 91% 0 1 3 0 0 6 
WM2W2 1.66 0 1% 3 99% 0 2 3 0 0 6 

(WM2) 
WM2W3 3.61 3 2% 3 65% 3 1 3 0 0 12 



------------------------

Table D-29. Wetland Mitigation Amphibian Species Monitoring Summary 

Species and Number of Individuals 

I ~ ~ 

I 
"' "' .. "ii .l!l 

"'~ ~ 
~ 

"' 2 r:: '0) 
Cl Cll 

'C ·- E 0 

ffi ~ .. E "' "' ~ Cll r:: U:c;; 
.Q '<:' 

"' "' "' "' r:: C) "Qj 
.!!! 

0 
~ 'C ~ -~ Cll :5 E-f! 1: " ·;; 

" -~ r:: £~ ·e "E ai 
"' Cll 

Cll 
"'~ 

"C "53 ~ 3. " ..!!! Cll §- ~1} -g~ '" ·- "' r:: CO.Q E 'C~ = Cll 
Cll c,.e, .. ... 

en~ rn '" '" '" Cll '" E "' ::s " 0 0 Q, "' "' " Cll .. Cll ~ Cll ca,e "' "' g.-~ 
~e-

CD E iii E "' E E E 
~ "' ·;; lll"' ClCI) "' "' ·;; 

~.s rn 0 'C 0 '*,g 1: "' "' c:.l!l e.l!l ..J "' CD tj 
2 "' 2 E10 "' 'C- c:- Cll Q. Cll Cll u.. Cll Q. c.. Cll -" E ~ "' ~ '" ~ rn ~ -~ ~ .21 ~ rn U.Q .Q "'.Q rn c::n'O 

Wetland ~ -~ ca.Q :e~ 
E.Q .. .Q 'C 

"i: 0 1: 0 J: 0 1: "' 
u "" !!! E ..!!! E §,E "' Cll "'~ ~s t::S Cl ·- "' ·- " E r:: :: r:: '" E~ e c..r Restoration Project Area Area AIBI" .. "'( -q '"q ~"': j::"': ~:'5.. 0 (;~ 0 ·-e,_ rn- :!:- <r::'!. 1- <C:::!. z:::!. u.. rn-

BAPW2 0 0 0 0 0 0 0 0 0 3 0 0 2 0 
Borrow Area (BAP) BAPW4 0 0 0 0 0 0 0 0 0 0 1 0 19 0 

BAPW7 13 1 0 0 0 0 0 0 0 0 1 1 1 1 
FPAW2 13 1 0 0 0 0 0 0 0 2 0 0 0 1 

Former Production Area (FPA) 
FPAW7 0 0 0 0 0 0 0 0 0 1 0 0 10 0 
FPAW9 10 12 0 0 0 0 0 0 1 0 0 0 28 0 
PREW6 13 10 0 0 0 0 0 0 0 10 2 0 0 0 

Northem Pine Plantation Enhancement NPPW4 33 40 0 0 1 1 0 0 0 4 2 1 0 0 
(NPP) NPPW5 0 0 0 0 0 0 0 0 0 3 0 0 0 14 

WM1W1 3 0 0 1 0 0 0 0 0 1 3 0 0 0 
Wetland Mitigation Phase I (WM1) WM1W4 3 1 0 0 0 0 0 0 0 15 7 0 19 0 

WM1W7 0 0 0 0 0 0 0 0 0 0 0 0 0 40 
WM2W1 6 0 2 0 7 0 0 0 10 98 2 2 0 0 

Wetland Mitigation Phase II (WM2) WM2W2 6 0 1 1 0 0 0 0 213 2 0 1 134 2 
WM2W3 12 1 0 0 16 0 0 0 0 2 0 0 2 28 

.. 
• AlB/ = Amohib1an Index of B1ot1c lnteantv Score 
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Table D-30. Forest Functional Monitoring Herbaceous Vegetation Summary 

Functional 
Forest Community Type Monitoring Area 

NWEF01 
PREF01 

Mature Forest 
PREF02 
PRWF01 
PRWF02 
PRWF03 

Pine Plantation 
NPPPP1 
PREPP1 
A82RF1 
A82RF2 
ERPRF1 
FWPRF1 
NPPRF1 

Restored Forest 
NWERF1 
PRERF1 
PRERF2 
PRWRF1 
PRWRF2 
SWURF1 
SWURF2 
NPPSF1 

Successional Forest NWESF1 
PRESF1 

a CC = Coefflcent of Conservatism 

b FQAI = Floristic Quality Assessment Index 

U.S. Department of Energy 
May2012 

Total Native 
Species Species 

44 35 
36 27 
53 39 
22 12 
50 41 
38 25 
35 22 
49 37 
45 31 
46 29 
42 25 
46 27 
43 30 
54 38 
49 33 
36 23 
41 28 
50 34 
42 23 
38 26 
32 23 
44 32 
60 42 

Relative 
Frequency of 

Native Native 
Species Species cca 

(Percent) (Percent) (Median) FQAib 

80% 
75% 
74% 
55% 
82% 
66% 
63% 
76% 
69% 
63% 
60% 
59% 
70% 
70% 
67% 
64% 
68% 
68% 
55% 
68% 
72% 
73% 
70% 

72% 2.18 14.43 
67% 1.67 10.00 
65% 2.35 17.14 
33% 1.40 6.57 
67% 2.32 16.40 
85% 3.32 20.44 
55% 1.33 7.89 
72% 2.04 14.30 
68% 1.86 12.48 
55% 1.53 10.41 
47% 1.83 11.83 
56% 1.17 7.91 
68% 1.76 11.52 
63% 1.47 10.81 
64% 1.50 10.50 
54% 1.41 8.47 
58% 1.85 11.82 
57% 1.53 10.84 
52% 1.55 10.05 
68% 2.09 12.86 
58% 1.30 7.35 
68% 1.74 9.83 
69% 1.61 12.45 
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Table D-31. Forest Functional Monitoring Woody Vegetation Summary 

Functional 
Forest Community Type Monitoring Area 

NWEF01 
PREF01 

Mature Forest 
PREF02 
PRWF01 
PRWF02 
PRWF03 

Pine Plantation 
NPPPP1 
PREPP1 

~~RF1 
A82RF2 
ERPRF1 
FWPRF1 
NPPRF1 

Restored Forest 
NWERF1 
PRERF1 
PRERF2 
PRWRF1 
PRWRF2 
SWURF1 
SWURF2 
NPPSF1 

Successional Forest NWESF1 
PRESF1 

• CC = Coeff1cent of ConseNatJsm 

b FQAI = Floristic Quality Assessment Index 

c DBH = Diameter at Breast Height 

Total 
Species 

9 
17 
18 
17 
17 
16 
12 
17 
33 
14 
19 
35 
37 
26 
29 
40 
32 
24 
13 
19 
15 
13 
23 

Relative 
Density of 

Native 
Native Native Species Species cc• 

Species (Percent) (Percent) (Mean) 

9 100% 100% 4.78 
15 88% 35% 4.00 
16 89% 35% 4.17 
16 94% 20% 4.88 
15 88% 46% 3.00 
14 88% 13% 3.71 

9 75% 54% 3.25 
13 76% 81% 3.24 
29 88% 92% 3.39 
12 86% 77% 3.31 
15 79% 80% 3.65 
33 94% 89% 3.60 
33 89% 95% 3.62 
21 81% 77% 2.80 
24 83% 98% 3.24 
36 90% 94% 4.00 
27 84% 96%. 3.45 
20 83% 81% 3.33 
11 85% 87% 4.00 
16 84% 40% 4.58 

14 93% 25% 4.07 
11 85% 32% 3.38 
21 91% 

---w%- 4.18 

Table D-32. Forest Functional Monitoring Comparison 

Southern Waste Units Restoration Area 8, Phase II Reve elation 

Reference Baseline Reference Ba&ellne 
Parameter 2005 2011 Uoland Forest Com lex Developed 2005 2011 Ri arian Grazed Pasture 

Total Species 82 82 62 NA' 66 74 95 38 
Total NatHe S~ies 61 55 58 NA' 44 55 85 15 

Percent NatHe Soecies 74% 67% 94% NA' 67% 74% 91% 39% 
Awraae CC' 3.0 2.6 3.9 NA' 2.2 2.5 3.3 0.4 

FOAl 26.70 23.13 30.50 NA' 17.50 21.38 31.80 2.60 
-CC - Coefficent of Cor!semtism 

"FOAl= Floristic Qualify Assessment fndex 
eNA =Not Applicable (Developed areas \rete not charactenZed Baseline conditi003 are assumed to be zero for all pa~ameter.J.) 
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2005 
82 
58 

71% 
1.8 

16.70 

DBW 
FQAib (Mean em) 

14.33 32.4 
16.49 17.8 
17.68 19.3 
20.10 2~ 
12.37 19.6 
14.82 19.2 
11.26 8.3 
13.34 11.9 
19.46 6.9 
12.38 13.3 
15.91 1.8 
21.30 1.4 
22.03 2.3 
14.28 5.6 
17.46 2.1 
25.30 1.4 
19.53 2.1 
16.33 1.7 
14.42 1.1 
19.96 2.1 
15.75 16.6 
12.20 22.6 
20.06 11.8 

Northern Woodlot Enhancement 

2011 
68 
50 

74% 
2.0 

16.89 

Reference Baseline 
U land Forest Comolex IWoodlotl 

62 56 
58 -~ 94% 
3.9 2.4 

30.50 18.00 

U.S. Department of Energy 
May 2012 

-, 
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Table D-33. NWEF01 Forest Functional Monitoring Herbaceous Cover Data Summary 

Species 

Total Species: 44 
Native Species: 35 

Non-Native Species: 9 
Percent Native: 80% 

Mean cca: 
Average Cover: 

FQAib: 

2.18 
53.2% 
14.43 

I I I 
Frequency I Relative 

Common Name Type cca (species/quadrat) Frequency 
Acer neg_undo BOX ELDER ________ _1 tree 3 .. 1---- 0.20 ---1-~-
Acersaccharinum ----------+S:..:I=cLV::.,:E=:R,:._..::.M.::.,A.=.,P..:::L=E~--- _j tree 3 0.13 2% 
Aesculus g/abra OHIO BUCKEYE tree _......§_ ____ ..QJ!I_____ 1% 
Aster pilosus AWL ASTER __ forb 1 __ ·---- 0.07 --+--~--
Camassia scil/oides ··-·-----· WILD HYACINTH __ __!Q!~-1----§_ _________ _Q_~!!?---r----_)% _____ _ 
Cardamine concatenata CUT-LEAVED TOOTHWORT_______ forb 3 0.27 4% 

§~~= ~~~id-en-t-al-is-- S~APDARC oiKNBG~BREARYUTY ·=:-~==~ -- ~o;:r_b:-= =ND2t:_~~-=~~=--o~_:2~0~ - -= -- 331~o: -~= 
f!.<!.r.tonia vi~_::.,.... _________ -t:="::::'-:':"-':::-:=:=c~-=----·-----·---1--''-·-·-- ----+------·-------- ---"-··-·-
Echin!!PY_stisj_obata ___ WILD CUCUM_I:!_~------·-------1-- vine ______ 2 ___ +-___ _Q,_QL _____ r--·-1% ·-·-
f]r_mus canadensis ___ CANADA WILD RYE···--·---. -----1-·grass _______ 6 __ 1- ·- 0.13 ____ 2% 
Elymus sp. NON .... ________________ 1--grass _ 1-~DN __ __ 0.13 2% __ 

r:E;::ur:..pa::.:f:;=:on~·u:::.:n:.:..1 r:..Pe::.:m_,_,o,li_::.:af::::u:.::m:..._______ COMMON BONESET ____________ forb ____ 3 ___ 1--------.Q-07 ---~ _1% __ 
Eupatorium rug_osu112____ WHITE SNAKEROOT . ___ ------~~L- __ .l__ ----·- 0.20 __ 3% 
f.@g_aria v_i_!gjniana WILD STRAWBERRY _______ for~--- 1---1 ____ 0.07 ---r--~---
Fraxinus penns~anica GREEN ASH -------1-....!!..~ .. __ 3 _______ ....!!::..2_7___ 4% 
Galium aparine CLEAVERS ----· forb 0 ---1-· 0.13 2% 
Geranium maculatum WILD GERANIUM forb 4 0.07 1% -------«· 
Geum canadense WHITE AVENS ·---·------- _ __f_o~ ______ L_ __ -----·- 0.07 __________ 1% __ _ 
Geum Jaciniatut!!_ ________ ROUGH AVENS ___________ forb __ 2 ___ 1--__ _QJ_L__ 2% 
Impatiens capensis _ SPOTTED T()UCH-ME-NOT _ forb ___ _1_ _____ 0.20 __ !--~-
Impatiens sp. NON forb NDA0 0.13 2% 
Oxalis stricta COMMON YELLOW WOOD-SORREL forb ____ 0 !=- 0.07 ---- ...... :=::: 1% ~ 
Parlhenocissus quil]g_uefolia VIRGINIA CREEPER 1- vine -f--1_- _ ___!lAQ_ _________ 6% __ 
Pi/ea pumila ---·------------~yvEED _______________ ,_ __ .fQrb ·-- --~- ___ 0.20 ·---- 3% 
~olygotJY._f!! viffJ!..nianum JUMP SEED ___________ forb -f---.. 1-...... f--- 0.20 ··-- ___ 3% __ 
Prunus serafina BLACK CHERRY ·-- tree 3 _.......Q.jl ____ r---~-
Smilax rotundifo/ia COMMON GREENBRIER __ ,__ vine 4 0.07 1% __ 
Toxicodendron radicans POISON-IVY ____ vine ___ ..1_ _____ _Q:..1} ____ 1-_ 2% 
Trillium sessile TOAD-SHADE ______________ _!Cl_r_!>_ ------~ __ 0.20 . ----· 3% __ _ 
Ulmus americana AMERICAN ELM tree --1---2- ___ 0.13 2% 
Verbesina altemifolia WINGSTEM _ forb --1---5- ____ ..QJl___ 2% 
Viola sororia _ COMMON BLUE VIOLET forb __ 1 ___ 1-_JUL___ 2% 
Viola sp. ________ NDN forb ---~DA~- ___ _Q.J_L_ __ t--~-
Vitis vulpina FROST GRAPE ... ------·--·-- __ vine _ ___ ]_____ _ ____ _!L20 ___ _ __ _.1r~---
!!grostis gj_gantea ---·· REDTOP <Jrass 0 --1--- 0.13 2% _ 
Alliaria petiolata GARLIC MUSTARD _ forb _ 0 - 0.67 9% 
Cardamine hirsuta HOARY BITTER CRESS forb 0 0.07 1% 

g~;;:;;:n;.:'deracea~===~---~~~~~~·s-~~-E-- • :: __ l_ : _ :iL::::* ;~ 
Loniciera maackii ··----tM!UR: HONEYSUCKLE ___ 1--~~ _ __Q_ ----1---0_.~- _I% __ _ 
!::ysimachia nummutaria MONEYWORT ______ _ __ forb !- 0 0.07 _ __ 1% _ 
Plantago major _ COMMON PLANTAIN _______ forb __ J-. ___ 0 ___ __Q_._QI__ __ ---~-
Polygonum persicaria LADY'S THUMB forb 0 0.13 2% 

·-·---------·------·---·------·---JNon-~:!:~: ~~~l---H~----1----~----
a CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
0 NDA= No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May2012 
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Table D-34. PREF01 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 36 Mean CC": 1.67 
Native Species: 27 Average Cover: 56.3% 

Non-Native Species: 9 FQAib: 10.00 
Percent Native: 75% 

I I I 
Frequency I Relative 

Species Common Name Type CC" (species/quadrat) Frequency 

________ _ ________ L Native Species:L___ 3.60 L 67% _ 
Non-Native Speciesf 1.80 ~- 33% 

• CC = Coefficent of Conservatism 

b FQAI = Florist Quality Assessment Index 

c NDA= No Determination Available 
Species in bold are non-nati\13. 
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Table D-35. PREF02 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 53 Mean cc•: 2.35 
Native Species: 39 Average Cover: 56.4% 

Non-Native Species: 14 FQAib: 17.14 
Percent Native: 74% 

I I I I Frequency I Relative 
Species Common Name Type CC" (species/quadrat) Frequency 

Acer negundo BOX ELDER tree 3 0.20 3% 
Acer rubrum RED MAPLE tree 2 0.07 _____ __UL_ 
Amelanchier arborea DOWNY SERVICEBERRY sm tree 5 0.13 2% 
Aster pilosus AWL ASTER forb 1 0.13 2% 
Carex /axiflora TWO-EDGED WOOD SEDGE sedge 3 0.13 --f-.--2% _ 
Carex slipala CROWDED SEDGE sedge 2 0.07 1% 
Celtis occidenlalis HACKBERRY tree 4 0.07 1% 
Claylonia villJ.inica SPRING-BEAUTY forb 2 _____ 0.07 1% 
Comus florida FLOWERING DOGWOOD sm tree 5 0.07 -~ 1% 
Qg_ry.E_alis flav~----- YELLOW HARLEQUIN --· forb 4 0.07 -----1--- 1% __ 
g_/)I!!I¥S canade_~~-- CANADA WILD RYE __________ !!.@~ __ 6 _______ ......!_li . . 2% 
Elymus sp. NDAe grass NDAe 0.07 1% 
g_/}'!E_us villosus ____________ HAIRY WILD RYE ·--·-·--·----···--- -~~--1--4.._ ________ 0.13 ---1- 2% ~ 
Elymus villJ.inicus VIRGINIA WILD RYE grass 3 0.07 --1--~ 
Erythronium albidum WHITE TROUT-LILY forb 5 0.07 __ ~-
@!Batorium rugosum WHITE SNAKEROOT forb ___ 3___ _ __ _!1.27 ----1-- 4% __ 
Fraxinus pennsylvanica GREEN ASH tree f------1..._ 0.13 2% 
FraxinUS..!JUadrangulala BLUE ASH tree 7 0.07 ____ ~--
Galium apatine CLEAVERS forb 0 0.27 4% 
Geumcanadense WHITEAVENS forb 2 0.13 2% 
Hackelia virginiana _VIRGINIA STICKSEED ___ forb 2 0.07 1% 
Impatiens capensis SPOTTED TOUCH-ME-NOT forb 2 0.13 ·--1---~--
~yrum bitemalum FALSE RUE-ANEMONE forb __ i-----J____ 0.07 1% 
Juniperus virginiana EASTERN RED CEDAR tree 3 0.07 1% 
Maianthemum racemosum _ FALSE SOLOMON'S-SEAL forb 4 -~- ____ Q.07 ________ ~-
Monarda fistulosa WILD BERGAMOT _ ______ forb _I_ ____ ...J!:.QL____ 1% 
Oslrya virginiana HOP-HORNBEAM ____ yee ---f-. __ _§_ _____ 0.07 ____ __ 1% __ _ 
Panicum virgatum _______ SWITCH GRASS ·-------- __ !!@~--I--___!_·----·--Q,07 ______ ~L-
Parlhenocissus quinquefolia VIRGINIA CREEPER vine 2 0.47 6% 
phryma leplostachy~-------- ~SE!=.Q ____________________ f!l!.L.. _......§__ ___ ----~------ --~ 
Scipus atrovirens GREEN BULRUSH sedge 1 0.07 1% 
Solidago canadensis CANADA GOLDENROD forb-- 1 0.27 4% 
Solidago rugosa ROUGH GOLDENROQ_ _________ forb__ 2 0.13 2% 
Toxicodendron radicans POISON-IVY vine 1 _ __Q1I____ 4% 
Ulmus americana AMERICAN ELM tree 2 ______ _QJ]_ ___ ~_2% __ 
Vernonia gjgantea TALL IRONWEED forb 2 ,..- __ _QJIT_ ____ I-_ _lli__ 
Viola sp. NDAe +-~!?- NDA0 0.13 2% 
Vilis sp. NDAe vine NON 0.13 2% 
Vilis vulpina FROST GRAPE .. vine 3 0.13 --1--~ 
Alliaria eetiolata GARLIC MUSTARD forb 0 . 0.53 7% 
Allium vineale FIELD GARLIC forb NDA0 0.20 ·--l---3_% __ 
Bromusjaeonicus .. JAPANESE BROME grass _ 0 0.07 1% 
Cardamine hirsuta HOARY BITIER CRESS _ forb 0 ___ .!.QL__ 1-- 1% __ 
Daucus carota --S!!E-~N-ANNE'S-LACE _ forb 1--Q___ __ f-. .... __ _Qj? ______ --~-
Di[JSacusfullonum _ WILDTEASEL ____________ _fQ~-~-1-- 0.13 2% 
Festuca se. NDA0 I- urass 0 0.07 1% 
Glechoma !JJ!.derace~-------·---· GRQ_l!_ND !Y'( ___________________ forb ___ 0 _______ ..QdL _____ f-.--- 4% _ 
Lonicerajaeonica ____ JAPANESE HONEYSUCKLE _ vine __ J!._ _____ ..Q..!l___ 2% 
Loniciera maackii AMUR HONEYSUCKLE __ .:_ shrub ____ Q__ ______ 0.53 ___ ~--
Melilotus officinalis YELLOW SWEET-CLOVER ____ forb 0 ____ _Q_Jrr_ _______ l---- 1% ___ _ 
Saeonaria officina/is SOAPWORT forb 0 0.07 1% 
Stellaria media ___ COMMON CHICKWEED forb 0 -""'([27-- ~-40,r,;--
Trifolium sp.. · ND:AC -- forb 0 --lr0T-~---- --~-

11 _________________ 1._ Native Soecies: 4.80 65% 
Non-Native Soecies: 2.53 35% 

• CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 
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Table D-36. PRWF01 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 22 Mean cc•: 1.40 
Native Species: 12 Average Cover: 38.5% 

Non-Native Species: 10 FQAib: 6.57 
Percent Native: 55% 

Frequency Relative 
Species Common Name Type cc• (species/quadrat) Frequency 

Acer neg_undo BOX ELDER tree 3 0.07 2% 
Asarum canadense WILD GINGER forb 6 0.07 2% ----
Cre_erus se_. NDAC sedge NDAC 0.07 2% 
Elrmus villosus HAIRY WILD RYE grass 4 --1---- 0.13 4% 
Oxa/is stticta COMMON YELLOW WOOD-SORREL forb 0 0.07 2% 
Parlhenocissus guinguefo/ia VIRGINIA CREEPER 
Prunus serotina BLACK CHERRY 

·-·~-

Rubus occidenta/is BLACK RASPBERRY 
Toxicodendron radicans POISON-IVY 
Verbesina altemifolia WINGSTEM ·----
Viola se_. NDAC 
Vilis vu/pina FROST GRAPE 

Alliaria petiola~--------------- GARLIC MUSTARD 
Allium vineale FIELD GARLIC -
Daucus carota QUEEN-ANNE'S-LACE 
Echinochloa crusgalli BARNYARD GRASS 
Festuca elatior TALL FESCUE -
Glechoma hederacea GROUND IVY 
Loniciera maackii AMUR HONEYSUCKLE ----· 
Ranuncu/us ficaria LESSER CELANDINE 
Rumex crispus CURLY DOCK -
Stel/aria media COMMON CHICKWEED 

a CC = Coefficent of Conservatism 
b FOAl = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 
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-
vine 2 
tree 3 

shrub 1 
vine 1 
forb 5 
forb NDAC 
. --~-vme 

forb 0 
forb 0 
forb 0 

grass 0 
grass_ 0 
forb 0 

shrub 0 
forb 0 
forb 0 
forb 0 

Native Species: 
Non-Native Species: 

------
0.20 6% 
0.07 2% --- -
0.07 2% ---------
0.20 6% 

_____ 9_:9! ____ 2% 
1--- 2% 0.07 --1-------

0.07 2% 
0.60 18% --- ----
0.13 4% -- ------
0.07 2% ---

2% _ __Q,QL ______ 
1-----

0.07 2% 
0.07 1-- 2% -

0.93 27% -·-------- -------
0.20 6% 
0.07 2% 
0.07 2% 

1.13 33% 
2.27 67% 
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Table D-37. PRWF02 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 50 Mean cc•: 2.32 
Native Species: 41 Average Cover: 53.2% 

Non-Native Species: 9 FQAib: 16.40 
Percent Native: 82% 

I 
Frequency I Relative 

Species Common Name Type cc• (species/quadrat} Frequency 
Acer negundo BOX ELDER tree __ l__f---- 0.27 4% 
Acerrobrom RED MAPLE tree 2 0.07 --f--- 1% _ 
Acer saccharinum __ SILVER MAPLE ---t-- tree__ _3 ____ 1----- 0.07 _ 1% 
Ame!!Jparpaea bracleala HOG-PEANUT -~t-- forb -1----i_ _______ _Q,QL__ f---- 1% _ 
Bidens connala PURPLE-STEMMED BEGGAR'S-TIC!< ___ ____fQ_rQ_ ___ 3 _________ __QJ)L __ t--1%_ 

Carex sp. -----------~" ____ ---!-sedge 1----~-DN _ __ 0.07 1% 
Carex slipala _______ CROWDED SEDGE------------- ~_Q_g~--l------2__ 0.07 1% 
Ca~e:_ NON tree NON ___ 0.07 _____ 1% __ _ 
Claytonia vi!Jlit!ic__a___ SPRING-BEAUlY forb 2 0.07 1% 

' Corydalis flavula YELLOW tJAR_[,_~UIN ______ forb ___ __!_ _____ 0.07 _____ 1% _ 

1;;1:~:~~r~--- -=~~~=~=-~~ i~i~*~~~~~l~I==~=~-~=:~~=~ ~~!E!t=~~~1A~=~~~~-~-~i~~---~--::=~.:~~--~=~ 
~}'!E!!s villJJ!]_i_Q'!!!__________ '{IRGINIA "YJ!::Q_ RY~--------- ______ g~~~- ___ l_ ________ 0.00 __________ __Q_~-----
~!Y__Ihron{'!_f_!l ajbidum ______________ WHITE TROU"[:LILY ________________ fll~-- ____ 5 _________ 0.07 ______ 1% __ 
!;_upalo!i_l!_fl'!__l_l!!J~Un]__ ________ ~~ SNAKEROOT _______________ fQfQ_ ____ _3 _________ Q_J_3 _______ 5% ___ _ 
Fra~_y_i!!Jfl!f_ana _____________ Y!!b_Q_STRAWI_:l~R_I3:Y._____:___ _________ _____flli~-+--_!_ ________ _1!_,07 ______ -----~ 
fraxinu_~pennsy_~~anicl!_____ GREEN ASH ______________________ tree _____ _l_ ___ l----____ __Q:1l_ _____ I---_ _£~---
Fraxinus_quadrafl_g_u_Jata _________ BLUE ASH ____________________ tree _______ ] ________ QJl]__ _________ 1% ____ _ 
Galium aparine CLEAVERS _________ __!g__rQ_ ___ ___Q_ ___ F___ 0.13 ---1--- 2% __ _ 
Geranium maculalum WILD GERANIUM _ forb ____ _!___ _ __QJl_ __ f---1% __ _ 
Geum canadense ______ WHITE AVENS ____________ forb _ __ 1____ __ 0.13 2% 

~7e~7t;~c;~z~~:hos ~g~~~ tci~~;T - -------~ --r---=1----- ~:ci~ --- -- ~~ 
Impatiens capensis --_-----SPOTTED TOUCH-ME-NOT ==~-- _forb -_ __.-:-_1_ =j=:== 0.07 =~---~~:_1% -= 
lsoeyrum bilemaluf11______ FALSE RUE-ANEMONE ____ --~ ___ I_ __ I--_ __Q,QI__ _ __ 1% __ _ 
Maianlhemum racemosum FALSE SOLOMON'S-SEAL __ ~-- f-_ __i____ __.QJ!L__~-- 1% __ _ 
Oxalis slricla ~9MMON YELLOW WOOD-SORR~h__ _for!!_ ___ 0 _________ O.OL_____ 1% ___ _ 
Parlhenocissus quinquefolia VIRGINIA CREEPER _________ vinl:!__ __ __ 1._ _ ________ 0.20 _____ ~--
Pilea pumila CLEARWEED forb 2 0.20 3% 
Polyg_onum amphibium WATER SMARTWEED ----~~-~=- -_--::--4_= ==-0.07 _ __: ----~-T%== 
~gonum vifJJ_inianum JUMPSEED -----~ __ 3 _________ 0.07 _______ 1% __ 
Pronus serolina BLACK CHERRY _ tree 3 __ _____ 0.07-----1----- 1% __ 
Scirpus alrovirens GREEN BULRUSH _________ _!ledge ___ 1 ___ 1-__ ___QJJ]___ _ __ 1% __ 
Solidagocanadensi~----------~NADAGOLDENROD _________ -~ __ 1_ ________ Q,9l___ ____ 1% __ _ 
So/ida~juncea ____________ ~GOLD~!-J.8-0D ______________ forb --1--L-1------- O.OI_ ___ ---~-
Toxicodendron radicans POISON-IVY ________ -~~ ~--1 _________ _()J_L ____ 1-- 2% __ 
Ulmus americana _ AMERICAN ELM__ ---~ _ _1_ __ j __ ___Q1_q _____ t----~ 
Verbesina allemifolia WINGSTEM _ . f--- fo~i!__ ____ .2_ _______ ..Q1!L_ ___ t-- 3% __ 
Vilis riparia_ . RIVERBANK GRAPE ------·-- ______ vine __ 1------3- _ _ __ ____Q_,QI_ __ --~- _ ~--

~i~~:a~~pir~~iolata _________ ~~~Jc G~;~ARD -----------~~-~ -l----~:~}---r--1~. ---
Allium ;;neale ==-==-- __ lf!Eu5 GA_!!~lf -~====-----r-~- -~-~o=-:J~--:--~o:o7 ·=-=~:I ____ 1%-~=-= 
~:~~c:,:~iiederacea----~=--=~~~~V'f------------T.=gf:r~-~ =:.J==-i==- ~:~~ ==-'-==:_!~::.=== 

~;;~t¥if:~~~, :jl r~~Et=~l!~=~ 
Xanthium sp. NDAc forb 0 f 0.07 1% 

---·--·------·------- ···-------·-l;"**;;i~~~~t-----¥o1------·~--1~~-----
• CC = Coefficent of ConseJVatism 
b FQAI = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 
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Table D-38. PRWF03 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 38 Mean cca: 3.32 
Native Species: 25 Average Cover: 49.2% 

Non-Native Species: 13 FQAib: 20.44 
Percent Native: 66% 

I I I 
Frequency I Relative 

Species Common Name Type cca (species/quadrat) Frequency 

Acer negundo ___________ ~X ELDER tree 3 __ !-_ ____QJl_ ___ 3% 
Actaea alba ~,ITE BANEBERRY _________ forb 1-·_]_ __ 0.13 1-· 3%-

·-·--··------- -·---·-

Agrimonia Sf!_. 
----~--------

NDAC forb ND 0.06 -- 1% 
CUT-LEAVED TOOTH.WO~----·--

1-------
Carriamine concatenata ----- forb 3 0.06 -- 1% 
Carexsp. NDA0 sed~ NDAC 0.06 --

~---~ 
------·- f------

Gellis occidentalis ~~BERRY ______ tree 4 0.06 1% 
~y_mus sL__ ____________ NDAC 

·-
NDAC __ grass __ 0.13 3% 
WHITE SNAKEROOT------- ----------------- --------

Ef!patorium rogosum forb 3 0.13 3% --- --~-----
Fra[JEria vi~niana __ WILD STRAWBERRY forb 1 0.06 1% 
FraxmuspMns~vMwa ______ S,REEN ASH _____________ ---~ 3 1----0.13 --- 3% 1--------
Galium aparine ____________ ~!\VEB-_1) __________________ forb 0 0.13 3% ---- 1--Nr)'.a.c ----------
!!!_J_p_~iens s.P:_ _____________________ NON __forb ___ 1-------~:.!.L ________ 3% -------------···--·-··------- -------·-- ~------

.Jyglans ni~------------ BLACK WALNUT _____ _ _!!.~_ 5 !------- 0.0~--~- 1% 
1----------

Juniperus virgjniana ______ EASTERN RED CEDAR - tree 3 1----....QJL__· 3% 
Leersia sp. ______ NON ~rass NOA0 . _ __ J!J!L__ - 1% 

~----· --------
Merlensia virginica _________ __ BLUEBELLS forb __ __ _§___ 1--· 0.06 1% 
Oxa/is stricta COMMON YELLOW WOOD-SORREL ~rb_ I--· 0 __ f---------0.06 . 1% 

. ··--------------- ··---------
Pronus serotina ~~ CHER~y_ ___________ tree _.l___ 0.06 1% 
Sanguinaria canadensis-~:~-=-_-:-··-

---------1---------
BLOODROOT forb 5 0.06 1% 

Solidago canadensis ______ ~~ADA GOLDENROD forb 1 0.13 3% 
Solida!JE.!jg_ida _______________ g:[!~F GOLDENROD ________ __ forb 8 ____ J!.:Q~---- 1% ------
Toxicodendron radicans ----- POISON-IVY vine 1-___!__- 0.06 1% -------------- --------- -------------- ---------
Ulmus americana AMERICAN ELM --- tree __ 2 ___ 

1-- 0.06 
--· 

1% 
Verbesina altemifolia · :Y'fiNGSTEM forb 5 0.19 4% 
Viola Sf!_. _____ NDN forb NOA0 0.25 5% 

!lgrostis gigantea -----------------
REDTOP ___ 

_g~ 0 f.---- 0.06 --- 1% 

"GAriuc MUSTARD~===--=-= 
-----· ------

Alliaria_petiotata ____________ forb 0 0.69 15% 
--iorb- ----------------- ----------

Allium vineate FIELD GARLIC _ _Q_ __ 0.13 ____ 3% 
Conium macutatum POISON-HEMLOCK 

---- f----··-
forb 0 0.06 1% -- --

Echinochtoa crusgalli _ BARNYARD GRASS ---- _grass 0 1---_.....!!.:Q§__ 1% -----
Loniciera maackii AMUR HONEYSUCKLE shrub 0 !-· 0.56 12% 
~~imachia nummutaria MONEYWORT __ ____ forb __ 0 0.13 3% 

--WHITE SWEET-CLOVER ----- ---
Metitotus alba forb 0 __ 

1---- 0.13 3% 
Rosa multiflora 

.. 

MULTIFLORA ROSE shrub 0 +-· 0.06 1% 
---------~------. +------
Steltaria media COMMON CHICKWEED forb 0 0.13 3% 

-· -- -- -----
Taraxacum officinale COMMON DANDELION forb 0 0.06 1% 

··-- -------
WHITE CLOVER - . 

-------

Irifotjum repens ------·-----·-· forb 0 _______ 0.06 ------ 1% 
Urtica dioica var. dioica EUROPEAN SfiNGINGNETTLE·-,--· 

I 
·-forb--- --·a-- 0.13 -~--

--- : _____ ___L Nativ~~ecie~---4.00 ---~ B5% 
Non-Native Species: 0.69 15% 

a CC = Coeflicent of ConseiValism 

b FOAl = Florist Quality Assessment Index 
0 NDA= No Determination Available 
Species in bold are non-native. 
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Table D-39. NPPPP1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 35 
Native Species: 22 

Non-Native Species: 13 
Percent Native: 63% 

Mean cca: 
Average Cover: 

FQAib: 

1.33 
84.7% 
7.89 

I I 
Frequency I Relative 

Species Common Name Type cca (species/quadrat} Frequency 

~~:~~~:r~~o ---- ~~~~~~PEL~-------------------- ---%~---~-+- ---- ~:~~ --~t- ~~-
~1oriia-parvlfiora--------------~ SMALL-FLOWERED AGRIMONY ~-- __ forb --~---~--~ =-:=_ 0.07 --=-- -~1%"--
Bidens f!_ondosa _______________ DEVIL'S BEGGAR'S-TICK ____ --+-- forb --l----__1_____ __ _____Q_,lQ__ _______ - 3% 
Carex laxiflora TWO-EDGED WOOD SEDGE _ sedg~ ____ 3 ---1----- 0.07 ___ _ _ 1% __ _ 

~~~~u~~~~~~~~s ~====-~---~~-~~~B~~YRYE --------=~=~gt;::s---~-~====-~:~; -====~~ == 
Eupatorium rugosum ________________ 1,/\{HITE S~~EROO!___ _______________ j~~_forb 1-----l ________ ()AI__ ____ ---~% _ 
Fraxi1~~ennsylvanica -------------~REEN ASH ______ ____________________ tree___ __3 _________ ___()_,_Q ___ _ __ 2% __ _ 
Galium aparine ______ CLEAVERS ------------f---- forb _____ __()_ __ L_ ___()_,1~--- __ 2% ___ _ 

Ji~~nulu~pul~---------------- ~OMMOI':!_ HOP~-------------- ___ ---~~- _______ L_ _ ____ 0.07 __ ----c---------1~--
lmpatiens capensis SPOTIED TOUCH-ME-NOT forb 2 0.07 1% 

Leersia o~Y_~ides _________ RICE CUT GRASS -----== _ ~~gras~~~= -=-=--=1_::==· -=-==~ 0.20 ----=--~ :=~]% ~: 
Parthenocissus ~C[I!_E!_folia ______ VIRGINI~fREEP~!i ____________ vine ----c------....1--c-------- 0.27 ---r-- 5% __ 
Phytolacca americana _ POKEWEED ____ forb _______ 1__ _ ___ 0.13 ________ 2% __ _ 
polygonum__by_drop)p~!!>id~~------ MILD WATER-PE_PPEfL ______________ c-------- fori!_ _____ ___§_ __________ __()_,1~----- _____ 2% __ _ 
Rubusoccidentalis ___________ BLACKRASPBERRY ____ f------shrub _____ __! __________ __()_,13 _________ 2% -'---
Rubus alleg!!_eniensis _____________ COMMON BLACKBERRY_ _ . shrub 1 --~ ____ __()_J} ________ 2% __ 
~~o canadensis _____ CANADA GO~DEN~QQ_ __ __________ _ _ _!orb ____ !__ _____ ___Q_1Q______ _ __ 3% __ _ 

--·------
1% ------------

§~~~~;;~u~n·--:===--=-~ iii~~~~\-~=-=-==~=~~~=====-~~;-~-%-~= -~ ~J~ ~--==-=-. ~~ == 
Daucus carota --------r-9UEEN-ANNE'S-LAC~------------- ___ forb ____ _Q________ _ 0.07 "1% 
Glechoma hederacea GROUND IVY forb 0 0.27 5% 
Loniciera maackii AMUR HONEYSUCKLE -~--~----- slirub_.=_ ---==---_()==~=~-==-- 0.47·:=-- 8% 
Pol:tgonui!!_Eespitosum _________ LONG-BRISTLE[)_~f!"ARlJtl!_ffD ________ ___!~-- ___ _Q_ ___ I-__ __()~ ____ c---3% __ 
Poly_gonum persicaria LADY'S THUMB -------------~- forb ____ ___()___ ___ 1----- 0.27 ____ 5% 
Rosa multiflora MULTIFLORA ROSE -----------~~~Q_ ___ Q_ ___ _____ j!:__()_7 _____ t--- 1% __ 
Stellaria media --------~OMMON CHICKWEED -------c--------Jorb__ 0 0.20 3% 
Taraxacum officinale COMMON DANDELION forb 0 0.07 1% 
llrtica dioica var. dioica ----- EUROPEAN STINGING NETILE-----1-fOrl)---0-- 0.13 2% 

11--------------- - ------ ----*on-~:!:~: ~~~~---~--+ !~~ 
a CC = Coefficent of ConseiVatism 
b FQAI = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 
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Table D-40. PREPP1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 49 
Native Species: 37 

Non-Native Species: 12 
Percent Native: 76% 

Species Common Name Type cca 
Acernegundo BOX ELDER =F~-~ __ 3 __ 
Acer saccharinum SILVER MAPLE tree 3 
~rimonia paiVillora SMALL-FLOWERED AGRIMONY forb 2 ·----
Asimina triloba PAWPAW sm tree 6 

Astei_Qilo~~----------- AWL ASTER _.torb ___ f----1 __ 
Bid ens frondosa ~()EVIL'S BEGGAR'S-TICK _______ forb 2 ----
Boehooeria cylindrica ______ FALSE NETTLE -------to.!L- r-__!_ ___ 
Cal}lstegia se_Qium ________ HEDGE BINDWEED forb 1 -----
Campsis radicans TRUMPET-CREEPER vine 1 
Carda'!line ~yJ'{ani~------- PENNSYLVANIA BITTER CRESS forb 3 -------------
Celtis occidentalis ~CKBERRy_ _____________ tree _ 4 ------
~pilobiull)~I1_9'!Siifolium __________ FIREWEED forb 7 -------------------------- ------ ----------
Eupatorium rugosum WHITE SNAKEROOT forb 1--_3 ___ ------

FLAT-TOPPED GOLDENROD ____ -- fo~t=: Euthamia graminifolia _ r---~-
Fraxinus americana 

WHITE ASH =+ tM• 
6 

Fraxinus pennsylvanica 
. ----r----

GREEN ASH tree 3 
Galium aparine ____ CLEAVERS forb 0 

WILD GERANIUM ___ forJ!__.::= Geranium maculatum !-__!_ ___ 

Geum canadens~------------!!i~i~!~E~:~~~~ s~~~~~l-- ~~~~--
2 -------

Impatiens capensis 2 
Oxalis stricta 0 
Pa~_um virgatun_1 __ SWITCH GRASS ______ _j __ grass __ 1---_±_ __ 
Parthenocissus quin~Q!@___ ____ VIRGINIA CREEPER vine 2 ··--------- ---- r--------
Phacelia purshii ______________ MIAMI-MIST forb 4 

POKEWEED -------- ---Tofb -T-Ph)l!olacca americana 
Pol-yg_Q_Il__l!!l_!_~hibium · _________ \ivATER. SMARTWEED ---- forb --4-

WATER-PEPPER ------------=--=forb ____ ---------
Pol-y9!!_num hydroP!per ___ 1 
PoiYf~Q!:ium punctatum DOTTED SMARTWEED forb 6 ---
Polygonum vir~ianum JUMP SEED forb 3 
Prunus serotina BLACK CHERRY tree 3 ----
Rubus occidentalis BLACK RASPBERRY shrub 1 
Sanicula g@_garia CLUSTERED SNAKEROOT forb 3 --
Solidagg canaden~£_ ____________ CANADA GOLDENROD __ forb __ 1 
Toxicodendron radicans POISON-IVY vme 1 -
Verbena urticifolia WHITE VERVAIN forb 3 
Viola sp. NON forb NOA0 

Vilis sp. NON _--~==-=~-==-----=[_vine -1----NoAc-

~grostis_gigantea REDTOP __________ __grass 0 
Alliaria petiolata GARLIC MUSTARD forb 0 ------- -----
~psacus ful~()num ------·-··- WILD TEASEL forb 0 -'-:=.----------------------------------------- --------- ____ o ____ 
Festuca sl!,__ ____________ ND _9@~5_ ------------ -0-Glechoma hederacea GROUND IVY forb 
~p_omoea hederacea IVY-LEAVED ~ORNING-GLORY _ forb __ 1---__ o __ -----
Lo~icera j_!!ponica ____________ JAPANESE HONEYSUCKLE ________ vine r---0 ___ 
Loniciera maackii AMUR HONEYSUCKLE shrub _ _!)____ 
Phalaris arundinacea REED CANARY GRASS ~ 0 
Rosa multiflora ~g~!~t~~ ~Qg__________ f-~:r~b ___ 

r---- 0 
-------------------- __ 0 ___ 

Saponaria officinalis 
Taraxacum officinale -- COMMON DANDEUorr-____ fOri)- f-------0-

I Native Species: ----------

a CC = Coefficent of Conservatism 
b FOAl = Florist Quality Assessment Index 
0 NDA= No Determination Available 
Species in bold are non-native. 
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Non-Native Species: 

Mean cca: 2.04 
Average Cover: 59.1% 

FQAib: 14.30 

Frequency Relative 
(species/quadrat) Frequency 

0.43 5% --
0.07 1% 
0.07 1% ·--
0.14 2% 

_ _ ___Q_,QI_ ___ --- 1% 
0.29 3% -----

_ _ __Q_.__QL __ 1% ----
0.07 1% -----------------
0.07 1% 

- 0.21 3% ------------------
___ ___Q,_QI_ __ 1% 
_____ QJ!Z___ 1% --------
___ __Q,Q_ __ 5% -----
-- 0.07 --- 1% 

0.07 1% 
0.14 2% 
0.29 3% -----
0.07 1% ------
0.14 2% ------------------ ·------
0.21 3% 
0.07 1% --
0.07 1% 
0.71 9% -----------------
0.07 1% ----
0.07 1% 
0.07 1% ----------- ---
0.07 1% 

1-· 
0.21 3% 
0.07 1% 
0.14 2% 
0.07 1% 
0.21 3% - -
0.14 2% 

f----
0.64 8% 
0.07 1% 

I-- 0.07 1% 
0.14 2% 
0.07 1% 
0.43 5% 

~-=~--=-·o.()_I_ -~ 
------

1% -----·--
I--- ____QJ! ____ 2% ------
1--- 0.50 6% 
--- 0.07 __ ~ 1% ----

0.07 1% ----
0.36 4% 

. 0.21 3% 
0.29. -- 3% ------------- --------
0.07 1% 

-- 0.07 1% 

-~-t--72% --
2.36 28% 

U.S. Department of Energy 
May 2012 
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Table D-41. A82RF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 45 Mean cca: 1.86. 
Native Species: 31 Average Cover: 87.0% 

Non-Native Species: 14 FQAib: 12.48 
Percent Native: 69% 

Species I Common Name Type I cca 
Frequency I Relative -

(species/quadrat) Frequency 

Acernegundo BOX ELDER -- tree 3 --- 0.40 6% --------- -·-+··------
Acer saccharinum SILVER MAPLE tree 3 0.07 1% -------- ---------
Achillea millefolium YARROW forb 1 0.07 1% 
Agrimonia parviflora SMALL-FLOWERED AGRIMONY -- forb -1-....1_ __ 1--_Q,_QL__ ___ 1% 

grass-
-------

Andropo!IQI!_gerardii BIG BLUESTEM 5 e--~()_gQ___- 3% ------ -------
Asclepias incarnata SWAMP MILKWEED forb 4 0.07 1% 

Aster pilosus --------------------- AWL ASTER forb 1 0.07 r---~ 
------------------- ----- ------

--=:_o.o7~==== 
r---------

Calystegia sepium HEQGEBINDWEED ______ 1- forb 1 1% -------
Carex laxiflora --- TWO-EDGED WOOD SEDGE ___ 1---sedg~ 1--l.._ ___ _ ____ _QJl_ ________ 2% -------------
Desmodium canadense CANADA TICK-TREFOIL - forb 4 _______ (JJ!.I ____ 1% ------
§Y-mus canadensis CANADA WILD RYE grass 6 ------ 0.07 ____ 1% -------
Erig_~on philad~hicus ________ PHILADELPHIA FLEABANE 1--- forb ___ f--2 __ 0.07 1% -------- ----------------------- ----------
~ry:ngium yuccifolium _ RATTLESNAKE-MASTER ______ 1--- forb 7 0.07 1% 

. -------------r-------
Eupatorium rugosum WHITE SNAKEROOT forb 3 0.07 1% . -
Geum canadense WHITEAVENS 1--- forb 2 0.07 1% 
Ipomoea pandurata _ POTATO-VINE _ 

------· ---
forb 2 ____ 0.07 --·- __ 1%~ ---------

d!:!glans nj_g_@__ _________________ BLACK WALNUT ----~ 5 

=m=~t;~ ---------
Oxalis stricta COMMON YELLOW WOOD-SORREL forb 0 --
Panicum virgatum SWITCH GRASS __ I-grass 4 
Parthenocissus guinguefolia VIRGINIA CREEPER vin_~-- ~---
Physalis heterophy~ CLAMMY GROUND-CHERRY __ ~-----~ f--_1 ___ 
Rubus occidentalis BLACK RASPBERRY 1---shru_~ 1 

------~- ---1% --
Solidago canadensis _______________ CCANADA GOLDENROD ---------- ----------- ----0.47--- 7% forb 1 -- -----·----·---- ------
~hastrum nutans - INDIAN GRASS -~~ _ __i_ __ ------- 0.13 ------ 2%---
Toxicodendron radicans POISON-IVY vine . 1 

==-~ ~:~~==-~=-==-~~ -= Tridens flavus GREASE GRASS 
1--------

grass 1 --
Verbesina alternifolia WING STEM forb 5 -----------TALI. IRONWEED-

~--_(J_Jl_ ____ ~_ 
Vernonia gigantea _ 
Viola sp.___ NDA0 

Vitis labrusca ~FAP£ __________ 
Vitis sp. NDA0 

~grostis g_!gantea REDTOP ---
Alliaria (!etiolata GARLIC MUSTARD 
Allium vineale FIELD GARLIC -------- ------------------
Bromus japonicus JAPANESE BROME . 

QUEEN-ANNE'S-LACE --Daucus carota -
Festuca sp. NDA0 

Glechoma hederacea GROUND IVY ------
Lonicera jal!_f!nic~------------~APANESE HONEYSUCKL~-----
Loniciera maackii AMUR HONEYSUCKLE -----
L)lsimachia nummularia MONEYWORT 
Pol}!gonum persicaria LADY'S THUMB 
Rosa multiflora MULTIFLORA ROSE 
!araxacum ..!!!!icinale _________ COMMON DANDELION --
Vicia sativa 

COMMON VETCH _______________ 

---

a CC = Coeflicent of Conservatism 

b FQAI = Florist Quality Assessment Index 

c NDA= No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

forb 2 0.13 2% 
forb NDA0 0.07 1% --
vine 3 -- ___ ____Qjl _____ 2% -----
vine NDA0 0.27 4% 

!--grass 0 0.33 ---- 5% --·-- -------
forb 1---_(J__- 0.07 1% ------------------ --------
forb 0 0.07 1% ----------------- ---------

t-.JJrass 0 ___ __Qjl_L ______ 1% -----
forb 0 -- I-_ _____()_1L ___ 4% 

grass 0 0.40 6% -------
forb 0 --- 1-----_Q-13 -- 2% -------
vine ___ 0 __ ______ _!l.:__(Jl___ __ 1% ----- ----------

shrub 0--- l--___Q_,_Q! ___ 1% ---------
forb 0 1-----0.27 4% 
forb 0 -+ 0.07 1% --

1--- shrub_ 0 0.20 3% ----- ----------r------
1---.!~--- 0 1--------_o-=-o_l_ ____ 1% 

forb 1----o·-- 0.07 
----1% ___ 

I Native_~l!ecies: 4.47 
Non-Native Species: 2.13 

1-68% 
32% 
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Table D-42. A82RF2 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 46 
Native Species: 29 

Non-Native Species: 17 
Percent Native: 63% 

Species I Common Name I Type I cc• 
Acer negundo BOX ELDER tree 3 -- ------
~grimo'!_ia eatviflora SMALL-FLOWERED AGRIMONY forb 2 
Astersp. NDA0 r-- forb NDA0 

Care/amine pensy_lvanica PENNSYLVANIA BIITER CRESS forb 3 
Carex laxiflora TWO-EDGED WOOD SEDGE sedge 3 
Clay_toni~ virginica SPRING-BEAUTY forb 2 
Comus racemosa GRAY DOGWOOD shrub 1 -
Desmodium canadense CANADA TICK-TREFOIL forb 4 -
~y_mus canadensis CANADA WILD RYE grass 6 
Ely_mus villosus HAIRY WILD RYE --1-grass 4 
Eueatorium rugosum WHITE SNAKEROOT forb 3 
Galium ae_arine CLEAVERS forb 0 --- --
Geum canadense WHITEAVENS forb r---£_ ___ ----------- -----
Gleditsia lriacanlhos HONEY LOCUST tree 4 ----
leomoea e_andurala POTATO-VINE r--2---

. 1-- forb 
Juglans ni!@_ BLACK WALNUT 5 
Maianthemum racemosum FALSE SOLOMON'S-SEAL 
Oxalis stricta COMMON YELLOW WOOD-SORREL 
Parlhenocissus quif!_quefoli~--- VIRGINIA CREEPER --------
Pileaeumila CLEARWEED 
Rubus occidentalis BLACK RASPBERRY --
Solidago canadensis CANADA GOLDENROD 
Solid~~ NDA0 

Toxicodendron radicans POISON-IW 
Verbesina altemifolia WING STEM 
Vernonia gigantea TALL IRONWEED 
Viola sororia ~MMON BLUE VIOLET ----·-----------
Vitisri~a RIVERBANK GRAPE ---------
Vilis Sf!.. NON 
Agrostis g!gantea REDTOP 
'Aiuaria eetiolata GARLIC MUSTARD 
Allium vineale FIELD GARLIC 
Cirsium arvense CANADA THISTLE 
Dac~glomerata ORCHARD GRASS 
Daucus carota QUEEN-ANNE' S-LACE .. ---------
Festuca etatior TALL FESCUE 
Festucasp_. NDAC 
Glechoma hederacea GROUND IVY 
Lonice~~p_onica ____ JAPANESE HONEYSUCKLE 
Loniciera maackii AMUR HONEYSUCKLE ------------ ~,--------------------
Lysimachia nummularia _ MONEYWORT 
Medicago tup_ulina BLACK MEDICK 

MULTIFLORA ROSE - --Rosa multiflora -----------
Solanum carolinense HORSE NETTLE -·------
Stel/aria media COMMON CHICKWEED 
Trifolium repens WHITE CLOVER 

a CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 
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tree 
forb r------±--
forb 0 

r---vine . 2 ___ 
forb 2 

shrub 1 
'--· forb 1 

forb NDA0 

vine 1--

forb 5 
forb 2--

__ _f?rb __ r-----:!_ __ 
vme 3 -
vine NDA0 

grass 0 
forb 0 --
forb 0 
forb 0 

grass 0 
forb 0 -----------
-~£._ 0 
grass 0 
forb 0 

__vine 0 
shrub 1-(J-

----- -·--

----torb 0 
forb 0 -------

~~---,__shru_!>_ 
forb 0 
forb 0 

-forb 0 

I Native S~ecies:l 
Non-Native Species: 

Mean cc•: 1.53 
Average Cover: 78.3% 

FQAib: 10.41 

Frequency Relative 
(species/quadrat) Frequency 

0.47 6% --- -------
0.07 1% 
0.07 1% 
0.07 1% 
0.33 4% 
0.07 1% 
0.07 1% 
0.07 1% 
0.07 1% 
0.07 1% 
0.20 3% 
0.27 3% 
0.13 2% 
0.07 1% -------------1-------
0.07 1% 
0.07 1% 
0.07 1% 
0.20 3% 
0.33 4% -· 
0.07 1% 
0.13 2% 
0.27-- -----

3% 
0.13 2% 
0.27 3% 
0.33 4% 
0.07 1% 
0.13 2% --- --r-------
0.07 1% --1----:w;--0.07 
0.20 3% 
0.13 2% 
0.20 3% 
0.13 2% 
0.07 1% 
0.60 8% ------··--- -----
0.20 3% 
0.47 6% 
0.40 5% 
0.07 1% 
0.40 5% --------1--------
0.07 1% 
0.13 2% 

_ __ _Q_,_q? ____ 1% 1---------
0.13 2% -
0.13 2% 
0.07 1% 
4.27 --t 55% 
3.47 45% 

U.S. Department of Energy 
May20l2 
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Table D-43. ERPRF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 42 Mean CC": 1.83 
Native Species: 25 Average Cover: 95.4% 

Non-Native Species: 17 FQAib: 11.83 . 
Percent Native: 60% 

I 

I Frequency Relative 
Species Common Name Type CC" !(species/quadrat) Frequency 

a CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c NDA= No Determination Available -
Species in bold are non-natiw. 

U.S. Department of Energy 
May 2012 
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Table D44.FWPRF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 46 Mean cca: 1.17 
Native Species: 27 Average Cover: 66.2% 

Non-Native Species: 19 FQAib: 7.91 
Percent Native: 59% 

Species I Common Name Type I cca 
I Frequency I Relative 
(species/quadrat) Frequency 

Acernegundo BOX ELDER tree 3 0.13 2% 
Ambrosia artemisiifolia COMMON RAGWEED forb 0 0.13 

~-
2% 

Asclepias incarnata SWAMP MILKWEED forb 4 0.07 1% 
Ast!l!Jiilosus AWL ASTER forb _ _:1__,_ ___ 0.13 2% -

sedg~~ Ca~ex sQ:_ ___________ NON NDA0 0.07 1% - f-- 3 --------
Chamaecrista fasciculata PARTRIDGE-PEA forb 0.07 1% 
Comus racemosa GRAY DOGWOOD shrub 1 0.07 1% - ----
Eu~atorium ru~m WHITE SNAKEROOT -- __ forb_ 

-· 
3 0.33 5% 

!:':~xinus ~ennsylva~~----- GREEN ASH tree 3 0.07 1% - 0 -- ---·----- --· 3% Galium a~arine CLEAVERS forb 0.20 -------·- -~ ----------------
Geum canadense WHITEAVENS forb 0.33 5% ----

ROUGHAVENS forb -""2--------
-~ Geum laciniatum 0.07 

!l!l~atiens SP-_· ____________ NDN forb NDA0 0.07 1% 
BLACK WALNUT----

__5 ___ ------- ·----
~fans nigra tree 0.07 1% 
Monarda fistulosa WILD BERGAMOT forb 3 0.07 1% ---- ---------------- ----- f-·--o··--·--------- --------------
Muhlenbergia schreberi NIMBLEWILL grass 0.07 1% -
Oxalis stricta COMMON YELLOW WOOD-SORREL forb 0 0.07 1% 
Parthenocissus guinguefolia _ VIRGINIA CREEPER vine 2 0.47 7% 

g_obinia ~udoa_~:~------- BLACK LOCUST -~ 1--_Q__- __ _()J!I._ ___ 1% --------------·--- ------
Solidago canadensis CANADA GOLDENROD . forb 1 0.20 3% 

·-· ----
Toxicodendron radicans POISON-IVY vine 1 0.27 4% 

-·- --
Tricho~horum P-lanifolium FLAT-LEAVED BULRUSH sedge 7 0.07 1% 
Verbesina alternifolia __ WING§TEM -----·----------·- __ forb_ 5 0.20 3% ---------- -------------- ---------
yernonia gl!@!ltea ____ _:_ _______ TALL IRONWEED forb 2 0.07 1% ---- -------------------
Viola sororia COMMON BLUE VIOLET forb 1 ___ ___QJ!I__ ___ 1% 

NDA0 NDA''-
----

Violas~. forb 0.07 1% 
Vitis sp. NDA0 vine __ 1--ND~~ 0.07 1% ---
~grostis g!gantea REDTOP grass 0 0.20 3% 
Alliaria petiolata GARLIC MUSTARD 

·--
forb __ 0 ___ 0.40 6% - ·---- -----

Bromus ~onicus JAPANESE BROME _grass 0 0.07 1% ----- ··--- -- ----
Cirsium arvense CANADA THISTLE forb 0 0.07 1% -
Convolvulus arvensis FIELD BINDWEED forb 0 0.07 1% 
Daucus carota QUEEN-ANNE'S-LACE ~L 0 0.27 4% 

--~----

BARNYARD GRASS 0 0.07 1% Echinochloa crus!@!!!_ grass ------- ---------- ----·-
Festuca sp. NDA0 grass 0 0.07 1% 
Glechoma hederacea GROUND IVY forb 0 0.33 5% 

AMUR HONEYSUCKLE 
··-1-·-· 

0.33 5% Loniciera maackii shrub 0 
!:_y~imachia nummularil!__ ____ MONEYWORT forb 0 0.07 1% -- ---0-- --------- ---------
Medicago lupulina BLACK MEDICK forb -2-07- 1% 
Melilotus officinalis YELLOW SWEET-CLOVER forb 0 0.20 3% -- --- ---:= 0_-

--------·-··-
Plantago rna~ COMMON PLANTAIN forb 0.13 2% 
Rosa multiflora MULTIFLORA ROSE shrub . 0 0.07 1% 

-------------- liliA..------·----·----·-··--- --------- ----------- ----------------- ----------
Setaria sp. ________ _gras:_>_ __Q ___ 0.07 1% 
Sonchus arvensis · rub SOW-THISTLE ------ forb 0 0.07 1% 
Stellaria media COMMON CHICKWEED forb 

~---
0.13 2% 

Trifolium pratense RED CLOVER ~- 0 I 0.07 1% 
Trifolium sp. NDA0 forb 0 r 0.07 1% 

_________________ l___!!ative Species: 3.53 ·---+- 56% 

a CC = Coefficent of Conservatism 

b FQAI = Florist Quality Assessment Index 
0 NDA= No Determination Available 
Species in bold are non-native. 
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Non-Native Species: 2.80 44% 

U.S. Department of Energy 
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Table D-45. NPPRF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 43 Mean CC": 1.76 
Native Species: 30 Average Cover: 97.0% 

Non-Native Species: 13 FQAib: 11.52 
Percent Native: 70% 

Species I Common Name I Type I cc• 
I Frequency I Relative 

(species/quadrat} Frequency 

Agrimonia ~aiViflora SMALLcFLOWERED AGRIMONY forb 2 0.07 1% 
Ambrosia artemisiifolia -------· COMMON RAGWEED ·------· fo~--- 0 0.20 3% --- -----------------·-
Andro~ogon gerardii BIG BLUESTEM _9rass 5 0.33 6% 
Apocynum canl"labinum INDIAN HEMP forb __ -~-r-· 0.07 -- 1% -,-----
Aster pilosus AWL ASTER _ _!!!r:L_ 1 0.13 2% 

·-- ---··- c---::--r---------
Cardamine pensylva~ca PENNSYLVANIA BITTER CRESS forb 3 0.07 1% -----------

-~-Carex hystericina PORCUPINE SEDGE __ ~g~ 5 0.07 
.. 0.07 -· ------

f.yperus ~P: ___________ NDA0 
-~e_~g~ NDA0 1% 

HAIRY WILD RYE -- ~-4- ---·-··------ ·-------· 
§ymusvillo~ 1--grass 0.07 - 1% 

WHITE SNAKEROOT --
------

!;_!l_patorium rugosum forb 3 0.13 2% --·---------·- 1----·-
Euthamia g_raminifolia __________ FLAT-TOPPED GOLDENROD forb 2 0.07 1% ·----· -------- ------- ------------------- ·--------
Galium aparine ------------------------- CLEAVERS ------1--fQ~- ___ 0 ___ ______ O.O_l ____ 1% -----
Juncus effusus SOFT RUSH forb 1 0.13 2% ------ -----
Monarda fistulosa WILD BERGAMOT r--- forb 3 ____ J!,_Ol_ ___ 1% 
Oxalis stricta COMMON YELLOW WOOD-SORREL 

-----
1--- forb 0 __ ____ ..!!:.:11__ 2% 

Panicum virgatum SWITCH GRASS 
r--------

------~-

grass 4 0.20 3% ----
parthenocissus guinguefolia __ VIRGINIA CREEPER ____ _ vine __ ____ 2_ 0.07 1% -------------1-----------
poly~um hydropipero[!l~---~-- __ MILD WATER-PEPPER forb 6 0.07 1% 

GRAY-HEADED- CONEFLOWER -- -forb-- --y------------- r------ --
Ratibida pinnata _____________ 0.07 1% - --1-- ----o.ff ____ 
Rubus allegheniensis _ COMMON BLACKBERRY shrub 4% 
Rubus occidentalis BLACK RASPBERRY shrub 1 0.27 4% ------------
Scirpus atrovirens GREEN BULRUSH sedg~-- 1 ---- 0.07 --- 1% ---- r---------
Silphium perfoliatum CUP-PLANT ~----~~- 6 0.07 1% 

CANADA GOLDENROD ----
1----------

Solidago canadensis forb 1 0.73 12% ------
~Cl!!Jbastrum nu~_n~--------~~GRAS~-----------·--1--9.@_~- 5 0.07 1% ---------- ----------- -------· 
_§partina pectinata PRAIRIE CORD GRASS r--~ 5 0.07 1% 
Toxicodendron radicans POISON-IVY -- vme ___ .1_ ____ 0.07 1% ------------- -----········- ---------------r--~ Ulmus americana AMERICAN ELM tree __ __ 1._ __ 0.20 
Vernonia gigantea TALL IRONWEED ----- forb 2 0.13 2% ----
Vitis sp. NON vine NDA0 0.07 1% 
~grostis g!gantl!!!__--=::-· REDTOP _grass 0 0.27 

---
-- 4% 

··------- -----
Alliaria petiolata GARLIC MUSTARD forb 0 0.13 2% -
Bromus japonicus .. JAPANESE BROME _.!l@_~5_ 1---· 0 0.07 1% --:----··-· 
Cirsium arvense CANADA THISTLE forb 0 0.13 2% -------- -----------1-·--- r---0-- --------
Conium maculatum POISON-HEMLOCK forb 0.13 -- 2% 
Daucus carota QUEEN-ANNE' S-LACE forb 0 0.13 

1----------
2% 

Dipsacus fullonum WILD TEASEL forb 0 0.40 
r-----

7% 
Epilobium parviflorum SMALL-FLOWERED WILLOW-HERB forb 0 0.07 1% 

0 0.27 --f------
Glechoma hederacea ----- GROUND IVY ------ forb 4% -----

1-- 0 -~ --~-0.07 ---~= r-------Loniciera maackii AMUR HONEYSUCKLE r-shrub 1% ---------- -------

~- ~ +--~l~- -- -----
Medic~g_C!_I!!_~ulin~--------------- BLACK MEDICK r--Jorb ___ 1% 

---·---~·-- f---------
~l!_ly_gonum persicaria LADY'S THUMB forb 2% 
Solanum tuberosum POTATO forb - 1% 

----- Native Species:L __ ~~--t- GB% __ 
Non-Native Species:[ 1.93 32% 

a CC = Coeflicent of Conservatism 

b FOAl = Florist Quality Assessment Index 

c NDA= No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 
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Table D-46. NWERF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 54 Mean cc•: 1.47 
Native Species: 38 Average Cover: 85.5% 

Non-Native Species: 16 FQAib: 10.81 
Percent Native: 70% 

I I I I 
Frequency I Relative 

Species Common Name Tvoe cc• (species/quadrat) Frequency 

Acer negundo BOX ELDER tree 3 0.20 2% 
Agrimonia parviflora SMALL-FLOWERED AGRIMONY forb 2 0.07 1% 
Ambrosia artemisiifolia COMMON RAGWEED forb 0 0.13 2% 
Asclepias syriaca COMMON MILKWEED forb f-----1--- ~- 0.07 1% ·-

Aster j:~ilosus -· AWL ASTER ·--------1-JQ!!?__l--_1___ 0.27 3% 
Campsis radicans TRUMPET-CREEPER vine 1 ___ ()]7 ___ ---~-
Card amine pens~lvanica PENNSYLVANIA BITTER CRESS forb 3 0.07 1% 
Carexfrankii FRANK'S SEDGE sedg~ :--1....-f---. 0.07 1% 
Comus a~mum _________ SILKY DOGWOOD ___ shrub ____ 1.__f-____ _Q,_OI_ _____ J% __ 
Echinoc~stislobata _______ WILD CUCUMBER vine 2 ____ 0.07 . 1% 
Elymus villosus HAIRY WILD RYE --f-grass ___ 4 ____ 0.07 .. 1% 
Eupatorium rugosum WHITE SNAKEROOT forb 3 0.20 2% 
Euthami~g_raminifolia FLAT-TOPPED GOLDENROD ~-- ____ 2 ___________ _!l.07 ___ . _ 1% __ _ 
Fraxinus ~ns~nica GREEN ASH ___________ tree __ __l__ 0.20 2% 
Fraxinus sp. NDA0 tree NDA0 0.07 1% 
Geum canadense WHITE AVENS _ forb 2__ 0.20 2% 
Geum laciniatum ----···-··------- ROUGH AVENS __________ ~- 2 ___ _!!:_!!!. ________ --~-
Impatiens capensis SPOTTED TOUCH-ME-NOT forb ___ _1.__ 0.07 1% 
Ipomoea pandurata POTATO-VINE forb 2 0.13 2% 
Juncus tenuis PATH RUSH forb 1 0.07 1% 

~~~~11!~~~}::~c:h_r_e~~~i ····· ·- · ······· ············ ·· ~~~~~~CCowWooifs6RREi ·· gJ!;ts_ ···· ··· · -~- ····· ··· - ···· ~~6~ ·· ···· · ··· · -1~---
---

Panicum clandestinum DEER'S-TONGUE PANIC GRASS orass 2 0.20 2% 
Parthenocissus quinguefolia VIRGINIA CREEPER __ vine 2 0.33 ----,4~'*7-• __ 1 
Penstemon digitalis FOXGLOVE BEARD-TONGUE forb 2 0.07 1% 
Phacelia purslu-.i -- MIAMI-MIST forb 4 0.20 2% 
P_!!i}'"!lonum hydropiperoides MILD WATER-PEPPER forb __ _Q_ ________ 0.07 _____ ---~-
:oR=;ubc-'u"'s"""acllce~g"='h"'en"'i""en,o::sc.:is'------ COMMON BLACKBERRY shrub 1 0.07 1% 

ER,o:::u:::bu::.:s:..:o::.::cc::ci:.::d::::en.::ta:::l:.::is ______ BLACK RASPBERRY shrub 1 0.27 3% 
Rudbeckia hirta BLACK-EYED SUSAN forb__ __ 1 0.07 1% 
Solidago canadensis CANADA GOLDENROD _______ forb ____ 1____ 0.67 8% 
Solidago SP:_---,,----- NDA0 

____ forb f NDA0 0.07 ___ __ 1% 
Toxicodendron radicans POISON-IVY vine 1 0.53 6% 
Verbena urticifolia WHITE VERVAIN forb 3 0.07 1% 
I:'Vo"-e,_,rbc::es":i,na~a~lt:.::e~rn~i~:::ol:.::ia'--------+.:W:':Ic-'N:"G':':S~TE~M::-:==---- forb 5 0.07 1% 
Vernonia glgantea TALL IRONWEED forb 2 0.07 1% 
Vilis sp. NDA0 vine NDA0 0.33 4% 
Zizia aurea GOLDEN ALEXANDER_S _____ I--forb 6 ___ 0.07 1% 
~grostis 9lgantea REDTOP ~- __ 0 -f-· 0.40 5% 
Alliaria petiolata _____ GARliC MUSTARD forb 0 0.27 3% 
Allium vineale FIELD GARliC forb 0 0.07 1% 
Bromus j_!!ponicus JAPANESE BROME ___ f-gras~_ 0 0.07 1% 
Daucus carota QUEEN-ANNE'S-LACE forb __ _Q__ 0.13 2% 

loD:"'ip""'s"'a"'c=us=-f=u:.:.:ll=on"'u=moo._ ________ c __ WILD TEASEL ____ forb 0 0.07 1-- 1% __ 
Festuca SPe.:·~~---------------1-'Nc'-"D~~-~-- Qrass 0 0.07 __ f--~ 
Glechoma hederacea GROUND IVY forb 0 0.20 2% 

·---~ESE HONEYSUCKLE----~--()- --0.2"7"___ 3% Lonicera japonica 
Loniciera maackii 
!:)'simachia nummularia _ 
~gonum persicaria 
Rhamnus cathartica 
Rosa multiflora 
Stellaria media 
Trifolium repens 

• CC = Coeflicent of Conservatism 

AMUR HONEYSUCKLE shrub 0 0.53 6% 
MONEYWORT -- forb 0 0.33 -~4%-~ 

LADY'S THUMB forb 0 0.07 1% 
EUROPEAN BUCKTHORN sm tree 0 0.07 1% 
MULTIFLORA ROSE shrub 0 0.47 5% 

!
COMMON CHICKWEED forb 0 0.07 1% 
WHITE CLOVER forb 0 0.13 2% 

----------·-· I Native Species: _ 5.53 -+· 63% _ 
Non-Native Soecies: 3.20 37% . 

b FQAI = Florist Quality Assessment Index 
0 NDA= No Determination Available 
Species in bold are non-native. 
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Table D-47. PRERF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Species 
Acer negundo 
Aesculus flava 
Alof.!ecurus carolinianus 
Ambrosia artemisiifolia 
Androf.!O!l!!!!._gerardii 
Aster novae-an~e 
Aster pilosus 
Bidens frondosa 
Cardami1~ensylvanica 

Conyza canadensis -
Carex granularis 
Carex vulpinoidea -
f.yperus sp. 
Desmodium canescens 
~atorium rugosum 
Eupatorium serotinum 
Galium aparine 
Juncus tenuis 
Oxalis stricta 
Panicum virgatum 
Parthenocissus quinquefolia 
Pof.!ulus deltoides 
Rhus glabra 
Rhus typhina 
Rubus allegheniensis 
Rubus occidentalis 
Schizachyrium scoparium 
Salida~ canadensis 
Solidago sp. 
Sorghastrum nutans -----
Toxicodendron radicans 
Verbena hastata ·---------
Vitis sp. -----------
~~_!_i~g_!g_antea ________________ 
Alliaria petiolata _ . 
Bromus i!!ponicus 
Da_~_tylis !J.!omerata 
Daucus carota 
Dipsacus fullonum 
Echinochloa crus!@!!!_ ___ 
Festuca elatior ------
Festuca !!P· 
Glechoma hederacea 
Loniciera maackii 
Medicago lupulina 
Phalaris arundinacea -
Plantago major 
~ygonum ~ersicaria 
Sorghum ha epense 

a -CC - Coefficent of Conservatism 

Total Species: 49 
Native Species: 33 

Non-Native Species: 16 
Percent Native: 67% 

I Common Name Type I cca 
BOX ELDER tree __ _ _]_ __ 
YELLOW BUCKEYE tree 7 
CAROLINA FOXTAIL __ g_!ass __ 1 -- --0-COMMON RAGWEED forb 
BIG BLUESTEM 

··---
__ grass __ _....2_ ____ 

NEW ENGLAND ASTER for~_ 2 
~-----

AWL ASTER _ forb __ --J--
DEVIL'S BEGGAR'S-TICK forb 2 ··----
PENNSYLVANIA BITTER CRESS forb 3 
HORSEWEED forb --0--

--
MEADOW SEDGE ----~g~ 3 ------
FOX SEDGE .. sedge 1 

-·NDA"-NDA0 

~~e 
HOARY TICK-TREFOIL forb 4 ·-
WHITE SNAKEROOT forb 3 

-· 
LATE-FLOWERING BONESET ---- forb __ 2 --
CLEAVERS forb 0 -- ------
PATH RUSH forb 1 -
COMMON YELLOW WOOD-SORREL forb 0 
SWITCH GRASS grass 4 -- -·-.-- --
VIRGINIA CREEPER vme 2 
EASTERN COTTONWOOD tree 3 
SMOOTH SUMAC shrub 2 ----- -------- ------
STAGHORN SUMAC shrub 2 __ 
COMMON BLACKBERRY ____ shrub 1 -----
BLACK RASPBERRY shrub 1 ·------------- -----·--- -------
LITTLE BLUESTEM _ _grass_ ___ 5 ___ 
CANADA GOLDENROD _________ forb 1 

-··r.:iiil- NDAC--NDA0 

INDIAN GRASS ---------__ 5 ____ 
_g_r,ass ___ 

POISON-IVY ------ ----
vme 1 

BLUE VERVAIN forb 4 
NDA0 

------------- -------- --NDAc-:-~e 

Mean cca: 
Average Cover: 

FQAib: 

I Frequency 
(species/quadrat) 
____ __()_J1_ ____ 

0.07 
0.07 -------------
0.20 

--· 0.27 ----
0.07 --------
0.20 -----------
0.07 

-- 0.20 
----------

0.07 
-~---------

0.07 --
- 0.13 
------------

0.07 --
0.07 
0.07 

- 0.07----
0.13 ----------
0.13 

1.50 
74.8% 

10.50 

Relative 
Frequency 

2% 
1% 
1% ------
3% 
4% :--------·-··-
1% -------
3% ·------
1% 

-~--
1% -------
1% ------
2% ---------
1% -1"%"-
1% 
1% ------
2% 
2% -----

0.13 2% 
-· 

0.20 3% --
0.13 2% --------- ---------
0.07 1% 
0.13 2% ----------- ---------
0.07 1% ------- ------
0.33 5% -------
0.20 3% ----- -----

-- _-1%-= 0.07 . -----------
0.27 4% --------- --------
0.33 5% -----
0.20 3% -------
0.07 1% 

__ 0.07 -- 1% -----
. 0.13 -- 2% -----

REDTOP r--9.@_§__ 0 0.07 1% 
1-GARUC""MUST~------· 

____ 0 ____ -------- --------
forb 0.40 6% ------

JAPANESE BROME 1---grass 0 0.13 2% 
ORCHARD GRASS 

·-· 
grass 0 0.07 1% 

QUEEN-ANNE'S-LACE forb 0 0.40 6% 
WILD TEASEL forb 0 0.13 2% 

··-· 
BARNYARD GRASS grass 0 0.13 2% 

t--·- ---- ---- -------
TALL FESCUE r--grass 0 0.07 1% 
NDA0 

·---

__ gras~- 0 I---J!1Q___ 3% -----
GROUND IVY forb 0 0.20 3% ·---- --
AMUR HONEYSUCKLE --------- __ shrub __ 0 I-----_Q1I__ ___ 4% ----- --------
BLACK MEDICK forb 0 0.07 1% -- ·--
REED CANARY GRASS grass 0 0.07 1% 

--~ 
___ 0 ___ 1----------

COMMON PLANTAIN 0.07 1% ----- --
LADY'S THUMB forb 0 0.20 3% ·------ --
JOHNSON GRASS grass 0 -- 0.07 -1% ·-

-------------------- Native Species: -- j:~~ -----+-- ~~~ -Non-Native Species: 

b FQAI = Florist Quality Assessment Index 

c NDA= No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 
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Table D-48. PRERF2 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 36 
Native Species: 23 

Non-Native Species: 13 
Percent Native: 64% 

Species Common Name I Tvne I cc• 
Achillea millefolium YARROW forb 1 -
Ascleeias syriaca COMMON MILKWEED ----- forb ~---forb ___ 
Aster pilosus AWL ASTER 1 
~ardamine pensylvanica PENNSYLVANIA BITIER CRESS forb 3 --
Cercis canadensis REDBUD sm tree 3 --
Desmodium canadense CANADA TICK-TREFOIL forb 4 
Eupatorium rugos~---- WHITE SNAKEROOT ----- fori!__ 1---l _____ 
Fraxinus ~nnsylvanica GREEN ASH tree 3 ----·· 
Geum canadense WHITEAVENS forb ___ 1_ ___ 
Hypericum sphaerocarpum ROUND-FRUITED ST. JOHN'S-WORT ~--- ~---~-
Juglans nigra BLACK WALNUT tree 5 

~_!!~rsia vi~9!!!L~-----·---- WHITE GRASS grass __ 4 
'CoMMON YELLOW WOOD-SORREC 

------------
Oxalis stricta forb 0 -
Parthenocissus guinguefolia VIRGINIA CREEPER ---·-~- ___ _?_ ___ 
Rubus allegheniensis COMMON BLACKBERRY shrub _!__ 
Rubus occidentalis BLACK RASPBERRY shrub 1 
Rudbeckia hirta BLACK-EYED SUSAN forb 1 -------------------- CANADA GOLDENROD 

------ --·---
Solidago canadensis forb 1 
SolidagQ_§_p_. ___________ NDN ~--= NDA" ---------- 1------·-·-
Toxicodendron radicans POISON-IVY vme _ _L __ 
Verbena urticifolia WHITE VERVAIN forb 3 
Vernonia glgantea TALL IRONWEED ------

forb __ f-- 2 
Vilis sp. NDN vine NDA" 

0 --
~grostis g.!_gantea REDTOP grass __ 1---------
Alliaria petiolata GARLIC MUSTARD forb __ 1--- 0 __ 
Cirsium vulgare BULL THISTLE forb __ 0 ----· 
Daucus carota QUEEN-ANNE' S-LACE forb 0 
Dipsacus fullonum WILD TEASEL forb 0 

.. 

Festuca sp. NDAC 
---------- _grass 0 __ 

Glechoma hederacea GROUND IVY forb 0 
Lonicera japo!!!ca __________ JAPANESE HONEYSUCKLE .. -··-

vine ______ 0 
Medicago lupulina BLACK MEDICK forb 
Setaria glauca YELLOW FOXTAIL GRASS 

i----0 
grass __ 1--·0 

Stellaria media COMMON CHICKWEED 
Taraxacum officinale COMMON DANDELION 
Trifolium sp. NDA'' 

a = CC Coefficent of Conservatism 
b FOAl = Florist Quality Assessment Index 
"NDA= No Determination Available 
Species in bold are non-native. 
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forb 0--
forb 0 
forb 0 

I Native SPecies: 
Non-Native Species: 

Mean cc•: 1.41 
Average Cover: 96.2% 

FQAib: 8.47 

I Frequency I Relative 
(species/quadrat) Frequency 

0.20 3% 
0.07 1% -
0.13 2% 
0.07 1% 
0.07 1% 

- 0.07 1% -
_ ____ li:_QI_ ____ -- 1% 

0.07 1% 

1--
0.07 1% 
0.07 1% 
0.13 2% 
0.07 1% ------o:13 _____ ---------

2% 
0.47 -- 8% f------
0.07 1% 
0.07-- 1% 

_____ _!).07 ---- 1% -
0.40 6% 
0.13 --r--~ 
0.47 8% 

I--
0.07 1% 
0.20 3% 
0.20 3% --------- r------
0.47 8% ----- -

- 0.07 -- 1% 
0.07 ~----~ 

---------r-------
0.47 8% 
0.13 2% 
0.87 14% 
0.13 --1--~ 
0.07 1% 

1---

--- r--~ 0.13 
0.13 2% 
0.07 1% 
0.13 2% 
0.13 2% 
3.33 

I 
54% 

2.87 46% 

U.S. Department of Energy 
May 2012 
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Table D-49. PRWRF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

a CC = Coeflicent of Conservatism 

b FQAI = Florist Quality Assessment Index 

c NDA= No DeteiTllinalion Available 
Species in bold are non-nati\e. 

U.S. Department of Energy 
May2012 

Total Species: 41 Mean CC": 1.85 
Native Species: 28 Average Cover: 91.4% 

Non-Native Species: 13 FQAib: 11.82 
Percent Native: 68% 
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Table D-50. PRWRF2 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 50 Mean cc•: 1.53 
Native Species: 34 Average Cover: 95.4% 

Non-Native Species: 16 FQAib: 10.84 
Percent Native: 68% 

I I I Frequency Relative 
Species Common Name Tvpe cc• (species/quadrat) Frequency 

Achillea millefolium YARROW forb 1 0.07 1% 
Aesculus j:Jiabra OHIO BUCKEYE tree 6 0.07 1% 
Allium canadense WILD GARLIC 1-~ '--- 2 0.07 1% 
~!flbrosia artemi~;;iifolia COMMON RAGWEED forb __ 0 0.13 .. -~ 
Cal~steg@_~~ium ________ HEDGE BINDWEED f- fo~b 1 0.07 1% _ 
Campsis radicans __ TRUMPET-CREEPER vme 1 0.07 1% 
Cardamine pensylvanica _______ PENNSYLVANIA J:!IITER_ CRESS__ forb 3 0.07 1% 
Carex s~-------- NON sedg~l-- NDA0 

- ---o:or-·--- ·---~ 
Celtis occidentalis HACKBERRY _________ ~--1---.!_- 0.07 1% 
Cercis canadensis REDBUD sm tree 3 0.07 1% 
Eri~on annuu~----··-------- DAISY FLEABANE __________ ..f!l.!L...f-__ 0 ________ 0.07 ________ 1% _ 
Eupatorium rugosum __________ ~ SNAKEROO_I_________ forb 3 0.13 --~ 
Fraxinus ~en~y~anic~-- .. ···------SREEN ASH ____ . ____________ .J.!ee ______ .l__ 1----Q,QL___ __ 1% __ 
Galium a~arine CLEAVERS forb 0 0.07 1% 
Ipomoea ~urata _ POTATO-VINE --+--·for~-- ___ L___ 0.07 ::.~~ 1% = 
-!!!9§.!1~!9.@_________ BLACK WALNUT __ tree ____ .2___ 0.07 . 1% 
~erus virginiana _____ EASTERN RED CEDAR tree 3 ___ 0.07 __ r-- 1% __ 
Monarda fistulosa WILD BERGAMOT forb 3 0.07 1% 
Oxalis sp. -- NDA

0 
-···--------·-------- -for!!___ NO~------ o.o-z ____________ ..lli.__ 

Oxalis stricta _________ · __ COMMON YELLOW WOOD-SORREL ~- _ ___!L_ 0.07 r---~-
~~nicum virgatull_l_ ____________ ~9,H GRAS8_ ______________ f-_grass __ __!__ _ ___ 0.07 ----r----=1-:c%=----l 
Parthenocissus guinguefolia VIRGINIA CREEPER ----------f---vine . 2 0.07 _ _1~ 
Rhus aromatics var. aromatica FRAGRANT SUMAC shrub 3 ______ 0.07 1% 
8!1us g_@!lra --------· SMOOTH SUMAC ------------ -~_LJQ_- ____ 1_ ___ _ ---·-0.07 _____ _ ___ 1 % __ 
Solidago canadensis CANADA GOLDENROD forb 1 0.47 8% 
SolidagQ_l!P:___________ NON -fOrb- NDJ\C- 0.20 3% 
Sorghastrum nutans ------· INDIAN GRASS _____________________ g_r~ __ _§___ ______ Q.07 _______ 1% __ 
Toxicodendron radicans _____ POISON-IVY ________________ __0~ ____ !___ ____ _Q1Q____ _____ 3% __ 
Verbena urticifolia WHITE VERVAIN ··--·------~ --4----__Q_,Q7 _______ 1% _ 
Verbesina altemifolia -----------~I~_§TEM -------·-·----· forb _§___ ____ 0.33 ____ ~~-
Vernonia gigantea TALL IRONWEED forb 2 0.07 1% 
Viola sororia -----COMMON BLUE VIOLET forb 1 _____ W ___ --~ 
Viola sp. NDA0 forb NDA0 0.13 2% 
Vitis sp. NDA0 vine NDA0 0.20 _ 3% _ 
~grosti~g!gantea _ REDTOP ___ grass 0 1----___Q,!L----f---~--
AIIiaria p_etiolata ·-----------GARLIC MUSTARD ------· ~ 1---_Q_ _____ _!).27 -·------ 4% 
Allium vineale FIELD GARLIC forb 0 0.33 5% 
Bromus japonicus ·-------~APANESE BROME -----1-grass 0 ______ 0.07 _______ 1% __ 
Convolvulus arvensis FIELD BINDWEED forb 0 _ 0.07 ------t-·--..11!.._ 
Daucus carota __________ QUEEN-ANNE'S-LACE --1-- forb 0 ___ 0.13 2% 

~:~:!:~:=----.~-~~~~:~~ -~~~:~,~:t !=-===t~=c:Jt: 
Loniciera maackii --------~MUR HONEYSUCKLE _______ ~- _Q_ _____ .Q.j.l__ ______ 2% __ 
Lysimachia nummularia MONEYWORT _______ fQEI!_± O __ i ____ Ojll._ _____ r-- 1% -
Rosa multiflora___________ MULTIFLORA ROSE -·---------~~ _ _Q_ _______ 0.07 ______ 1% __ _ 

~!~~==~u:~:;.:i::: -=------- !=~~~-----------_ =~i!f=~~F~t== ~=%.1=~-~-=r·-f··--
Tritonum pratense RED CLOVER forb l 0 0.13 · l 2% 

----------------- ------·-tro~~-i~H------~*-+--%~ 
• CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 
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' 
TableD-51. SWURF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 42 Mean cc•: 1.55 
Native Species: 23 Average Cover: 83.9% 

Non-Native Species: 19 FQAI": 10.05 
Percent Native: 55% 

I I 
I Frequency I Relative 

Species Common Name Type cc• (species/quadrat} Frequency 
Achillea millefolium YARROW forb 1 ± 0.07 1% 
Ambrosia artemisiifolia 

·---- -·-- ---- ------------
COMMON RAGWEED forb _______ o___ __ 0.33 _ 5% - ---· BIG BLUESTEM -·---- ---- ---------

Andropogon gerardii _____ _grass _ 5 ~ 0.33 5% 

~~r~~ :~~~--~l1~ :=.~-~ 
f-------

~ter novae-a.!l_~~---··--·------ NEW ENGLAND ASTER forb 2% 
AWL ASTER ----------rorb .. r--------

Aster pilosus _ 7% 
Bouteloua curtipendula ________ SIDE-OATS GRAMA GRASS __ grass_ a o.13 2% 

PENNSYLVANIA BITTER CRESS _:= ----· ------------- ------------
g~rdamin~pensylvanica __ forb __ r-~-- - 0.07 - 1% 
Carex vul[!inoidea FOX SEDGE sedg~ ____ !__ 0.07 -- 1% ---------- r------
Conyza ~nade~------------·- ~~_\/YEE_Q_ _______________ forb 0 0.07 1% ----·· -1\to.A." ---- o.13 ______ -------
f}'perus se-_ ___________ NOA0 sedge 2% 

·- ------ 6 --r---!J:13·-- ------
Ec~inacea purpurea --------·· PURPLE CONEFLOWER forb 2% -

~~~r~- ~~=-- ~:ci~ ~=~~~-§ymus canadensis CANADA WILD RYE _9_1!_~- 2% ·---
SPOTIED JOE-PYE WEED --

1-----·· 
Eupatorium maculatum forb 1% ------ PATH RUSH ---- ------1--+-----o.o7--- ------
Juncus tenuis _ forb __ 1% 
Monarda fistulosa 

--
WILD BERGAMOT --

r--:-- ---------- -------
forb 3 0.27 4% ------- ---------- ----~-

Panicum vir~tum _____________ SWITCH GRASS __ grass . 4 0.27 4% ·----------· ------------ --------------------- -----------
Ph}'salis heterop~}'lla CLAMMY GROUND-CHERRY forb 1 __ 1- ___ Q_,_Q_L__ _ __ nL__ 
Rudbeckia hirta BLACK-EYED SUSAN forb -+-]-------- ~:~~--+--1~ --SchizachyrfUm scoparium- -----···· . ·---------- -----

UTILE BLUESTEM ~ ---------·- - --!--.---·- '-----------·-· 
Solidago canadensis .. CANADA GOLDENROD forb 

1 -l 0.33 5% ROUGH GOLDENROD . -
-----r---- ------------- ------

Solidag!!_Ill_QE~'!_ ____________ forb ~- _____ ___Q,_QL_ _______ 1% ·-
NDN ------- ·----

Solidag~_f:l- forb NON 0.13 2% ----·------- ----·-
Sorghastrum nutans INDIAN GRASS r-:.-9..@.§_~-- ---~----· -----~:~~ -----.. -· 1~ -~gros_!is.fifgantea ·--------------------------------------·------· 

REDTOP _grass . 
~romus japonicus ________ JAPANESE BROME -- grass _:--~ ~ ~=~ -===~- ~:~~ -~~-~= ~= ~ ~ ~---= --------- --forb ---Cichorium in!}'bus __ CHICORY ----
Daucus carota QUEEN-ANNE'S-LACE ________ ___.f!JIQ.. ___ ___ 0____ 0.60 ·-- ~-----
Dipsacus fullontim _______ - WILD TEASEL forb 0 0.27 4% 
Echinochloa crusgalli BARNYARD GRASS grass __ 0___ 0.07 - 1% 

--------- r------- -0-1-------0.07 1% Festuca elatior TALL FESCUE grass ___ --- -----·-·-=·-------·----·-----·--- --0-------~---- --2%---
Festuca sp. -------·----- NDA" __ grass ___ 
Leonurus cardiaca MOTHERWORT --1-.!Q.!!!._ __ 0 --o.u-··--- --· 2% --

Loniciera maackii AMUR HONEYSUCKLE · --
------------- -------- ---

1--shru!l __ 0 0.07 1% 
Medica9.!!..!!!pulina ____ -'---

BLACK MEDIC_K _______________ 
forb 

_ ___ o ___ -- --------o.oi______ -----~,-% ____ 

Melilotus officinalis YELLOW SWEET-CLOVER 
----- -----0--- ---·o.47·---~ forb 

Plantago lanceolata _ ENGLISH PLANTAIN !--·forb _ --0 0.07 -· 1% 
~lan~go maj_or ______________ ~~ON PLANTAIN _________ forb ____ Q_ __ --_Q,.QI____ ---1% ---
Pol~gonum aviculare _ . ____ COMMON KNOTWEED 1--~ ---{---1----- ~:~~------ ~~ ---Po!lgonum persicaria . LADY'S THUMB ·-- forb t-:-:--------------------· !--------

--~-- ~ -=--~--=:·. ~:~~ ----- . . !~ ---Setaria Sl!.:__ ______ . ________ NDA" r-__ gras~_ . -::-:---------------··---·-----··----
Taraxacum officinale ~MON DANDELION _______ forb 
Trifolium repens ·--·----WHITE CLOVER -forb - ··a- -----o:r3---~--~ 

______________________ _j__ Native SJlecie;t 3.60 ---·--t-· ~~~ ---Non-Native Species: 3.27 
a CC = Coefficent of Conservatism 

b FOAl = Florist Quality Assessment Index 
0 NDA= No Determination Available 
Species in bold are non-native. 

U.S. Department of Energy 
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Table D-52. SWURF2 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 38 Mean cca: 2.09 
Native Species: 26 Average Cover: 80.5% 

Non-Native Species: 12 FQAit>: 12.86 
Percent Native: 68% 

Species I I 
Frequency 

1 

Relative 
Common Name Type cca (species/quadrat) Frequency 

Ambrosia artemisiifolia I COMMON RAGWEED forb I 0 0.07 1% 
Andr~9Q!l__g.._e::.:.r=ar:.::d::.ii --------+=B.:.-:=IG=c=B=LU~E=S~T=-=E=M..:..:..__________ grass 5 0.40 8% 
Aster pilosus AWL ASTER ---·forb -+--=1C--+----o=-=_.:.-:=07::-----t----=-1.:.,:%c__, 

Bouteloua curtipendula SIDE-OATS GRAMA GRASS grass B 0.13 3% 
Cardamine pensJ'Ivanica PENNSYLVANIA BITTER CRESS ---f--~fo;rb';_=~~==~J_--t-----o:2()----~~ 
Carex frankii FRANK'S SEDGE sedge 2 0.07 1% 
Echinacea ~p""'ur--=-ea-'------·-------J;,URPLE CONEF_b()W_ER _____________________ fo_r~--= ____ 6 == __________ 0_.0_7 _________ _!_~-
Galium a~ine CLEAVERS __ forb__ 0 0.07 1% 
Juf}jperus virginiana -----~STEF~N RED CEDAR ________ tree ____ 3 _____ _____QJ!I_____ 1% _ 
Monarda fistulosa WILD BERGAMOT __ -~-l--____l__ _____ Q,J3 3% 
Panicum vi_!gatum __ SWITCH GRASS j:Jrass 4 0.40 _ __.!!Y~_ 
PoE!:!!_J.!s_j_eltoides ____________ EASTERN COTTONWO()~---==-- _ ____!@__~_ --~---- _____ _Q_,QI__ ______ _!_~ 
Oxalis stricta COMMON YELLOW WOOD SORREL forb 0 0.07 1% 
Ratibida pinnata ---~ ____ QRAY-HEADEQ___g_Q__~EFLOWER _____ -~_f9_r~----= =-5---=--=~~~ 0.07 =--=--~-=-~ 1% ---= 
Rubus allegheniensis COMMON BLACKBERRY shrub 1 0.07 1% 
Rudbe~a hirta _ BLACK-EYED SUSAN fo!L 1 0.13 3% 
SchizachJ'rium scoparium ___ LITTLE BLUESTEM g_@__§_S 5 -([13--r---3%--
Solidag_o canadensis CANADA GOLDENROD -- -'forb 1 - 0.40 8% 
~olida~gjda________ STIFF GOLDENROD _forb __ _!_ __ ~ ____ _Q,QI__ __ r--- 1% _ 
Solidag_Q_~P:___ _ NDN __ ___f~rb NDA'' _ 0.27 _ _ 5% 
So~ghastru!!l_l"!t,J!an~ _ __:__ ___________ INDIAN G~~S ______________ grass --1---2_ ___________ 0.27 ---r----- 5'*_a _ 
Tridens tlavus GREASE GRASS grass 1 0.07 1% 
Ulmus americana ___________ AMERICAN ELM -------------- tree 2 0.13 ~~3% _ 
Ulmus rubra SLIPPERY ELM tree _____ 3 __ 0.07 1% 
'{erbena urticifoi~-------------~E VER'{!\IN ______________ }!!_!~-- ____ 3 _____ 0.07 ___ --~--
Vilis sp. NDA0 

· __ vine NON 0.07 --r---'-~-
!grostis g!gantea ~__f_ ____________ grass 0 0.13 3% 
!Jromus j_!!_P-onicus __________ JAPANESE BROME _______ grass_ 0 0.20 __ 4% 
Daucus carota _ QUEEN-ANNE'S-LACE forb ___ 0___ 0.20 4% 
~~cus fullonum _ WILD TEASEL forb 0 0.40 8% 
~sacus laciniatus CUT-LEAVED TEASEL forb 0 0.07 1% 
Festuca sp~-------------------~,----------------- _grass ____ ____ __Q ____ ______ __!!:~------ r--- 3%_ 
Glechoma hederacea GROUND IVY forb 0 0.13 3% 
Melilotus officinalis YELLOW SWEET-CLOVER forb 0 0.13 3% 
Melilotus SJ!. NDA0 

____________ ...!!l.!!! ______ __Q_ ________ _!l_,_QI______: _____ __:11L_ 
Planta!l!!_lanceolata ENGLISH PLANTAIN forb 0 0.07 1% 
Trifolium !!I!· NDA0 __J forb NON-:--- 0.07 1% 
Valerianella locusta -- EUROPEAN CORN-SALAD 1-foi:j)- ----'-o- 0.07 1% 

-------------------------kn~~~-*~1-----i~- I ~~~ 
a CC = Coef!icent of Conservattsm 
b FOAl = Florist Quality Assessment Index 
c NOA= No Determination Available 
Species in bold are non-native. 
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Table D-53. NPPSF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 32 Mean cca: 1.30 
Native Species: 23 Average Cover: 41.7% 

Non-Native Species: 9 FQAib: 7.35 
Percent Native: 72% 

I I I 
I Frequency Relative 

Species Common Name Type cc (species/quadrat) Frequency 
Acernegundo BOX ELDER tree 3 -1---__QJ!I__ ___ 2% 
Ambrosia artemisiifolia COMMON RAGWEED forb 0 0.07 2% --
Asplenium~Y!_leuron EBONY SPLEENWORT fern 3 --1--- 0.07 2% -
Aster ~ilosus AWL ASTER forb 1 0.07 2% 
Bidens frondosa DEVIL'S BEGGAR'S-TICK forb __ 1---1__ __ 1-- 0.13 - 3% 
Carex laxiflora TWO-EDGED WOOD SEDGE ---~~~ 1--~--- ... 0.07 ~2% __ 
Celtis occidentalis HACKBERRY tree __ 4 1--- 0.07 -·-- -- 2% 
Conyza canadensis HORSEWEED 

-----
forb f--0 . 0.07 2% ----·-·- -----

~u~atorium rugosum -- WHITE SNAKEROOT forb 3 --~~-~:~~ -- -~ ---- ~~- -Euthamia Q!_aminifolia FLAT-TOPPED GOLDENROD forb 2 
Fraxinus ~ennsylvanica GREEN ASH ·---1-- tree _ 3 0.07 2% 

-~---~-~ ·----------
Geum canadense WHITEAVENS ~--~ __ __g__ __ ... 0.13 --- 3% 
---------------- --------· ---------
Geum laciniatum ROUGHAVENS I-- forb_ 2 I o.o1 2% 
lm~atiens ca~ensis SPOTTED TOUCH-ME-NOT - --2-- --,--- 0.27---- --------

forb 6% 1--------------
Oxalis stricta COMMON YELLOW WOOD-SORREL forb ____ 0___ ---·- 0.07 ------ 2% ------
Parthenocissus _g!:!!!!.guefoli~---- VIRGINIA CREEPER _ vine __ 

-- 1--_1__ __ Ojl___ 3% ----
Prunus serotina - BLACK CHERRY tree 3 1--·--0.07 2% 
Rubus occidentalis BLACK RASPBERRY shrub -- L __ --- .QJ_.L_ -- 3% -------------------
Scir~us atrovirens GREEN BULRUSH - sedae 1 0.07 2% -----------
Solidago canadensis CANADA GOLDENROD -- forb __ f----1 __ 1------0.20 ------ 5% ----
~olida9E~- NDA0 

--1--~ _ NDA~-- ___ 0.07 ____ 2% 
------·-

POlSON-IVY 
-----

Toxicodendron radicans vine 1 O.Q7 2% 
Vitis s~. NDA0 vine NDA~_ 0.13 3% 
~maria p~tiolata ___________ GARLIC MUSTARD --1-- foL ____ _Q__ 0.53 13% -----------·- ----------
Daucus carota QUEEN-ANNE' S-LACE -- forb __ !L__ I----_QJJ_7 --- 2% 

NDAC 
----- --2%-Festuca s~ -----1--gra_~ 0 0.07 ------ --------

Lonicera E!~onica JAPANESE HONEYSUCKLE 
;·-

vine 0 ______ .!!:gQ _____ 5% 

~--
----------· ---------

Loniciera maackii AMUR HONEYSUCKLE __ _Q__ f--- 0.53 ----__j~ 
Poly_gonum Jlersicaria LADY'S THUMB -- forb _____ 0 __ 1---_Q_,_QZ._ __ 2% 

---····-- -----
Rosa multiflora MULTIFLORA ROSE shrub 0 0.13 3% 
Stellaria media COMMON CHICKWEED forb ----0 --- [_--=~ 0.07 -- 2% 
Urtica dioica var. dioica EUROPEAN .STINGING NETTLE forb 0 I O.Q7 ----~-

I Native SJl.!!cies: I ___ 2.40 --+-Ji~ 
Non-Native Soecies: 1.73 42% 

a -CC - Coefficent of Conservatism 
b FOAl = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 
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TableD-54. NWESF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: 44 Mean cc•: 1.74 
Native Species: 32 Average Cover: 59.9% 

Non-Native Species: 12 FQAib: 11.53 
Percent Native: 73% 

I I I 
Frequency 

1

1 Relative 
Species Common Name Type cc• (species/quadrat) Frequency 

Acer negundo BOX ELDER I tree 3 ·1---. 0~- __ j_~-~ 
ACerS-accharinum SILVER MAPLE tree 3 0.07 I 1% 
Agrimonia parnflora SMALL-FLOWERED AGRIMONY f-~ =--- 2 - r~- 0.20 I 3% ·-
·l\ster pilosus AWL ASTER forb 1 ] 0.20 I · 3% 
Bidens frondosa IDEVIL'S BEGGAR'S-TICK forb =±!= 0.07 ~~-
Cardamine concatenata ICDT-LEAVED TOOTHWORT forb 3 0.07[Iw;--
~arex davisii ---JQAVIS' SEDGE _ ~ sedge 5 --~ 0.13 -=-=-=-2%--
j~;~~=i~~;ni?~ ------~~~~~~~OD SE~~E-----_t ~~~~e ~J-=-- ~ ~-=1= -~:~~ ___ _ __ -;::~;;-;~--~~ 
EJX.~lJSh~~!~------------ - IBOTTLEBRUSH GRM3_l3 __ . --- _j __ ~~~-~ L -~----1 ___ -~~------ ----- ~0~o 
Eupatorium rugosum IWHITE SNAKEROOT . I forb I 3 I 0.20 I 3% 
Euthamia"graminifoTia . fFi.AT::fOPPEDGOIDEi\iROD·-····--- I forb I 2 r - ·o.o;r I 1% 
Fraxinlis penns}d\rdnic-a- iGREEN AsFf -- ----- 1 tree 1 3 I o.33 1 4o/o 
~~~~~ail~-~~<:_=-~==~--- --~~-L~~YE:.~~~ .. ---·····------ I forb j 6 l o.oi- l ---~~-~---
Galiu!lltri_Horum ... . . . ··. _ _ ISW~_ET~:)(;~t-JTE-'?BED1)~W .. l for()_ J .. 4 _J 0:07 I __ 1%_ _ 
Geu-m canadense ........... · - tyYHITE AVENS I . forb r 2 I . . 0.60 I 8% .. 

=::i~~E~-=-~y:~:~~~~~~r~=f"ht=~t!:_=~ ~~-----
Lee_rsj~_virgi.!:Ji?~--------- _____ _IWHITE GRASS _ --+ grass ---~----L _____ 0.27 _______ 3% __ 

~~~a~~~~~~eTOfia _____ ~e~~~~~T~~~~~::NIC GRASS ·l--~Jn:s ~---+--+- _ ~:~~---- ~~---~~ 
Pilea pumila --·- --lcLEA"R\iVEE:~--------··---·r--forb _T ___ 2 ___ T _____ om·---- 1% 

;~~~~~-------~~~~~~~~:::,~RlWEED ~~~- ~-: l.=-::~ ·~·~~~-
scirpus atrovirens GREEN BULRUSH sedge 1 0.27 3% 
Solidago canadensis CANADA GOLDENROD forb 1 ·- -·---0.20 ---]. 3% 
Solidago rugosa ROUGH GOLDENROD .-rQih~--2 ---0:07---~ 1% -
Toxicodendron radicans POISON-IVY vi-~ --1- 0.27 3% 

---~---

iVerbesina altemifolia --~----==J:~~§TEM I forb 5 0.07 1% 
!Viola sp. ~-~- forb NDA" I 0.13 2% 
Alliaria petiolata --~~--~GARLIC MUSTARD forb 0 I 0.13 2% 

Allium vineale ____ ____ _ FIELD GARLIC :~ _________ __!_ forb -~----~--]=_-=:-0.27 -=~~-- 3% -

~~~:~~~:u: ~:d~:~:!: ---------~~~~~~VE ·==~=-=-~ s~o~~e~l=--~--~-b-. -~-----T ~~ 
Lonicera japonica JAPANESE HONEYSUCKLE ___ j___vine _ 0 l 0.07 1% 
Loniciera maackii AMUR HONEYSUCKLE ---phru~. _.Q_ I ___ 0.53 7% 
Lysimachia nummularia MONEYWORT ----~---~-;--- fo~----- 0 ! ___ 0.27 __ _ 3% __ _ 
Polygonum persicaria LADY'S THUMB 1 forb 0 0.13 2% 
Rosa multiflora MULTIFLORA ROSE shrub 0 0.47 l 6% 
Stellaria media - JCOMMON CHICKWEED :~ forb J ·-o·- · 0.27 ----r-·--3o/;--

~~i~:~~~~~:~~naTe--·~==---:.=f&-wrt~ge~~ELION ·--l~-~~=:~r=r-=~~-===~1~--~~ 
__________________________ _____j . Native Species: 1 5.40 1 68% 

a CC = Coeflicent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 
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TableD-55. PRESF1 Forest Functional Monitoring Herbaceous Cover Data Summary 

Total Species: GO Mean cc•: 1.61 
Native Species: 42 Average Cover: 81.2% 

Non-Native Species: 18 FQAib: 12.45 
Percent Native: 70% 

I I I Frequency I Relative 
Species Common Name Tvoe cc• (species/quadrat) Frequency 

Acer negundo BOX ELDER __ tree 3 0.20 2% 
Acer saccharinum SILVER MAPLE _____ tree _]___ 0.07 ____ _____TIL__ 
Ambrosia artemisiifolia COMMON RAGWEED forb 1------0__ 0.13 1% __ 
Aster divaricatus WHITE WOOD ASTER -----fOri) 5 0.07 1% 
Aster lateriflorus CALICO ASTER __ _ forb ___ _L_-1--- 0.07 ~- _ __!_'L__ 
Aster sp. NDA0 

___ forb NDA0 0.07 1% 
Cardamine pensylvanica PENNSYLVANIA BITTER CRESS __ _ forb ___ 3 0.13 1% 
Carex blanda COMMON WOOD SEDGE ___ sedg!_ I-- 1 0.20 2% 
Carex laxiflora TWO-EDGED WOOD SEDGE ~ge 3 0.07 1% 
Carex sp. NDA0 

__ sedg~ NDA0 0.13 -~ 
Celtis occidentalis HACKBERRY tree 4 1---- 0.07 ~~ 
Cercis canadensis REDBUD sm tree 3 1--------!!JL_- ____ 1% ____ _ 
Conyza canadensis _ HORSEWEED forb __ ___Q___ ___ 0.07 ____ _lli_ __ 
~mus canadensis ________________ CANADA WILD RYE _______ gras~-1----.!i_________ 0.07. ______ .!'l.L __ 
Elymus villosus _ HAIRY WILD RYE grass 4 0.27 3% 
Eiymus virginicus VIRGINIA WILD RYE ---- -~~ - Qrass- 3 - --o.Qy--- ----1%- --
Eupatorium perfoliatum COMMON BONESET 1---- forb__ 3 _____ 0.07 ____ ---~ 
Eupatorium serotinum LATE-FLOWERING BONESET forb 2 0.80 8% 
Fraxinus americana WHITE ASH tree 6 0.07 -~ 
Fraxinus pennsylvanica ____ GREEN ASH tree _]___ ___ 1--__ _____Q,.!l___ ___ --~-
Galium aparine CLEAVERS _ forb 0 0.20 __ --~--
Geum canadense WHITE AVENS __ forb __ f-----.~ ___ QAQ_ ____ 4% __ 
Geum laciniatum ROUGH AVENS forb 2 0.60 6% 
Impatiens capensis __ SPOTTED TOUCH-ME-NOT __ ~rb __ 2 ___ ___Q_,_QI_ _____ ·=- 1% --== 
lflomoea pandurata POTATO-VINE _ forb 2 1--- 0.07 1% 
Oxalis stricta COMMON YELLOW WOOD-SORREL forb 0 0.13 1--- 1% __ 
l:_anicum ca~~- ______________ WITCH GRASS -------- _g@.s_s_ ___ _! ____ I-__Qo!l?_ __ f---~---
Panicum virgatum SWITCH GRASS _____ 1----g.~:,~ 4 0.07 1% __ 
Parthenocissus quinquefolia VIRGINIA CREEPER -~ -~ __ 2 __ 1-- 0.47 4% 
Pilea pumila CLEARWEED forb 2 0.07 1% 
Plantago rugelii RUGEL'S PLANTAIN __ -~E._ ____ _Q_ _____ ____QJ!L___ 1% 
Poly@_[latum biflorum _____ SMOOTH SOLOMON'S-SEAL __ JQ!il__ _ __!__ __ ____Q._QL__ 1% 
EQ!ygonum lapathifolium DOCK-LEAVEDSMARTWEED forb 1 ___ __(hQL____ 1% __ _ 
~g_onumvir~~num ___________ JUMPSEED ____ _f!!_rE_ ________ 3__ 0.13 1% 
Ranunculus abortivus _ KIDNEY-LEAVED BUTTERCUP ~-- 1 ··--o:JJ"·---- =-= _ _!_% --~~ 
Sanicula gregaria -~---- CLUSTERED SNAKEROOT forb 3 0.40 f---~ 
Senecio aureus GOLDEN RAGWORT forb -~- ___ J!:QI_ ___ I-~-
Smilax so. NDA0 ND NDA0 0.07 1% 
Solidago canadensis CANADA GOLDENROD forb 1--1--- 0.33 3% 
Toxicodendron radicans ________ ~ON-IVY vine ____ 1 _ 1----_QA.Q__ ___ 4~--
Viola sororia COMMONBLU.EVfOLET·--~=~torb- 1 0.07 1% 
Viola sp. NDA0 1- forb NDA0 0.20 --l-----"2%·--
Vitis~. NDN _vine NDA0 1--__QdL- _ __ 3% _ 
~grostis !J!gantea _ REDTOP --1-grass 0 O.Q_L_ _1% __ 
Alliaria petiolata _ GARLIC MUSTARD ---------- forb 0 0.40 4% 
Allium vineale ~to GARL!f_______________ -~ 0 ___ (!,.!_~-----1---1% _ 
Bromus S!!:___ NDA0 

_ _ ___ grass _ 0 0.13 1---.....!'!L__ 
Daucus carota QUEEN-ANNE'S-LACE ___ forb --1--____(l_-l--_ _Q_li_ ____ ---~ 
!:estuc:!~l!:___ _________ NDA

0 -~--------------1----grass 0 0.07 ----!-----~ 
Glechoma hederacea GROUND IVY forb 0 0.40 ___ 4% _ 
Lonicera @ponica __________ JAPANESE HONEYSUCKLE --+---vine__ 0 0.27 3% 
Loniciera maackii _ AMUR HONEYSUCKLE shrub 0 __ 0.33 ____ ____l!o___ 
Medic_l!g~~ulina_ ___________ --~~CK MEDICK __________________ _!o_!I_) __ + _ _Q ____________ QJ_L ________ _1~---
Melilotus alba WHITE SWEET-CLOVER forb 0 0.07 1% 
Plantago major COMMON PLANTAIN forb 0 0.07 1% 
Poly_gonum persicaria LADY'S THUMB forb ~-- 1-- 0.20 2% 
~yruscalliery~-- CALLIERYPEAR ___ sm_~i----~ 0.07 1% 
Rosa multiflora _ MULTIFLORA ROSE shrub 0 1----- 0.27 ---1--_____Th.._-
Stellaria media COMMON CHICKWEED -----1--~ --~1-----0.13 ___ ~_1% __ 
Taraxacum officinale COMMON DANDELION --~-- ___ _Q__ __ f---_ ______1!_07 ---~ 1% __ 
Trifolium repens WHITE CLOVER forb 0 0.13 . 1% 

________________ c___ Native S!Jecies: ____]_Xf_____+ 69% 
Non-Native Species: 3.20 31% 

• CC = Coefficent of Conservatism 
b FOAl= Florist Quality Assessment Index 
0 NDA= No Determination Available 
Species in bold are non-native. 
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TableD-56. NWEF01 Forest Functional Monitoring Woody Stem Data Summary 

Species Common Name 
Aesculus glabra OHIO BUCKEYE 
Acer saccharum SUGAR MAPLE 
Acer saccharinum SILVER MAPLE 
Celtis occidenlalis HACKBERRY 
Fraxinus pennsylvanica GREEN ASH 
Gymnocladus dioicus KENTUCKY COFFEE-TREE 
Quercus shumardii SHUMARD OAK 
Caty_a lomenlosa MOCKERNUT HICKORY -
Quercus rubra RED OAK 

a CC = Coeflicent of Conservatism 
b FQAI = Florist Quality Assessment Index 
"DBH = Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 

Meancca: 4.78 Native Species: 9 
Total Species: 9 Non-Native Species.: 0 

FQAib: 14.33 Percent Native: 100% 
Total Abundance: 87 Average DBH" (em): 32.4 

I 
Avg DBH 

I 
I I Density Relative 

Type (em) cc Abundance (ind./100m2
) Density 

tree 4.5 6 32 3.2 36.8% 
tree 8.6 5 3 0.3 3.4% 
tree 17.1 3 -r------2;9 3.9 44.8% 
tree 29.3 4 2 0.2 2.3% 
tree 31.2 3 1 0.1 1.1% -
tree 39.6 3 6 0.6 6.9% 
tree 42.4 7 1 0.1 1.1% 
tree 48.8 

1-· 
6 2 0.2 2.3% 

·Tree --7~ 6 1 ·aT 1.1% 

Native ~~ies:l __ 8_7_-t 8.7 100.0% 
Non-Native Species: 0 0.0 0.0% 

TableD-57. PREF01 Forest Functional Monitoring Woody Stem Data Summary 

Species I Common Name 
Acer ne!lUIIdo BOX ELDER ·---
Acer saccharum SUGAR MAPLE 
Aesculus g_Jabra OHIO BUCKEYE 
Caty_a cordiformis BITTERNUT HICKORY 
Celtis occidenlalis HACKBERRY --- REDBUD ------Cercis canadensis 

-· 
Comus florida FLOWERING DOGWOOD 

- -----
Fraxinus pennsylvanica GREEN ASH ·-·----
Juglans ni9!!!__ _____ BLACK WALNUT 

----···------
Prunus serolina BLACK CHERRY 

··--··-·-·--
Quercus coccinea SCARLET OAK ·-- ------
Q.uercus m_E!!_hlenb_~rgjf_ ______ CHINQUAPIN OAK 
Quercus yelulina --·---· BLACK OAK ------------
Ulmus americana AMERICAN ELM 
Viti~..:.... .. NDAd 
Loniciera maackii AMUR HONEYSUCKLE 
Rosa multiflora MULTIFLORA ROSE 

a CC = Coeflicent of Conservatism 
b FOAl = Florist Quality Assessment Index 
"DBH = Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
PageD-62 

Mean cca: 4.00 
Total Species: 17 

FQAib: 16.49 
Total Abundance: 529 

I 
Avg DBH 

Type (em) cc 
tree 13.6 3 
tree 0.6 5 
tree 7.4 6 
tree 25.3 5 

1-· tree 7.5 4 
··-

sm tree 12.1 3 
-- 6.0 5 r-!lm tre!_!_ 

tree 25.0 __ 3 ____ ----- ---
1-- tree_ __ 30.9 -- _L_ 

tree 19.2 __ _2 __ 
tree __ 17.5 - 6 

---·- -----
tree 26.5 7 ----------- -··----- -------·-
tree 44.2 7 --------- ---------------
tree 13.4 2 
vine N/Ae NDAd 

shrub N/Ae 0 
shrub N/Ae ·- -· 0 

Native Species: 
!Non-Native Species: 

Native Species: 15 
Non-Native Species.: 2 

Percent Native: 88% 
Average DBH" (em): 17.8 

I Abundance 
Density Relative 

(ind./100m2
) Density 

21 ±2.1 4.0% 
104 10.4 19.6% 
2 0.2 0.4% 
2 0.2 0.4% 

__ __!___ 0.7 ~--·-----
4 0.4 0.8% 
3 r-....Qd_- __ 0.6% -
8 0.8 1.5% ·-------
2 0.2 0.4% --------- --------- --1.3%--7 0.7 ------------ ------- -----
2 0.2 0.4% ··-6-·--- -------- ----

0.6 1.1% ------------------ ---------- ------
__ 1 _______ r---!l.:L 0.2% 

10 1.0 1.9% 
7 0.7 1.3% -

339 33.9 64.0% 
4 0.4 0.8% 

186 18.6 35.2% 
343 34.3 64.8% 

U.S. Department of Energy 
May2012 
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Table D-58. PREF02 Forest Functional Monitoring Woody Stem Data Summary 

Mean cc•: 4.17 Native Species: 16 
Total Species: 18 Non-Native Species.: 2 

FQAib: 17.68 Percent Native: 89% 
Total Abundance: 308 Average DBH" (em}: 19.3 

Acer negundo BOX ELDER tree 11.0 3 6 0.6 1.9% 
Acer saccharinum SILVER MAPLE tree 6.6 3 1 0.1 0.3% 
Acersaccharum SUGAR MAPLE tree 11.0 5 34 3.4 11.0% 
Aesculus glabra OHIO BUCKEYE _ tree f- 6.0 6 7 --1- 0.7 2.3% 
Asimina triloba PAWPAW sm tree 0.6 6 7 0.7 2.3% 
Carya tomentosa MOCKERNUT HICKORY tree --1----0.6 6 3 0.3 1.0% 
Celtis occidentalis HACKBERRY ----1--tree 13.5 ___ 4__ 3 0.3 1.0% 
Fraxinus americana WHITE ASH __________________ tree ____ __ _51_ ____ 6 __ ___ _]_ __ __ 0.7 _____ 2.3% 
Fraxinus penns}j_vanica GREEN ASH _________ _!~~--f-~--.1_ _____ _! ____ f--- 0.4_ _______ 1.3% _ 
Juglans cine~----------~_S~NUT ______________ -~ree ___ l- 27 ~--- ~--_l__I----~---1---Q} _______ .!o_Q!~-
Jug/ans nifl!!!_ ________ ~~CK WALNUT ------+-~-- ___ 32.4 _ _______§_ _____ 8 ______ 1---_ _Q,!_ __ ___].6'JL. 
Juniperus viiE]_niana EASTERN RED CEDAR _ tree______ 16.0 _ ____l___ 11 1.1 3.6% 
Uriodendron tulipifera TULIP TREE tree ____ 84.8 6 _j____:!__ 0.1 0.3% _ 
Platanus occidentalis SYCAMORE __________ --~-- ~- __ 7 __ L__g___ 0.2 0.6% 
Sassafras albidum SASSAFRAS _______ tree 0.6 ··=t=t ___ 1 ______ Q:!___ 0.3%_ 
Ulmus americana AMERICAN ELM ____ -~e--1- 22.3 __ 2__ _____1Q___ 1.0 3.2% 
Loniciera maackii AMUR HONEYSUCKLE ~_!ll_~ __ N/Ae ___ l __ _Q_ ____ ~ 1--- 19.9 64.6% 
Rosa multiflora MULTIFLORA ROSE shrub ~N/N 0 1 0.1 0.3% 

a CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c DBH- Diameter at Breast Height 
d NDA= No Determination Available 

e NIA= Not Applicable 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 
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TableD-59. PRWF01 Forest Functional Monitoring Woody Stem Data Summary 

Species Common Name 
Asimina lriloba PAWPAW· 
Aesculus glabra OHIO BUCKEYE 
Acer saccharinum SILVER MAPLE 
Acer neg_undo BOX ELDER 
Celtis occidenlalis HACKBERRY 
Carya cordifonnis BITTERNUT HICKORY 
Prunus serolina BLACK CHERRY 
Fraxinus e_ennsy_lvanica GREEN ASH 
Quercus rubra RED OAK 
Cal}'a laciniosa SHELLBARK HICKORY 
Cal}'a tomenlosa MOCKERNUT HICKORY 
Ulmus americana AMERICAN ELM --
Juglans nigra BLACK WALNUT 
Quercus velulina BLACK OAK 
Platanus or:;r:;identalis SYCAMORE 
Quercus imbrir:;aria SHINGLE OAK 
Loniciera maackii AMUR HONEYSUCKLE 

a CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
• DBH- Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 
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-------

Mean cca: 4.88 
Total Species: 17 

FQAib: 20.10 
Total Abundance: 83 

Type 
AvgDBH I 

(em} cc 
sm tree 1.1 6 

tree 4.2 6 
tree 6.2 3 
tree 9.2 3 
tree 12.9 4 ---
tree 14.0 5 
tree 15.2 3 
tree 22.8 3 
tree 24.1 6 

.._!!.~- 25.7 __ __ !.__ 
tree 26.4 r---_§_ __ ----
tree 29.2 2 

34.3 f-· tree 5 
tree 45.0 7 
tree 53.1 7 
tree 64.3 5 

shrub N/Ae 0 

Native Species: 
Non-Native Species: 

Native Species: 16 
Non-Native Species.: 1 

Percent Native: 94% 
Average DBH" (em}: 24.2 

I I Density Relative 
Abundance (ind./100m2

) Density 

13 1.3 3.1% 
2 0.2 0.5% 
5 0.5 1.2% ------
4 0.4 1.0% 
32 3.2 7.6% 
1 0.1 0.2% ------

2 -- 0.2 0.5% 
2 0.2 0.5% 
1 0.1 0.2% 
1 0.1 0.2% -----·-

-· 8 0.8 1.9% 

-· 6 0.6 1.4% 
2 0.2 0.5% 
2 __ 0.2_ 0.5% 
1 0.1 0.2% 
1 0.1 0.2% 

336 33.6 80.2% 

83 1-:8.3 19.8% 
~36- 33.6-- ----

80.2% 

U.S. Department of Energy 
May2012 



Table D-60. PRWF02 Forest Functional Monitoring Woody Stem Data Summary 

Mean cca: 3.00 Native Species: 15 
Total Species: 17 Non-Native Species.: 2 

FQAib: 12.37 Percent Native: 88% 
Total Abundance: 238 Average DBH" (em): 19.6 

I I I Avg DBH I I I Density I Relative 
Species Common Name Type (em) CC Abundance (ind./100m2

) Density 
Acer negundo BOX ELDER __ tree 12.4 3 31 3.1_ 13.0% 
Acer saccharum SUGAR MAPLE _ tree·-- ____11Q_ _ ___ __§___f-__ _g___ _ 0.2 0.8% 
Aescu/us flava YELLOW BUCKEYE _____ ~-- 14.0 7 6 __ --· 0.6 2.5% 
~esculus glabra ·--· OHIO BUCKEYE __ tree 3.6 6 29 2.9 12.2% 
Campsis radicans TRUMPET-CREEPER vine N/N 1 1 f--. _ _Q:!____ 0.4% 
~-ry_i! cordifom1is BITTERNUT HICKORY -~ 69.9 5 1 ___ ___Q:.!__I---0.4% __ 
f_e/lis o~gj_dentalis _____ HACKBERRY ____ tree 1 4.3 4 --1---l.__- 0.3 1.3% __ 
Crataegus pruinosa FROSTED HAWTHORN sm tree 7.9 2 --f.---__ 2 ___ 1----· 0.2 0.8% 
G/editsia triacanthos ~QNEY LOCUST ___________ tree --~~- __ _i_ _____ 3 ---f.---.!1.:~-- 1.3% 
.f!!glans !!fg!!!__ _____________ BLACK WALNUT _______ Jree ____ 1----23.2._ _ ______§____ >--·--3___ 0.3 1.3% 
~PQ/1]jf!!@.. __________ g_8AGE-ORANGE ·-------- _tree__ __ 9.7 ___ __Q_ _____ _.1 ____ 1--- 0.1 0.4% 
Platanus occidentalis ~'[gAM ORE _________ 1 t••-- j__~U__ ___l__t _1"_ ____ 1_.2___ 5.0% _ 
Robinia pseudoacacia BLACK LOCUST tree 20.4 0 9 0.9 3.8% 
Ulmus americana AMERICAN ELM tree 16.0 2 _6 ___ - ---o:G--2.5%-
YXti_s~p..:__ _______ NOAa _____ vine N/Ae 0 __ 1_____ 0.1 0.4% 

~'!&~!rimtffi~_lc~ --- --- -~~~{~~~r -- --- -I~%~~ -f.---~ ---l-~ 1 - j_~- -I- N-~- _5f3§~_ 

a CC = Coefficent of Conse!Vatism 
b FQAI = Florist Quality Assessment Index 
0 DBH- Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

Native S~ecies:l 109 I 10.9 45.8% 
Non-Native Species: 128 12.8 53.8% 
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Table D-61. PRWF03 Forest Functional Monitoring Woody Stem Data Summary 

Species I Common Name 
Acer negundo BOX ELDER 
Acer saccharinum SILVER MAPLE 
Aescu/us glabra OHIO BUCKEYE 
Carya cordiformis BITTERNUT HICKORY 
Ca!Y_a tomentosa MOCKERNUT HICKORY 
Celtis occidentalis HACKBERRY 
Fraxinus eennsy_lvanica GREEN ASH 
Juglans nigra BLACK WALNUT 
Junieerus virg_iniana - EASTERN RED CEDAR 
Platanus occidentalis SYCAMORE 
Quercus imbricaria SHINGLE OAK . 
Quercus macrocapa BUR OAK 
Quercus velutina BLACK OAK 
Robinia eseudoaca_cia . BLACK LOCUST 
Ailanthus altissima TREE-OF-HEAVEN 
Catal~ speciosa NORTHERN CATALPA 
Loniciera· maackii AMUR HONEYSUCKLE 

• CC = Coef!icent of Conservatism 

b FQAI = Florist Quality Assessment Index 
0 DBH- Diameter at Breast Height 

d NDA= No Determination Available 

eN/A= Not Applicable 
Species in bold are non-native. 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
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Mean CC": 3.71 
Total Species: 16 

FQAib: 14.82 
Total Abundance: 333 

Type 
Avg DBH I 

(em} cc 
tree 15.5448 3 
tree 20.828 3 
tree 15.748 6 
tree 18.9992 5 
tree 32.004 6 
tree 21.463 4 
tree 42.7482 3 
tree 0.635 5 
tree 0.635 3 
tree 62.738 7 
tree 21.59 5 
tree 26.543 6 
tree 24.6888 7 
tree 1.524 0~ 
tree 0.635 0 
tree 0.635 0 

shrub NIN-- 0 

Native Species: 
Non-Native Species: 

Native Species: 14 
Non-Native Species.: 3 

Percent Native: 88% 
Average DBH0 (em}: 19.2 

I I Densiey Relative 
Abundance (ind./100m2) Densiey 

2 0.2 0.6% 
1 0.1 0.3% 
3 0.3 0.9% 
2 0.2 0.6% 
2 0.2 0.6% 
2 0.2 0.6% 
6 0.6 1.8% 
1 0.1 0.3% 
5 0.5 1.5% 
1 0.1 0.3% -- -
2 0.2 0.6% 

12 1.2 3.6% 
2 0.2 0.6% 
1 0.1 0.3% 
1 0.1 0.3% 
1 0.1 0.3% 

289 28.9 86.8% 

42 4.20 12.6% 
291 29.10 87.4% 

U.S. Department of Energy 
May 2012 

.-,_.·.·\ 

. ) 



Table D-62. NPPPP1 Forest Functional Monitoring Woody Stem Data Summary 

Mean CC": 3.25 Native Species: 9 
Total Species: 12 Non-Native Species.: 3 

FQAib: 11.26 Percent Native: 75% 
Total Abundance: 213 Average DBH0 (em): 8.3 

Species I Common Name I Type 

Acer negundo 

i~!J~i~Y ------. -. --~ t:=:_ Celtis or;cidentalis ·---------
Fraxinus americana 
Fraxinus eennsylvanica GREEN ASH tree 
-l!!g_§!!_s nigra _ BLACK WALNUT . tree 

. ·-

Morusrubra RED MULBERRY tree 
----· ---------· 
Parlhenociss_g~_q!!inque~olia__ tXLRGINIA ~EEF_JER ____ vine 
Pinus s.!_~qus _________ WHITE P~--------- _ tree __ 

· Prunus serotina BLACK CHERRY tree 
Loniciera maackii ~!iON_EYSUCKLE ---~ shrub -

f!_inu_/!_~gJi====---~-:- AUSTRIAN PINE tree ---------------
Rosa multiflora MULTIFLORA ROSE shrub 

a CC = Coeflicent of ConseiVatism 

b FQAI = Florist Quality Assessment Index 
c DBH- Diameter at Breast Height 

d NDA= No Determination Available 

• N/A= Not Applicable 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

I Avg DBH I 
(em) cc 

I I Density I Relative 
Abundance (ind./100m2

) Density 

1.3 3 48 f--____!!1_ ___ 22.5% ----
13.5 ___ ____£ __ 1 0.1 0.5% 

~- 3.4 -- ~=-2·==~ :::~---iiT-.-:_-
1-·-------

__ 6 __ 0.9% ------
2.5 3 5 --1---· 0.5 2.3% 
0.6 5 _1_ __ _Qj__ 0.5% 1-·----
0.6 7 1 0.1 0.5% 
3.8 . 2 

1 T 01 

0.5% -------· ---- --·--··-· ----

·~:t:+-f-~-- -- 4.8 ---·- 22.5% ------
7 0.7 3.3% 

-NIA" _0 ____ ---84- --- -----sA-- ------
39.4% 23.5 __ 0 ____ -·--··· 

___ 1_!_ _____ 1! ______ . 6.6% 
- NIN .l 0 ··---

1 0.1 0.5% 

___ !'!l!!!ll~ecie!!=. f---_1-~-- 1 __ 1_1~---- 53.5% ----
Non-Native Species: 99 I 9.9 46.5% 

Fernald Preserve 2011 Site Environmental Report 
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Table D-63. PREPP1 Forest Functional Monitoring Woody Stem Data Summary 

Species Common Name 
Acer negundo BOX ELDER 
Acer saccharum SUGAR MAPLE 
Comus florida FLOWERING DOGWOOD 
Euon~s alrof!!:!..~Us __ BURNING-BUSH 

Fag.!!_~g_randifolia --·--·- AMERICAN BEECH __ 
fjy~sa sy_lvalica ______ ~~CK.:..GUM _______ 
Pinus strobus . WHITE PINE -------·-·--------- -------
Pronus serolina ~CK CHERRY. ________ 
Quercus imbricaria .. SHINGLE OAK ··---------
Rub_~ alleghenien~l!_ _____ COMMON BLACKBERRY 

AIVfERICAN BASSWOOD --Tilia americana ------------------·-
AMERICAN ELM Ulmus americana --------------------- - ------------

Viburnum dentatum ARROW-WOOD 
Cetastrus orblcu/atus ---------· ORIENTAL BITTERSWEET --
Loniciera maackii AMUR HONEYSUCKLE 
Rosa multinora MULTIFLORA ROSE 
Pinus nigra AUSTRIAN PINE 

a CC = Coeflicent of Conse!Vatism 

b FQAI = Florist Quality Assessment Index 
0 DBH- Diameter at Breast Height 

d NDA= No Determination Available 

eN/A= Not Applicable 
Species in bold are non-native. 

Fernald Preserve 2011 Site Environmental Report 
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Mean cc•: 3.24 
Total Species: 17 

FQAib: 13.34 

Total Abundance: 257 

Type 
I Avg DBH I 

(em) cc 
tree 1.4 3 
tree 2.8 5 -
sm!~ 3.2 _ _§___ ·---
shrub 2.5 3 

__ tre_!!_ --0.6 7 
tree 2.5-- --lc--
tree 31.2 -~ 6 -··--- ------

_tree __ __3.8_ 1-_l_ __ 
tree 89.7 5 ---------- . N/Ae- ----------

shrub r----J--··--- ·----· 
tree 2.0 6 

----,--·--· -----r----·-
tree 0.6 2 -------·- ----------r---·---

shrub 1.0 2 
-··-;----- ·----------------- ----------

v1ne 0.6 0 
shrub -N/N--1--·--

0 
shrub N/Ae r- 0 

tree 25.2 0 

Native Species: 
Non-Native Species: 

Native Species: 13 
Non-Native Species.: 4 

Percent Native: 76% 
Average DBH0 (em}: 11.9 

I I Densicy Relative 
Abundance (ind./100m2) Densicy 

139 13.9 54.1% 
1 0.1 0.4% 

0.7--~.7% 1--· 
7 

_____ !__ ___ 0.1 0.4% 
1 0.1 0.4% -· f- 0.1 0.4% 

44 4.4 17.1% ---- ----
___ j __ --- _Q,_4 ____ 1.6% ----1---! ___ _QJ_ ____ 0.4% ·-·--
___ _!__ -- f---.<!:_1__ ___ 0.4% ---

1 0.1 0.4% r---·--·-- r--·------ c---a.4%-1 0.1 
:=~ __ !5__---=:_-_i~~=Q![~~-~9%--c--·----·-

1 0.1 0.4% 1------ ---· 
14.4% 

.. 

37 3.7 -- ------
r--0.8% 2 0.2 

10 1.0 3.9% 

207 

I 
20.7 80.5% 

50 5.0 19.5% 

U.S. Department of Energy 
May 2012 
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Table D-64. A82RF1 Forest Functional Monitoring Woody Stem Data Summary 

Mean cc•: 3.39 Native Species: 29 
Total Species: 33 Non-Native Species.: 4 

FQAib: 19.46 Percent Native: 88% 
Total Abundance: 318 Average DB He {em): 6.9 

Acer neg_undo BOX ELDER tree 1.0 3 83 8.3 26.1% 
AGel--saccharum SUGAR MAPLE -~------ tree _ 11.0 5

6 
:----

4
8 ---~~-= 0

0
._
4
8 -~-r---y---1 __ 53~0 Aesculus g_labra OHIO BUCKEYE tree 5.6 ---=--t----7- " 

Campsis radicans TRUMPET-CREEPER vine N~ 1 1 ------o:1-r-- 0.3% 
Carya cordiformis BITTERNUT HICKORY _ tree 17.3 --~-c------1--=~~ 0.1 -~=r-JJ:?% -
Carya ovata SHAGBARK HICKORY tree __ 0.6 6 2 --c----- 0.2 0.6% 
Qeltis oc~frj_e_IJ!alis _____ _ HACKBERRY-----------·- __ !!~- ___ 1_~_} ____ f--··_! ____ ,___ _ __l _______ _QJ__ _______ J!.:_3% __ 
Cercis canaden~~-----------REDBUD _____ sm tree _____ g __ f--_2- __ 5 ______ J!.:.L ______ 1.6% ___ _ 
Comu~~l!]__omum ________ SILKY DOGWOOD______________ __s_h_!_u_L _ __ Ql_ ___ ___ .__?_ ___ ,. ___ _J_1 ______ __1_!__ ____ 1--- 3.5% 
Comus florida FLOWERING DOGWOOD ______ sm tree _______ 1:..2_1--_ __§_ __ ,___ __ 2 _________ 0.2-----1-- 0.6% __ _ 
Cof!l_~S raC~fllOSa -------- GRAY DO~WOOQ _________________ shrul? ______ .1:1__ _____ 1 ___ ,__ _ _:)1 ______ ___!.~--- _ 3.8% _ 
Q_f?lae!I!!_~ Cf!J§.::~ll_i_ _______ ~pcKSPUR _______________ ~~!:_e~ __ 2.9 ______ 3 ___ c_ _ ___! ___ l---·-!±_ _____ _1d% _ 

~~1i~~;;a-------- ~~~T~~~~ B~~i:L ------·-----±----:~~--- --{~---~--- ~ -- -----~--- ·--_ -~:~ ---~:~~ 
FraxinuspennsYi'!_'!!l_fca~------ GREEN ASH ------------------ __ Tree ___ ----7_6 _____ ---3---1-----1·-----o:T·---~-----Q-:-3%--
§ymnocladus dioicus KENTUCKY COFFEE-TREE tree 9.1 3 --"----1- -- ---- T1- 0.3% 
ljypericum prolificum _ SHRUBBY ST. JOHN"S-WORT shrub N/N . -3 ~-- - 1.2 3.8% 
.l_JJ_g~ans nigr;__ . BLACK WALNUT _____ tree 2.0 __ 5 _____ 5_1__ --~ 1__ 10G_3-~~0o _ 

Jumperus vuytmana EASTERN RED CEDAR ______ tree 10.9 3 1 0.1 ----" __ _ 
Undera benzoin jSPICEBUSH _ __ . shrub __ __ N!N _ 5 3 ___ 0.3 0.9% 
UriodendfQI!_ tulipifera TULIP TREE ___________ tree __ 1.7 f-_§_ ___ !.1__j ___ jJ_ ____ 3.5% _ 
Prunus serotina BLACK CHERRY tree ___ 31.1 3 __ 1_ __ , __ ___Q,_2 ___ f-p.G% _ 

~~:~~= :~~~:~pa ~~C~A~AK -- -- :~:: ~~:~ -- ~ -- --+-3-------·~j1__ ~:~~ 
I Robinia~udoacacia BLACK LOCUST tree - 0.8 ------0--~3- ---6.3 0.9% 

Rubusalleg_heniensis COMMON BLACKBERRY -ShrUb-- -t.fjjF----1---~4--- ____ 5.4 ____ 17]% 
Sambucus canadensis COMMON ELDERBERRY shrub N!N -3-,-- ~ --±- 0.2 _ 0.6% _ 
Ulmus sp. NDA3 NOAa 1.3 NON 1 0.1 0.3% 
Yflis sp. ____ ____ NON - __ vine ____ NIN NON 2 ~-- 0.2 - 0.6%-
Elaeagnus umbe/lata AUTUMN-OliVE -- sli1tree 0.9 0 4 - 0.4. 1.3% 

~~;i,~;: -- -- ~~~~f~~~~::LE ·-----~--~:= --=*====-~=~ -=+t---= -~m= 
a CC = Coeflicent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c DBH- Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native_ 

U.S. Department of Energy 
May2012 

Native S~es:j-- 293 _____ j __ 29.3 j 92.1% 
Non-Native Species: 25 i 2.5 i 7.9% 
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Table 0-65. A82RF2 Forest Functional Monitoring Woody Stem Data Summary 

Species Common Name 
Acer neg_undo BOX ELDER 
Acer saccharum SUGAR MAPLE 
Aescu/us glabra OHIO BUCKEYE 
Fafl!!!!__g_randifolia AMERICAN BEECH 
Fraxinus americana WHITE ASH 
Fraxinus eennsy_lvanica GREEN ASH -
Jug_lans nig_ra BLACK WALNUT 
Junieerus virginiana EASTERN RED CEDAR 
Prunus serotina BLACK CHERRY ---
Rubus allegheniensis COMMON BLACKBERRY -

BLACK RASPBERR..'L_ __ ~= Rubus occidentalis 
Vilis Sf!:._ ____ ~----- NOAa 

~__!!R HONEYSUCKLE ____ Loniciera maackii 
Rosa multiflora ~·----~--- MULTIFLORA ROSE 

a -CC - Coefficent of Conservatism 
b FOAl = Florist Quality Assessment Index 
c DBH- Diameter at Breast Height 

d NDA= No Determination Available 
"N/A= Not Applicable 
Species in bold are non-native. 

Fernald Preserve 2011 Site Environmental Report 
Doc. No. S08629 
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Mean CC": 3.31 
Total Species: 14 

FQAib: 12.38 

Total Abundance: 126 

I Type 
I Avg DBH I 

(em) cc 
tree __ 2.4 3 
tree 9.7 5 
tree 10.4 6 
tree 9.7 7 
tree 9.7 6 
tree 6.4 3 
tree 6.3 5 
tree 34.6 3 
tree 30.2 3 

__ shrub N/N 1 
~}rub N/N 1 

vme N/N ~ 
__ shrub __ -N/N --t--&-

shrub - N/A"-- 0 -

Native Species: 
Non-Native Species: 

Native Species: 12 
Non-Native Species.: 2 

Percent Native: 86% 
Average DBW (em}: 13.3 

I Density Relative 
Abundance (ind./100m2) Density 

53 5.3 41.4% 
1 0.1 0.8% 
3 0.3 2.3% 
6 0.6 4.7% 
3 0.3 --1--2.3% 
6 0.6 4.7% 

15 1.5 11.7% 
1 0.1 0.8% 
1 0.1 1--0.8% -
6 _0.6_ 4.7% 

1--1.6% 2 0.2 
1 f-~ 0.1 0.8% -

18 1----__1!!_- 14.1% 
~--~-- 1.2 9.4% 

98 ·I 9.8 76.6% 
30 3.0 23.4% 

U.S. Department of Energy 
May 2012 
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Table 0-66. ERPRF1 Forest Functional Monitoring Woody Stem Data Summary 

Mean cc•: 3.65 Native Species: 15 
Total Species: 19 Non-Native Species.: 4 

FQAib: 15.91 Percent Native: 79% 

Total Abundance: 151 Average DBH" (em): 1.8 

avg dbh Density Relative 
Species Common Name Type (em) CC Abundance {ind./100m2

) Density 

• CC = Coefficent of Conservatism 

b FQAI = Florist Quality Assessment Index 

c DBH- Diameter at Breast Height 

d NDA= No Determination Available 

• NIA= Not Applicable 
Species in bold are non-nati-.e. 

U.S. Department of Energy 
May2012 
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Table D-67. FWPRF1 forest Functional Monitoring Woody Stem Data Summary 

Species I Common Name 
Acer neg_undo BOX ELDER 
Acerrubrum RED MAPLE ----
Acer saccharinum SILVER MAPLE 
Acer saccharum SUGAR MAPLE 

-----~· 

Asimina triloba PAWPAW 
Ce/astrus scandens BITTERSWEET 
Celtis occidentalis ~BE~_Y._ __________ 
Ceehalanthus occidentalis BUTTON BUSH 
Cercis canadensis REDBUD -
Comus racemosa GRAY DOGWOOD 

Cra~~uscrus-~-------~_§PUR -------··----
Fraxinus americana WHITE ASH 
Fraxinus penns)!_lvanica GREEN ASH 
Hamameli~.'!Lrgf!l.{i}_l_!!!_ ____ WITCH-HAZEL ----------
/lex verlici/lata WINTERBERRY -- --
.J.r!glans nig_ra BLACK WALNUT 
Junieerus virg_iniana EASTERN RED CEDAR 
Undera benzoin SPICEBUSH --------
Uriodendron fulieifera TULIP TREE 
Phy_socap_us oeulifo/ius NINEBARK 
Platanus occidenta/is SYCAMORE ---cc----------------
Poeulus deltoides EASTERN COTTONWOOD -------

BLACK CHERRY --Prunus serotina 
Quercus alba WHITEOAK 
Quercus rubra RED OAK ---------
Rhus aromatica var. aromatica FRAGRANT SUMAC --
Robinia eseudoacacia BLACK LOCUST 
Rubus occidentalis BLACK RASPBERRY --------
Salix nigra BLACK WILLOW --
Sy_mehoricaP.E_s orbiculatus CORALBERRY ---
Ulmus americana AMERICAN ELM 
Ulmu.s fhomasii ROCK ELM - --------------
Viburnum dentatum ARROW-WOOD 
Loniciera maackii AMUR HONEYSUCKLE --
Morusalba WHITE MULBERRY 

a CC = Coeflicent of Conservatism 
b FQAI = Florist Quality Assessment Index 
0 DBH- Diameter at Breast Height 
d NDA= No Determination Available 
• N/A= Not Applicable 
Species in bold are non-native. 
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Mean CC": .3.60 
Total Species: 35 

FQAib: 21.30 
Total Abundance: 446 

I Type 
I Avg DBH I 

(em) cc 
tree 1.6 3 
J!~e __ 1.0 ~---~------
tree 0.6 3 
tree --1.2 -- __ _g_ 
sm tree 3.0 --t-
vine 

--
OJi 2 

t~~-- 6.2 4 -----
shrub 0.6 6 
sm tree __ _ ____!!:L f--~ 
shrub 0.6 1 
sm tree __ _!L_ f-----1__ __ 
tree 2.5 6 
tree 2.8 3 

~..!.~~-- 0.6 5 ·-------·- --
shrub 0.6 6 ----

2.0 5 ~e 
tree __ 2.3 3 
shrub 0.6 5 
tree --0_6---6-

-----
shrub 0.6 4 
tree 0.9 7 r:--------- --------
tree 3.6 3 ----- ----:--=:----

~----- 1.0 3 -------r-----s-tree 1.5 

~---__ 0.6 ___ ____ 6 ___ 
shrub __ 0.6 . 3 ------
tree 2.2 0 ---
shrub 0.6 1 ------ ------
tree _3.0 2 ----
shrub 0.6 3 
tree 0.6 2 
sm tree 2.1 ____ 7 ___ 
~~ub __ 0.6 2 
shrub N/N 0 
tree 0.6 0 

Native Species: 
Non-Native Species: 

Native Species: 33 
Non-Native Species.: 2 

Percent Native: 94% 
Average DBH0 (em): 1.4 

I Density I Relative 
Abundance (ind./100m2) Density 

46 4.6 10.3% 

-- 9 0.9 __ 2.0% ----
1 0.1 0.2% 
2 0.2 0.4% 
14 1.4 3.1% -
4 0.4 0.9% 

2-- -- 0.2 0.4% 
2 0.2 0.4% 

___ 1 ____ 0.1 0.2% 
17 1.7 3.8% 
5 ~- 1.1% --------

__ ____£ 0.2 0.4% 
13 1.3 2.9% 
1 f-_ __QJ__ __ 0.2% 
1 0.1 0.2% 
5 0.5 1.1% 
4 0.4 0.9% 
4 0.4 0.9% ___ 1 ____ r--

0.1 0.2% 
14 1.4 3.1% 
72 7.2 16.1% 
123 -- --------

12.3 27.6% -----
2 0.2 0.4% ------------- ---
3 0.3 0.7% 

__ 1__ __ 0.2 0.4% 
12 1--1.2 2.7% 
2 0.2 0.4% 

___ _] ____ 1-- o.z_ 1.6% -----
15 1.5 3.4% 
3 -+-- 0.3 __ 0.7% 
1 0.1 0.2% 

___ _§___. 0.5 1.1% 
1 0.1 0.2% 

47 4.7 10.5% 
3 0.3 0.7% 

396 39.6 BB.B% 
50 5.0 11.2% 

U.S. Department of Energy 
May 2012 
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Table D-68. NPPRF1 Forest Functional Monitoring Woody Stem Data Summary 

Mean cc•: 3.62 Native Species: 33 
Total Species: 37 Non-Native Species.: 4 

FQAib: 22.03 Percent Native: 89% 
Total Abundance: 573 Average DBH" (em}: 2.3 

Species Common Name I Tvoe 
Acern~m!_ndo BOX ELDER ------f.--~ 
Acerrubrum ~D MAPLE _______________ f.-tree __ 
Acer saccharinum SILVER MAPLE tree 
Acer saccharum SUGAR MAPLE tree -----
Asimina triloba PAWPAW sm tree 
Cary_a cordiformis BITIERNUT HICKORY tree 
Cary_a lomenlosa ________ MOCKERNUT HICKORY f.--!!:~--
Ceanolhus americanus NEW JERSEY TEA ~b 
Cercis canadensis REDBUD -------- sm tree 
Comus florida FLOWERING DOGWOOD sm tree --
Comus racemosa GRAY DOGWOOD ___ shru~_ 
Fagus grandifolia ----- AMERICAN BEECH f.-tree ------
Fraxinus americana WHITE ASH tree --- ------------- -· 
Fraxinus pennsylvanica GREEN ASH --------
.f!!glans nigljl___ ______ BLACK WALNUT 
Uriodendron t'!!_ipifera_ ____________ TULIP TREE ------------------
Osll)'a vi~iniana 

·- HOP-HORNBE~----------
Physocarpus opulifolius NINEBARK ----
Populus de/loides . EASTERN COTTONWOOD 
Prunus serotina BLACK CHERRY -- ·-
Quercus alba WHITEOAK 
Quercus macroca1pa BUR OAK ---
Quercus p_rinus ROCK CHESTNUT OAK 
Quercus rubra RED OAK 
Quercus_ shumardii ____ SHUMARD OAK --- --------· 
Rhus glabra ____________ ~_OTH SUMAC _______ 
Rhus typhina _ STAGHORN SUMAC 
Rubus allegheniensis COMMON BLACKBERRY 
Rubus occidentalis BLACK RASPBERRY 
Symphoricarpos orbiculatus CORALBERRY 
Ulmus _!l_me!f_p~~----- ~,RICAN E_LM ________ 
Ulm'!_s rub!!!__ _________ _§_LIPPERY ELM _________ 
Viburnum denlatum ARROW-WOOD 
Loniciera maackii AMUR HONEYSUCKLE 
Morusalba WHITE MULBERRY -
Rosa multiflora MULTIFLORA ROSE 
Pyrus communis PEAR 

a -CC - Coeflicent of ConseJVat1sm 
b FOAl = Florist Quality Assessment Index 
0 DBH- Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

tree -----
tree 
tree -------
tree ------··-· 

shrub -------
f.-- tree __ 

tree 
tree 
tree 

_ __!!:_~~ 
tree 
tree 

shrub 
shrub 
shrub 

__ shru~_ 
shrub 

_!!:_~_ 

~~--
shrub 
shrub 

- t~~ 
shrub 

sm tree 

I Avg DBH I 
(em) cc 

I I Density I Relative 
Abundance (ind./100m1 Density 

___ __1,Q__ 3 5 ~,_§__ ____ 0.9% -------- -------- ----
2.1 2 4 0.4 ~_0.7% ----- --------- ------------
3.3 3 -- 13 1.3 2.3% ---------

~L_ __ ~- c_ _ _!L_ __ 1 1.7% 
1.1 -- 6 4 0.4 0.7% -- -----
0.6 5 2 0.2 -c--!!J% 
1.0 f--___L _ ____ _!_ 0.4 0.7% -----
1.0 5 -----~-- 0.2 ~0.3% 
3.2 3 4 -0_4- 0.7% 
1.3 5 16 1.6 2.8% -- ·o.i- ----
1.1 1 _ _ __1 ___ 1.2% ------- ----
2.2 7 4 0.4 0.7% --

_ ____1A___ f----6 ___ 12 _ ____!_1__ __ 2.1% ----- ----
1.7 3 10 1 r---1-I% -----
2.5 5 ____ !_ __ - .QL_ 1.2% -----
2.0 ___ £ __ 1 __ _Q:.! __ 0.2% --------- ---------------- ------
1.3 __ §__ ___ 1 __ __!__1_ ____ 0.2% 

- 0.6--=_ 
------------- ----

4 ___ J!_ __ 0.9 1.6% 
3.7 3 75 __ 12__ 13.1% ---- ------- r--- 0.3% - 0.6 __ 3 2 0.2 ------ ------r--1.2% f--- 2.7 __ 6 7 ___ .!!:__7_ ------------ ----------- -----

____ !:_!___ ~-- 3 0.3 0.5% ------------- -------- ------
f--1:!!_ __ f.---]__ 3 0.3 0.5% --------- --------- ----

2.4 6 4 0.4 0.7% 
8.9 --!---_]_ ___ 1 0.1 0.2% ------- ----o:a---N/N 2 ---~- 1.4% 
1.6 f--.1_ __ _ __l__ __ -~-- --0.5%-

__ NIN __ _ _!__ -- 247 __ 24.7 43.0% 
-- 0.1 1 -- 17 ·--1:7- 3.0% ------- --4.4-------

1.0 3 44 7.7% 
0.3 -- -----

-~-- 2 3 0.5% ---------- -------~--··- ------------ ------
3.3 3 8 0.8 1.4% --o:a·-- --·--·-·---·----·· --()."4-- -----

2 -- ___ _!___ 0.7% 
N/N ~ __ o ____ 24 2.4 4.2% 
3.0 -- -----___ o ___ 2 0.2 0.3% 

-- N/N-- ----- -----
0 __ 2 ____ 0.2 0.3% 

7.9 0 . 1 
--

0.1 0.2% 
Native Soecies: 544 

I 
54.4 

---
f--94.9% 

Non-Native Species: 29 2.9 5.1% 
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Table D-69. NWERF1 Forest Functional Monitoring Woody Stem Data Summary 

Species Common Name 
Acer n!!_gundo ____________ BOX ELDER 

SuGAR MAPLE 
--

Acer saccharum 
Came_sis radicans TRUMPET-CREEPER 
Celtis occidentalis HACKBERRY 
Comus florida FLOWERING DOGWOOD 
Comus racemosa GRAY DOGWOOD ·------
Fafl!:!§_grandifolia AMERICAN BEECH 
Fraxinus americana WHITE ASH 
Fraxinus pennsylvanica GREEN ASH 
Junie_erus vi1J}_iniana EASTERN RED CEDAR --
OstfJ'_a virginiana HOP-HORNBEAM 
Parlhenocissus quinquefolia VIRGINIA CREEPER 
Platanus occidentalis SYCAMORE ---------------- --------
Prunus serotina BLACK CHERRY ---------·-·--------------=-::---------------· 
Quercus imbricaria SHINGLE OAK 
Quercus rubra RED OAK -
Robinia e_seudoacacia BLACK LOCUST 
Rubus allegheniensis COMMON BLACKBERRY 
Rubus occidentalis BLACK RASPBERRY 
Ulmus americana AMERICAN ELM 
Vitisse:__ ND" 
Elaeag_nus umbe/lata 

--
"AiffUMN-OLIVE 

Lonicera j~ponica JAPANESE HONEYSUCKLE 
Loniciera maackii AMUR HONEYSUCKLE 
(Jy_rus communis PEAR -
Rosa multinora MULTIFLORA ROSE 

a -CC - Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c DBH- Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 

Fernald Preserve 2011 Site Environmental Report 
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Mean cc•: 2.80 Native Species: 21 
Total Species: 26 Non-Native Species.: 5 

FQAib: 14.28 Percent Native: 81% 
Total Abundance: 819 Average DBHc (em): - 5.6 

I Type 
Avg DBH I 

(em) cc 
I I Density I Relative 
Abundance (ind./100m2

) Density 
tree 5.0 3 a 0.8 1.0% 

t-· 23.6-- ---5-------- ------ ---
tree 2 0.2 0.2% 
vine 0.6 1 1 0.1 0.1% 
tree 3.2 4 3 0.3 0.4% 

sm tree 0.9 5 54 5.4 6.6% 
shrub 0.8 1 149 14.9 18.2% ---,--
tree 0.6 7 7 0.7 0.9% 
tree 29.9 6 11 1.1 1.3% -3- ----- -- 26.1 tree 1.8 2B1 34.3% 
tree 2.2 -- 3 25 --2.5 3.1% -----

~~0 tree 5 2 0.2 0.2% 
vine 0.6 2 1 0_1 0.1% ·----
tree 24.8 7 7 0.7 0.9% ---- ---- ----- ____ 2 ___ -------- ----
tree 6.7 3 0.2 0.2% --,----------------- --·-·--··--·· -·-·-------------
tree 0.6 5 1 0.1 0.1% 
tree 1.5 6 ---:r-- 0.1 0.1% -·-
tree 4.3 0 1 0.1 0.1% 

shrub 0.6 1 45 4.5 5.5% ---- - 1 shrub 0.6 7 0.7 0.9% --- ---- -·-2--------
tree 10.6 18 1.6 2.2% 
vine NIN NOAa 2 r--0.2- 0.2% 

sm tree 2.4 0 6 0.6 0.7% 
vine N/N 0 1 0.1 0.1% 

shrub --~ip;e- ---0-f=+,= 10 12.2% 
sm tree 0.6 0 1 

t-----· 
0.1 0.1% 

shrub ~~- N/N----u- 63 6.3 10.1% 

~ 
62.B 76.7% 
19.1 23.3% 

U.S. Department of Energy 
May2012 



Table D-70. PRERF1 Forest Functional Monitoring Woody Stem Data Summary 

Mean cc•: 3.24 Native Species: 24 
Total Species: 29 Non-Native Species.: 5 

FQAib: 17.46 Percent Native: 83% 

Total Abundance: 390 Average DBH" (em): 2.1 

I I Avg DBH 

1

1 I I Density I Relative 
Species Common Name Type (em) CC Abundance (ind./100m2

) Density 

a CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 

" DBH- Diameter at Breast Height 
d NDA= No Determination Available 

eN/A= Not Applicable 
Species in bold are non-natiw. 

U.S. Department of Energy 
May 2012 
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Table D-71. PRERF2 Forest Functional Monitoring Woody Stem Data Summary 

Mean cc•: 4.00 Native Species: 36 
Total Species: 40 Non-Native Species.: 4 

FQAib: 25.30 Percent Native: 90% 

Total Abundance: 396 Average DBH0 (em): 1.4 

I 
Avg DBH I I I Density I Relative 

Species Common Name Type (em) CC 1Abundance (ind./100m2
) Density 

• CC = Coeflicent of Conservatism 
b FQAI = Florist Quality Assessment Index 

• DBH- Diameter at Breast Height 

d NDA= No Detennination Available 

• N/A= Not Applicable 
Species in bold are non-nativa. 

Fernald Preserve 2011 Site Environmental Report 
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Table D-72. PRWRF1 Forest Functional Monitoring Woody Stem Data Summary 

Species 
Acer neg_undo 
Acer .saccharinum 
Acer .saccharum 
A.simina triloba 
Gerais canadensis 
Comus florida 
Comus racemose 
Fagus !J!!lndifo/ia 
Fraxinus americana 
Fraxinus e_enn.sy_lvanica 
Hy_drangea arbore.sce~. 
Jug_lans nigra 
Y,riode~Jdron tu/ie.!f.era _____ 
O.strya virg_iniana 
Platanus occidenta/i.s 
Poe_ulus deltoides -·-------

· Prunus .serotina 
Quercus alba -
Quercus imbricaria 
Quercus ma·crocarpa 
Quercus rubra _____ 
Rhusglabra 
Robinia e_.seudoacacia 
Rubus allegheniensis 
Rubus occidentali.s 
Ulmus americana 
Vilis .se_. 
Loniciera maackii -
Maclura pomifera 
Morusalba 
Quercus acutissima 
Rosa multinora 

a -CC- Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
0 DBH- Diameter at Breast Height 

d NOA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

I 

Mean cca: 3.45 Native Species: 27 
Total Species: 32 Non-Native Species.: 5 

FQAib: 19.53 Percent Native: 84% 
Total Abundance: 592 Average DBH0 (em}: 2.1 

Avg DBH I Density Relative 
Common Name Type (em) cc Abundance (ind./100m2

) Density 
BOX ELDER tree 1.4 3 98 9.8 16.6% 
SILVER MAPLE tree 1.7 3 20 2 3.4% 
SUGAR MAPLE tree 0.8 __ r---2......- 24 2.4 4.1% 
PAWPAW sm tree 1.3 6 1 

·I--· 
0.1 0.2% 

REDBUD sm tree 2.4 _l.._ ___ 7 0.7 
-·-

1.2% 
-·---

FLOWERING sm tree 1.0 5 4 0.4 0.7% 
GRAY DOGWOOD shrub 0.6 1 3 0.3 0.5% 
AMERICAN BEECH tree 2.1 0.6 1.0% 7 __ ______ 6 ___ 

·,-----r-· ________ , ___ ---·-
WHITE ASH 4.6 6 __ 1 0.1 0.2% 
GREEN ASH 
WILD HYDRANGEA 
BLACK WALNUT 
TULIP TREE 
HOP-HORNBEAM 
SYCAMORE 
EASTERN 
BLACK CHERRY 
WHITEOAK 
SHINGLE OAK 
BUR OAK 
RED OAK 
SMOOTH SUMAC 
BLACK LOCUST 
COMMON 
BLACK RASPBERRY 
AMERICAN ELM --
NOA0 

AMUR HONEYSUCKLE 
OSAGE-ORANGE 
WHITE MULBERRY --

SAWTOOTH OAK 
MULTIFLORA ROSE 

tree 
tree 1.1 3 -6-1-----

0.6 1.0% 
shrub NIN 7 1 0.1 0.2%_ ---------
tree 1.3 5 10 1 1.7% 
tree -· 0.6 6 2 0.2 0.3% 3 ·---r-·------ --·-
tree 1.1 5 0.3 0.5% 
tree 2.3 7 112 11.2 18.9% 
tree 2.3 

--,-· 
3 185 18.5 31.2% -------- ----- ------·-

tree 
tree 
tree 
tree 
tree 

shrub 
tree 

shrub --
shrub 

__ t~ee 
vme 

shrub 
__ tree 

tree 
tree 

shrub 

~ 

0.6 3 2 0.2 0.3% ----
2.0 0.2 f--L- - 2 0.3% 
0.6 5 1 __ 0.1 0.2% ------ ----
3.7 6 2 0.2 0.3% 

'-......!.1__ ____ 6 ____ 1 ___ 0.1 0.2% ----·- --OT-----
1.3 2 4 0.7% -
7.2 0 3 0.3 0.5% 
N!N ____ 1 _____ .....§±_ ___ 

f--
5.4 9.1% 

N/N __ .J_ __ f-__ B __ ~---~ 1.4% 
0.6 2 1 0.1 0.2% 
N/N -NOAa. c- B 

1---~-----
----

1.4% 
0.3 

- 0 IT ___ 
0.6 1.0% 

0.6 0 1 o.:~- _0.2% __ 
. 0 ··- ----3--f------·· 

2.0 0.3 __ 0.5% 
8.0 0 --~--~- -""0:2- __ 0.4% -

N/Ae--· 0 11 1.1 -- 1.9% 

~Native Species: 569 56.9 96.1% 
-Native Species: 23 2.3 3.9% 
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Table D-73. PRWRF2 Forest Functional Monitoring Woody Stem Data Summary 

Species I Common Name 
Acer negundo BOX ELDER 
Acer saccharinum SILVER MAPLE 
Acer saccharom SUGAR MAPLE 
Carya laciniosa SHELLBARK HICKORY --
Cercis canadensis REDBUD 
Comus amomum SiLKY DOGWOOD 
Crataegus cros-galli COCKSPUR 
Fraxinus americana WHITE ASH 
Fraxinus pennsylvanica GREEN ASH 
Hamamelis virginiana WITCH-HAZEL 
Juglans nigra BLACK WALNUT 
Pronus serafina BLACK CHERRY 
Quercus alba WHITEOAK 

BUR OAK Quercus macrocapa ·------
Quercus muehlenbergjf__ CHINQUAPIN OAK 
Quercus robra RED OAK 
Rhusglabra SMOOTH SUMAC 
Rhus typhina STAGHORN SUMAC 
Robinia pseudoacacia BLACK LOCUST 
Symphoricapos orbiculatus CORALBERRY 
Loniciera maackii AMUR HONEYSUCKLE 
Maclura pomifera OSAGE-ORANGE 
Py_rus communis PEAR 
Rosa multinora MULTIFLORA ROSE 

a CC = Coeflicent of Conservatism 
b FQAI = Florist Quality Assessment Index 

• DBH- Diameter at Breast Height 
d NDA= No Determination Available 

eN/A= Not Applicable 
Species in bold are non-native. 

Femald Preserve 2011 Site Environmental Report 
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--

Mean cca: 3.33 Native Species: 20 
Total Species: 24 Non-Native Species.: 4 

FQAib: 16.33 Percent Native: 83% 

Total Abundance: 421 Average DBH" (em): 1.7 

Type 
I Avg DBH 

(em) cc 
I I Density I Relative 
Abundance (ind./100m2) Density 

tree 1.5 3 74 7.4 17.5% --
tree 0.9 3 a 0.8 1.9% 
tree 1.9 5 9 0.9 2.1% 
tree 0.6 7 3 0.3 0.7% ----- ------!------::-----

sm tree 0.8 3 3 0.3 0.7% 
shrub 1.3 2 3 0.3 0.7% 

2.0 3 ------
0.1 0.2% sm tree 1 ------ -------r------

tree 1.4 6 6 0.6 1.4% 
r-_tree 3.8 3 1 0.1 0.2% 

----~--5 0.5-- ----
sm tree 0.6 1.2% 

tree 2.3 5 27 2.7 6.4% 
tree ~:3-_l__ _ ___ §_____ 0.5 1.2% 
tree 2.3 6 10 

___ 1 _____ 
r----2.4% 

~--- 0.6 __ __§___ _ ___ _1_ __ __ ____()J___ 0.2% ------
:---0_9% r--_tree __ 2.3 r-__l_ __ ___ __1 ____ -'--- 0.4 ----

tree 3.3 6 1 0.1 0.2% 
shrub __ N/Ae 2 - 1¥J-- 12.5 29.6% --=o:s ----
shrub 2 27 2.7 6.4% 
tree 3.1 0 16 1.6 3.8% 
shru~- N/N f-----1_ ____ 11 1.1 2.6% ----
shrub 0.1 0 68 
tree 

sm tree 
shrub 

6.8 16.1% 
1.7 0 2 --r---_Q1__- 0.5% ----
2.2 0 8 0.8 1.9% 
N/A,.- 0 3 0.3 0.7% 

Native S~ecies:1_ __ _340_-t_.ltf---j- 80.8% _ 
Non-Native Species:! 81 8.1 19.2% 

U.S. Department of Energy 
May2012 
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Table 0-74. SWURF1 Forest Functional Monitoring Woody Stem Data Summary 

Species I Common Name 
Fraxinus americana WHITE ASH 
Fraxinus penns)!lvanica GREEN ASH 

·-
Fraxinus sp. NDA~ 

-
Platanus occidentalis SYCAMORE ·--- -----
Populus deltoides _____ EASTERN COTTONWOOD 
Quercus coccinea SCARLET OAK 
Quercus rubra RED OAK -------
Quercus shumardii SHUMARD OAK ------
Quercus velutina BLACK OAK -----------
Rhus g_labra SMOOTH SUMAC ---------
Salix exig_ua SANDBAR WILLOW ------------
f!yrus communis PEAR 
Loniciera maackii AMUR HONEYSUCKLE ----

a -CC - Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c DBH- Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 

U.S. Department of Energy 
May2012 

Mean cc•: 4.00 Native Species: 11 
Total Species: 13 Non-Native Species.: 2 

FQAib: 14.42 Percent Native: 85% 
Total Abundance: 82 Average DBHc (em}: 1.1 

I Type 
I Avg DBH 
, (em} cc 

I I Density I Relativ~ 
Abundance (ind.1100m2

) Density 
tree 1.8 6 __ 1--·_l!_ ___ _0.9 __ 11.0% 

1---Q_!__ --
-----

tree 3 2_ 0.2 2.4% --------- ---
tree 3.0 NDA~ 1 0.1 1.2% ------ --------- ----

1---.!!_~- 1.9 7 6 e--_ __!l_! __ 7.3% ----· ----
_ ___!ree _ _ __ .1!_ _ ___ I__ 24 2.4 ~9.3%_ ------- ~TI ___ 

tree 0.6 6 1 __ 1.2% 

!reo~ _ __§___ __ 1__ 0.2 2.4% 
c----!!-e.~- 1. 2 f--- 7 2 0.2 2.4% 

tree _ 1.1 7 3 0.3 3.7% --- ---
shrub __ ~ ___ ___£__ 1----4 ___ 0.4 4.9% 

c-- shrub -~---_Q~L__ 1--_:1- __ _!I__ f.-- 1.7-- 20.7% 
sm tree ___ I)JL __ 0 1 i-- 0.1 1.2% 
shrub 0.1 0 10 -- 1 12.2% 

Native Species: 71 
I 

7.1 
I 

86.6% 
Non-Native Species: 11 1.1 13.4% 
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Table 0-75. SWURF2 Forest Functional Monitoring Woody Stem Data Summary 

Mean cc•: 4.56 Native Species: 16 
Total Species: 19 Non-Native Species.: 3 

FQAib: 19.96 Percent Native: 64% 
Total Abundance: 122 Average DBHc (em): 2.1 

Species I Common Name I Type 
I Avg DBH I 

(em} cc 
I I Density I Relative 
Abundance (ind./100m2

} Density 
Carya cordiformis BITTERNUT HICKORY tree --1.4 5 3 0.3 2.5% -----
Cmy_a tomentosa MOCKERNUT HICKORY tree 2.1 6 c-----5 __ c-- 0.5 4.1% 

AMERICAN BEECH tree 1.4 5 0.5 4.1% fagus grandifolia --- _ _]___ 
r---~-

Fraxinus americana WHITE ASH -----
Fraxinus p~nns~nica GREEN ASH 
Hamamelis virginiana WITCH-HAZEL 
Juniperus vi~na EASTERN RED CEDAR -----· 
!Jquidambar styracifj__u_a _____ SWEETGUM ------------------
Phy_socarpus opulifolius NINEBARK 

-SYCAMORE ----Platanus occidentalis 
Populus deltoides EASTERN COTTONWOOD 
Quercus bicolor SWAMP WHITE OAK 
Quercus coccinea SCARLET OAK ------

Quercus macrocarpa BUROAK ---

Quercus velutina BLACK OAK . 
AMERICAN BASSWOOD ----Tilia americana -------------- ---------

Loniciera maackii AMUR HONEYSUCKLE 
l?lt!us communis PEAR . --

--
Rosa multiUora MULTIFLORA ROSE 

• CC = Coellicent of ConseJVat1sm 
b FOAl = Florist Quality Assessment Index 
c DBH- Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 
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tree ------
tree 

sm tree 
tree ------
tree 

shrub ------
tree ---------
tree 
tree 
~--

tree ------
tree 
tree -----
tree c------·-

shrub 
sm tree 
shrub 

0.6 6 1-··__QJ_ __ 0.6% -- ----
---~ ___ 3 ___ 1 0.1 0.6% -------- ----

1.3 __ __ _§_ __ 1 0.1 0.6% ---------
2.0 3 9 0.9 7.4% -
0.6 ____ §.._·-+--- 1 0.1 0.8% ·-----
0.6 --~r-- 5 0.5 4.1% ------
17.5 7 6 0.6 4.9% -------- ----3-- _____ 6 ___ -·-···-------
0.6 0.6 4.9% ------
2.4 7 2 0.2 1.6% --- __ 6 ____ 1 
0.6 0.1 0.8% 
0.6 6 1 

r------
0.8% 0.1 

0.6 -- 7 1 0.1 0.8% 
···------ --6-- ___ T ___ 

1.5 0.1 0.8% --N/Ae ___ _- ~ -f 710 
--1---57.4% 

-- 7 
0.6 - 0.1 0.8% 

N/A._--r--o 2 0.2 1.6% 
__ N~!!_~~pecies:L_ 49 

I -- 4.9 40.2% 
Non-Native Species:! 73 7.3 59.8% 

U.S. Department of Energy 
May2012 

"\ 
! 



Table 0-76. NPPSF1 Forest Functional Monitoring Woody Stem Data Summary 

Mean CC": 4.07 Native Species: 14 
Total Species: 15 Non-Native Species.: 1 

FQAib: 15.75 Percent Native: 93% 
Total Abundance: 365 Average DBH" (em): 16.6 

Species Common Name I Type 
Gellis occidentalis --~~BERRY ------- tree 
Cercis canadensis REDBUD sm tree 
Comus florida 

--------~ 

~WERING DOGWOOD ________ ~mtree __ 
Comus racemosa GRAY DOGWOOD shrub 
Fraxinus americana WHITE ASH tree 
Fraxinus pennsylvanica 'GREENA.sH·-----------

~!! --- BlACK WALNUT ______ .j_!!_glans nifl!!!_ _____ tree -·· 
Quercus imbricaria SHINGLE OAK tree 
Quercus muehjenbergij_ ___ CHINQUAPIN OAK - -- __ tree 

RED OAK ----------Quercus rubra tree ------- ---1--······-- ------- --Quercus shumardii SHUMARD OAK tree -------------------- -------------------------------
Quercus velutina BlACK OAK tree --------------- ----------------------------------
Robini;J_pseudoacacia _ _ BlACK LQ_fUST __ ---~ee 
Ulmus americana AMERICAN ELM tree 
l.onicrera maackil_____ AMUR HONEYSUCKLE----- --shrub -

a -CC - Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
0 DBH- Diameter at Breast Height 
d NDA= No Determination Available 
eN/A= Not Applicable 
SpeCies in bold are non-native. 

Avg DBH I 
(em) cc Abundance 

Density I Relative 
(ind./100m2

) Density 
12.4 4 11 .1.1 3.0% 
15.7 

r------- ----------~--
1-·0.3% 3 f---_1__- 0.1 

--~--- 5 ----~--r-- 0.2 0.5% ------·- ·---o:s--·- 1.4%-3.3 1 5 
15.3 f-_§___ f--..!_ __ f---_Qj_ ____ 1.1% 

--23.5-- -----
3 9 f--~-1-·2.5% ---------

23.6 5 12 1.2 3.3% 
23.1 --r--·---g--r-· 4 ------- ----

0.4 1.1% 
9.7 7 --f-· 2 0.2 0.5% -------r-· 1.4% 35.2 6 5 0.5 

---28.1 - -----r--·-- -- --y---
=-..:0.2 -= .:=__0.5%-

_168~ ~-'t~ 2 ~= 0.2 0.5% ---------------
9.0 0 29 2.9 7.9% 

-~--2-- 4--- --o:4--
1.1% 

-- NIA"--r-o- -- 273-- ·---zr:r-- 74.8% 

__ Native~~~- 92 I 9.2 - _j_ 25.2% 
Non-Native Species: 273 27.3 I 74.8% 

Table D-77. NWESF1 Forest Functional Monitoring Woody Stem Data Summary 

a CC = Coeflicent of Conse!Vcllism 
b FQAI = Florist Quality Assess merit Index 
c DBH- Diameter at Breas-t Height 

d NDA= No Determination Available 
eN/A= Not Applicable 
Species in bold are non-native. 

U.S. Department of Energy 
May 2012 

Mean cc•: 
Total Species: 

FQAib: 

Total Abundance: 

3.38 Native Species: 11 
13 Non-Native Species.: 2 

12.20 Percent Native: 85% 
280 Average DBH" (em): 22.6 
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Table D-78. PRESF1 Forest Functional Monitoring Woody Stem Data Summary 

Mean cc•: 4.18 Native Species: 21 
Total Species: 23 Non-Native Species.: 2 

FQAib: 20.06 Percent Native: 91% 

Total Abundance: GOO Average DBH0 (em}: 11.8 

Species I Common Name Type 
I Avg DBH I 

(em) cc !Abundance 
Density I Relative 

(ind./100m2
) Density 

Acer neggndo BOX ELDER tree 11.4 3 19 1.9 3.2% 
---· 

0.4-
----

Acer saccharum SUGAR MAPLE tree 15.4 5 4 0.7% -------- ---------r---6 ----
Aescu/us g/abra OHIO BUCKEYE 
Asimina triloba PAWPAW ---
Carya cordifonnis BllTERNUT HICKORY 
Ce/asfrus scandens BllTERSWEET 
Celtis occidentalis HACKBERRY 
Cercis canadensis REDBUD 
Comus florida FLOWERING DOGWOOD 
Fraxinus pennsy/vanica GREEN ASH ---
Fraxinus quadrangulata BLUE ASH 
G/editsia triacanthos HONEY LOCUST ---
Juglans nigra BLACK WALNUT 
Juniperus virgfniana _____ EASTERN RED CEDAR 
Platanus occidenta/is SYCAMORE 
Prunus serotina BLACK CHERRY ·------------------
Quercus imbricaria SHINGLE OAK 
Quercus fl_~ehlenbe!!/L___ CHINQUAPIN OAK 
Quercus shumardii SHUMARD OAK 
Ulmus americana AMERICAN ELM ------------
Vilis sp. NON 
Loniciera maackii _________ AMUR HONEYSUCKLE 
Rosa multiffora MULTIFLORA ROSE 

a CC = Coellicent of Conservatism 

b FQAI = Florist Quality Assessment Index 
0 DBH- Diameter at Breast Height 
d NDA= No Determination Available 

eN/A= Not Applicable 
Species in bold are non-native. 

tree 
sm tree 

tree 
-----;------

vme 
tree 

smtree -- ----
sm tree 

tree -------
tree 
tree 
tree 
tree ··---
tree 
tree 
tree 

----- __ tree __ 
tree 
tree 
vine 

shrub -------- shrub--

5.2 2 0.2 0.3% 
1.9 6 191 19.1 31.8% 
5.2 I-·_§_ ___ 2 0.2 0.3% ---- -------- --0.1 0.6 2 1 0.2% ------

22.1 4 2 0.2 0.3% 
10.1 3 6 0.6 1.0% 22-,--~- _'[! ___ 2.7 4.5% 
O.G 

1----- - 0.2 0.3% 3 2 ----
7.2 7 3 0.3 0.5% 

27.4 ___ _!__"-- ________ 1 ___ _ _QJ_ ___ 0.2% -----
35.3 5 6 0.6 1.0% 
19.8 3 4 0.4 0.7% --
19.3 7 1 0.1 0.2% 
13.8 f---3 --

3 0.3 0.5% 

11.0-i 5 
-·· 

4 0.4 --0.7% 

_13.8 ___ ]___ -- 2 0.2 -- _0.3% 

--Jl#- ___ "]___ -- 1 0.1 0.2% 
12.4 2 4 0.4 0.7% -
N/N NDA" 13 1.3 2.2% 
N/N 0 _ _1~- 29.8 49.7% -NlA" ____ __ 0 ___ 

0.4 0.7% 4 

Native S!!_eciesH--~ --29.8 -1 49.7% 
Non-Native Species: 302 30.2 50.3% 

Table D-79. Implementation Monitoring Summary 

Area 
FPA-Haul Road 

FPA- Solid Waste Landfill 
FPA-Prairie Area 

Fernald Preserve 20 II Site Environmental Report 
Doc. No. S08629 
PageD-82 

Total Native 
Species Species 

19 11 
24 14 
15 5 

Native 
Species 

(Percent) 
58% 
58% 
33% 

Relative 
Frequency of 

Native Species Cover 
(Percent) 

49% 
51% 
40% 

(Percent) 
85% 
85% 
73% 
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Table D-80. FPA-Haul Road Implementation Monitoring Herbaceous Cover Data Summary 

Total Species: 19 Mean cca: 1.26 
Native Species: 11 Average Cover: 85.3% 

Non-Native Species: 8 FQAib: 5.51 
Percent Native: 58% 

I I I 
Frequency 

I 
Relative 

Species Common Name Type cc (species/quadrat) Frequency 

Amaranthus a/bus ·-
TUMBLEWEED forb ___ 0_~- 0 .. 20 ·- 2% 

Ambrosia arlemisiifolia COMMON RAGWEED forb e--tr !~! --
7% ------ f--------

Conyza canadensis HORSEWEED forb 5% 
g_I_Y!!!._us canadensis CANADA WILD RYE -- _grass 7% -----------
Helioe._sis helianthoides __ .. _,_ ~MOOTH OXEYE 1-- forb __ 5 0.20 2% 

---~-- -- -- ·--------
Lactuca biennis TALL BLUE LETTUCE I--forb __ ___ 1 --- ____ _Q.1!L_ __ 2% ----------·-
Panicum ~f!!!!.are_ WITCH GRASS _g!_ass_ 1 0.20 2% 
Panicum virgatu~-·----- SWITCH GRASS _9.@~- -=-~---4-_:_·~- -=-=~-0.20--- -- 2% 

~!!bida einni!_~------ GRAY-HEADED CONEFLOWER :..... forb __ f----5 -+·--·- 0.20 ___ 2% 
BLACK-EYED SUSAN ·---

f-·------
Rudbeckia hirla for~_ ~ __ 1__ _ ____ 0.80 ---- 10% ------------------ 1-----------
Solf.cf!!!IE. canadensis CANADA GOLDENROD ~-- 1 0.40 5% --------------------1--------.. -----·-
Bromus ~e!!nicus _____ .. ___ JAPANESE BROME . 9!ass _ ____ _!! ____ f-----J!:~----- 2% 
Daucus carota QUEEN-ANNE' S-LACE forb 0 ---- 0.60 7% 
Ecllinoch/oa crusgalli . BARNYARD GRASS grass 0 0.40 5% 1------·--
Lolium mu/tinorum ITALIAN RYEGRASS _®iSS __ 1--_Q_- ___ ..!!:_4!!._ ______ f--- 5% 
Melilotus officina/is ·----- YELLOW SWEET-CLOVER--

----
forb , __ 0_-1-___ ...!!J!Q__ ___ 10% ------------· 

Plan~go lanceolata ENGLISH PLANTAIN _____ forb I---_Q_·--I----___1,_Q_Q_ ____ 12% ------ --
Polygonum aviculare COMMON KNOTWEED forb 0 0.60 7% 
Trifolium pratense RED CLOVER forb 

.. 
0 0.20 -1-·--2-%--

L Native Species:·J----- 4.00 _____ +- 49% 
Non-Native Soecies: 4.20 _ 51% 

a CC = Coefficent of Conservatism 

b FOAl = Florist Quality Assessment Index 
"NDA= No Determination 
Species in bold are non-native. 
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Table D-81. FPA- Solid Waste Landfill Implementation Monitoring Herbaceous Cover Data Summary 

Total Species: 24 Mean CC": 1.79 
Native Species: 14 Average Cover: 85.3% 

Non-Native Species: 10 FQAib: 8.78 
Percent Native: 58% 

I I I 
Frequency Relative 

Species Common Name Type CC (species/quadrat) Frequency 

a CC = Coefficent of Conservatism 
b FQAI = Florist Quality Assessment Index 
c NO= No Determination Available 
Species in bold are non-nati~. 
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Doc. No. S08629 
PageD-84 

U.S. Department of Energy 
May2012 



Table D-82. FPA -Prairie Area Implementation Monitoring Herbaceous Cover Data Summary 

Total Species: 15 Mean CC": 0.47 
Native Species: 5 Average Cover: 73.4% 

Non-Native Species: 10 FQAib: 1.81 
Percent Native: 33% 

Frequency Relative 
Species Common Name Type CC (species/quadrat) Frequency 

!!;f~~"~"-~-~f~~~;:~:~~ -t~ ll~_t-=~:~h1--= -~-=~- li ~-
Rudbeckia hirla ----~ _ __!BLACK-EYED SUSAN 4-_f~~---: __ ~ _ _i _____ O~~r-- 7% __ 

!~!1:~----~-=:~:j!i;~~~~;-~~-:-~~J·~~:J:-i :1~~-·--~t--·-····_· ~~:: 
LoY!!!!!_fl!_IJffiflorum _JlT~~I}\1\1_ R_'t'I§_G~~-~--- --- --- _j gr(iSS I 0 I 0.60 r 10% 
Melilotus officina/is jYELLOW SWEET-CLOVER I forb I 0 ! 0.20 I 3% 
i't~ntaf[OJ~~ceEia(a- - iENGi.lsli PLAr·f'I'A.fr.r·· - 1 forb o - o.6o 1 1o%-
Potyg_o_fl!!f!l_a_~~c_11Ja_/'e --- --JC-OMMONKNOT'~ifEED- · i forb 0 0.20 ! 3% 
Taraxacum officinale ---[COMMON-DANDELION ----~--fOrb 0 I 0.20 -J ---3% ___ _ 
frifoiiiim-pratense_____ j:RI:o-cT6V'ER ___ ----- - I forb ·a I --o:zo -~--3%-

Tiifo~,-{U~iii repens -- -=---~~----~ -~-~-~ jWHITE_C_L()\lER.~-~- ~-~~~ -~--- -_, ~ r -fOI£___ ~a --l ~0:40 ~-------- I 7o/o 

a CC = Coefficent of Conservatism 

b FQAI = Florist Quality Assessment Index 
c NDA= No Determination Available 
Species in bold are non-native. 

Table 0-83. Reptile Coverboard Observations 
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Figure D-2A. Wetland Mitigation - Borrow Area Project Wetlands 
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Figure D-4C. Vegetation Monitoring Survey Areas- Southwest Site Quadrant 
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