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Utilization of a Hydraulic Barrier 
to Control Migration of a Uranium Plume 

by David J. Brettschneider (FERMCO), John D. Kappa (U.S. DOE), Ray A. Simmons Jr. (FERMCO), 
and John A. Stover (U.S. DOE) 

ABSTRACT 
A uranium plume emanating from the U.S. Department of Energy's Fernald Environmental Management 
Project (FEMP) in Fernald, Ohio had migrated off site and the leading edge of the plume had already 
mixed with an organic and inorganic plume emanating from two industries south of the FEMP. A 
method was needed to prevent the further southern migration of the plume, minimize any impacts to the 
geometry, concentrations, distribution or flow patterns of the organic and inorganic plumes emanating 
from the off-site industries, while meeting the ultimate cleanup goals for the FEMP. This paper discusses 
the use of a hydraulic barrier created to meet these goals by pumping a five well recovery system and 
the problems associated with the disposition of over 2 million gallons per day of water with low 
concentrations of uranium. 

BACKGROUND 
The FEMP site is a 1050 acre, government owned, contractor-operated facility located in 
southwestern Ohio about 18 miles northwest of downtown Cincinnati, Ohio (Figure 1). The 
facility produced high-purity uranium metal to support U.S. defense programs from 1951 to 
1989. The facility was officially closed as a production facility in 1991. The Remedial 
Investigation (RI) and 
Feasibility Study (FS) process 
at the facility began in 1986 
in accordance with a Federal 
Facility Compliance Agreement 
(FFCA) between Department of 
Energy (DOE) and the U.S. 
Environmental Protection Agency 
(U.S. EPA). The purpose of the 
process,which is currently being 
conducted pursuant to the terms 
of a 1990 Consent Agreement (as 
amended) with U.S. EPA, is to 
identify the most feasible 
actions to address identified 
environmental concerns. 

Contamination of environmental media 
at the FEMP site has created a 

FIG. I . FEMP SITE LOCATION M4P 
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contaminated ground water plume that has migrated beyond the site's southern property 
boundary. The primary constituent within the contaminant plume is uranium with concentrations 
ranging up to 2070 fig/l. Other contaminants are present, however uranium is the major site 
contaminant in terms of volume released, potential risk, and future remedial design 
considerations. Multiple sources of contamination are attributed to either process operations or 
waste management practices including activities associated with the storage and disposal of waste 
streams from process operations. When production activities were halted many sources of 
contaminant releases to the environment were reduced or eliminated. 

The main pathway for contaminant 
migration from the FEMP is storm 
water runoff. Historically, the 
runoff carried contaminants into 
two surface water bodies that 
are on-site. These surface 
water bodies are Paddys Run and 
the storm sewer outfall ditch 
(SSOD). Both of these streams 
have eroded through the glacial 
till which blankets most of the 
site and into the underlying 
Great Miami Aquifer (GMA) which 
is composed of highly permeable 
sand and gravel. Once entering 
the aquifer, principally on the 
southern portion- of the site, 
the contaminated water flows 
along the natural ground water 
gradient to the south which 
forms the pathway for the 
"South Plume" (Figure 2). 

The uranium plume is 
approximately 4000 feet long 
and up to 2000 feet wide. Its 
approximate shape and size were defined during remedial investigations that were conducted at 
the FEMP. During RI sampling it was determined that the southern edge of the uranium plume 
is commingled with inorganic and organic plumes that originate from the Paddys Run Road Site 
(PRRS). The PRRS consists of several industries that have been involved in chemical 
manufacturing operations since the late 1950's. The PRRS has been involved in a state led 
RI/FS since May 1989 because organic and inorganic chemical compounds that have been 
released into the environment are found in soils and in the underlying GMA. The contaminants 
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FIG 2 APPROXIMATE EXTENT OF FEMP 
"SOUTH PLUME" AND PRRS PLUMES 
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include cumene, toluene, benzene, arsenic, potassium, and sodium. The approximate extent of 
the contaminant plumes associated with the PRRS are shown on Figure 2. 

HYDRAULIC BARRIER DESIGN 
Because the uranium ground water plume (South Plume) has migrated off property, it was 
determined that a Removal Action was necessary to mitigate the associated threat to human 
health and the environment. The Removal Action was divided into five parts: 

Part 1 - Alternate Water Supply 
Part 2 - Pumping and Discharge System 
Part 3 - Interim Advanced Wastewater Treatment System 
Part 4 - Ground water Monitoring and Institutional Controls 
Part 5 - Ground water Modeling and Geochemical Investigation 

A hydraulic barrier was identified as the preferred alternative for meeting the design criteria as 
identified in Part 2 (Pumping and Discharge System) of the Removal Action. The hydraulic 
barrier was designed and its location selected to; 1) capture and prevent the further southern 
migration of the South Plume, 2) minimize any adverse impact to the hydrology of the PRRS 
plumes, and 3) minimize the impact to property owners where the system was installed. 

Part 5 of the Removal Action outlined the ground water modeling and geochemical investigations 
necessary to design and select the optimal location for the hydraulic barrier. A three 
dimensional finite difference ground water model simulating flow and transport conditions in the 
GMA was developed using the Sandia Waste Isolation Flow and Transport (SWIFT) in code. 
This model was used to assist in the design and placement of the hydraulic barrier. A number 
of wells and borings were installed to characterize the lithology and geochemistry of the aquifer. 
A Step Test and seven day Constant Rate Test were performed on the first extraction well 
installed for the hydraulic barrier to assist in the selection of pumping rates and design criteria 
for the extraction well field. 

The hydraulic barrier consists of five ground water extraction wells spaced approximately 300 
feet apart (See Figure 2). Each extraction well was constructed with a 40 foot long stainless 
steel wire wrapped screen and steel riser pipe which extends to approximately 2 feet above 
grade. The well screen slot size and sand pack were selected based on data from grain size 
analysis that was performed during drilling operations. The top of each extraction well screen 
was placed at the seasonal low water table. The well screen placement was selected to ensure 
complete vertical capture of the uranium plume (See Figure 3). The pumping rate for each 
extraction well was set at 400 gallons per minute (gpm) based on the results of the constant rate 
test and ground water modeling. The ground water extracted from the five extraction wells was 
pumped through a 20 inch high density polyethylene pipe back to the FEMP property for 
disposition. 
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-' URANIUM PLUME CONTOURS 

The capture of the uranium ground water plume by the extraction well field was controlled by 
eliminating the extraction of ground water from the aquifer by private industrial water supply 
wells in the area. An alternate water supply was included as Part 1 of the Removal Action to 
control the pumping of and spread of uranium contaminated ground water from the aquifer by 
nearby industries. The installation of an alternate water supply allowed for the shutdown of 
private water supply wells in the vicinity of the hydraulic barrier. 

In order to confirm the design assumptions and to provide performance evaluation feedback for 
the operation of the ground water recovery system, Part 4 (Ground water Monitoring and 
Institutional Controls), was implemented as part of the Removal Action. This portion of the 
Removal Action outlined a work plan, the Design, Monitoring, and Evaluation Program Plan 
(DMEPP) (DOE 1993), that consists of four basic management programs which are used to 
ensure system objectives are achieved. This program consists of ground water chemistry and 
elevation monitoring, design confirmation, evaluation/response, and model improvements. 

Part 3 of the Removal Action required the installation of an Interim Advanced Wastewater 
Treatment System. This system was included in the Removal Action to account for the 
additional mass of uranium from the extraction well field that was planned for discharge to the 
Great Miami River (GMR). 
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EXTRACTED WATER DISPOSITION 
The Engineering Evaluation and Cost Analysis (EE/CA) document which was prepared and 
issued for USEPA review, proposed that the ground water extracted from the leading edge of 
the South Plume be discharged untreated into the Great Miami River (GMR). This decision was 
based on several key factors including: 

1) The FEMP currently discharged, through its National Pollutant Discharge 
Elimination System permitted outfall, a uranium discharge concentration of 
approximately one part per million, or a mass of 1862 lbs/year. The increased 
mass of uranium from the South Plume removal action, plus other scheduled 
removal actions, would increase the total discharged mass by less than 20%. 

2) The background level of uranium in the receiving stream (the GMR) was in the 
range of 1 to 2 fig/l. The proposed Maximum Contamination Level (MCL) for 
uranium was 30 /tg/1 at the time. The proposed standard is currently 20 /xg/1. 
The additional discharged mass of uranium pumped from the hydraulic barrier, 
combined with the existing discharge mass of uranium from the FEMP would 
increase the total mass by less than 10%. 

3) Best Available Technology (BAT) for uranium wastewater treatment for existing 
discharges as defined by 40 CFR 268.42, was uranium precipitation. This 
technology was determined to be ineffective at the low levels of uranium 
concentration seen in the projected discharge from the South Plume. 

4) Construction of such a large treatment system (approximately 3 million gallons 
a day) would take several years. This would include several years initially to 
justify and obtain the necessary funding from Congress. 

5) The FEMP already had long range planning which proposed the installation of an 
Advanced Waste Water Treatment (AWWT) facility to reduce the current 
discharge of uranium. Based on studies which were currently taking place, this 
system would include ion exchange, a process which could potentially reduce 
existing uranium discharge levels to less than 20 /xg/1. 

While the above information was considered by the site, only a discussion of items 1-3, costs 
versus timing, and the existing and proposed discharge information was presented in the 
EE/CA, with the corresponding impact to the GMR. This impact was deemed to be 
insignificant. 

Public and EPA (U.S. and Ohio) comments on the EE/CA, while supporting the implementation 
of a removal action to intercept the uranium plume, were critical of the proposal to discharge 
without treatment. In fact, it was demanded that treatment be provided. The result was that the 
project moved into a dispute resolution phase. This process, under terms of the site's Consent 
Agreement with the U.S. EPA, sets 14 days as the limit for the DOE and U.S. EPA to resolve 
any disputes. An agreement could not be worked out on comment resolution. 
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In order to keep the project moving in a direction that was considered reasonable, an alternative 
proposal was prepared by FEMP staff. The proposal was built on the totality of the information 
presented above, including items 4 and 5. The proposal presented was to install a small 
(preferable trailer mounted) ion exchange treatment system which would provide advanced (ion 
exchange) treatment to a portion of the existing, more concentrated discharge. This system 
would be sized to remove a mass of uranium equal to that which would result from 
implementation of the South Plume removal' action, plus address additional mass which would 
result from other planned removal actions. The benefit of such a system would be to avoid any 
increase in uranium discharged while limiting expenditures to a level which could be paid for 
by existing site funding allocations. 

The proposal to remove equivalent uranium mass is patterned after air pollution control 
regulations concerning the construction of new industry in an area designated as a nonattainment 
area. Under 40 CFR 51 Appendix S of the Clean Air Act, in an area where air pollution 
restrictions would not allow new sources of pollution, a new industry, or an industry wanting 
to expand, could install equipment on existing discharge sources in the area which would reduce 
existing discharge levels. This would allow the new operation to exist so long as the net affect 
of discharge from the new industry did not affect the pre-existing air quality. The U.S. EPA 
and Ohio EPA agreed that this strategy could be applied to wastewater discharge at the FEMP. 
With this agreement in hand, the implementation of the South Plume removal action was able 
to proceed in a timely manner. 

SYSTEM OPERATION 
As mentioned previously, the operation of the hydraulic barrier is assessed by the DMEPP which 
is designed to provide timely feedback to support systems operation for the hydraulic barrier and 
to assure the following four objectives are met; 

1) The ground water recovery wells are pumped at a sufficient rate to create a 
hydraulic barrier to intercept the 20 fig/L total uranium plume. 

2) Minimize the impact to PRRS plumes. 
3) Contamination within the aquifer is removed to prevent further plume movement 

and degradation of the ground water environment. 
4) The operation of the removal action recovery system is consistent with the final 

site remediation. 

In essence, these objectives can be reduced to two factors; creating sufficient drawdown to 
prevent migration around, between, or beneath the recovery wells (Objectives 1, 3 and 4) and 
minimizing drawdown to prevent gradient changes over a large area (Objectives 2 and 4). 
Therefore, the system will be evaluated in relation to balancing these two factors. 
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In order to evaluate the effect of the recovery well system on the GMA and the South Plume, 
two activities were implemented; 1) ground water quality monitoring, and 2) monitoring ground 
water elevations. The ground water elevation monitoring program is designed to monitor 
changes in the water table due to the recovery well pumping. The ground water sampling 
program is designed to monitor ground water quality in 37 monitor wells in the vicinity of the 
recovery wells to gauge the performance of the system. 

The ground water sampling program for the DMEPP is designed to accomplish three main 
objectives: 1) Monitor uranium concentrations and other ground water contaminants in the 
vicinity of the recovery wells, 2) Track the extent of the 20 fig/L boundary of the South Plume 
to predict uranium concentrations that will be pumped in the future and to document that the 
South Plume does not migrate past the recovery wells, and 3) Monitor ground water quality 
between the recovery wells and the PRRS plumes. 

Specific monitoring wells were sampled for Volatile Organic Compounds (VOCs) and inorganics 
in order to determine if the PRRS organic and inorganic plumes were being drawn toward the 
ground water recovery wells. Arsenic, total phosphorus, potassium and sodium were selected 
for the inorganic list because these parameters were previously identified as constituents 
indicative of the PRRS plume. Benzene, cumene, ethylbenzene, toluene and xylene were 
selected for the organic list because the PRRS is a confirmed source for these constituents. 

The purpose of the DMEPP ground water elevations program is to monitor the effects of the 
recovery well field on the GMA in the South Plume area and to delineate the cone of depression 
caused by the recovery wells. This information is used to define the capture zone of the 
recovery wells. The program consists of routine monthly monitoring of ground water elevations 
from a monitoring well network of 34 strategically placed monitoring wells located around the 
recovery well field. Ground water elevations were measured one week prior to the start-up of 
the recovery wells to determine the existing water table configuration. Once the recovery wells 
were started, daily ground water elevations were recorded for a period of one week. After one 
week of pumping, ground water elevations were recorded on a weekly basis for the remainder 
of the first month of operation, then on a monthly basis thereafter. 

The five recovery wells were started on August 27, 1993 at 3:00 pm. Each of the five recovery 
wells were operated at a pumping rate of 400 gallons per minute (gpm) for a total flow of 2000 
gpm for the recovery well system. During the first 16 months of operation of the recovery well 
field a number of incidents occurred that either shut down the recovery well field or resulted in 
the need to modify the operation of the system. The following is a listing of typical occurrences 
and the response taken: 

• December 1, 1993 Arsenic concentrations increase in several monitoring wells 
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• December 3, 1993 

• December 9, 1993 

• December 15, 1993 

• January 23, 1994 

• January 29, 1994 

• February 4, 1994 

• February 7, 1994 

• February 10, 1994 

• May 22, 1994 

• June 4, 1994 

• June 5, 1994 

• June 6, 1994 

• June 13, 1994 

• June 30, 1994 

• July 27, 1994 

south of the recovery well field. 
The five recovery wells were throttled back to 300 gpm per 
recovery well in response to increasing arsenic 
concentrations south of the recovery well field. 
A decision was made to perform additional on-site analyses 
for arsenic from the five monitoring wells exhibiting 
increased arsenic concentrations, and recovery wells 1 and 
2. 
Six monitoring wells and recovery well 2 are put on a 
weekly sampling schedule for arsenic. 
Recovery well field stops pumping for 111/2 hours due to 
interruption of service by the electric utility. Recovery 
well 5 is not restarted because of a pump failure. 
A backup pump is installed in recovery well 5 and well is 
restarted at 8:30 am. 
Recovery well 2 stops pumping due to a faulty pressure 
switch. 
Pressure switch is adjusted at recovery well 2 and pump is 
restarted. 
Arsenic concentrations in the wells south of the recovery 
well field return to pre-pumping levels. 
Recovery well field shuts down due to a voltage drop in 
electrical service. The system is restarted within 24 hours. 
Recovery well 4 stops pumping due to a failure of the 
pump. A new pump is ordered to replace the inoperational 
one. 
A new pumping scenario utilizing recovery wells 1,3, and 
5 at pumping rates of 450 gpm, 550 gpm and 500 gpm was 
implemented. 
Recovery well field shut down due to electrical surge 
during a thunderstorm. The recovery well field was 
restarted several hours later. The control panel for 
recovery well 5 was struck by lightning later in the 
evening. 
The control panel from recovery well 4 was installed at 
recovery well 5. 
Pumping rates for recovery wells 1,3, and 5 were changed 
to 400 gpm, 550 gpm, and 550 gpm due to increasing 
concentrations of arsenic in monitoring wells located south 
of the recovery well field. 
Recovery well 1 shut down. Due to a faulty check valve, 
some of the ground water pumped into the forced main 
piping system from recovery wells 3 and 5 backflowed into 
recovery well 1. 
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• July 28, 1994 An alternate pumping scenario utilizing recovery wells 2, 
3, and 5 at pumping rates of 450 gpm, 550 gpm, and 500 
gpm was implemented. 

• September 11, 1994 Recovery well 5 stopped pumping ground water. 
• September 12, 1994 An alternate pumping scenario utilizing recovery wells 2 

and 3 at-pumping rates of 450 gpm and 550 gpm was 
implemented. 

The cause of the pump shut down of September 11, 1994 was attributed to sand in the well. 
During the week of November 21, 1994, both recovery wells 1 and 5 were redeveloped to 
remove the sediment from the wells. After the wells were developed, a down hole camera 
survey was performed on recovery well 5 on November 28, 1994. During the survey a dent and 
hole were noted in the well screen which had allowed the sediments into the well. The hole was 
attributed to damage caused either during the removal of the original pump or its replacement 
by the backup pump in January of 1994. A hole in the screen of recovery well 1 was also 
discovered during a camera survey on December 6, 1994. The cause of the hole has not yet 
been determined. 

Pumps in recovery wells 1 through 4 are currently being replaced with pumps designed for a 300 
gpm operating rate. Recovery well 5 will not be restarted at this time because the operation of 
this well is not essential for the capture of the 20 /xg/1 uranium plume. 

SUMMARY 
The South Plume Removal Action was initiated prior to selection of the final site remedy as a 
measure to mitigate further migration of ground water contamination. It was implemented to 
minimize the potential near-term impacts to human health and the environment. The hydraulic 
barrier created by the Removal Action is an integral part of proposed final remedy and will 
contribute to the efficient performance of anticipated long-term remedial actions. 

Problems with the ground water extraction system have been the result of mechanical failures 
and uncontrollable events. The recovery well pumps are currently being replaced with new 
pumps designed to operate at the lower pumping rate implemented on December 3, 1993. 
Necessary repairs are currently being made. Optimal pumping rates have been difficult to 
determine because of the sensitive response of arsenic concentrations to minor changes in 
pumping rates . 

Despite the problems that have occurred during the first 17 months of operation, the hydraulic 
barrier is meeting the four goals identified in the South Plume Removal Action; 
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1) The ground water recovery wells are pumped at an sufficient rate to create a 
hydraulic barrier to intercept the 20 fig/L total uranium plume. 

2) On-going efforts are being made to minimize the impact of the hydraulic barrier 
to PRRS plumes. 

3) Contamination within the aquifer is being removed to prevent further plume 
movement and degradation of the ground water environment. 

4) The operation of the removal action recovery system is consistent with the final 
site remediation. 

Remedial action objectives for the final remedy were developed in accordance with the National 
Contingency Plan and EPA guidance. From the remedial action objectives, preliminary 
chemical-specific remediation levels which define acceptable levels of risk were developed. The 
proposed final remedy has been submitted to USEPA Region 5 and Ohio EPA for review and 
approval. In addition to meeting the remedial action objectives, all of the alternatives considered 
were designed to achieve target land use objectives upon completion of the cleanup. 

The Preferred Remedial Alternative involves the extraction and treatment of contaminated 
ground water. Under the preferred alternative, ground water recovery will continue until the 
existing and proposed drinking water standards are attained. Optimization studies are being 
conducted but the complexities of the aquifer and the chemical interaction between the 
contaminants and the aquifer matrix make it difficult to adequately model the effects of ground 
water recovery operations. 

DOE will continue to examine the application of innovative technologies to ground water 
remediation. The draft Proposed Plan for ground water remediation states: "the FEMP would, 
as part of the preferred alternative, continue to evaluate alternatives or emerging technologies 
to enhance contaminant recovery from the aquifer". The site is currently examining innovative 
applications of in-situ recovery techniques utilized by the Solution Mining Industry. These 
technologies include pulsed pumping and reinjection of treated ground water to enhance the 
flushing process. 
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