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INTRODUCTION 
After the breakup of the Soviet Union in 1989 the US State Department and the World Bank 
engaged with former Soviet Union (FSU) countries to promote democracy and free market 
economies. These efforts were aimed at helping the FSU countries develop modern, functioning 
governmental institutions as they transitioned from the centralized government of the Soviet Union 
to autonomous independent nations. Throughout the 1990s and the first decade of the 21st Century, 
the State Department, with assistance from specialized scientific, legal, social, and economic 
experts from other Federal government agencies, worked with governmental, academic, private, 
and commercial organizations in Eastern Europe to promote transparency, stakeholder 
collaboration and capacity building. The US EPA’s Office of International Affairs and Office of 
Federal Activities provided technical and legal assistance to the State Department related to 
environmental assessment, protection, and capacity building. The EPA Office of Federal Activities 
(OFA) directed EPA’s responsibilities pursuant to the National Environmental Protection Act 
(NEPA). OFA partnered with the US Agency for International Development (US AID) to develop, 
fund, and guide demonstration projects focused on conducting Environmental Impact Assessments 
(EIA), and compiling Environmental Impact Statements (EIS). OFA also provided training on 
developing and promulgating environmental policy, law, and regulations. This training was aimed 
at strengthening and modernizing national and local environmental protection agencies and 
programs. Some of the FSU countries wanted to join European Union and establishment of a 
national Environment Agency was a prerequisite for membership. During this period, the World 
Bank was providing low-interest loans to selected FSU countries to help with modernizing 
infrastructure and mitigating large-scale environmental damage. In partnership with the World 
Bank, EPA technical and scientific staff were part of the Banks’s loan oversight team. 

I was lucky to have been a part of these exciting times, providing scientific and technical advice to 
the US State Department and the World Bank related to hydrology, water resource characterization 
and management, and environmental impact assessment. From 1992 until 2013 I was involved in 
seven major projects in four Eastern European countries, three Middle East countries, China, and 
Russia. My role included managing environmental assessment projects at large hardock mine sites, 
providing technical advice for mine remediation efforts and serving as an instructor for week-long 
training classes on EIA and EIS. Except in China, our teams routinely worked directly with senior 
government officials and members of the National legislature. Technical assistance, scientific 
training and field demonstrations were the critical components of our work. During the 70 years of 
Soviet occupation, scientists in most Eastern European countries had not been able to keep up with 
advances in hydrology and hydrogeology. This was particularly true with respect to contaminant 
hydrology and groundwater dependent ecosystems. Conducting real world environmental 
assessment demonstration projects allowed for both academic training and hands on field training. 

Working in Eastern Europe in the 1990s was challenging. The end of the Soviet Union also meant 
the end of what little government stability had existed during Soviet times. Poor living conditions, 
corrupt government officials, failing infrastructure, limited transportation, and scarce commercial, 
industrial, and basic resources greatly constrained the ability to adapt to democratic governments 
and honest free market economies. Working and traveling in Eastern Europe during this time was 
challenging and sometimes dangerous. However, the people we worked with were, without 
exception, incredibly hospitable, helpful, and eager to learn.  



International Hydrogeology and the  
Practice of Scientific Diplomacy 
Mike Wireman 
 

3 
 

 
 
PROJECTS 
Russia 1992 
In the fall of 1992, I travelled to Russia with Ron Hoffer, the International Advisor to the EPA 
Office of Water. Our mission involved providing technical / scientific advice on developing 
prevention programs for non-point source contamination in the headwaters of the Moscow River, 
which is a major source of drinking water for the City of Moscow. We attended meetings in an old 
poultry commune where toxic poultry waste was mixed with water and used to sub-irrigate fields 
with crops. The sub-irrigated fields were located in the headwaters of the Moscow River The 
poultry waste contained viruses, bacteria, blood, and agricultural chemicals. The operators of the 
poultry commune wondered why nothing grew in their fields? This was a “parachute mission”. 
There was no follow-up and no funded projects.  

While we were in Moscow Boris Yeltsin became President of Russia. This event was accompanied 
by violence - the Russian Parliament building (referred to as the Whitehouse) was bombed and the 
upper half was black. We were quarantined in the Marriot Hotel in Moscow for three days before 
allowed to depart.  
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Estonia 1993-1996 
From 1993-1996 the EPA OIA partnered with the Estonian Ministry of Environment, the Estonian 
Geological Centre & Institute of Ecology, the Estonian Oil-Shale Company (RE Eesti Polevkivi), 
the Ida-Verumaa County Environmental board and a local Estonian Consulting Firm (Ideon & Co. 
LTD) to conduct an EIA/EIS demonstration project to evaluate the impacts from a proposed 
expansion of an oil shale mine in eastern Estonia. Funds were provided by the US AID. Oversight 
on the project was managed by Dan Thompson at EPA OIA.  

During the 1990s the two primary sources of energy in Estonia were kerogen rich oil shale from 
Estonia and nuclear power from Finland. The oil shale was mined from large open pit mines 
located in eastern Estonia adjacent to the Kurtna Landscape Preserve. More than 30 million tons 
of high kerogen shale occurs within a 5 ft thick shale layer within a thick Ordivician limestone 
formation. Until 1989 the mines were owned by the Russian government. The 30 lakes that 
comprise the Kurtna Landscape Preserve are culturally important to the Estonian people. The lakes 
were the site of the first settlement of descendants of Estonian people and home to some rare 
ecologic communities. The proposed expansion would mine within 1.2 km of the Kurtna Lakes.  

The EIA was conducted to evaluate, (a) impacts from increased groundwater production from an 
aquifer comprised of buried valley deposits which is hydraulically connected to the Kurtna Lakes, 
(b) wastewater discharge from the mines to the Kurtna Lakes, and (c) extraction of overlying peat 
deposits (world class peat deposits occur in Estonia). Three alternatives were evaluated: 

• No action 
• Proposed action in “full scale” 
• Proposed action in “lessened scale”” 

A detailed hydrologic investigation of the Kurtna Lakes region was completed including 
groundwater modeling using the USGS MOD-FLOW model. This was the first use of the 
MOD-FLOW model in Estonia. The model was also used to evaluate three mitigation measures: 

• Close the working face of the mine with an impermeable layer 
• Artificial recharge to recover lowered water table in buried valley aquifer 
• Hydraulic controls for preventing / limiting cone of depression from mine dewatering 
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In addition, our team worked with the Estonian government and the University in Tartu to develop 
the institutional and legal authority to require EIA and EIS.  This resulted in two official 
government documents: 

• Order of Environmental Impact Assessment (1992) 
• Guideline for Providing Environmental Impact Assessment in Estonia (1994) 

The project was a great success. The EIS was published, and public meetings were held in the 
communities affected by the mining - though conducting public meeting was a frightening 
experience for our in-country project coordinator Kai Helm. Working with the public to be 
transparent was not something which the Estonian government had any previous experience. We 
also learned, on our third visit to Tallin (Estonian capitol) that we had been followed by the 
remnants of the KGB. This added a little excitement to the project. Other memories of Estonia 
include the charm of Tallinn, the very hot saunas at most hotels, and the incredible disparity in 
military forces at the Estonian-Russian border. 

 

 

 

 
Mining Peat Deposit  Sampling at Kurtna Lakes 

 
Ukraine 1997-2000 
In 1997 the US EPA OIA once again partnered with US AID to fund and advise on a Joint EIA / 
EIS demonstration project in Ukraine. An EIA was conducted on a proposal to develop the 
Pasichna oil field in Ivano-Frankvisk Oblast in western Ukraine, with a focus on development of 
production alternatives and evaluation of environmental impacts.  

Key project partners included the Ministry of Environment of Ukraine, the United Nations 
Development Program (UNDP), Ukranafta -the Ukrainian Oil and Gas Company, and Nadvirna 
Naftogaz, Ukranafta’s subsidiary in Nadvirna City. The in-country project implementing agency 
was the UNDP office in Kiev and Dr. Volodya Tykhyy, one of the few specialists in Western style 
EIA in Ukraine was the project manager. The State Technical University of Oil & Gas in the city 
of Ivano – Frankvisk was contracted to prepare the EIS. The team of University and Ukranafta 
Design Institute specialists was led by Professor Oleg Maksymovych Admenko, and his son 
Yaroslav Adamenko of the exploration and development of oil deposits in this field started in the 
early 1990s. The oil occurs at depths of 3000-4500 meters in Tertiary sandstones in a foreland 
overthrust belt along the Carpathian Mountains. The area is structurally active with recent 
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earthquakes in 1969 (8.4) and 1986 (6.0). The earthquakes caused some uncontrolled migration of 
gas to overlying rivers and land surface. In places the gas would burn creating zephyrs - moving 
flames on the river. Thick unconsolidated sands and gravel deposits overlie the oil deposits along 
the mountain front. These unconsolidated sediments comprise a high yield aquifer which is the 
source of public water supply in three 3 towns serving 20,000 people. Geologic and technical 
knowledge related to the occurrence and development of oil in overthrust traps was limited within 
Ukranafta due to the long period of Soviet occupation. In the 1990s Ukranafta’s financial and 
technical capabilities were very limited. Old, Soviet technology for drilling, construction, and 
development of oil production wells was still being used. Drilling and completing production wells 
at depths of 3000 - 4500 meters took 2-3 years compared to months in the US and western Europe.  

Environmental issues associated with the proposed oil field development included: 

• Ancient pipeline infrastructure. Leaks and migration of oil, gas and produced fluids were 
widespread. Pipelines commonly crossed surficial aquifers and rivers with no safeguards. 

• Due to improper well construction and completion, migration of oil and gas to non-oil -/ 
gas bearing geologic units was common. 

• Unlined; poorly located and poorly reclaimed pits resulted in downgradient migration of 
drilling fluids, sludges and produced waters into the surficial aquifer. 

• Poorly controlled discharge of waste fluids from refineries. Pipelines often crossed private 
land, creating tensions with local people. 

With some difficulty the EIA / EIS was completed but had limited immediate impact on the 
expansion of the oil field. Working in Ukraine in the mid-1990s was difficult. Ukraine had been 
especially hurt by the 70-year Soviet rule. Poverty was widespread and there were very few 
commercial establishments (restaurants, lodging, gas stations, etc) operating outside of Kiev. 
When in Ivano – Frankvisk we stayed in an Austrian owned and operated hotel (the only hotel 
where staff spoke English). Corruption was widespread and military presence was common. On 
one visit, I was ordered to dump all items in my luggage on the floor at the airport in Kiev. A 
soldier with an automatic rifle was very persuasive. Air transportation within the country was 
inconsistent- the planes were old Soviet planes and airports were rundown and understaffed. The 
State Technical University of Oil & Gas was housed in poorly maintained buildings that frequently 
were without power and running water. Many meetings in Professor Admenko’s office were held 
with down jackets and fleece hats and gloves.  

There were, however, some very positive outcomes from the EIA Demonstration project. 
Ukranafta agreed to install groundwater monitoring wells in the surficial drinking water aquifer. 
Tech transfer and capacity building with the University community in Ukraine was significant and 
one of the most enjoyable aspects of the project. Dr. Yaroslav Adamenko became a respected 
specialist in EIA / EIS process and over the years since has prepared numerous EIS. Going through 
the EIS / EIA process was valuable for teaching transparency and public participation in 
environmental management. Our EPA team also helped liaison a relationship between Ukranafta 
and the much more advanced Polish national oil company in Warsaw.                                                   
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Ukrainian and American Team Members  Russian Oil Rig 

 
Romania 2005-2012 
In 2005, I joined a World Bank team that was charged with overseeing a $200 million loan to the 
Romanian Ministry of Economy and Commerce. At that time, Romania was seeking membership 
in the European Union (which occurred in 2007). One of the requirements for EU membership 
was privatizing, modernizing, and restarting the mining sector. Romania has a long history of 
mining dating back to Roman times and there are still significant deposits of precious metals and 
coal. There are also uranium and mercury deposits in the country. The funds from the World Bank 
were used to restructure the financial and operational management in the mining sector, assess and 
mitigate environmental impacts from mining during the Soviet period, and provide job training 
and financial assistance to displaced miners. The Mine Closure, Environmental and 
Socio-Economic Regeneration Project (MCESEP) included two project management units (PMU): 
the Mine Closure PMU and the Social Regeneration PMU. My job was to advise the Mine Closure 
PMU on hydrologic characterization methods, remedial strategies, and environmental monitoring 
at abandoned or closed hardrock mines and coal mines. At the time, the World Bank had very 
limited expertise in mining and mining hydrology  

Romania has a history of tragic and destructive mine related accidents. Fatal coal mine accidents 
were not uncommon during the Soviet period due largely to pillar pulling and methane explosions. 
Dam failures have resulted in millions of tons of tailings sludge from precious metal mines 
contaminating hundreds of miles of rivers. In January and March 2000, tailings dam failures at 
Baia Mare and Baia Borsa resulted in 100,000 m3 (26.4 million gallons) of mud, tailings and 
contaminated water (126 mg/l cyanide) being discharged to the Danube River and reaching the 
Black Sea. 

The scope of work for the Mine Closure PMU included the remediation and closure of 31 Soviet 
era mines, primarily precious metal (gold, silver, copper) and coal mines. The mines in Romania 
were owned by the National government, which meant that the government was responsible for 
mine site cleanups during the privatization period. The mining sector was plagued with large 
internal debt and old, outdated infrastructure. Disbursement of the World Bank loan funds, which 
was the responsibility of the Ministry of Economy and Commerce, was a recurring problem.  

Remediating environmental impacts and closing 31 large mines located throughout the entire 
country was an enormous undertaking. Fortunately, the Director of the Mine Closure PMU – Nic 
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Tourdon – was an exceptional professional mining engineer with extensive management 
experience. Mr. Tourdon, a Romanian of Hungarian descent, speaks seven languages, has written 
numerous books on various aspects of coal mining and, at age 28, was the Director of the largest 
coal mine in Romania.  

Mine related facilities included tailings impoundments, waste dumps, open pits, underground mine 
workings, cyanide leaching facilities, coal processing (washing) plants, water treatment and 
building infrastructure. During Soviet times there were few safeguards to prevent significant social 
and environmental damage caused by mining. Mines and mining facilities were often tightly 
surrounded by residential land use which resulted in higher risk and complicated remedial efforts. 
Little effort as made to monitor or mitigate environmental damage related to water management 
and waste rock disposal. As a result, there were many issues that needed to be considered by the 
Mine Closure PMU. Major issues included:  

• Many sites throughout a large area. 
• Large diversity of environmental problems. 
• Outdated / hazardous infrastructure that needed to be demolished and disposed of safely. 
• Lack of site characterization. 
• Regulatory changes being considered concurrently by Romanian government. 
• Macro scale economic changes related to privatization and transition to free market system. 
• Undefined or unclear roles & responsibilities of stakeholders. 
• Contractor corruption. 

Demolition of infrastructure and safe disposal of large quantities of waste (some hazardous) was 
a priority for the Mine Closure PMU. This was an enormous task and required a significant portion 
of the overall PMU budget. This was especially true for the coal mines. Hazardous materials were 
separated from the demolished structures and transported to an appropriate landfill. There was a 
continuous problem with locals stealing stockpiled waste materials, especially metal. Coal mine 
closures included pit infilling, collapsing high-walls, filling and plugging shafts, flooding 
underground workings, re-contouring, and seeding. Fortunately, discharge of contaminated mine 
drainage was not a problem in most of the Romanian coal mines.  

The poly-metallic ore deposits that are mined for gold, silver, and copper are sulphide rich and 
acid generation and management of acidic mine waters is a very great problem. Discharge of acidic 
water from mine pools, pit lakes, and tailings impoundments, associated with open pit and 
underground mining, commonly flowed into nearby surface waters and infiltrated to shallow 
groundwater resulting in severe contamination of rivers and shallow aquifers. Cyanide heap 
leaching was a common processing method for gold ore. Containment of spent cyanide solutions 
was poor, and these leaching facilities were also major sources of metals contamination in 
groundwater and surface water. Characterizing and remediating these sites was a real challenge. 
Many of the hardrock mine sites were very unsafe and the environmental impacts so great that it 
would require 10s to 100s of million dollars to properly remediate and close. Most of the Mine 
closure PMU staff had worked in coal mining and had limited knowledge of fractured rock 
hydrology and geochemistry. As a result, many of the worst acid-mine drainage sites were not 
addressed in this project. Remedial work at the hardrock mines focused primarily on tailings 
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impoundment dam stabilization and closure and controlling surface runon / runoff. Two water 
quality labs were established for water quality analysis at hardrock mine sites and portable 
treatment systems from Germany were purchased, constructed, and used to conduct pilot treatment 
studies for low pH, high metal content mine water. Limited post-closure water resource monitoring 
was established at selected hardrock mines. 

Considering the magnitude of the social and environmental issues related to legacy mines, a great 
deal was accomplished by the MCESEP. More than 25 mines were closed, including all the coal 
mines. A few large hardrock mines were not closed due to the complexity of the hydrogeology and 
in ability to manage highly acidic mine waters. In addition, there were numerous ancillary benefits 
from the work done by the Mine Closure PMU including: 

• Public participation was a key responsibility of the PMU. Many meetings were held in the 
communities affected by mining. 

• The PMU provided needed assistance to many small, rural towns impacted by mining. 
Landfills were constructed for future use by the community, homes damaged by truck 
traffic were repaired, ditches and roads were repaired. Large tracts of land and structurally 
sound mine related buildings were given back to the communities for public and private 
uses. 

• Numerous technical guides were compiled and printed for use in training technical 
government staff.  

• The Mine Closure PMU director worked closely with the Romanian legislature and 
appropriate Ministries to develop and establish policies, laws and regulations to guide 
privatization of the mining sector. 

• A Mining museum was established, and funds were provided to operate the museum. 

Work on this project was particularly satisfying. I was able to travel through the country, which is 
very diverse socially and geographically. The Romanian professionals in the Mine Closure PMU 
were exceptionally skilled and working with them was a pleasure. I have very fond memories of 
visiting the Danube Delta, the Carpathian Mountains and Transylvania. 
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Georgia - Ukraine -2006-2013 
Since the end of the Soviet Union in 1989 the United States has had a strategic interest in helping 
the Former Soviet Union (FSU) countries move towards democratic governments and free market 
economies. This has been especially true as Russia has grown stronger and significantly increased 
its military capability. Starting in 2006 the US EPA Office of Research and Development provided 
scientific / technical assistance to the US State Department’s Former Soviet Union (FSU) Bio-chem 
Redirect Program This program was focused on non-proliferation, anti-terrorism, and retraining of 
former Soviet Union scientists. I was asked by EPA ORD to participate with an EPA colleague in 
selecting and managing two projects: one in Ukraine and one in the Republic of Georgia. In selecting 
our projects, we were instructed to identify and collaborate with “priority institutes.” Many Scientific 
Institutes existed in the Soviet Union and they were a primary place of employment for many Soviet 
scientists. The Institutes were tightly controlled by the Soviet government in Moscow, and many 
were engaged in research for the Soviet military. It was recognized by the FSU countries and the US 
State Department that it would be beneficial to re-train the Soviet scientists formerly working in 
“priority institutes” engaged in weapons development research.  

Finding and selecting the most appropriate “priority institute” was not a simple task. Since my 
colleague Dr. Brian Caruso and I were from the US EPA, our projects would involve 
environmental characterization, ecological and human health risk assessments, remediation, and 
capacity building. We needed to find “priority institutes” with the appropriate scientific expertise 
– hydrology, geology, toxicology, and engineering. We received help from the Science and 
Technology Center (STCU) in Kiev, Ukraine. The STCU was founded and funded by a consortium 
of western countries including the US, Canada, and western Europe, and provided a critical liaison 
and coordination role in addition to managing project funds. During our work with STCU 
Vic Korsun, an American, was the Director. In the Republic of Georgia, we partnered with the 
Georgian National Center for Disease Control in Tbilisi, the Palladin Institute of Biochemistry in 
Kiev, STCU, the Scientific Research Firm “GAMMA” (one of the few private consulting firms in 
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Georgia) and the Water Resources Protection Division of the Georgian Ministry of Environment 
and Natural Resources. The in-country project director was Dr. Merab Mirtskhulava of the 
Georgian Center for Disease Control. In Ukraine we partnered with STCU, the Kiev Polytechnical 
University (KPU), and the Ukrainian Prospecting Institute of Industrial Technology. The 
in-country project Director was Dr. Boris Kornilovich of KPU. 

The ambitious, overall goals for both projects were to: (a) evaluate the extent and significance of 
metals contamination of water resources and the associated risks to human health and environment 
from selected abandoned and operational mine facilities in Georgia & Ukraine and, (b) evaluate 
the use and effectiveness of innovative characterization methods and remedial technologies for 
metals contamination. Our project received an initial budget of 700,000 USD. 

Georgia - In the Republic of Georgia our project included, (a) environmental characterization of 
the Tchiatura manganese mining district in west central Georgia (including the town of Tchiatura) 
and a risk assessment associated with processing and smelting the manganese ore, and (b) 
developing and testing a low-cost technology for processing manganese waste and low-grade ore 
into high grade concentrate using microwave pretreatment techniques. The Tchiatura manganese 
mining district, which includes approximately 20 mines – 11 open pit and 9 underground, is one 
of the largest manganese mining areas in the world. Initial gravity separation processing was done 
at a dilapidated facility in Tchiatura and subsequent ore smelting at a smelter in the Town Zestafoni 
about 20 km from Tchiatura. Wastewater from the processing facility in Tchiatura was discharged 
directly to the River Kvirila, a large river which flows westward to the Black Sea approximately 
65 km downstream. The Russians abandoned the mines and the Towns in the early 1990s. At the 
time, the new Georgian government was not able to provide basic services. As a result, 
unemployment was very high, local infrastructure was in poor condition and residual health 
problems affected the majority of the residents in Tchiatura and Zesafoni. 

The scope of work for our project included, (a) sampling surface and groundwater, including 
seven locations on the River Kvirila and tributaries, the discharge from the manganese processing 
plant, and five public water supplies (PWS), (b) sediment sampling at five locations from the River 
Kvirila and nearby tributaries, (c) an epidemiology survey of 330 residents in Tchiatura and 
Zestafoni, and (d) air sampling in the vicinity of the smelter in Zestafoni. Three water quality 
sampling events were conducted between April 2009 and June 2010. Seventy-nine samples were 
collected and analyzed for a suite of metals, anions, BOD, COD, and ecoli. Samples from the first 
sampling event were analyzed for both total and dissolved metals. Sediment samples were 
analyzed for dissolved metals only. Air samples were collected at four locations in Tchiatura and 
three locations in Zestafoni. Twenty-one dust samples were collected from the first floor of 
residential buildings and a hospital in Zestafoni. All air and dust samples were analyzed for 
manganese. Prior to the first sampling event, an EPA field sampling specialist, Bill Schroeder, 
conducted a 2-day water sampling training for local government officials, MENR staff and 
interested citizens.    

Sampling results for surface water indicated that concentrations of total manganese exceeded the 
legal maximum allowable concentration (MAC) in all surface water samples. Samples collected 
from the River Kvirila downstream of the discharge from the processing plant exceed the MAC 
by 15 times. Manganese does not readily dissolve and is transported downstream and deposited in 
the Black Sea. Manganese concentrations in the sediment samples ranged from 1000 to 
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100,000 ppm. This will be a legacy problem in the future. Sampling results from the 5 PWS 
locations indicated numerous problems. All five PWS locations produced groundwater from a well 
or a developed spring. The infrastructure around these PWS was poor and none of the water was 
treated. Ecoli was present at all five locations. Elevated nitrate concentrations occurred at 
two locations and concentrations of dissolved manganese, iron and nickel exceeded the MAC at 
three locations.  

Air and dust sampling was conducted because high manganese concentrations in air have been 
correlated with Parkinson’s disease. Data from the epidemiology survey clearly indicated that the 
occurrence of nervous system diseases, including Parkinson’s, was twice as high in Tchiatura and 
Zestafoni as in nearby villages away from the mining district. To provide empirical data to support 
this finding, Dr. Susan Griffin, an EPA toxicologist, traveled to Georgia to oversee the air and dust 
sampling and conduct some limited training on risk assessment. Manganese concentrations in the 
air samples ranged from 2.99 to 237.7 mkg/m3. All air samples exceeded the MAC for manganese 
(1.0 mkg/m3). In Zestapfoni air samples were collected at distances of 500 meters, 1500 meters, 
and 3000 meters downwind of the smelter tower. Even at a distance of 3000 meters downwind, 
the manganese concentration was 2.5 times the MAC. Manganese concentrations in the dust 
samples from residential homes and the hospital revealed that dust samples from balconies had 
higher concentrations than samples from inside and that samples on the first floor had higher 
concentrations than samples from the second floor. All dust samples had higher manganese 
concentrations than samples from a control location in Tbilisi. Our project also funded some first 
principal research on biochemical effects of manganese ingestion on brain function. This research 
was conducted by Dr. Tatiana A. Borisova of the Department of Neurochemistry at the 
Palladin Institute of Biochemistry. Her work was focused on investigating the mechanisms by 
which chronic exposure to manganese can cause neural dysfunction. Her results were published in 
a paper entitled “Effects of mining waste metals on the glutamatergic and GABA ergic 
transmission in brain”. 

The results of the environmental characterization and risk assessment were presented at the 
four-day Joint US- Georgian Workshop in Tbilisi in April 2011. The Workshop was sponsored by 
the USEPA, STCU, US State Dept., STCU and attended by members of Georgian legislature, the 
US State Department, MENR, and the mining sector. The Workshop was meant to be a forum for 
a collaborative stakeholder discussion focused on development and implementation of remedial / 
mitigation strategies for the mining district and an eventual transition to stable private ownership 
and renewed mining operation. Unfortunately, our efforts had little near-term impact on stabilizing 
ownership of the mines and processing facilities. The mines were previously owned and operated 
by the Russians and when Georgia became an independent nation the ownership presumably 
transferred to the Georgian government, which established Georgian Manganese Ltd. to operate 
the mining district. However, this government owned company did not have the budget or the 
expertise to operate a large mining district. Efforts to sell the mine were ongoing during the 
seven years I was involved. There was no transparency around the efforts to sell and given the 
potential environmental liability and cost to modernize the mining operation, the large 
international mining companies were not too interested, even though there are significant unmined 
manganese ore bodies in the District. It was always very unclear who was overseeing the limited 
production at the mine and who the prospective buyers were. The MENR was a very new ministry 
and did not have an effective role in government decisions about the future of the mining district. 
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I had numerous meetings with the Minister of Environment and with selected members of the 
Georgian Legislature to encourage a more robust effort to remediate environmental impacts in the 
Mining district. It became clear that the Government’s focus was on finding a buyer to modernize 
and operate the mines. Environmental characterization and remediation, though beneficial for 
privatization and modernization, was not a priority. 

Even though progress on mine site remediation was limited, our project had many benefits: 

• Our team developed and provided specific recommendations for near term remediation and 
mitigation measures at the mines and ore processing facilities. 

• Capacity building efforts related to environmental sampling and remediation, toxicology, 
risk assessment, transparency and public participation were successful and reached many 
people.  

• The Minister of Environment, Khatuna Gogaladze, was educated in the USA and interned 
at EPA. We met with her on every visit to provide support and encouragement. We 
supported her request for the US State department to fund an environmental economist to 
be in Residence at the MENR. The US Embassy in Tbilisi made the request through the 
State Department’s Embassy Science Fellows Program. 

• As mentioned above we partnered with the Scientific Research Firm “GAMMA”. The 
Director of GAMMA, Vakhtang Gvakharia, was one of the most progressive, forward 
thinking environmental professionals in Georgia. Our team provided technical support to 
GAMMA related to design of regional repository for solid mine waste, and design and 
installation of water treatment and reuse facilities at the processing plant at Tchiatura. 

• Our project also funded a research project focused on evaluating the use of microwave 
enhanced pretreatment as an initial step for processing manganese waste rock and low-
grade ores into high-grade concentrate for producing ferroalloys. This methodology could 
reduce ore processing time by a factor of four. The project included basic process research, 
pilot scale testing and field-scale testing.  Unfortunately, the lead project researcher, Dr. 
Archil Chirakadze of Georgian Technical University became seriously ill, and this research 
was never completed. 

• We briefed the US Defense Threat reduction Agency on public health and threat reduction 
associated with large uncontrolled arsenic waste piles in the Racha mining district in lower 
Svaneti.  

• Our project provided funds for graduate students and for publishing peer reviewed papers.  
• I gave numerous lectures at Universities in Tbilisi on a variety of topics, including 

contaminant hydrology, mining hydrology and the history, mission and operation of the 
US EPA.  

Like many former Soviet countries, it has been difficult for Georgia to transition from Soviet times 
to a modern, sovereign nation. It is a small country with limited natural and financial resources. 
Located between Russia and Turkey, Georgia is in a geopolitically sensitive position. In 1992 and 
1993, with military support from Russia, separists forced two oblasts located in northern Georgia 
(Abkhazia and South Osetta) to became independent of Georgia. Almost 300,000 Georgians were 
expelled from the two oblasts and became refugees within their own country as they fled to Tbilisi 
and other larger Georgian cities. On my first extended trip to Georgia, I stayed in a refugee house, 
an abandoned Soviet apartment building. There was no electricity, no water, no maintenance, and 
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the upper floors were occupied by refugees from south Osetta and Abkhazia, however there was 
no hotel charge. During the 2004 the Rose Revolution, prompted by fraudulent elections, the 
Russian army advanced to near Gori (Stalins hometown) in west central Georgia. My colleague, 
Brian Caruso, and I were in a car traveling to Tbilisi from Tchiatura when we received a call from 
the US State Department informing us that we were to leave the country the next morning and that 
flight arrangements had been made. Needless to say, we left the following morning. 

In spite of the difficulties, my work in Georgia was one of the most professionally satisfying 
experiences in my career. The Republic of Georgia is a non-Slavic country, and its history is very 
different than Ukraine, the Baltics and Russia. I grew to really like Georgia and the people I worked 
with. I have been back a number of times on personal visits, including trekking in the very remote 
Caucasus Mountains. The food is excellent, the wine is great, and the hospitality is unequaled.  

 

 

 
Dilapidated Ore Processing Plant  Water Sampling Training 

 
Ukraine – In Ukraine, our FSU Bio-chem Redirect Program project included, (a) Hydrogeological 
characterization of uranium mine tailings facility, (b) Bench scale research on Permeable Reactive 
Barrier (PRB) media, and (c) field scale installation of PRB, with multiple treatment media, and 
subsequent sampling to determine effectiveness of each treatment media. The project also aimed 
to provide technical assistance to Ukrainian scientists engaged in work related to water resource 
remediation. The in-country project director, Dr. Kornolovich is the head of the Chemical 
Technology Department of the Chemical Technology Faculty at KPI and a Corresponding member 
of the National Academy of Sciences in Ukraine.  The project location was near the City of 
Zhoty Vody, which was a closed city during Soviet times. On our visits there we always arrived 
by train, departed at a siding away from the City and walked a few hundred yards to a waiting car.   

The Kryvyi Rig basin in the east central part of Ukraine is one of the largest uranium mining 
districts in Europe. Zhovty Vody is one of the largest cities within the uranium mining district and 
is a center of uranium and iron ore milling and primary enrichment. Uranium mining and 
processing (including a hydro-metallurgical plant and sulfuric acid plant) is conducted by the 
state-owned enterprise Vost- GOK. The uranium ores were formed primarily by redox controlled 
precipitation of uranium. The ores occurred in a complex geologic setting and contained significant 
amounts of iron and heavy metals. The mining process resulted in large volumes of waste rock and 
tailings. Tailings were stored in large, constructed tailings facilities near the processing facilities. 
Seepage from one of the tailings facilities had been infiltrating into a surficial unconsolidated 
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aquifer comprised of Quaternary age sediments with a shallow water table, which resulted in 
contaminated groundwater discharging to the nearby Zhovta River, which is used by residents for 
domestic and agricultural purposes. The mining company and the City of Zhoty Vody partnered 
with EPA and the Kyiv Polytechnic Institute (KPI) to install a permeable reactive barrier (PRB) at 
a hydro-geologically suitable location to collect and treat contaminated groundwater contaminated 
by seepage from the uranium tailings facility. 

From 2008 to 2011, field investigations were conducted to characterize the hydrogeology, 
groundwater-surface water interaction, and groundwater and surface water quality. Detailed 
characterization of the mineralogy and chemistry of the tailings and the aquifer media were 
completed by the mining company. These data and understandings were used to determine the 
most suitable location for the PRB. Concurrent with the field investigations, Dr. Kornolovich and 
his KPI academic colleagues and graduate students were conducting a series of long-term 
laboratory (bench) scale tests to investigate various treatment media for use in the PRB. Tests 
included column tests, permeability tests, and measured distribution of uranium on selected 
reactive media. The treatment media tested at LPI included: 

• Fe0   Powder 
• Fe0   Powder & foam crumb 
• Fe0 powder and sediment, bone meal, sawdust, and gravel 
• Powder sediment, bone meal, sawdust, gravel, and components of activator 

Based on the field data and the pilot testing, a PRB was designed and installed a few hundred 
meters downgradient from the leaking tailings facility at the beginning of 2012. The PRB was 
constructed with 21 technological holes filled with different types of treatment media. The holes 
were 0.35 meters in diameter and were staggered to achieve complete interception of the 
contaminated groundwater flow. Eight monitoring holes were constructed - located upgradient, 
within, and downgradient of the PRB. Data from the monitoring holes were used to evaluate the 
effectiveness of the PRB over time. The monitoring of heavy metals and radionuclide content 
demonstrated the PRB’s effectiveness in removing toxic substances from contaminated 
groundwater. Overall, the uranium concentration decreased from 0.35 mg/l to 0.1mg/l over a few 
months, demonstrating the possibility of using innovative PRB technology to treat contaminated 
groundwater. Detailed sampling indicated that three of the four selected treatment media were 
effective in removing uranium.  

The project benefited greatly from a cooperative geologic group at the Ukrainian Prospecting 
Institute of Industrial Technology. The Staff there had a keen desire to learn and were happy to 
work with us. They even arranged for me to visit an underground uranium mine. As far as I know 
this was the first PRB constructed in Ukraine. The bench scale research on selected treatment 
media, the installation of the PRB, and the post-installation sampling generated very high-quality 
data and supported a Master’s degree candidate at KPI and produced peer reviewed journal articles.  
The project funded travel for Dr. Kornolovich to present his research findings at professional 
conferences in Europe and the US.  
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Unfortunately, due to a changing political situation, the mining company geology group was not 
able to fund the continued sampling and maintenance of the PRB. There was little interest or 
participation by the Ukrainian Ministry of Environment or the National Academy of Science.  

 

 

 
Constructing PRB  Groundwater Sampling 

 
Other International Work 
During the 1990s and early 2000s EPA had a well-staffed and active Office of International Affairs 
(OIA). As discussed above, during the first two decades following the end of the Soviet Union, 
the US State Department had an active role in helping former Soviet countries. The State 
Department relied on other federal agencies, including EPA, for specialized technical, scientific, 
and legal expertise. In addition to the long term site-specific project work described above, I was 
fortunate to participate as an instructor in three one week-long training classes.  

Oman and Bahrain –. The EPA OIA partners with National Environmental Agencies in countries 
that are developing policies, laws, and regulations similar to the US National Environmental Policy 
Act (NEPA). The US EPA Office of Federal Activities (OFA) conducts training on preparing 
Environmental Impact Assessments and reviewing Environmental Impact Statements. OFA 
arranges the trainings and EPA Regional NEPA and technical staff teach the classes. The classes 
are one week and utilize case studies to provide real world examples of projects that would require 
an EIA / EIS in the US. In 2007 I joined a team to help teach this class in Bahrain and Oman. The 
students were staff from government agencies in Bahrain, Oman, Saudi Arabia, Yemen, UAE and 
Qatar. We used US mining and oil and gas development as case studies. The classes were well 
attended, supported by the government and the students were very professional. During the 1990s, 
many Eastern European and Middle Eastern countries were adopting policies similar to NEPA to 
encourage assessment and reporting of potential environmental impacts associated with large 
commercial and resource extraction developments. Eventually the economies of these countries 
will be much less dependent on development of oil resources. As they continue to grow and 
transition to new economies, there is a valid need for a systematic methodology for assessing and 
mitigating environmental impacts. As always, it was very enjoyable meeting and interacting with 
scientific /engineering peers. I still remember the tall, modern glass skyscrapers in Bahrain  
(similar to those in Dubai, Shanghai and Tbilisis) and the amazing sunsets in in Muscat, the capitol 
of Oman.    
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Modern Skyscraper   Muscat Sunset 

 
Iraq - In 2009, the US Civilian Research and Development Foundation (CRDF) sponsored a 
one-week training for approximately 15 staff members of the Iraq National Water Resources 
Agency (NRWA). Funding for the training was provided by the US State Department. I was asked 
to participate as an instructor along with Dr. David Kreamer of University of Nevada, Las Vegas. 
In addition to Dave and myself, our team included representatives from Hach, a water monitoring 
equipment manufacturer, CRDF staff, and US Embassy staff. Due to the war in Iraq, the NRWA 
funding, staff resources, and ability to manage water resources in Iraq had been greatly reduced. 
The Agency had not been able to keep up with modern water resource management approaches 
and modern water resource monitoring equipment. Providing adequate, clean drinking water to the 
public was a serious issue throughout the country. Our mission was primarily technical transfer 
and serving as professional contacts for the Iraqi water resource specialists. The class agenda 
included: 

• Basic hydrogeology / hydrology, 
• Water resource monitoring,  
• Water resource management – policy, regulation development, etc. 

In 2009, conditions were very difficult in the “Green Zone”, the section of Baghdad that housed 
the US Embassy and US military facilities. Upon my arrival from Istanbul, I was met by private 
security guards and transported in a caravan of three Humvees for 6 miles to a Hotel in the 
“Green Zone” where we stayed, and where the class was held. The upper floors of our once 
high-end Hotel were closed due to previous bombing. We could not start class until 11 AM each 
day because of the time-consuming entry procedures for the NRWA staff to enter the 
“Green Zone” each morning. Each night there was a guard stationed at my hotel room door. We 
were told to not open windows in our rooms. Activities outside the hotel were limited.  

In spite of these difficulties, we had a great experience with the class and the NRWA staff. All 
were very eager learners, and the professional engagement and bonding was strong. Learning about 
their individual life situations, and how they coped with the aftermath of the war, was both 
disheartening and uplifting. We were happy that we could bring new ideas and equipment to them 
and to provide a small escape from their routine professional duties. 
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My departure from the Baghdad airport was delayed by a giant sandstorm. I departed on the last 
plane allowed to leave for days. A few weeks after returning to the USA I learned that my room 
guard and a Senior manager at NWRA, who had visited our class, were both killed by improvised 
explosive devices (IEDs). My visit to Iraq was a very sobering experience and opened my eyes as 
to the enormous destruction caused by the Iraq war. 

 

 

 
Students in Class -Baghdad  Fortifications in “Green Zone” 

 
China - In 2011, I joined a World Bank team responsible for oversight of a $100 million loan to 
the City of Ma’Anshan located within Anhui Province in eastern China. Loan funds were to be 
used to design and implement major restoration of the Cihu River watershed (126 km2) a short 
(26 km) tributary of the Yangtze River. Ma’Anshan, a city of 2.3 million people was undergoing 
rapid urbanization. Iron mining and steel production have occurred in the upper part of the 
watershed for decades. The lower part of the watershed was densely populated, and basic service 
(water, wastewater, power) infrastructure was old, in disrepair and inadequate. The land surface 
and drainage within the watershed was highly perturbed and soils and water resources were 
contaminated. Remediation and restoration of this watershed was an important part of the ongoing 
modernization of the City. However, the scale of this project and the restoration objectives required 
the displacement of many residents. There were four major components of this project: 

• Cihu River watershed rehabilitation and drainage improvement 
• Rehabilitation of tributaries and drainage canals 
• Environment management and monitoring 
• Capacity building and project implementation support 

My role was to assist in the characterization and remediation of the mining district with a focus on 
characterizing and removing contaminate soils. Unfortunately, after two visits to the watershed, 
the World Bank transferred the project management to their Beijing office, and I retired from the 
USEPA. This ended my participation in this project. However, the two trips I made to Ma’Anshan 
were very enlightening. The degree of destruction and contamination in the Cihu River watershed 
was extensive and was not only an obstacle for modernization, but a serious public health issue. 
I hope that the project has moved forward, and that the restoration of the watershed did not present 
undue hardships on the displaced residents. 
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Drainage from Iron Mining District  Poor Riparian Zone - Cihu River 

 
SUMMARY 
When I started work at the US EPA, I had no idea that my career portfolio would include extensive 
international work. During my 28 years at EPA, I made more than 40 international trips. These 
opportunities arose because, (a) the breakup of the Soviet Union resulted in significant engagement 
by the US State Department with the Former Soviet Union countries, and (b) my expertise in 
hydrology, water resource management and NEPA was important for the modernization of the 
FSU countries. In the 1990s, the USA was the most advanced country in the world with respect to 
environmental science, policy, and management. The FSU countries had no experience in these 
areas. There were many highly educated scientists and engineers in the FSU countries, but little 
expertise in environmental sciences. As these countries became independent nations it was critical 
to establish environmental policies, laws, and regulations. This was especially true for countries 
who wanted to join the European Union. It was clearly in the interest of the USA to help the FSU 
countries by providing technical and scientific assistance to the government and academic sectors. 
Establishing professional relationships between FSU and American scientists and engineers helped 
promote rapid transfer of technical and scientific understandings related to environmental 
characterization, mitigation, and water resource management. Our efforts always emphasized 
transparency and public participation. Most of the projects described above included specialized, 
relevant scientific training, which helped increase the professional capacity of government 
agencies and academia. Our projects also provided much needed salaries for in-country 
professionals and graduate students. The NEPA trainings and demonstration projects resulted in 
the start-up of numerous private environmental engineering firms.  

I very much enjoyed the complexity and multi-faceted aspects of the projects I was involved with. 
This “scientific diplomacy” work always involved interaction with many stakeholders, including 
impacted citizens and local and federal governments. Our work reinforced the understanding that 
progress is made only when decisions are transparent and based on sound science. We 
accomplished much, established long-term relationships, and improved the environment. I feel 
very lucky and honored to have been able to work many colleagues from the FSU countries. 
I continue to be life-long friends with colleagues in Kiev and Tbilisi and have travelled to both 
these countries since my retirement. It is my hope that reading this account of my international 
work will interest and motivate young scientists to practice their profession in countries where 
there is a great need. 
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