
-"-


ZDI 
Center for International Development 
Local Environmental Management Project 

Draft Comprehensive Report 

Independent Appraisal of the
 
Borsodsziraik Wellhead Protection
 

Area Located Near
 
Saj6szentpe'ter, Hungary
 

Volume I of II 

Gulf X 

of 
Bothnla 

RUSSIA 

Baltic 
. , Sea LITHUANIIA k, 

BYELARUS
 

POLAND ..
 

UKRAINE 

CZECFO0LOVAK(IA 

*.10OOVA 
Resea-ch- Triangle Institute AUSTRIA HU AR 
P.0 -:-x 12194 
Resea'cn Triangle Park, NC 27709ROAA "U " " - ROMANIA "' 

,I, F :RFOATIA ,,, 

Black3uocc-:ed by: O'"ASea 

:-nvirc-ment and Natural Resources Division 
3urea.. or Europe BULGARIA 
,ger.cv for International Development 
Nasr rgton, DC 20523 

-

BEST AVAILABLE DOCUMENT 



PA- NK-1es
 

Independent Appraisal of the
 
Borsodsziraik Wellhead Protection Area Located Near
 

Saj6szentpeter, Hungary
 

Draft Comprehensive Report
 

Volume I of II
 

Local Environmental Managemen (LEM) Project
 
AID/EUR/ENR Contract No. EUR-0039-C-00-2065-00
 

Research Triangle Institute
 

September 1993 



Table of Contents
 

Volume I
 

Page 

Executive Summ ary .................................................. iv
 

1.0 Background Information .......................................... 1
 

1.1 LEM Project Overview ..................................... 1
 
1.2 Saj6szenpdter Survey Objectives ............................... 2
 
1.3 Survey Location and Scope .................................. 3
 
1.4 Conditions Within the Borsodszirdik Wellhead Protection Area .......... 4
 
1.5 Team Profile ............................................. 5
 
1.6 Organization of the Comprehensive Report ........................ 6
 

2.0 Previous Studies, Groundwater Monitoring Data, and Other Technical Information . 8
 

2.1 Reports Concerning the Borsodszirdik Wellhead Protection Area ......... 8
 
2.2 Reports Concerning the Epres-tanya Hazardous Waste Site ............ 8
 
2.3 Additional Reports and References Cited ......................... 9
 
2.4 Summary of Monitoring Well Information and Groundwater Quality Data . . 9
 
2.5 Other Technical Information Gained from Field Interviews ........... 11
 

3.0 Survey Methodology ........................................... 14
 

3.1 Pre-Survey Activities of LEM Project Members .................... 14
 
3.2 Field Activities of Saj6szenp6ter Survey Team Members ............. 15
 
3.3 Technical Evaluation Activities ............................... 17
 

3.3.1 Geographic Information System Analysis ................... 17
 
3.3.2 Database Construction . ................................ 18
 
3.3.3 Hydrogeologic Evaluation ............................. 18
 
3.3.4 W ater Chemistry Analysis ............................. 19
 
3.3.5 Hazard Ranking System ............................... 19
 
3.3.6 Multimed Exposure Assessment Model (MULTIMED) ......... 20
 

4.0 Regional Information ............................................ 21
 

4.1 Geographic Setting ....................................... 21
 
4.2 W ater Resources . ......................................... 21
 
4.3 Hydrogeologic Framework . .................................. 22
 



Table of Contents cont. 

Page 

5.0 Results of Independent Appraisal ................................... 24
 

5.1 Hydrogeologic Evaluation .................................. 24
 

5.1.1 Evaluation of Water Level Data ......................... 24
 
5.1.2 Evaluation of Groundwater Travel Times ................... 26
 

5.1.2.1 Velocity Calculation Along Groundwater Streamlines . 26
 
5.1.2.2 Particle Tracking Assessment ................... 27
 

5.2 Groundwater Chemistry .................................... 29
 

5.2.1 Evaluation of Major Ion Constituents in Groundwater .......... 30
 

5.2.1.1 Sodium ................................... 30
 
5.2.1.2 Chloride .................................. 31
 
5.2.1.3 Am monium ................................ 31
 
5.2.1.4 N itrate ................................... 31
 
5.2.1.5 Sulfate ................................... 32
 
5.2.1.6 Conductivity ............................... 32
 

5.2.2 Evaluation of Major Ion Constituents in Drinking Water ........ 32
 

5.2.2.1 Sodium ................................... 33
 

5.2.2.2 Chloride .................................. 33
 
5.2.2.3 Ammonium ................................ 34
 
5.2.2.4 N itrate ................................... 34
 
5.2.2.5 Sulfate ................................... 35
 
5.2.2.6 Conductivity ............................... 36
 

5.2.3 Evaluation of Minor Ion Constituents in Groundwater .......... 36
 

5.2.3.1 M ercury .................................. 36
 
5.2.3.2 Cadm ium ................................. 37
 
5.2.3.3 Arseniic ................................... 37
 
5.2.3.4 Chro.m ium ................................ 37
 
5.2.3.5 Lead .................................... 38
 
5.2.3.6 Copper ................................... 38
 
5.2.3.7 Zinc ..................................... 38
 
5.3.3.8 Nickel ................................... 39
 

ii 



Table of Contents cont. 

Page 

5.3 Analysis of Epres-tanya Landfill .............................. 39
 

:'.3.1 Results of Previous Studies ............................ 39
 
5.3.2 Analysis of Soil and Waste Measurements .................. 41
 
5.3.3 Analysis cf Groundwater Quality Measurements ............. 45
 

5.3.3.1 Sodium ................................... 46
 
5.3.3.2 Chloride .................................. 46
 
5.3.3.3 Ammonium ................................ 46
 
5.3.3.4 Nitrate.. ................................... 46
 
5.3.3.5 Sulfate . ................................... 46
 
5.3.3.6 Conductivity ............................... 47
 
5.3.3.7 Lead .................................... 47
 
5.3.3.8 Arsenic, Cadmium and Mercury ................. 47
 
5.3.3.9 Sum m ary ................................. 48
 

5.3.4 Analysis of Potential Groundwater Risks ................... 48
 

5.3.4.1 Hazard Ranking System (HRS) .................. 49
 
5.3.4.2 Multimed Exposure Assessment Model ............ 51
 

6.0 Conclusions ................................................. 56
 

6.1 Hydrogeology ........................................... 57
 
6.2 Groundwater Chemistry . .................................... 58
 
6.3 Potential for Risk ........................................ 60
 
6.4 Summ ary of Risk ........................................ 62
 

7.0 Short-Term and Long-Term Recommendations ......................... 64
 

7.1 Short-Term Activities ..................................... 64
 
7.2 Long-Term Activities ...................................... 65
 

iii 



Appraisal of Borsodszirdk Wellhead Protection Area 

Executive Summary 

This comprehensive report presents the findings of an independent environmental appraisal within 

the Borsodszirdk wellhead protection area located near Saj6szentp6ter, Hungary. This study was conducted 

by the Local Environmental Management (LEM) appraisal team. The Saj6szentp6ter survey is part of 

LEM's 3-year technical assistance and training project designed to support local governments in Poland 

and Hungary in the strengthening of their ability to manage local problems. Through a series of field 

visits and consultations with national and local officials, Saj6szentpdter was chosen to participate in the 

LEM project because of its location in the Saj6 River area and itn demonstrated commitment to assessing 

the impact of nearby hazardous waste sites on sources of drinking water. The municipality wishes to 

address the potential risks posed by hazardous waste sites now, rather than delaying action until water 

supplies become polluted beyond remediation. 

Survey Scope 

The original scope of the survey was to assess the potential impact of the Epres-tanya hazardous 

waste landfill on the quality of groundwater pumped from the nearby Borsodszirdk wellfields. The scope 

of the survey was subsequently broadened to include an independent appraisal, based largely on existing 

data, of the hydrogeology, groundwater chemistry, and potential contamination risk within the wellhead 

protection aiea. During the course of the survey, it was concluded that organic chemicals may also pose 

a risk to the two wellfields. The survey team, therefore, collected composite groundwater samples from 

the two wellfields and analyzed them for organic compounds and analytes. The results of these analyses 

are reported in "Final Analytical Results of Composite Groundwater Samples Collected from the 

Borsodszirdk Wellfields Operated by the North-Hungarian Regional Waterworks" (July 1993). 

Key Findings 

The Pleistocene gravel aquifer used as a primary source of drinking water within the Borsodszirdk 

welllhead protection area is highly vulnerable to pollution. The defined limits of the wellhead protection 

area appear adequate as a basis for protection; however, additional monitoring wcll3 would be needed to 

fully characterize the groundwater flow and chemistry within the area. A comprehensive groundwater 

monitoring plan is recommended for the Borsodszirdk wellhead protection area. The plan should 

incorporate sampling and analysis protocols, sampling frequency, existing and proposed monitoring well 

locations, data management and reporting, and provisions for quality assurance and quality control. 

Groundwater quality within the wellhead protection area has been affected by pollutants, 

according to existing inorganic and organic chemical data obtained from monitoring wells and water 
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Appraisal of Borsodszirdik Wellhead Protection Area 

supply wells. Notable differences exist in water quality between the wellfields in Waterworks I and I/A. 

The groundwater derived from wells in Waterworks I appears to show the effects of dilution by surface 

water as a result of artificial groundwater recharge at the wellfield. Inorganic constituents are .ypically 

below the Hungarian limit values for drinking water. Small concentrations of organic compounds 

were detected in the composite water sample collected from Waterworks I by the(chlorinated solvents) 

Saj6szentpter survey team. in contrast, water from wells in Waterworks I/A typically exceeded the 

Hungarian drinking water limit values for several inorganic constituents. A composite sample collected 

from these wells by the survey team indicated detectable concentrations of some organic compounds 

(notably pesticides). The organic constituents in the two samples were not measured in concentrations 

considered to present an imminent threat to the drinking water supply. 

The exact source(s) of the groundwater contamination within the Borsodszirik wellhead protection 

on the basis of the available information. Several potential contaminationarea can not be determined 

were identified during the assessment, such as the unregulated landfill at Epres-tanya and landfillsources 

No. 18, located between the two waterworks. The potential risks of groundwater contamination from the 

Epres-tanya landfill are considered to be greater than those defined by prior investigators. More complete 

Additionalcharacterizations of the wastes within the Epres-tanya landfill and landfill No. 18 are needed. 


assessment of other waste disposal areas identified within the wellhead protection area also may be needed
 

inthe future.
 

Workshop 

This is a draft report (working report) written by members of the LEM appraisal team focusing 

on the Saj6szentp6ter area. The preceding summary report, in both its English and Hungarian versions, 

was previously prepared (August 1993) for discussion at the LEM Project Workshop to be held in 

Miskolc, Hungary, on September 20-22, 1993. This draft of the comprehensive report has been made 

available as a basis for discussion at the workshop. 

The conclusions and recommendations in this report are based on results of the LEM appraisal. 

Information presented in the comprehensive report is subject to change as this appraisal continues. 

Comments, suggestions, and proposed revisions receiveJ at the workshop will be evaluated and included 

in the final version of the comprehensive report. Recommendations for additional technical assistance, 

training, and modifications in project direction made by the workshop participants may also be included 

in the final report. 
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Appraisal of Borsodszirdk Wellhead Protection Area 

1.0 Background Information 

Local Environmental Management (LEM) is a project of the U.S. Agency for International 

Development (U.S. AID) - Washington, based on a contract between Research Triangle Institute 

(RTI) and U.S. AID/Bureau for Europe (EUR) Environment and Natural Resources Division 

(ENR). The contract is for three years, beginning in July 1992 and ending in July 1995. RTI 

and U.S. AID/EUR/ENR agreed to focus LEM on specific municipal government environmental 

projects in Poland and Hungary. 

1.1 LEM Project Overview 

LEM undertook preliminary field trips to Hungary in September and November 1992, 

which confirmed the need for and importance of working with local environmental projects. 

These field trips also verified the need to focus on three or four municipalities and to determine 

criteria for establishing the project focus and choosing specific municipalities to be included in 

LEM. 

The purpose of the LEM project in Hungary is to: 

1. 	 demonstrate the extent to which local governments can effectively manage their 
environmental problems if given adequate and consistent support, 

2. 	 assist project municipalities in producing reliable and technically acceptable 
proposals for the funding of environmental projects for presentation to national and 
international funding agencies, and 

3. 	 make available to other municipalities the replicable details resulting from the first 
two activities. 

A 	subordinate purpose of the project is to act as liaison by matching municipal requests for 

technical assistance not supplied by LEM with various U.S. AID-supported projects which may 

be able to provide information, data, or assistance. 

In its initial phase, the LEM project established a set of basic criteria to use in the selection 

of participating municipalities in Hungary: 

* 	 willingness of the community and its leaders to allocate existing financial and 
administrative resources to solve local environmental problems and to investigate 
methods of improving financial capacity to pay for solutions; 
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" 	 ability of local government to demonstrate adequate expertise in the administration and 

management of the municipality; 

" 	 a cooperative approach to the implementation of suggestions for general management, 

administrative, and financial improvement; 

* 	 one of the projects should focus on the Saj6 River area in Borsod-Abatij-Zempl6n 

County; and 

• 	 at least one project should involve a municipality with a population under 25,000. 

The 	overall strategy was to implement project activity in four municipalities in Hungary: 

Municipality Population 	 Project Description 

140,000 Solid Waste Collection/DisposalGyor 

Ozd 47,000 Solid Waste Collection/Disposal 

Edeleny 14,000 Solid Waste Collection/Disposal 

Saj6szentp6ter 14,000 Hazardous Waste Site Assessment 

Through a series of field visits and consultations with national and local officials, 

Saj6szentpfter was chosen as one of four LEM municipalities in Hungary because of its 

demonstrated commitment to investigating the impact of nearby hazardous waste sites on sources 

of potable water. This report covers only the Saj6szentp6ter project. 

1.2 Saj6szentp~ter Survey Objectives 

Saj6szentp6ter, located in Borsod-Abatij-Zempldn County in northern Hungary, is adjacent 

to an industrial complex near Kazincharika and Berente (Figure 1) that includes a power plant, 

chemical factories, coal mines, and an ore-sintering plant. As a result, the municipality is faced 

number of known, unknown,with environmental problems stemming from the as well as 


hazardous waste dump sites that have the potential to pollute groundwater. One such buried site,
 

referred to as the Epres-tanya landfill (Figure 2), was known to contain industrial waste. The risk
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potential of this landfill was discovered when a high metal content in the crops grown nearby 

prompted the discontinuation of cultivation. 

Because this site is near the drinking water sources for Saj6szentpfter (Waterworks I and I/A 

and their wellfields), several studies of the area had already been commissioned. The last one 

was completed in January 1993. Although these studies revealed specific environmental 

problems with the site, none have been comprehensive enough to reveal the full extent of the risk 

to the municipal water supply. The municipality wishes to address the potential risks posed by 

hazardous waste sites now, rather than delaying action until water supplies become polluted 

beyond remediation. 

In response to a request for technical assistance, the LEM project sent a survey team of two 

RTI researchers to Saj6szentpfter in May 1993. The research team had both theoretical and 

practical expertise in appraisal and analysis of hazardous waste sites and hydrogeology. The 

initial objectives of the Saj6szentp6ter survey included: 1) review of previo,,s studies of the 

Epres-tanya site, 2) field reco-naissance of the area, and 3) development of a more extensive 

site monitoring plan for the hazardous wastes at this site and other possible sites. 

1.3 Survey Location and Scope 

The original scope of the Saj6szentp6ier survey was to assess the potential impact of the 

Epres-tanya hazardous waste landfill on the quality of groundwater pumped from the nearby 

Borsodszir-dk wellfields, Waterworks I and I/A (Figure 2). The scope of the survey was 

subsequently broadened to include an independent appraisal, based largely on existing data, of 

the hydrogeology, groundwater chemistry, and potential risk within the wellhead protection area 

of the Borsodszirik wellfields. Permission to modify the scope of the Saj6szentpfter survey to 

incorporate the groundwater sampling and analysis effort and the appraisal of the wellhead 

protection area was obtained from the LEM Project Managers and the U.S. AID. 

The Borsodszirdk wellhead protection area is understood to be within a legally defined 

boundary, which is based in part on hydrogeologic conditions. The wellhead protection area 

encompasses a large area (approximately 30 km 2), hydraulically upgradient of the Borsodszirik 

wellfields (Figure 3). During the cour,;e of LEM's survey, there were some indications of past 

and current usage of organic chemicals within the area of influence of the wellfields. The survey 
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team collected composite groundwater samples from the two wellfields and analyzed them for 

organic compounds and metallic analytes. The analytical results of composite wellfield samples 

reported in "Final Analytical Results of Composite Groundwater Samples Collected fromwere 


the Borsodszirik Wellfields Operated by the North-Hungarian Regional Waterworks" (July 1993).
 

1.4 Conditions Within the Borsodsziraik Wellhead Protection Area 

The survey team limited its appraisal to available groundwater data from existing monitoring 

wells and water supply wells within the Borsodszirfik wellhead protection area. Approximate 

locations of monitoring wells are indicated in Figure 4, along with some of the known waste 

disposal areas and key land features in the vicinity of the waterworks. Water level and chemical 

data were not available for al! of the identified monitoring wells. 

The Borsodszirdik wellfields include a total of 41 supply wells in Waterworks I and 5 active 

supply wells in Waterworks I/A. Together these welifields produced an average of about 

10300 m3/day of drinking water in 1992. This drinking water, along with groundwater provided 

by other systems operated by the 	North-Hungarian Regional Waterworks (IRV) for Borsod

estimated total population of about 74300 inhabitants.Abatij-Zempldn County, serves an 

The alluvial basin that supplies groundwater as a source of drinking water to the ERV in the 

vicinity of Saj6szentpdter is composed of a highly productive, complex gravel aquifer system of 

Pleistocene age. Groundwater flow within the basin is dynamic as a function of variable recharge 

from rainfall, surface water/groundwater interactions, and anthropogenic effects to the system 

such as dewatering for coal mines, and groundwater withdrawals from and artificial recharge to 

the Borsodszirdik wellfields. 

The Pleistocene gravel aquifer tapped by the Borsodszirdik wellfield is composed of a 

heterogeneous mixture of sand and gravel that occurs at a relatively shallow depth below the 

surface in the study area (near the land surface in some areas and at depths of up to 8 m). The 

hydraulic conductivity of the aquifer, as reported by (Hydrology Planning Company of Eastern 

Hungary, KEVITERV, 1987), ranges from approximately 10 to over 100 m/day. 
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1.5 Team Profile 
The Saj6szentpdter survey team consisted of two RTI researchers from the United States. 

They were Mr. W. Joseph Alexander, a research hydrogeologist, and Mr. Robert S. Wright, an 

environmental scientist. The survey team arrived in Budapest on May 9 and met with the LEM 

Resident Project Manager before traveling to Borsod-Aba6j-Zempldn County on May 10, 1993. 

In Miskolc, the survey team met with members of various local, county, and regional offices, as 

well as the Directors of the North-Hungarian Regional Environmental Inspectorate (tKF) and the 

Ecological Institute for Sustainable Development. The team then traveled to Saj6szentpdter 

where Mr. Alexander worked until May 19 and Mr. Wright worked until June 1, 1993. 

As survey team leader, Mr. Alexander provided expertise in the appraisal of the 

hydrogeology and potential groundwater contamination. Mr. Alexander directed the site 

reconnaissances and initial information gathering efforts in Hungary. He also supervised 

RTI's independent technical appraisal and report preparation activities. 

Mr. Wright contributed technical expertise in hazardous waste site assessment and assisted 

with the procurement of organizational and technical data from local government officials, 

regional authorities, and industrial firms while in Hungary. Mr. Wright supervised the collection 

of water samples and developed the databases on which the groundwater chemistry and risk 

assessment activities were largely based. 

Mr. Istvdn Samu, the Mayor of Saj6szentp6ter, recommended the study area and guided the 

survey team in field data collection efforts and location of technical information. The Ecological 

Institute for Sustainable Development, directed by Dr. Ivan Gyulai, provided the survey team 

with technical, logistical, and translation assistance and with office services. Mr. Istvdn Pintdr, 

Mr. Nagy Deszo and Mr. Csaba Losonci were among those providing this assistance. Many 

other individuals contributed to the Saj6szentpdter survey team's understanding of the local 

environmental conditions and available sources of information. Much of this information was 

gained by review of available documents and through the process of interviewing. Details related 

to these sources of information are provided in Section 2.0. 

This comprehensive report was prepared by the Saj6szentpdter appraisal team consisting of 

W. J. Alexander, R. S. Wright, J. W. Reynolds, M. T. Siedlecki, S. K. Liddle, R. J. Curry, 

W.D. Wheaton, and J. M. Lloyd. Review comments were also provided by W. A. Sommers and 
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A. S. Wyatt. Report services were provided by R. S. Thomas, with editorial assistance from 

E. MacDonald. 

1.6 Organization of the Comprehensive Report 

The comprehensive report is an independent technical appraisal of the Borsodszirdik wellhead 

protection area. The appraisal team have focused their evaluation on three key technical subject 

areas throughout the report: 

1. hydrogeology 

2. groundwater chemistry 

3. qualitative assessment of the risk potential to the groundwater. 

This report is subject to change as new information becomes available and as the appraisal team's 

previous studies, available groundwatersurvey continues. The appraisal is based largely on 

use ofmonitoring data, interview sessions conducted in Hungary by the survey team, and the 

available analysis techniques. 

Section 2 of the report presents the previous studies and available data used by the appraisal 

team along with references cited. Section 3 describes the pre-survey activities, field activities 

by the survey team, and subsequent technical activities conducted by the appraisal team. A 

variety of scientific methods used in the survey are discussed in Section 3. Regional information 

about the geographic setting, water resources, and hydrogeologic framework are presented in 

Section 4. 

Section 5 presents the results of the independent appraisal and follows the three key technical 

areas of hydrogeology (Section 5.1), groundwater chemistry (Section 5.2), and risk potential 

(Section 5.3). The hydrogeology appraisal primarily focuses on an independent evaluation of the 

relies ongroundwater flow and travel time estimates. The groundwater chemistry appraisal 

available inorganic water quality data provided to the survey team and on organic data obtained 

by the survey team. The relative risk potential within the Borsodszirik wellhead protrction area, 

as presented in Section 5.3, refies heavily on interpretations of the hydrogeology, the groundwater 

chemistry, and the use of established predictive models. 

Section 6 presents the conclusions of the appraisal. Specific recommendations, categorized 

by short- and long-term activities, are provided in Section 7. Appendices to this comprehensive 
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report provide the tables and figures cited (Appendix A and B, respectively), and relevant 

supporting documentation. 
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2.0 Previous Studies, Groundwater Monitoring Data,
 

and Other Technical Information
 

LEM's appraisal of the Borsodszirdk wellhead protection area and analysis of the Epres-tanya 

hazardous waste site are based, in part, on English translations of several reports and regulations. 

The 	LEM survey team obtained these documents prior to or during its visit to the Borsodszird,.k 

wellhead protection area in May 1993. These documents are listed in the follov, ing subsections: 

2.1 	 Reports Concerning the Borsodsziraik Wellhead Protection Area 

I. 	 Szlab6czky, P., "Determination of the Hydrogeological Protective Profile of Waterworks 
Borsodszirik I and I/A (Technical Description)," Report, Hydrology Planning Company 
of Eastern Hungary, JklEVITERV), Plan No. 5-3925-86, Miskolc, 1987. 

2. 	 Regional Environmental Protection and Water Authorities of Northern Hungary 
(E-KOVIZIG), "Forming and Confinement of the Borsodszirik I and I/A Waterworks 
Hydrogeologically Protective Area," Regulation, Reference No. 20.521-4/1989, Miskolc, 
1989. 

3. 	 Regional Environmental Protection and Water Authorities of Northern Hungary 
(E-KOVIZIG), "Decision on Obligations Concerning the Hydrogeologically Protective 
Area of Borsodszirdik I - I/A Waterworks," Regulation, Reference No. 26037/1990, 
Miskolc, 1990. 

2.2 	 Reports Concerning the Epres-tanya Hazardous Waste Site 

1. 	 Kalina, E. and 0. Haszpra, "Professional Advice about the Hazardous Waste Dumping 
Site's Condition at Epres-Tanya," Report, Technical University of Budapest (TUB), 
Faculty of Civil Engineering, Institute of Water Engineering, Dean's Permission No. 
241, 604/91, Budapest, 1992. 

2. 	 Haszpra, 0., E. Kalina, and L. Sz6pkuti, "Supplementary Professional Advice on the 
Danger of Polluting Ground-Water by the Hazardous Waste Deposit Situated in Epres-
Tanya," Report, Technical University of Budapest (TUB), Innovation Park, Kft., 
Budapest, 1993. 

3. 	 Kdtffiro-Javft6 F61dtani Szolgdltat6 es Vaflalkozdisi (KUTFO), Kft., "Epres-Tanya -
Dumping Field Examination. Geological - Technical Data of Waste Examination 
Bores," Report, Karzincbarcika, 1992. 
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Kelemen, J., "The Analysis of Wastes of BVK Origin Dumped at the Sand-Pit on the 

Agricultural Field of Borsodszirdik Cooperative - Farm at Dusnokpuszta," Report, 

Regional Water Administration and Environmental Authority of Northern Hungary 

(E-KOVIZIG) Water Quality Measuring Service (KVMSZ), Miskolc, 1990. 

4. 

Hungary5. 	 Regional Environmental Protection and Water Authorities of Northern 

"Permission to Establish Observation Wells at Epres-Tanya Dumping(E-KOVIZIG), 
Field of BVK," Regulation, Reference No. 22.163/1992, Miskolc, 1991. 

6. 	 Regional Environmental Inspectorate of Northern Hungary (EKF), "Observation System 

of the Dumping Fields of BVK at Epres-Tanya," Letter from Istvdin Gavaller to 

KUJTFO, Kft., Reference No. 12348-2/1991, Miskolc, 1991. 

2.3 	 Additional Reports and Reierences Cited 

1. 	 Hungarian Office of Standardization (MSZH), "Drinking Water. Physical and Chemical 

Quality Criteria," Standard, Reference No. MSZ 450/1-1989, Budapest, 1989. 

Ranking System," Federal2. 	 U.S. Environmental Protection Agency, 1990. "Hazard 
Register, Volume 55, No. 241, Pages 51532-51667, Friday, December 14, 1990. 

3. 	 U.S. Environmental Protection Agency, 1991. Guidance for Performing Preliminary 

CERCLA, of Solid Emergency Response,Assessments Under Office Waste and 

Publication No. 9345. 0-01A, September 1991. 

A Modular Semi-Analytical Model4. 	 Blandford, T.N. and P.S. Huyakorn, 1990. WHPA: 
for the Delineation of Wellhead Protection Areas, Office of Ground-Water, U.S. EPA. 

5. 	 Fitchko, J., 1989. Criteria for Contaminated Soil/Sediment Cleanup. Pudvan Publishing 

Company, Northbrook, Illinois, USA, ISBN 0-934165-26-9, 74 pages. 

6. 	 Jambrik, Rozalia, 1987, A dusnokpusztai barnaszdnterdilet, Fi5ldtani ds hidrogeol6giai 

viszonyainak dltekintdse, BANYSZAT, Volume 120, Number 2. 

7. 	 Sharp-Hansen, S., C. Travers, P. Hummel, T. Allison, 1990. A Subtitle D Landfill 

Application Manual for the Multimedia Exposure Assessment Model (MULTIMED). 

Environmental Research Laboratory, Office of Research & Development, U.S. EPA. 

2.4 Summary of 	Monitoring Well Information and Groundwater Quality Data 

Monitoring wells that are 	known to exist within the Borsodszirdk wellhead protection area 

are shown in Figure 4. Pertinent information about well locations, construction, and monitoring 

data 	was provided by several organizations, as indicated below. 
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North-Hungarian Regional Waterworks (tRV) 

* 	 Nine groundwater monitoring wells (E-1 through E-0 and TSZ-I through 
TSZ-3); 

• 	 Egysdges Orszdigos Vettilet (EOV) coordinates for wells E-I through E-6; 

" 	 Groundwater level data for wells E-I through E-6 from eal - 1990 to early 
1993; 

" 	 Groundwater quality data (e.g., conductivity, ammonium ion, and sodium) for 
wells E- I through E-6 and TSZ- 1 through TSZ-3 f. dm early 1990 to early 
1993; and 

• 	 Drinking water quality data for individual wells and composite samples in 
Waterworks I from middle 1989 through late 1992 and in Waterworks I/A 
from late 1980 through late 1992. 

2. 	 Tiszai Eromu Rt. (formerly Borsodi Herdmi V~llalat [BHV]) 

" Three groundwater monitoring wells (H-1 through H-3); 

* 	 Well diagrams for wells H-I through H-3; 

• 	 EOV coordinates for wells H-1 through H-3; 

• 	 Groundwater level data for wells H-1 through H-3 from mid-1988 through 
early- 1993; and 

• 	 Groundwater quality data for wells H-I through H-3 from mid-1988 through 
early- 1993. 

3. 	 Borsodchem Rt. (Formerly Borsodi Vegyi Kombimit [BVK]) 

* 	 Seven groundwater monitoring wells (V-I through V-3 and ET-101 through 
ET- 104); 

, Well diagrams for wells V-I through V-3 and ET-101 through ET-104; 

" EOV coordinates for wells V-I through V-3 and ET-101 through ET-104; 

" Groundwater level data for wells V-1 through V-3 from late-1991 through 
early- 1993; 

" 	 Groundwater quality data for wells V-I through V-3 from early-1992 through 
early- 1993. 
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" 	 Groundwater level data for we!ls ET-101 through ET-104 from early 1992 

through early 1993; and 

* 	 Groundwater quality data for wells ET-101 through ET-104 from early 1992 

through early 1993. 

2.5 Other Technical Information 	Gained from Field Interviews 

Date Person Interviewed Types of Technical Information Gained 

10 May 93 Istvfin Samu, Mayor of 
Saj6szentpdter 

lis goals for the survey and , general 
discussion of tite Epres-tanya landfill 
and the Borsodszirk wellhead 
protection area. 

10 May 93 	 Istvfin Gavall6r, Director of A general discussion of the structure 
North-Hungarian Regional of environmental regulations and 
Environmental Inspectorate regulatory authorities. 

11 May 93 	 Istvin Samu, Mayor of Field trip to Epres-tanya landfill and 

Saj6szentp6ter 	 other hazardous waste sites in the 
wellhead protection area. 

11 May 93 	 Chief of Borsodszirdk Tour of Waterworks 
Waterworks 

12 May 93 	 Lszl6 Vilimi and B61a Hernddi Discussion of ERV groundwater 
of North-Hungarian Regional monitoring network, the data that 
Waterworks (ERV) ha,,e been collected, and 

hydrogeological conditions in 
the wellhead protection area 

13 May 93 	 Dr. Istvdin Av~d of Tiszai Discussion of thcir groundwater 
Er6mti Rt., Kazincbarcika monitoring network, the data that have 

Power Plant been collected, and the power plant's 
fly 	ash pile. 

14 May 93 	 Liszl6 F. Kovzics, Liszl6 Discussion of the LEM project, 
Szentmikl6ssy, and Judit Borsodchem's work to correct 
Fukete-Nagyn6 T6r6k environmental problems, their 
of Borsodchem Rt. 	 groundwater monitoring network, and 

the data that have been collected. 
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17 May 93 Csaba Nemeth of East-
Hungarian Hydrological 
Planning Company (KEVITERV) 

17 May 93 Lszl6 Vilimi of' ERV 

18 May 93 Istvfin Samu, Mayor of 
Saj6szentpfter 

18 May 93 Chief of Borsodszirdk 
Waterworks 

19 May 93 Gbor Mezei and Istvdnn6 Mark6 
of Kditftir6-Javft6 F61dtani 
Szolgdiltat6 6s Vdllalkozisi 
(KUTFO) Kft. 

19 May 93 Dr. Rozfilia Jambrik and Dr. Imre 
Szab6 of the University of Miskolc, 
Department of Hydrogeology and 
Engineering Geology 

21 May 93 Erzsebet Szatmeri and Ern6 Pdl 
of the Borsod-Abatij-Zempl6n 
County Environmental Office 

24 May 93 Ern6 Kiss, Attila F. Mr,xton, and 
Eszter Sz6v6nyi of the Hungarian 
Ministry for Environmental and 
Regional Policy 

25 May 93 Dr. Ott6 Haszpra and Dr. Ern6 
Kalina of the Technical University 
of Budapest, Institute of Water 
Engineering 

Discussion of the 1987 KEVITERV 
report on hydrogeological conditions 
in the wellhead protection area. 

Discussion of proposed groundwater 
sample collection for organic analysis 
at Borsodszirik Waterworks. 

Discussion of the survey team's 
preliminary conclusions and 
recommendations concerning the 
wellhead protection area. 

Discussion of proposed groundwater 
sample collection for organic analysis 
and inspection of new composite 
sampling ports. 

Discussion of soil and waste 
measurements and drilling techniques 
at Epres tanya landfill. 

Discussion of hydrogeological 
conditions in the wellhead protection 
area and a computer model for 
groundwater flow in the area. 

Discussion of regulations concerning 
new and existing landfills. 

Discussion of the survey team's 
preliminary conclusions. 

Discussion of their 1992 and 1993 
reports on the Epres-tanya landfill. 
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27 Me 93 LAszl6 Vilimi of ERV 	 Discussion of final preparations for 
groundwater sample collection for 
organic analysis at Borsodszirdk 
Waterworks. 
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3.0 Survey Methodology 

This section describes the pre-survey activities of the LEM project members, field 

activities by the survey team, and subsequent technical activities by the appraisal team. 

3.1 Pre-Survey Activities of LEM Project Members 

In 1992, LEM project members and AID officials undertook two extensive field trips to 

Borsod-Abadij-Zemplin County. The first field trip was in September 1992, and the second field 

trip was in November 1992. During the first field trip, environmental problems in the county 

were assessed, and a strategy was developed to provide environmental management assistance 

to local governments in the county. Local governments and industries, regional authorities and 

hazardous waste sites were visited. The second field trip provided an opportunity to revisit local 

gcvernments and regional authorities that had responded favorably during the first field trip. 

Specific municipalities and specific environmental problems were selected for participation in the 

LEM project. Saj6szentp6ter and the Epres-tanya hazardous waste landfill were among the sites 

selected. 

In January 1993, specific individuals were selected to conduct the Saj6szenpdter survey, 

based on the technical expertise that would be needed for the survey. Several reports concerning 

the Epres-tanya landfill and environmental problems in Saj6szenp6ter and the Saj6 River valley 

were translated into English. The survey team reviewed these reports and developed a plan for 

conducting the survey and for evaluating the potential hazards associated with the Epres-tanya 

landfill. 

The technical and management assistance that could potentially be given to Saj6szenpfter 

consisted of the following five steps: 

I. 	 Independent analysis of previous studies of the Epres-tanya landfill; 

2. 	 Development of a more extensive site monitoring plan for the hazardous wastes 

at this site and other possible sites; 

3. 	 Institution of a data collection system based on the monitoring system arising from 

the plan; 
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4. 	 Analysis of data collected and preparation of a report of suggested additional 

monitoring and/or proposed remedial action; and 

5. 	 Development of a complete remediation/finance plan to resolve the hazardous 

waste effects and to protect Saj6szentp6ter's water supply. 

The survey team that visited Saj6szentp6ter in May - June 1993 addressed the first three 

steps. It was anticipated that other LEM project members would provide assistance on the last 

two steps at a later date. 

3.2 Field Activities of Saj6szentpter Survey Team Members 

1993.The Saj6szentp6ter survey team was in Hungary from 10 May through 2 June 

Upon their arrival in Miskolc, they attended a meeting of local, county and regional officials. 

goals, andAfter introductions had been completed, the survey team explained the purpose, 

schedule of the survey to the officials as a group. Subsequently, the survey team had a detailed 

discussion with Itvdn Samu, Polgdirmester (Mayor) of Saj6szentp6ter. Mayor Samu explained 

that his 	goals for the survey are: 

1. to know the situation clearly; 

2. to 	determine who is responsible; and 

3. to decide what is to be done. 

He explained that his main concern was protecting the drinking water quality at the Borsodszir.k 

Waterworks and that the hazards associated with the Epres-tanya landfill were a secondary 

concern. 

Based on this discussion and subsequent findings by the survey team in the field, the 

scope of work (terms of reference) for the survey was broadened to include an independent 

analysis, based largely upon existing data, of the groundwater chemistry and flow conditions in 

the Borsodszirik wellhead protection area, the hydrogeological protective area of the 

Borsodszirik Waterworks. Permission to broaden the scope of the survey was obtained from 

LEM project leaders and U.S. AID. The area is understood, for the purposes of the survey, to 

be within a legally-defined boundary based on hydrogeological conditions. It has an area of 

approximately 30 km 2 and is hydraulically upgradient of the wellfields. 
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The survey team conducted several field evaluations to investigate the Borsodszirik 

Waterworks, the wellhead protection area, and potential sources of groundwater contamination 

in the area. The field evaluations focused on the potential sources of contamination, the 

geological and hydrogeological conditons around the potential sources, and the relationship 

between the potential sources and the waterworks. Photographs were taken to document the 

conditions around the potential sources of contamination. 

The survey team required geological, hydrogeological, and groundwater chemistry 

information for the wellhead protection area and potential contamination sources in the area. The 

team identified organizations and individuals in local agencies, industries, and universities who 

were knowledgeable in these subjects. Appointments were made for information-gathering 

interviews. The team prepared a set of questions prior to each interview. In some cases, the 

questions wece typed and were translated into Hungarian in order to facilitate communications 

during the interview. Considerable amounts of technical information and groundwater monitoring 

data were given to the survey team as a result of the interviews, as described in Section 2.5. The 

organizations and individuals were cooperative and willing to share their knowledge with the 

survey team. 

During the course of its investigations, the survey team discovered that a fairly extensive 

groundwater monitoring network already existed in the wellhead protection area. Groundwater 

samples have been routinely collected from monitoring wells and analyzed for their inorganic 

components (such as heavy metals). Organic components have not been analyzed in the past 

because of the lack of instrumentation for such analyses. However, the survey team found some 

indications that potentially hazardous organic compounds were used in the surrounding industrial 

area. It was suspected that these compounds could have been disposed in some portions of the 

alluvial basin. For example, the team observed the application of pesticides on crops in the area 

immediately surrounding Borsodszirdk Waterworks L/A during one of the field evaluations. 

The survey team recommended that composite groundwater samples be collected from the 

waterworks and be analyzed for specific organic and inorganic components. The primary 

objective of the sampling and analysis task was to indepi7ndently establish whether or not 

hazardous organic compounds are currently present in the wellfields on the basis of the composite 

groundwater samples. Organic compounds are typically more mobile in groundwater than heavy 

metals and may be a greater hazard to the drinking water quality than heavy metals. These 
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results would help to establish the need for a comprehensive groundwater monitoring program. 

Regional Waterworks (ERV) to collectPermission was obtained from the North Hungarian 

composite groundwater samples from the waterworks for analysis in the United States. The 

survey team developed a preliminary sampling and analysis plan for this effort. 

The composite groundwater samples were collected from the waterworks on 1 June 1993 

The details of the sampling andand were transported to the United States on the following day. 


analysis procedures and the analytical results are provided in another report, which is titled "Final
 

Analytical Results of Composite Groundwater Samples Collected from the Borsodszirik
 

Wellfields," dated July 1993.
 

3.3 Technical Evaluation Activities 

The following subsections describe the general methodology used by the appraisal team 

to analyze available data. 

3.3.1 Geographic Information System Analysis. The base maps used in this report 

(Appendix B) were developed using geographic information system (GIS) techniques with spatial 

The map sources varied ininformation derived from numerous Hungarian paper map sources. 

their levels of accuracy due to reductions, enlar.'ements, and physical condition. The maps 

included in this report, therefore, meet the objectives of this survey but do not follow generally 

accepted cartographic accuracy standards. 

The base features (roads, railroads, rivers, and municipal boundaries) were derived from 

a single source consisting of six adjacent, uniformly scaled (1:10000) topographic maps. The 

These maps required sometopographic maps were apparently produced in the mid to late 1960s. 

adjustment along the borders to match adjacent maps. A common coordinate system was used 

so that other features could be added to the base map, including the location of the ERV 

waterworks, monitoring wells, the Epres-tanya landfill, the fly ash disposal area, other landfills 

and disposal areas, and the wellhead protection area boundary. EOV coordinates for the 

monitoring wells could not be used because the appraisal team did not have any appropriately

scaled paper maps in this coordinate system. 
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3.3.2 Database Construction. Data concerning groundwater quality, groundwater levels, 

and drinking water quality were obtained in several different media (i.e., computer data files, 

computer printouts and typed tables). The ERV computer data file BSZIRAK.TXT served as the 

basis for a single database that would contain all the data. First, it was converted from a text file 

into an Excel ""spreadsheet file. Second, the data from Borsodchem Rt. and Tiszai Ertmb Rt. 

were entered manually into the file. Yearly average values were calculated and figures 

illustrating the data were prepared. 

The data were analyzed to determine the portion of the data that best represented the 

wellhead protection area. The most complete set of groundwater quality and groundwater level 

data is the 1992 data. These data do not appear to be significantly different from data for other 

years. The most complete and representative set of drinking water quality data is that of 1991. 

These data were the primary focus of the groundwater chemistry appraisal, although other data 

were investigated as the need arose. 

3.3.3 Hydrogeologic Evaluation. The hydrogeologic evaluation performed for this 

project involved the review of available geologic and hydrogeologic reports applicable to the 

area. Initially, the general geology and hydrogeology of the area were evaluated. A summary 

of this regional information is presented in Section 4.3. 

The most significant and comprehensive hydrogeologic study of the area was performed 

by Keletmagyarorszfigi Vizi.igyi Tervezo Vdillalat (KEVITERV). Their report entitled 

"Determination of the Hydrogeological Protective Profile of Water Works Borsodszirdk I and I/A 

(Technical Description)" is dated July 1987. The KEVITERV report described the installation 

of three monitoring wells (V-series), determination of hydraulic conductivity for the gravel 

aquifer, sample collection, regional hydrogeology and local groundwater movement, water 

quality, and potential contamination sources for the water-supply system. Evaluations for the 

LEM appraisal focused or the more subjective aspects of the report for which confirming data 

were available, such as reproduction of groundwater streamline maps and water level maps. In 

addition, evaluations were performed using more recent available data, such as water level maps 

and hydrographs. 
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3.3.4 Water Chemistry Analysis. Groundwater chemistry was evaluated using analytical 

data collected during 1992. As part of the evaluation, the annual mean concentrations of major 

and minor inorganic constituents were compared to the applicable limit values established by 

Hungary for drinking water. A series of figures were developed to illustrate the areas in which 

groundwater was characterized by constituent concentrations in excess of the applicable limit 

values. This enabled the determination of areas that have the potential to iapiact groundwater 

quality upgradient of the waterworks. 

Water quality at Waterworks I and YA was evaluated using data collected during 1992 

for composite and individual water samples. If data were not available for 1992, the data 

generated during 1991 were used. 

3.3.5 Hazard Ranking System. In 1980, the United States Congress passed the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), which 

is commonly known as "Superfund". This law established a program to identify sites where 

hazardous substances have been, or might be, released into the environment; to ensure that these 

sites are cleaned up by responsible parties or by the government; to evaluate damages to natural 

resources; and to create a claims procedure for parties who have cleaned up sites or who spent 

money to restore natura! -sources. 

The U.S. Environmental Protection Agency (EPA) developed the Hazard Ranking System 

(HRS) in response to the CERCLA requirement to identify sites where hazardous substances have 

been, or might be, released into the environment. HRS is used to answer three basic questions 

about the sites: 

1. 	 What hazardous wastes are present at the site and what are their quantities and 

properties? 

2. 	 What is the probability that hazardous wastes have been released into the 

environment? 

3. What people or other potential targets may be affected by the release? 

HRS is a mathematical procedure for determining the potential hazard from one site relative to 

other sites. Each site is given a numerical HRS score, which quantifies the magnitude of the 

hazard from the site. Any site with a HRS score greater than 28.5 could be placed on EPA's 

National Priority List (NPL). The NPL includes those sites that appear to have the most serious 
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threat to public health and the environment. Sites on the NPL must be studied in greater detail. 

NPL sites have high priority for long-term evaluation and remedial response. EPA must decide 

whether it will require that the responsible groups clean the site or whether it will clean the site 

itself. Other U.S. or state regulations may require the cleaning of sites with HRS scores that are 

less than 28.5. 

3.3.6 Multimedia Exposure Assessment Model (MULTIMED). The U.S. EPA's 

Multimedia Exposure Assessment Model (MULTIMED) was used to characterize the potential 

for migration for contaminants from potential waste disposal areas to potential receptors. 

Specifically, MULTIMED was used to estimate the effects of the disposal of organic chemicals 

at the Epres-tanya landfill on the Borsodszirdk Waterworks I. Chemical, aquifer, and source

specific variables were defined for the area, and analytical and semi-analytical solution techniques 

were used to assess the localized contaminant fate and transport. 

For this appraisal, best estimates of the aquifer parameters and source characteristics were 

entered in the m~odel. Three different contaminants were modeled by varying chemical 

distribution coefficients. In addition, three values for fractional organic carbon content in the 

aquifer were modeled for each chemical to account for variations in this aquifer parameter. 

Contaminant pulse durations of 22 years (with a 40 year simulation period) and 50 years (with 

a 100 year simulation period) were modeled. The MULTIMED modeling process and results are 

described in detail in Section 5 of this report. 
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4.0 Regional Information 

The following sections include information on the geographic setting of the site, 

description of the water resources for the region, and the hydrogeologic framework for the area. 

This information provides a foundation for the assessment of the wellhead protection area. 

4.1 Geographic Setting 

The Borsodszirik wellfield protection area is located in a broad alluvial valley near the 

confluence of the Saj6 and B6dva Rivers; this area is part of a larger region referred to as the 

Saj6-Hernad valley. The Saj6 River flows in an east-west direction from upland areas referred 

to as the 6zd-Borsodi coal basin. At Kazincbarcika, the Saj6 River turns to the southeast where 

it is joined by the B6dva River. The B6dva River flows from north to south from a mountainous 

area (Szendroi. Aggteleki, Rudabanyi, and Tornai) and the upper B6dva basin. Both the Saj6 and 

B6dva rivers have relatively narrow floodplains in the upland regions, but a broad, flat floodplain 

has developed at their confluence. 

4.2 Water Resources 

Water resources for a large region of northern Hungary, including the study area, are 

provided by the North-Hungarian Regional Waterworks (tRV). In 1990, ERV provided water 

to 340,000 individuals in 100 settlements and 11 towns, and to 31 industrial consumers. The 

ERV is divided into 7 regional water supply units. The survey area is served by the Regional 

Water Supply System of Borsod County (BRV), a subdivision of ERV. BRV's principal 

constmers include the cities of Kazincbarcika and Ozd as well as numerous smaller villages and 

industrial plants in the county. 

Groundwater supplied by the BRV serves approximately 74300 inhabitants, some of which 

are served by other waterworks of the BRV. This survey focused on the wellhead protection area 

for the Borsodsziraik Waterworks I and I/A (Figure 3), which produced an average of 10236 m3/d 

in 1992. The boundary of this wellhead protection area was determined based on geographic and 

hydrogeologic factors. 
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Waterworks I is located on the southwest bank of the B6dva River (Figure 5). This 

welfield, developed in the 1950s, now consists of 41 closely spaced production wells that extract 

grotndwater from the Pleistocene gravel aquifer. The total production rate for this waterworks 

3/d; however, pumping rates for each individual productionin 1992 was appro-imately 9320 m

well were not available. The gravel aquifer at Waterworks I is enriched by artificial recharge. 

This is accomplished by pumping water directly from the B6dva River into 19 infiltration ponds 

aquifer at(or sieves). Approximately 80 percent of the groundwater pumped from the 

Waterworks I is derived from the i.filtration ponds. 

Waterworks I/A is located approximately 2 km south of Waterworks I (Figure 6). 

Watenxrks I/A includes 7 production wells, but only wells 1, 2, 3, 5 and 7 are currently 

operational. Therefore, its production (1992 average approximately 916 m3/d) is significantly 

lower than Waterworks I. The production wells in Waterworks I/A also pump groundwater from 

Individual production rates are not available and there is nothe Pleistocene gravel aquifer. 

artificial recharge of the aquifer at this location. 

Initially, water collected from the wellfields was not chemically treated. Groundwater is 

water manifolds where it is chlorinated and discharged into distributionnow pumped into raw 


lines for drinking water supply.
 

4.3 	 Hydrogeologic Framework 

The baseThree primary hydrostratigraphic units underlie the Saj6-B6dva River valley. 

of the hydrogeologic system in the study area consists of interlayers of Miocene clay and sand 

Marl and tufa, with some thin interlayers of sand andwith localized seam,' of coal and lignite. 

localized intrusions of andesitic, dacitic, and/or rhyolitic rock, are present in the Miocene units 

in some areas. Only monitoring wells V-3 and ET-103 are known to terminate in the Miocene 

Little is known about the regional flow of groundwater in the Miocene strata.sediments. 

The water supply for the region is obtained from a Pleistocene alluvial sand and gravel 

aquifer. This aquifer fills the valley region at varying thicknesses and is bounded by the 

localities for constructionsurrounding uplands. Gravel wus mined from this aquifer in some 

materials, and ponds have developed where the excavations extend below the water table. The 

aquifer has been studied for water supply purposes, and its hydraulic characteristics are relatively 
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well-documented. The thickness of thie Pleistocene aquifer varies from 5 to 12 meters (Figure 

7). The aquifer is thicker in the centi al are;i of the valley where incised alluvial channels have 

been filled, and thinner near the upland boundaries. The hydraulic conductivity (K) distribution 

for the aquifer has been estimated by KEVITERV from grain size analyses and a limited number 

of aquifer tests. '[he distribution of K for the area, as determined by KEVITERV, is presented 

in Figure 8. 

Water level maps for the gravel aquifer were produced in October 1986 and March 1987 

in a technical report produced by KEVITERV (Figures 9 and 10, respectively). These figures 

indicate that groundwater flow is from the highland areas into the alluvial valley, continuing in 

a southerly direction in the alluvial valley. 

Overlying the gravel aquifer is a layer of Holocene sand, muddy clay-sands, and mud. 

This layer varies from I to 8 meters in thickness (Figure 11). These sediments have most likely 

been extensively reworked due to the meande.ing of the rivers and associated tributaries present 

in the valley. Due to the discontinuity of the overlying silt and clay layer, the gravel aquifer is 

not considered to be confined. 

The Pleistocene gravel aquifer is overlain by a layer of lower-permeability sediments 

(hydraulic conductivity in the range of I to 2 m/day). This layer is not continuous in the study 

area, due to redistribution of the sediments by rivers and streams in the area, and due to mining 

for grave! deposits. It was observed that some of the excavations for the gravcl deposits extend 

below the water table. Where these excavations were not backfilled, ponds have formed. 

A northeast-southwest trending fault zone traverses both of the river valleys in the upland 

areas west and north of the strdy area. This fault zone crosses the Saj6 valley approximately 10 

km west of Kazinbarcika and crosses the B6dva River approximately 23 km north of the Saj6-

B6dva confluence. Several warm springs and wells (>25 'C) are present along this fault zone. 

An additional northeast-southwest trending fault zone is present approximately 35 to 50 km to 

the east of the study area. It is reported that northeast-southwest trending fault zones are present 

in the deeper units in the study area (Jambrik, 1987; KEVITERV, 1987). 
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5.0 Results of Independent Appraisal 

The independent appraisal focused primarily on three environmental aspects associated 

with the wellhead protection area. These include an evaluation of the hydrogeology of the area, 

an evaluation of the groundwater quality in the aquifer, and the qualitative assessment of a 

landfill located within the wellhead prote ction area. The results of the evaluation of these aspects 

are discussed in the following sections. 

5.1 Hydrogeologic Evaluation 

The technical report prepared by KEVITERV was reviewed as described in Section 3.4. 

There is little reason to question the validity of the empirical data on hydraulic conductivity 

estimation, aquifer and groundwater elevations, and unit thicknesses presented in the report. 

However, some of the most important factors to consider in an assessment of groundwater 

contamination are groundwater flow direction and velocity. These factors are assessed by 

subjective interpretation of water level data and hydrographs. The survey team then developed 

independent interpretations of the same data as KEVITERV and then compared them with the 

KEVITERV interpretation. 

5.1.1 Evaluation of Water Level Data. Water level maps produced by KEVITERV for 

October 1986 and March 1987 were evaluated (Figures 9 and 10, respectively). Figure 9 

(October 1986) apparently depicts water level conditions in the Pleistocene gravel aquifer when 

the waterworks were not operational. It is apparent that Waterworks I was not operational during 

this time. However, the positions of the isopleths near Waterworks I/A are similar in Figures 9 

and 10, suggesting that Waterworks I/A may have been operational at this time. Figure 9 

indicates a water level depression in the vicinity of a gravel excavation pit immediately southeast 

of the Epres-tanya landfill as an area of discharge, reportedly due to a high rate of evaporation 

from the pit. However, it was determined that a well present at the farmer's cooperative at 

"Bart6k Bdla" was in use at the time of water level measurement. It is unlikely that evaporation 

from the gravel pit and pumping from a single well could result in such a depression of the water 

level surface. However, required data are not available which would confirm or refute this 
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assertion. The duration of time between cessation of operation of Waterworks I, and water level 

measurements is not known. Incomplete recovery of the aquifer after cessation of Waterworks I 

pumping, in combination with a high evaporation rate, may be responsible for the orientation of 

the water level surface in this area. 

Figure 10 is a water level map for the Pleistocene gravel aquifer during operation of the 

Borsodszirdik Waterworks I and I/A in March 1987. Figure 10 indicates that the groundwater 

flow is affected by withdrawal of groundwater from the Borsodszirdik wellfields, especially 

Waterworks 1.In order to provide an alternate interpretation of the March 1987 water level data, 

an additional water level map was produced using the same water level data (Figure 12). 

areConsidering the subjective nature of manual contouring methods, Figures 10 and 12 quite 

similar. Therefore, the characterization of the groundwater flow regime during this time period 

is consistent, and the KEVITERV March 1987 water level map appears to be a valid basis for 

determining groundwater streamlines. 

During the 1993 survey by LEM, existing groundwater level data were collected from 

Water level data fororganizations responsible for numerous monitoring wells in the study area. 

March 1992 were used to produce a water level map for the study area (Figure 13). Changes in 

are small.the groundwater flow regime in the study area between March 1987 and March 1992 

flyash deposit.A more definitive area of recharge is evident in the vicinity of the Tiszai Er6mti 

probably aLittle difference can be seen in the areas of Waterworks I and I/A. Variations are 

result of climatic conditions, water extraction rates for the Borsodszirdik wellfields, and infiltration 

rates at the Tiszai Erimd flyash deposit. 

Long-term water level data for monitoring wells in the study area were not available. 

Hydrographs forShort-term water level trends were available for a limited number of wells. 

1992 for the V-series we!ls are presented in Figure 14. The V-series wells are located near the 

flash deposit of the Tiszai Erdmti as shown in Figure 4. Figure 14 indicates an anomalous 

decrease in the water level for well V-2 to below that of V-3, which is terminated in the deeper 

The reason for this abrupt change in the water level for well V-2 is unknown butMiocene units. 


may be attributed to damage or clogging of the well screen or improper water level measurement.
 

Hydrographs from 1990 to early 1993 for the E-series wells are presented in Figures 15 

and 16. Hydrographs for the ET-series wells (referring to the Epres-tanya landfill) from early 

1992 to early 1993 are presented in Figure 17. Hydrographs for the H-series wells for late 1991 
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to early 1993 are presented in Figure 18. None of these hydrographs indicate significant trends 

in the water levels over the relatively short duration of the hydrographs. 

Little is known about the hydrogeologic characteristics of the water-bearing units of the 

Miocene sediments underlying the Pleistocene gravel aquifer. Only two wells (V-3 and ET-103) 

are known to terminate in these Miocene units. Due to the lack of multiple, closely-spaced wells 

terminating at various depths in the Pleistocene and Miocene aquifers, determination of vertical 

flow information was not possible. 

5.1.2 Evaluation of Groundwater Travel Times. The LEM appraisal team estimated 

groundwater travel times from several potential point sources to Waterworks I and compared 

them to estimates calculated by KEVITERV. In addition, a semi-analytical model was used to 

estimate the groundwater travel times from a sensitive area. These topics are des-ribed in the 

following sections. 

5.1.2.1 Velocity Calculation Along Groundwater Streamlines. KEVITERV 

produced a map indicating estimated groundwater streamlines and estimated groundwater travel 

times from potential point sources selected by KEVITERV (Figure 19). This map is based on 

the March 1987 water level data presented in Figure 10. For reference, the potential point 

sources selected by KEVITERV were assigned identification letters A to P (excluding 0). 

Figure 20 presents the LEM appraisal team's interpretation of the groundwater streamlines and 

travel times based on the same water level distribution used in Figure 10. 

A comparison of Figures 19 and 20 indicates that the estimated streamlines are in general 

agreement, with the exception of those from potential point-sources N and P. The shorter 

streamlines from N and P to Waterworks I shown in Figure 20 are based on the assumption that 

groundwaict would flow perpendicular to groundwater level isopleths. 

Figure 19 presents groundwater travel times (in years) estimated by KEVITERV for 

migration from the potential point sources to Waterworks I. These travel times were evaluated 
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for this appraisal by summation of integrated travel times for segimients of each groundwater 

streamline. Linear groundwater velocity along each section was calculated using Darcy's Law: 

v, = (K*I)/n,; where: 

v, = linear groundwater velocity; 
K = hydraulic conductivity; 
I = hydraulic gradient; 
n, = effective porosity. 

The hydraulic gradient was determined for each segment using the revised March 1987 

water level map (Figure 12). Hydraulic conductivity values were estimated for each section using 

Figure 8. A hydraulic conductivity value of 25 meters/day was assumed for distant reaches of 

the streamlines not quantified on Figure 8. 

A comparison of Figures 19 and 20 indicates some differences in the estimated travel 

times. Values for the parameters selected by KEVITERV for calculating these travel times are 

unknown. 

A comparison of the travel times calculated by KEVITERV and those calculated during 

the LEM appraisal is presented in Table 1. Table 1 indicates that the majority of travel times 

calculated for this appraisal are shorter than those calculated by KEVITERV. However, many 

were in near agreement; in fact, the recalculated travel times are significantly longer for potential 

point sources D and H. These discrepancies may be attributed to differing interpretations of the 

hydraulic gradient or hydraulic conductivity selected for the distant reaches of the streamline. 

The recalculated estimated travel times are significantly shorter for potential point sources L, N, 

and P, because of the more direct estimated streamlines from the potential point sources to the 

wellfield. Point source L corresponds to the Epres-tanya landfill. Additional assessment of the 

migration of contamination from this point is presented in Section 5.3.4. As discussed in the 

KEVITERV report, these travel times estimate only of groundwater flow velocity, and not 

contaminant migration. The estimations do not take into consideration dispersion, mixing, 

retardatioin by sorption, or diffusion. 

5.1.2.2 Particle Tracking Assessment. A semi-analytical particle tracking model 

was used to compute estimated groundwater travel times in the vicinity of the Borsodszirdk 

Waterworks I. The semi-analytical component of the GPTRAC (General Particle Tracking) 

Module of the U.S. EPA Wellhead Protection Area (WHPA) Model was used for this comparison 
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(Blandford and Huyakorn, 1990). This model calculates 5-year and 10-year capture zone areas 

and calculates particle pathlines using an analytical velocity computation. 

Assumptions 

The model assumes presence of a homogeneous aquifer, with steady-state, two

dimensional groundwate, flow. Wells in the model are assumed to be fully penetrating. A 

uniform gradient and flow direction must be specified in the model inputs. The model simulates 

groundwater flow velocity only and does not consider migration of reactive compounds in the 

groundwater. 

Input Parameters 

An aquifer transmissivity value of 400 m2/d was assumed for the aquifer, based on a 

hydraulic conductivity value of 40 m/d (Figure 8) and an aquifer thickness of 10 m (Figure 7). 

An aquifer porosity of 25 percent was assumed for the aquifer. The groundwater flow vector was 

represented by an hydraulic gradient of 0.0016 flowing north 50* east, based on 1992 water level 

measurements obtained from the Epres-tanya - Waterworks I areas. A total of ten wells (five 

production and five recharge) were simulated. The five production wells were evenly distributed 

throughout the simulated Waterworks I plant with a pumping rate of 1865 m3/d assigned for each 

well. The five recharge wells were added to simulate the effects of the enriching of the aquifer 

at Waterworks i by use of infiltration ponds or "sieves." Recharge wells were placed 50 feet east 

of each corresponding production well with a recharge rate of 1492 m3/d (representing 80 percent 

of withdrawal rates). The model was used to determine 5-year and 10-year capture zones for the 

production wells at Waterworks I. 

Results 

The model generated a series of flow lines which designate the capture zones for each 

production well. Figure 21 indicates the 5-year capture zone for Waterworks I and Figure 22 

indicates the 10-year capture zone for Waterworks I. These figures suggest that non-reactive, 

mobile contaminants released from the vicinity of the Epres-tanya landfill would be intercepted 

by Waterworks I at approximately 10 years, assuming a uniform groundwater flow direction and 

steady, continuous introduction of non-reactive contaminants into the aquifer. Though the model 
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does not represent the actual flow conditions and contaminant migration, it is useful for 

identifying and evaluating potential areas of concern in the vicinity of the waterworks. 

5.2 Groundwater Chemistry 

To evaluate groundwater chemistry, mean groundwater quality concentrations were 

derived for selected chemical constituents in 19 monitoring wells located within the wellhead 

protection area. Tables 2 and 3 present the annual mean concentration for each constituent 

monitored during 1992. Mean concentration values were used for this evaluation due to the 

availability of monitoring data for 1992 for each of the 19 monitoring wells. In addition, the 

mean concentration, rather than an individual concentration, was used to decrease uncertainties 

associated with differences in groundwater sample collection schedules, sample collection 

methodologies, sample handling, and chemical analyses. The data used to derive Tables 2 and 

3 are contained in Appendix C. 

Monitoring well sites were selected to provide water quality data relative to specific areas 

within the wellhead protection area. This information, obtained from various sources, was 

compiled to gain a more extensive survey of groundwater quality. Monitoring well designations 

and specific monitoring purposes are listed in Table 4. 

The list of analyzed constituents may not be the same for each monitoring well, due in 

part to analytical differences. For example, the different organizations, involved in sample 

collection and analysis, may have requested analysis of different constituents, thereby resulting 

in minor gaps in the data. Furthermore, varying analytical instrumentation most likely resulted 

in differences in the method detection limits. This was especially apparent in the evaluation of 

the minor ion constituents. Finally, some organizations used the value of zero to indicate a 

measurement below the detection limit; whereas, others used the detection limit itself to indicate 

the same type of measurement. if the detection limit was reported, values below this limit are 

presented in the tables as "less than the detection limit." 

Each of the mean concentrations was compared to the applicable limit values for drinking 

water as established by Hungary (Hungarian National Standards for Drinking Water, Physical and 

Chemical Quality Criteria [MSZ 450/1-1989]). In most cases, the "tolerable" limit value was 

used; however, in the case of sodium, the "adequate" limit value was used. These limit values 
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are included on Tables 2 and 3. In cases for which Hungary has not established a limit value, 

the public health authorities of Hungary allow for individual limit values to be set on the basis 

of available toxicological data and international regulations. In these cases, the U.S. EPA 

maximum contaminant levels (MCLs) for contaminants in drinking water were consulted. 

Specifically, the U.S. EPA MCLs were consulted for nickel concentrations. 

5.2.1 Evaluation of Major Ion Constituents in Groundwater. Table 2 presents the 

mean concentration data for 1992 for sodium, chloride, ammonium, nitrate, sulfate, and 

conductivity. Monitoring wells V-3 and ET-103 represent groundwater chemistry in the Miocene 

aquifer; the other monitoring wells represent groundwater chemistry in the Pleistocene gravel 

aquifer. 

The mean concentration for each of the constituents was compared to the drinking water 

limit value. These comparisons of major ions in Pleistocene aquifer groundwater to drinking 

water standards are presented on Figures 23 to 28. The monitoring wells screened in the 

Miocene aquifer were not included on these figures to avoid misrepresentation. 

The area of each circle shown in the figures is proportional to the ratio of the mean 

concentration divided by the limit value established by Hungary for drinking water. For example, 

a ratio of 2.5 indicates that the ion concentration in groundwater is 2.5 times greater than the 

applicable standard. To aid in comparison between figures, a minimum and maximum size was 

defined for the circles. The minimum size corresponds to a ratio of 0.5 and the maximum size 

corresponds to a ratio of 3. In order to make high concentration areas easy to recognize, the 

circle was shaded a dark gray if the mean concentration exceeded the limit value. Otherwise, 

the circle was shaded a light gray. The mean concentration for each monitoring well is included 

for each circle. 

5.2.1.1 Sodium. Based on the 1992 mean sodium data, the limit value of 200 

milligrams per liter (mg/L) for sodium in drinking water was not exceeded in groundwater 

collected from the Miocene aquifer. The limit value was only exceeded in samples collected 

from one monitoring well screened in the Pleistocene gravel aquifer (Figure 23). Monitoring well 

ET- 104 indicated a mean concentration of 440 mg/L. This well monitors groundwater chemistry 
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near the Epres-tanya landfill. This mean concentration exceeded the limit value by a factor 

of 2.2. 

5.2.1.2 Chloride. The limit value of 100 mg/L for chloride in drinking water was 

not exceeded in groundwater collected from the Miocene aquifer. However, the limit value was 

exceeded in eight monitoring wells screened in the Pleistocene gravel aquifer. As shovn on 

Figure 24, high mean concentrations of chloride were observed in monitoring well E-6, and in 

the areas of the Epres-tanya landfill, the manure storage pile, and Waterworks I. Note that in 

well ET-101, the mean chloride concentration (247 mg/L) was 2.5 times greater than the limit 

value, and in monitoring well ET-104, the mean concentration (840 mg/L) was 8.4 times greater 

than the limit value. 

5.2.1.3 Ammonium. The limit value of 0.2 mg/L for ammonium was exceeded 

in one of the two monitoring wells providing water quality data for the Miocene aquifer. The 

1992 mean ammonium concentration was 3.53 mg/l, in monitoring well ET-103, which exceeds 

the limit value by a factor of 17.7. Because Figure 25 represents water quality chemistry in only 

the Pleistocene aquifer, this high concentration of ammonium does not appear on the figure. 

As shown on Figure 25, the limit value for ammonium was exceeded in 11 of the 17 

monitoring wells screened in thc Pleistocene gravel aquifer. The ammnonii'm limit value was 

exceeded in the areas of the Epres-tanya landfill, the manure storage pile, and the interior and 

perimeter of the fly ash pile. 

Because of the constraint on the maximum size of the circle used to illustrate high 

concentrations of ammonium, the exact magnitude of the exceedences cannot be shown in 

Figure 25. Table 5 presents the mean ammonium concentration and the ratios of the mean 

ammonium concentration to the limit value for the wells that are characterized by high 

15 in six of the wells. Itconcentrations. The limit value is exceeded by a factor of more than 

is exceeded by a factor of more than 100 in monitoring well ET-104, which is near the Epres

tanya landfill and the nearby cattle feedlot. 

5.2.1.4 Nitrate. The limit value of 40 mg/L for nitrate in drinking water was not 

exceeded in groundwater collected from the Miocene aquifer. The limit value was exceeded in 
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one of the monitoring wells screened in the Pleistocene gravel aquifer. Monitoring well E-4, 

which is in the area of the Waterworks I, was characterized by a mean nitrate concentration of 

60.8 mg/L (Figure 26). 

5.2.1.5 Sulfate. The limit value of 300 mg/L for sulfate in drinking water was 

not exceeded in groundwater collected from the Miocene aquifer. However, the limit value was 

exceeded in 10 of the monitoring wells screened in the Pleistocene gravel aquifer. As shown on 

Figure 27, high concentrations of sulfate were observed in the areas of the Epres-tanya landfill, 

the interior and perimeter of the fly ash pile, and the Waterworks I and I/A. These areas of high 

sulfate concentration may be part of a single larger area of high concentration that stretches from 

the fly ash pile to the waterworks. Sulfate was not measured in the TSZ-series monitoring ,vells. 

5.2.1.6 Conductivity. Conductivity is a measure of the total amount of ionic 

constituents in groundwater. Hungary defines the "tolerable" limit value for conductivity in 

drinking water as 1600 ptS/cm. The limit value was not exceeded in groundwater collected from 

the Miocene aquifer. However, the limit value was exceeded in 7 monitoring wells screened in 

the Pleistocene gravel aquifer (Figure 28). High conductivity was observed in the areas of the 

fly ash pile, the Epres-tanya landfill, and the manure pile. The greatest mean concentration of 

conductivity for 1992 was 3515 pS/cm, which was observed in monitoring well ET-104. This 

value exceeded the limit value by a factor of 2.2. 

5.2.2 Evaluation of Major Ion Constituents in Drinking Water. The previous section 

(5.2.1) evaluated major ion constituents in groundwater samples from monitoring wells in the 

Borsodszirik wellhead protection area. Evaluation of the groundwater chemistry in the wellhead 

protection area provides an indication of the quality of the groundwater that will reach 

Waterworks I and I/A. If the drinking water limit values are exceeded in groundwater collected 

from within the wellhead protection area, the potential exists for adverse impacts to drinking 

water quality. 

This section evaluates drinking water quality by reviewing the analytical data for chloride, 

nitrate, ammonium, sulfate, and conductivity for composite and individual water samples 

collected from. 'Aaterworks I and I/A (Appendix C). Sodium concentrations were not available 
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for composite water samples. Data for Waterworks I were available from January 1990 through 

November 1992. Data for Waterworks I/A were available from November 1980 through October 

1991. Where results of composite water analyses were not complete for 1992, data generated 

during 1991 were used. 

5.2.2.1 Sodium. Sodium concentrations in composite water samples from 

Waterworks I and I/A were not available; however, sodium concentrations in individual water 

supply wells were available and were used to evaluate water quality at the waterworks. 

The mean sodium concentration for individual water supply wells in Waterworks I was 

31.8 mg/L in November 1992. The mean concentration is less than the drinking water limit 

value of 200 mg/L. The limit value was exceeded in only one of the individual water supply 

wells in Waterworks I in November 1992 (285 mg/L in water supply well No. 10A). 

Sodium concentrations in individual water supply wells in Waterworks I/A did not exceed 

the limit value in 1992. Sodium concentrations were consistently less than 120 mg/L in water 

samples collected from individual water supply wells. Sodium concentrations in individual water 

supply wells in Waterworks I/A were plotted from 1991 to early 1993 (Figure 29). Note that a 

concentration gradient is apparent along the length of the wellfield, with higher values noted to 

the southwest. 

5.2.2.2 Chloride. The mean chloride concentration for composite water samples 

collected from Waterworks I during 1992 was 49 mg/L. This concentration is below the drinking 

water limit value of 100 mg/L. The limit value was not exceeded in any one of the composite 

samples collected during 1992. 

Chloride concentrations in composite water samples collected from Waterworks I/A were 

incomplete for 1992; therefore, the 1991 data were used. The mean chloride concentration for 

composite water samples collected from Waterworks I/A during 1991 was 163 mg/L. This mean 

concentration value exceeded the limit value, as did the majority of the individual composite 

samples collected from Waterworks I/A during 1991. Review of the database indicated that 

chloride concentrations in composite water samples consistently exceeded the limit value from 

the initiation of data collection in 1988 through 1991. The mean chloride concentration for this 

period was 158 mg/L. 
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Figure 30 illustrates the chloride concentration in individual water supply wells in 

Waterworks I/A for the period from 1988 through 1992. Note that a concentration gradient exists 

along the length of the wellfield. 

The fact that the drinking water limit value for chloride in composite water samples was 

exceeded in water samples from Waterworks I/A, and not in Waterworks I, may be an indication 

of the effects of dilution in Waterworks I as a result of artificial recharge. The water collected 

from Waterworks I is approximately 20 percent groundwater and approximately 80 percent 

infiltrated river water. It is hypothesized that the river water is characterized by lower 

concentrations of chloride than the groundwater, and the mixing of the two may result in an 

overall lower chloride concentration. Dilution is not a factor in composite water samples 

collected from Waterworks I/A. As a cojlscqucnce, the high chloride concentrations most likely 

reflect actual groundwater chemistry conditions in the vicinity of the wellfield. 

5.2.2.3 Ammonium. Although ammonium concentrations in groundwater samples 

collected from the wellhead protection area during 1992 frequently exceeded the drinking water 

limit value, the limit value of 0.2 mg/L was exceeded in only one individual composite water 

sample collected from Waterworks I during 1992. Ammonium was measured at 0.33 mg/L in 

a composite water sample collected in January 1992. The mean ammonium concentration for 

1992 was 0.06 mg/L. 

The 1992 data for composite water samples collected from Waterworks I/A were not 

available; therefore, the 1991 data were used. The mean ammonium concentration for 1991 was 

0.03 mg/L. 

Figures 31 and 32 present ammonium concentrations in drinking water collected from 

individual water supply wells from Waterworks I/A. The ammonium data were divided between 

two figures for clarification purposes. As shown on Figure 31, the limit value is exceeded on 

occasion in water supply wells 1and 6. In contrast, the ammonium limit value is not exceeded 

in water supply wells 2, 3, and 5 (Figure 32). 

5.2.2.4 Nitrate. The limit value of 40 mg/L for nitrate in drinking water was not 

exceeded in composite water samples collected from Waterworks I during 1992. Nitrate 
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concentrations were consistently less than 20 mg/L during 1992. The mean nitrate concentration 

was 12.8 mg/L. 

Monitoring well E-4 had a mean nitrate concentration of 60.8 mg/L during 1992 

(Figuie 26). Yet, almost all the nitrate concentrations for individual wells in Waterworks Iwere 

less than 20 mg/L during 1992. Water supply well 12 was the sole exception, with a value of 

30 mg/L for October 1992. It appears that the higher nitrate concentrations in the groundwater 

near Waterworks Iare being diluted by river water containing lower nitrate concentrations. 

The 1992 data for composite water samples collected from Waterworks I/A were not 

available; therefore, the 1991 data were used. Nitrate concentrations in Waterworks I/A were 

equal to or less than 30 mg/L, and the limit value was not exceeded during 1991. The mean 

nitrate concentration was 25.2 mg/L. 

Figure 33 presents nitrate concentrations for individual wat, r supply wells in 

Waterworks I/A. Note that the limit value was exceeded in individual water supply wells 1, 3, 

5, and 6. The limit value was consistently exceeded in water supply well 5. As with sodium and 

chloride, a concentration gradient was observed along the wellfield. 

5.2.2.5 Sulfate. A,; shown on Figure 27, sulfate concentrations in groundwater 

samples collected from the wellhead protection area during 1992 frequently exceeded the drinking 

water limit value of 300 mg/L. However, despite the high concentrations of sulfate observed in 

the groundwater, tl.e limit value was not exceeded in composite water samples collected from 

Waterworks I during 1992. The maximum sulfate concentration was 132 mg/L, which was 

measured in October 1992. The mean sulfate concentration was 105 mg/L. 

The 1992 data for composite water samples collected from Waterworks I/A were not 

available; therefore, the 1991 data were used. The limit value was consistently exceeded in 

composite water samples collected from Waterworks I/A during 1991 (Figures 34 and 35). The 

mean sulfate concentration for the composite water samples was 479 mg/L. Sulfate 

concentrations in individual composite samples ranged from 178 mg/L in July 1991 to 762 mg/L 

in October 1991. 
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5.2.2.6 Conductivity. The tolerable limit value of 1600 pS/cm was not exceeded 

in composite water samples collected from Waterworks I curing 1992. The mean conductivity 

value for 1992 was 619 p;3/cm. 

The 1992 data for composite water samples collected from Waterworks I/A were not 

available; therefore, the 1991 data were used. The mean conductivity value for 1991 was 

1361 pS/cm. The limit value was not exceeded in composite water samples collected from 

Waterworks I/A during 1991. However, the limit value was exceeded at times prior to 1991 

(Figure 36). 

5.2.3 Evaluation of Minor Ion Constituents in Groundwater. The mean 

concentrations for the minor ion constituents in the Pleistocene gravel aquifer and the Miocene 

aquifer were calculated using the 1992 monitoring data. As noted earlier, some organizations 

used the value of zero to indicate a measurement below the detection limit and others used the 

detection limit to indicate a minimum concentration. In addition, the low concentrations of the 

minor ion constituents in groundwater, combined with possible analytical interferences, resulted 

in fluctuating detection limits. Interpretations were based on the most reliable data. 

The mean concentrations for mercury, cadmium, arsenic, chromium, lead, copper, zinc, 

and nickel are presented in Table 3. The mean concentration for each of the constituents, except 

for nickel, was compared to the tolerable limit value for drinking water. Figures 37 through 41 

present the mean concentration for chromium, lead, copper, zinc and nickel. Note that the figures 

do not depict the ratios of mean concentrations to limit values as was the case for the major ion 

constituents. The figures also do not depict data below the detection limit. 

5.2.3.1 Mercury. Mercury concentrations in groundwater collected by ERV from 

the E-series, H-series, and V-3 monitoring wells in 1992 were consistently below the Hungarian 

limit value of 1.0 microgram per liter (pg/L) in 1992. The mean mercury concentration was 

calculated for these monitoring wells (Table 3). Mercury concentrations were reported by 

Borsodchem Rt. as less than the method detection limit of I pg/L for the ET-series, V- 1,and V-2 

monitoring wells. 
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5.2.3.2 Cadmium. Cadmium concentrations in groundwater collected from the 

wellhead protection area in 1992 were equal to or were less than the Hungarian limit value of 

5.0 Jag/L. As shown in Table 3, tRV reported cadmium concentrations as zero tug/L; whereas, 

Tiszai Er6mii Rt. and Borsodchem Rt. reported cadmium concentrations as less than or equal to 

5 pg/L. In either case, the limit value was not exceeded during 1992 groundwater monitoring. 

5.2.3.3 Arsenic. Arsenic concentrations in groundwater collected from the 

E-series, the H-series, and V-3 monitoring wells in 1992 were reported as zero lugL by tRV. 

Arsenic concentrations in the ET-series monitoring wells were reported as less than the method 

detection limit by Borsodchem Rt. Their method detection limit for these wells varied from 10 

pg/L to 100 lug/L during the 1992 monitoring year. The variable detection limit may be a 

function of sample dilution to circumvent possible analytical interferences from other 

constituents. Since the method detection limit was, in some cases, greater than the limit value 

of 50 pg/L, it cannot be concluded that arsenic concentrations in the ET-series monitoring wells 

are above or below the limit value. 

Borsodchem Rt. reported arsenic concentrations of 250 pg/L in monitoring well V-1 and 

180 pg/L in monitoring well V-2 during March 1992. Subsequent measurements in both 

monitoring wells were reported as less than the detection limit. The detection limit for these 

wells varied from 50 pug/L to 100 pg/L, and as a consequence, it cannot be concluded that arsenic 

concentrations in monitoring wells V- 1 and V-2 are above or below the limit values. 

Arsenic was the only minor ion constituent to have a maximum concentration in 

monitoring weils other than the ET-series wells. Maximum arsenic concentrations were observed 

in the V-series wells, which monitor groundwater chemistry in the vicinity of the fly ash pile. 

5.2.3.4 Chromium. With the exception of monitoring well E-5, chromium 

concentrations in 1992 were consistently less than the method detection limit in the E-series, the 

H-series, and V-3 monitoring wells (Table 3). A chromium concentration of 9 Vg/L was 

measured in monitoring well E-5 in August 1992. This concentration is less than the Hungarian 

drinking water limit value of 50 pg/L. Chromium was not measured at concentrations exceeding 

the method detection limit in monitoring well E-5 for the remaining 1992 samples. 
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The mean chromium concentrations were calculated using the 1992 monitoring data. As 

shown on Table 3, the mean chromium concentrations in monitoring wells V-I, V-2, ET-101, 

ET-102, ET-103, and ET-104 were consistently less than the drinking water limit value. The 

maximum mean chromium concentration (26.6 pg/L) was observed in monitoring well ET-101. 

Chromium concentrations in ET-101 ranged from less than the detection limit of 5 pg/L to 

160 pg/L. This latter concentration was measured in March 1992. It was the only occurrence 

of chromium to exceed the drinking water limit. 

5.2.3.5 Lead. Lead concentrations in groundwater collected by tRV from the 

E-series, the H-series, and V-3 monitoring wells in 1992 were consistently less than the 

Hungarian limit value of 50 pg/L. The maximum lead concentration measured by tRV was 33 

pg/L in monitoring well E-5 in February 1992. All other 1992 lead measurements in monitoring 

well E-5 were less than the detection limit. Lead concentrations in the other E-series, H-series, 

and V-3 monitoring wells were either less than 10 pg/L or below the method detection limit. 

Lead concentrations in the V-I and V-2 monitoring wells, as measured by Borsodchem Rt. 

in 1992, were less than the limit value of 50 pg/L. The mean concentration value was 14.5 Pg/L 

in monitoring well V-2 and 13.0 pg/L in monitoring well V-3. Higher concentrations of lead 

were measured by Borsodchem Rt. in the FT-series monitoring wells. Mean lead concentrations 

ranged from 11.1 mg/L to 25.4 mg/L in monitoring well ET-104. Individual concentrations 

ranged from less than the detection limit to a maximum value of 80 pg/L. The maximum value 

was measured in groundwater collected from monitoring well ET-103 in July 1992. This 

measurement was the only lead concentration to exceed the drinking water limit value. 

5.2.3.6 Copper. The 1992 mean copper concentrations did not exceed the 

Hungarian drinking water limit value of 1000 pg/L (Table 3). Mean copper concentrations 

ranged from 1.0 pg/L in monitoring well ET-102 to 10.7 pg/L in monitoring well ET-101. 

5.2.3.7 Zinc. The 1992 mean zinc concentrations did not exceed the drinking 

water limit value of 1000 ptg/L. The maximum mean zinc concentration was observed in 

monitoring well ET-101 at a value of 166.7 lpg/L. 
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5.2.3.8 Nickel. The 1992 mean nickel concentrations ranged from less than the 

detection limit value in several monitoring wells !o 24.3 pg/L in monitoring well ET-101. 

Because Hungary does not assign a drinking water limit value for nickel, guidelines established 

by the U.S. EPA were consulted. The U.S. EPA established the maximum contaminant level for 

nickel in drinking water at 1000 pg/L. Mean nickel concentrations in groundwater did not 

exceed this value. 

5.3 Analysis of Epres-tanya Landfill 

5.3.1 Results of Previous Studies. During the period from .pproximately 1971 to 

approximately 1976, industrial, construction, and solid household wastes were deposited in an 

abandoned gravel pit in the vicinity of Epres-tanya. Afterwards, these wastes were covered with 

soil. The nearby agricultural cooperative grew grass and crops, such as sugar beets, in this soil. 

In 1990, the North Hungarian Regional Water Administration and Environmental Authority 

(t-KOVIZIG) was informed that hazardous wastes had been deposited in the landfill, which was 

within 	 the Borsodszirdk wellhead protection area. E-KOVIZIG conducted a preliminary 

investigation of the landfill and found high levels of metals in the soil and wastes within the 

landfill. High levels of lead were found in the sugar beets growing there. Based on maps, aerial 

photographs, and excavations, the total amount of waste was estimated at 50,000 cubic meters. 

In 1991, E-KOVIZIG ordered Borsodchem Rt., as the legal successor to Borsod Chemical 

Works (BVK), to conduct additional geological and hydrogeological investigations of the 

Epres-tanya landfill. The Technical University of Budapest (TUB) prepared reports in 1992 and 

1993 concerning this hazafdous waste landfill. These reports were based on data presented in 

the 1987 KEVITERV report and the 1992 KUTFO report and on groundwater quality data 

collected by tRV and Borsodchem Rt. In general terms, the conclusions and recommendations 

of the TUB reports are as follows: 

I. 	 The soil samples collected during construction of monitoring well ET-104 were 
determined to be excessively contaminated with mercury and cadmium compared 
to the limit values for natural soil. The soil from well ET-103 was moderately 
contaminated, but this contamination may have occurred naturally. The soil from 
wells ET-101 and ET-102 was not contaminated. 
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2. 	 The amount of mercury and cadmium that is dissolved in groundwater decreases 
rapidly with distance from the site due to adsorptive bonding with soil. This 
distance is not more thar. 30 to 50 meters from the site. The concentrations of 
other contaminants do not decrease with distance, but fluctuate with distance. The 
Epres-tanya site does not contaminate its surroundings very heavily with these 
other materials. 

3. 	 Because the soil contamination by mercury and cadmium has spread only 30 to 
50 meters in 15 to 20 years, the speed of its expansion is negligible and no 
remedial intervention is required. 

4. 	 The site does not jeopardize groundwater quality or the drinking water quality at 
Borsodszir.k Waterworks I and I/A. 

5. 	 Buildings should not be constructed within 50 meters of the site. Artificial 
changes in the groundwater levels and in the local contaminant leaching rate 
should be avoided. 

6. 	 Remedial interventions around the site may increase the rate at which loosely
adsorbed toxic materials would leach into the groundwater and endanger the 
region of the site. 

7. 	 Borsodchem Rt. should buy the specified area around the site. It should plant 
shallow-rooted plants, rather than vegetables, in this area. These plants will 
reduce water infiltration to the waste at deeper levels. 

8. 	 Groundwater samples should be collected from wells ET-101 through ET-104 at 
least once in two years. The samples should be subjected to chemical analysis. 

9. 	 Methodical exploration for heavy metals and for the bottom level of the wastes 
in the site is not recommended due to the danger to the lower layers associated 
with the exploration. In any case, it is the contamination infiltrating the 
groundwater rather than the contamination remaining in the site that causes the 
real danger to the environment. Therefore, samples should be taken from the area 
surrounding the site rather than from the site itself. 

10. 	 The intervention schedule that was specified by E-KOVIZIG would have been met 
if the 1992 TUB recommendations had been accepted. 

11. 	 The groundwater flow directions given in the 1987 KEVITERV report are still 
acceptable. They were used in the 1992 TUB report. Although the groundwater 
flow direction in the very close vicinity of the site is fluctuating, this fluctuation 
does not influence the effect of the site on Waterworks I and I/A. 
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12. 	 The locations of the monitoring wells take into account the flow from the site to 
the waterworks. A larger number of monitoring wells are needed because they 
would create a more reliable monitoring network. Five additional monitoring 
wells should be established at the site. 

13. 	 Firm conclusions cannot be drawn from the analysis of the single groundwater 
sample collected by KUTFO in 1992. However, the 1992 TUB report also used 
data from the 1987 KEVITERV report and data collected by ERV. Additionally, 
the 1993 TUB report presents new data for the site collected by Borsodchem in 
an appendix. In these data, the mercury, cadmium and arsenic concentrations are 
below the instrument's detection limit. A single mercury concentration is 1.6 
times the limit value. Howevei-, one cannot conclude that the groundwater for this 
sample originated at the site because the other I1 values are below the limit value. 

14. 	 It is necessary to extend the groundwater quality analyses to non-heavy metal 
components, which have been found to exceed Hungarian Standard No. MSZ 450 
(i.e., drinking water criteria) at the site. It is mandatory to make a complex 
investigation of the pollution sources in the whole region that have an effect on 
the waterworks. 

15. 	 The TUB report agrees with the intention of The Regional Environmental 
Inspectorate of Northern Hungary (tKF) to improve safety and suggests a simple, 
cost-effective solution to prevent the leakage of toxic materials from the site. The 
spraying of lime milk and calcium hydroxide on the surface of the site twice a 
year promotes the precipitation of certain heavy metals and ions in the waste. 

5.3.2 	 Analysis of Soil and Waste Measurements. Table 6 summarizes the soil and 

waste 	measurements that have been made at the Epres-tanya landfill. The individual soil and 

waste 	 measurements are listed in Appendix D. These data came from two sources, the 1992 

KUTFO report and the 1990 t-KOVIZIG report. Both reports presented data specific to the 

metals 	concentrations in the soil. The following appraisal discusses how well the quantity and 

spatial 	distribution of wastes at the site have been characterized by these two reports. It also 

makes 	 recommendations about additional work that is needed to characterize the waste 

composition. 

The 1992 KUTFO soil measurement data were obtained from two waste examination 

borings (ET-FI and ET-F2) within the boundary of the site and from the four monitoring well 

borings (ET-101 through ET-104) outside of the boundary of the site. The borings extended to 

a depth of approximately 10 meters, except for well ET-103, which extended to a depth of 
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approximately 40 meters. Eight to ten samples were obtained from multiple depths in each 

borehole and were sent to the Borsodchem Rt. laboratory for analysis. The data given in Table 6 

are the mean concentrations for the samples between 0 and approximately 10 meters depth. 

These data are illustrated in Figure 42. 

The 1990 t-KOVIZIG waste measurement data were obtained fromn five different 

excavations at the site. Samples were taken in soil-waste layers that were found from 20 to 30 

centimeters below the surface and that were between 2 and 2.5 meters thick. Several samples 

were taken from each excavation. For easier identification, the aim was to take samples from 

different layers of waste that could be easily distinguished by color and condition. In this way, 

17 samples were taken. These samples were not random, but rather represent various "hot spots" 

within the waste layers. A visual survey of the excavations showed that a mixture of industrial

production wastes (e.g., granular polyvinyl chloride and other, visually unrecognizable wastes) 

and wastes from other activities (e.g., construction debris or paint) had been dumped there. The 

data given in Table 6 are the mean, minimum and maximum concentrations for the 17 samples 

collected at the site by E-KOVIZIG. 

The K.TFO soil measurements data for the ET- 101 through ET- 104 samples are uniform 

to a large degree. The only unusual values are for mercury in the ET-104 samples and for 

cadmium in the ET-103 samples. A maximum mercury concentration of approximately 10 mg/kg 

was found at a depth of 2.6 meters in the ET-104 samples. The mean mercury concentrations 

in the other three samples were less than or equal to 0.06 mg/kg. Cadmium concentrations 

ranged between 3.6 and 6.1 mg/kg at depths from 0.1 to 1.9 meters in the ET-103 samples. The 

mean cadmium concentrations in the other three samples were less than or equal to 0.6 mg/kg. 

The KOTFO soil measurements data indicate that the mean mercury, copper, chromium, 

nickel and lead concentrations for the ET-F2 samples are within the range of the mean 

concentrations for the ET- 101 through ET- 104 samples. In other words, the ET-F2 samples taken 

from inside the boundary of the site are not very different from the four sets of samples taken 

from outside the boundary of the site. The ET-F2 samples may represent the soil in the site, 

rather than the wastes in the site. Borsodchem Rt. did not analyze the ET-F2 samples for arsenic 

and cadmium as had been done for the ET-101 through ET-104 samples. 

Although the KUTFO report gives only the mercury concentrations for the ET-Fl 

samples, some of these values (e.g., 44 mg/kg at 0.5 to 1.0 meters depth) are much greater than 
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the mercury concentrations for the other five sets of samples. The mean mercury concentration 

(i.e., 8.5 mg/kg) is approximately five times greater than the mean concentration for the next

highest set of samples. It would appear that the ET-Fi samples were collected from the wastes 

in the site rather than from the soil in the site. 

These conclusions are supported by KUTFO's description of the ET-FI and ET-F2 

borings. A description of the geological layers that KUTFO observed in the borings is given in 

Appendix D. In the ET-F1 boring, a soil and waste mixture was observed between 0.5 and 6 

meters depth. The percentage of wastes in the ET-FI samples in this depth range varied between 

3 and 46 percent. In contrast, the description of the ET-F2 samples does not mention any wastes. 

In addition, the drilling records for the ET-101 through ET-104 borings do not mention any waste 

material in the samples. 

It would seem that only a limited amount of information is given in the KUTFO report 

about the waste composition in the site, although the report gives more information about the soil 

composition in and around the site. It is important to distinguish what is known about the waste 

in the site from what is known about the soil in the site. 

In 1979, the Scientific Branch of the Greater London Council (GLC) suggested guidelines 

for soil contamination to be used during site assessments in London, England (Fitchko, 1989). 

These guidelines establish soil concentration ranges for "uncontaminated," "slight contamination," 

"contaminated," "heavy contamination," and "unusually heavy contamination," which is any level 

above the "heavy" range. These guidelines aie given in Table 6. 

The KUTFO soil measurements data can be compared to the GLC guidelines to assess 

the extent of soil contamination in and around the Epres-tanya landfill. In general, most of the 

data fall in the "uncontaminated" range. The mean mercury concentration for the ET-F1 sample 

is in the "contaminated" range and the maximum value for this sample (44 mg/kg) is in the 

"heavy contamination" range. The mean mercury concentration for the ET-104 sample is in the 

"slight contamination" range and the maximum value for this sample (10.4 mg/kg) is at the lower 

edge of the "heavy contamination" range. Finally, the mean cadmium concentration for sample 

ET-103 sample is in the "slight contamination" range and the maximum value for this sample 

(6.1 mg/kg) is in the "contaminated" range. 

If the KUTFO soil measurement data were the only data available, one might conclude 

that there was some slight to heavy mercury contamination inside and outside the boundaries of 
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the site and that there was some slight to moderate cadmium contamination outside the site. 

However, the waste measurements data in the E-KOVIZIG report present a very different picture 

of the Epres-tanya landfill. Individual E-KOVWIEIG waste measurement data are given in 

Appendix D. The extent of the contamination for the mean and maximum concentrations of the 

17 E-KOVIZIG samples are shown below: 

Chemical Element Mean Value Maximum Value 

Arsenic (As) Contaminated Unusually Heavy 

Cadmium (Cd) Heavy Contaminated Unusually Heavy 

Mercury (Hg) Unusually Heavy Unusually Aeavy 

Lead (Pb) Unusually Heavy Unusually Heavy 

Zinc (Zn) Uncontaminated Slight Contamination 

The I-KOVIZIG waste measurements suggest that the Epres-tanya landfill may be 

significantly contaminated by arsenic, cadmium, lead and mercury. However, the E-KOVIZIG 

samples are from wastes, rather than soil. These samples were not selected randomly and, 

therefore, the mean values are not representative of the site in a statistlcal sense. Yet, these "hot 

spot" samples give a warning that there may be substantial amounts of metallic contaminants at 

the Epres-tanya landfill. A methodical exploration of the site would be required to obtain a 

realistic estimate of the amount of the contamination and the spatial distribution of the 

contamination within the site. Such an estimate is needed for a realistic assessment of hazards 

at the landfill. 

If the responsible authorities decide that a methodical exploration of the site is necessary, 

then a larger number of waste exploration borings must be made within the boundaries of the 

site. These bores should be drilled for the purpose of characterizing the amount and spatial 

distribution of the wastes in the site, rather than for characterizing the soil contamination in the 

site. K(JTFO appears to have followed good professional techniques in drilling the borings and 

then sealing them after the soil samples were removed. Additional borings made using the same 

techniques should not endanger the aquifer which underlies the site. 

These additional waste examination borings could also be used to determine the non

metallic wastes in the site. Nonmetallic inorganic wastes (such as sodium and ammonium ions) 

and organic wastes (such as spent cleaning solvents) could be present in the site. If present, 

these wastes may have greater groundwater mobility, and may be a greater threat to Borsodszirfik 
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Waterworks I and UA than are the metallic wastes that are in the site. The magnitude of the 

threat cannot be realistically estimated until the amount, composition, and spatial distribution of 

the metallic and nonmetallic wastes are more accurately known. 

5.3.3 Analysis of Groundwater Quality Measurements. In 1991, the Regional 

Environmental Protection and Water Authorities of Northern Hungary (EI-KOVIZIG) and the 

Regional Environmental Inspectorate of Northern Hungary (tKF) ordered the establishment of 

four groundwater monitoring wells in the vicinity of the Epres-tanya landfill. These wells are 

designed as ET- 101 through ET- 104. Tables 2 and 3 summarize 1992 mean groundwater quality 

concentrations for selected wells in the Borsodszirik wellhead protection area. These tables also 

list the limit values in Hungarian National Standard No. MSZ 450/1-1989 for these chemical ions 

and elements in drinking water. This analysis compares measurements in the four wells with 

measurements in other wells and with the limit values. 

One possible way to assess the effect of the Epres-tanya landfill on groundwater is to look 

at the location of the maximum mean concentrations in the wellhead protection area. In general, 

many of the maximum mean concentrations are associated with the Epres-tanya landfill. 

Maximum ammonium (NH 4), chloride (Cl), and sodium (Na) concentrations are found in well 

ET-104. The maximum mean concentration for lead (Pb) is found in well ET-103. Finally, well 

ET-101 has the maximum mean concentration for chromium (Cr), copper (Cu), zinc (Zn), and 

nickel (Ni). 

The many maximum mean concentrations associated with the Epres-tanya landfill could 

lead to the conclusion that the site has a major impact on groundwater quality in the area. 

However, it is possible that the concentrations may be greater in other places that have never 

been monitored. Also, the mean concentrations at the landfill may be the greatest in the area 

without posing an immediate health hazard. 

Another way to assess the potential hazards associated with the landfill is to compare the 

mean concentrations to the MSZ 450 drinking water limit values. The fact that groundwater 

exceeds a drinking water limit value is not cause for alarm by itself, but it may become important 

if contaminated groundwater is captured by pumping at the waterworks. In the following 

analysis, the ratio of the 1992 mean concentration to the limit value is used as the assessment 
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tool. For example, if a ratio is determined to be 2.5, the concentration of the ion of interest is 

2.5 times greater than the drinking water limit value. 

5.3.3.1 Sodium. The ratio of imean concentration to limit value for well ET-104 

is 2.2, but the ratios for the other Epres-tanya wells are 1.0 or less. All other monitoring wells 

in the wellhead protection area have ratios that are 1.0 or less. These data suggest that 

significant amounts of sodium are leaching into the groundwater at Epres-tanya. However, due 

to the placement and number of monitoring wells, it is not certain whether the source of the 

sodium is the landfill or the nearby cattle feedlot. 

5.3.3.2 Chloride. The ratio is 8.4 for well ET-104, 2.5 for well ET-101, and 1.8 

for well ET-102. Other monitoring wells (E-4, H-2, TSZ-I, and TSZ-2) also have ratios greater 

than 1.0. These data suggest that significant amounts of chloride are leaching into the 

groundwater at Epres-tanya as well as at other locations in the wellhead protection area. 

5.3.3.3 Ammonium. The ratio is 108 for well ET-104, 17.6 for well ET-103, 2.4 

for well ET-101, and 1.2 for well ET-102. Six other monitoring wells located in the wellhead 

protection rea also have ratios that are greater than 1.0. These data suggest widespread 

ammonium contamination in the wellhead protection area. Epres-tanya appears to be a major 

ammonium source in the area. However, the data do not allow one to specify whether the 

landfill or the nearby cattle feedlot is the source of this contamination. 

5.3.3.4 Nitrate. The ratio is less than 1.0 for all four Epres-tanya monitoring 

wells. There appears to be no direct source of nitrate pollution near Epres-tanya. However, 

ammonium ions will be converted into nitrate ions by the action of soil bacteria. 

5.3.3.5 Sulfate. The ratio is greater than 1.0 for all four Epres-tanya monitoring 

wells and many other monitoring wells in the wellhead protection area. The data can be 

interpreted to indicate a broad band of sulfate contamination extending from the flyash pile to 

the Borsodszirdk waterworks. The lack of monitoring wells at locations between the measured 
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sulfate "hot spots" in the area, however, does not allow one to determine that Epres-tanya is a 

significant source of sulfate contamination in groundwater. 

5.3.3.6 Conductivity. The ratio for well ET-104 is 2.2 and is approximately 1.0 

or less for the remaining monitoring wells at Epres-tanya. Four other wells in the wellhead 

protection area have ratios that are slightly above 1.0. Conductivity shows a strong linear 

correlation with total dissolved salts for data that were obtained for the Tiszai Erbmti Rt. and 

Borsodche/n Rt. monitoring wells. The high conductivity values in well ET-104 suggest that 

there is a significant source of total dissolved salts at Epres-tanya. These salts may be the 

sodium, chloride, and ammonium ions di:;cussed above or other ions that are not being measured 

currently in the Epres-tanya monitoring wells. These data do not allow one to determine whether 

the source of the total dissolved salts is the landfill or the nearby cattle feedlot. 

5.3.3.7 Lead. The lead ratios are less than 1.0 for all Epres-tanya monitoring 

wells and for all other monitoring wells in the wellhead protection area. In general, these data 

indicate that groundwater lead concentrations are not a cause for concern. However, closer 

inspection of these data suggests that groundwater lead concentrations at Epres-tanya are above 

background levels. The 1992 lead concentrations for the tRV E-series monitoring wells are used 

as indicators of background levels. For these wells, 83 percelnt of the samples had a reported 

lead concentration of 0 pg/L; 15 percent of the samples had concentrations between 5 and 

10 pg/L; and only 1percent of the samples had concentrations greater than 10 pg/L. In contrast, 

only 19 percent of the samples from the ET-series monitoring wells had a reported lead 

concentrations of less than 5 pg/L. Thirty percent of these samples had concentrations between 

5 and 10 pg/L, and 51 percent of these samples had concentrations greater than 10 pg/L. These 

data lead to the conclusion that groundwater lead concentrations are greater in the ET-series 

monitoring wells than those in the E-series monitoring wells. It appears that lead is leaching 

from the Epres-tanya landfill and is being released into the environment, although the amount 

that is released does not appear to be significant in the existing monitoring wells. 

5.3.3.8 Arsenic, Cadmium and Mercury. Little can be s,id about groundwater 

concentrations for thes;e metals because the analytical detection limits for the Epres-tanya wells 

Page 47 



Appraisal of Borsodszirdk Wellhead Protection Area 

were equal to or greater than the limit values. These data do not allow one to determine whether 

these metals are leaching from the landfill into the groundwater. Instrumentation with lower 

analytical detection limits is required to determine if groundwater concentrations for these three 

metals are above background levels at Epres-tanya. 

5.3.3.9 Summary. In summary, these groundwater quality measurements data 

for the four monitoring wells at Epres-tanya suggest possible leaching of significant amounts of 

sodium, chloride, and ammonium ions from the vicinity of the Epres-tanya landfill. However, 

an animal feedlot located nearby could also be a source of these ions. Therefore, the source 

cannot be identified based on available data. The conductivity d 't- which correlates well with 

the total dissolved salts data, also significantly exceeds the MSZ .. drinking water limit value 

in well ET-104. The data do not show that significant problems exist for nitrate and sulfate ions 

or for metals. Lead concentrations are below the limit value, but are above background levels 

found in the E-series wells. These data suggest a release of lead from the landfill into 

groundwater, although the amount of the release does not appear to be significant. Analytical 

limitations do not permit a conclusive assessment of the arsenic, cadmium and mercury 

concentrations in the Epres-tanya monitoring wells. Additionally, the absence of an observed and 

significant problem does not mean that such a problem will not be discovered in the future or 

that a problem dces not exist in some unmonitored areas around the landfill. 

5.3.4 Analysis of Potential Groundwater Risks. Since it was determined that the 

landfill in the vicinity of Epres-tanya may be a potential source of heavy metals contamination, 

the migration of contaminants from the landfill to the Borsodszird.k Waterworks was assessed. 

It was determined during the assessment of the hydrogeology of the wellhead protection area that 

10 to 16 years would be required for groundwater to migrate from the Epres-tanya landfill to 

Waterworks I. The U.S. Environmental Protection Agency's Hazard Ranking System (HRS) and 

Multimedia Exposure Assessment Model (MULTIMED) were used during the appraisal in order 

to further evaluate the potential risks associated with the landfill. 
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5.3.4.1 Hazard Ranking System (HRS). A quantitative approach callcci the 

Hazard Ranking System (HRS) was used to estimate the magnitude of these hazards. A general 

description of HRS is given in Section 3.3.5.1. 

The overall HRS score for a site is calculated from four subordinate pathway scores for 

exposure to contaminated soil, contaminated groundwater, contaminated surface water, and 

contaminated air. The following analysis calculates a HRS score using only the contaminated 

groundwater migration pathway calculations. These calculations are described in more detail in 

Appendix E. 

Epres-tanya Landfill 

Overall HRS site scores for the Epres-tanya landfiil are calculated separately for arsenic, 

cadmium, lead and mercury. These four elements were identified as contaminants at the site 

based on ;he soil and waste measurements. Normally, the chemical compound producing the 

highest score would be used to determine the hazards associated with a particular site. 

The groundwater exposure pathway score is calculated by multiplying together three 

values which quantify (a) the probability of waste re!ease into the eiivironment; (b) the hazardous 

waste characteristics; and (c) the human population and other potential targets that may be 

exposed to the waste. 

The hazardous waste characteristics value is composed of three components evaluating 

the waste's quantity in the site, its toxicity, and its mobility in groundwater. HRS allows the 

waste quantity component to be calculated by one of four different methods. In this analysis, two 

methods, the measured area of the landfill and E-KOVIZIG's estimated volume of the waste, 

were used to calculate independent waste quantity components and independent overall HRS site 

scores. Normally, the volume method (if it is available) would be used instead of the area 

method. However, it is not clear how E-KOVIZIG obtained its volume estimate. Therefore, 

calculations using both methods are presented to emphasize the need to have the best possible 

estimate of the amount, composition, and spatial distribution of wastes in the Epres-tanya landfill. 
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A summary of the HRS calculations for the Epres-tanya landfill is given below: 

Element Area Method Volume Method Area Method 

Arsenic 42.3 8.5 24.4 

Cadmium 50.0 42.3 50.0 

Lead 11.4 5.7 10.9 

Mercury 8.5 4.2 8.1 

The overall HRS site scores for arsenic and cadmium are above the threshold value using 

the area method. Both methods of waste quantity calculation produce an overall HRS site score 

above the threshold value for cadmium. The lead and mercury scores are below the threshold 

value for both methods. However, the two methods produce significantly different arsenic scores. 

This difference illustrates that it is important to have the best possible estimate of the wastes in 

this site. 

This analysis leads to the conclusion that there is a significant potential hazard from 

arsenic and cadmium in the Epres-tanya site. Although lead and mercury were also found in the 

site, they are not a significant potential hazard because of their very low mobility in groundwater. 

This conclusion is based on the assumption that HRS is legally applicable to hazardous waste 

sites in Hungary, which is clearly not true. A legally-enforceable analysis of the hazards 

associated with the Epres-tanya site must await the development of a Hungarian hazard ranking 

system or risk assessment model. 

This analysis did not consider any organic or nonmetallic inorganic contaminants in the 

Epres-tanya site. Such contaminants may be more mobile in groundwater than metals are and 

may be a greater hazard to public health and the environment. If further investigations of the 

Epres-tanya site discover these contaminants, the potential hazards associated with the site should 

be reassessed. 

Landfill No. 18 

The 1987 KEVITERV Report identified an abandoned sandpit (Source No. 18) as a 

potential contamination source in the Borsodzirdk wellhead protection area. This sandpit has 

been back-filled and crops are now planted above it. It is located approximately 700 meters (or 
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half the distance of the Epres-tanya landfill) from Waterworks 1. The survey team fbund 

evidence of municipal and industrial wastes on the surface above this sandpit and concluded that 

it had been used as an illegal landfill. No information exists concerning the wastes that are 

buried there. 

The overall HRS site scores calculated for this landfill are shown below. They provide 

a very rough and tentative estimate of the hazards associated with the wastes that may be buried 

there: 

Arsenic Cadmium Lead Mercury 

Area Method: 24.4 50.0 10.9 8.1 

It is assumed for the purpose of these calculations that the waste composition is the same as in 

the Epres-tanya landfill. The waste quantity component is calculated from the area of the 

landfill. These calculations should be compared to the threshold value of 28.5 that indicates sites 

having the most serious threat to public health and the environment. 

For landfill No. 18, the overall HRS site score for cadmium is above the threshold value. 

The scores for arsenic, lead, and mercury are below the threshold value. The area of this landfill 

is approximately one-half that of the Epres-tanya landfill. However, this landfill is much closer 

to the Waterworks than is the Epres-tanya landfill. These two differences tend to balance each 

other. The HRS calculations lead to the conclusion that landfill No. 18 may be a significant 

potential hazard to Waterworks I if significant amounts of industrial wastes are buried there. 

5.3.4.2 Multimedia Exposure Assessment Model. The U.S Environmental Protection 

Agency's (U.S. EPA) Multimedia Exposure Assessment Model (MULTIMED) is used to simulate 

the movement of contaminants in groundwater from a potential source to an identified 

downgradient receptor. MULTIMED simulates contaminant migration in groundwater for 

assessment of potential landfill sites in the United States. Currently, only the ground-water 

module is used because the surface wat,, and air modules ha-f not been sufficiently tested 

(Sha.p-Hansen et al., 1990). MULTIMED can be used to determine a dilution attenuation factor 

(DAF) for use in determining the degree that the concentration of a contaminant is expected to 

decrease as it migrates from a source to a potential receptor. 
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MULTIMED was used in the LEM appraisal to characterize the potential for migration of 

contaminatnts from gravel pits located in the survey area. Specifically, simulations were 

performed in an attempt to approximate the migration rate of certain types of compounds from 

the Epres-tanya landfill, located in the survey area upgradient from Waterworks I. 

Limitations 

The MULTIMED model is limited to less complex scenarios as a result of certain 

assumptions required to obtain solutions to the analytical and semi-analytical equations used in 

the model. The model does not take into consideration the shape of the landfill, complex well 

pumping scenarios, multiple aquifers, fracture flow, or chemical reactions between contaminants. 

It is, however, useful in determining the relative risk associated with a specific waste disposal 

facility with regard to contaminant migration to potential receptors. As in all models, 

MULTIMED is limited in that certain variables must be estimated due to lack of site-specific 

parameters. 

MULTIMED Variables Used 

Three types of variables are required for the MULTIMED simulations: source-specific, 

chemical-specific, and aquifer-specific. In addition, the total duration of the simulations as well 

as the time steps must be specified. 

The Epres-tanya landfill was given dimensions of 300 m by 120 m for the simulations. Since 

the landfill is not an engineered facility equipped with a low-permeability cover, the infiltration 

rate (in the landfill area) and the recharge rate (outside of the landfill area) were assumed to be 

identical and given values of 0.122 m/yr. This is based on a net recharge rate estimated to be 

20 percent of the mean annual precipitation for the area (6.0 cir/yr). The source decay constant 

was unknown and was set at zero to provide conservative transport estimations. 

Since specific chemicals and source concentrations were unknown, an initial concentration 

of 1.0 mg/L was specified in the model. Dividing 1.0 by the simulated concentration at the 

receptor point results in a DAF which can be used to estimate the contaminant concentration at 

a potential receptor if an actual initial concentration at the source is known. Conversely, the 

DAF can also be used to estimate the concentration at a potential source based on chemical 

analysis of groundwater collected from one or more receptors. 
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Aquifer-specific variables were relatively well-defined in the modeled area. An aquifer 

thickness of 10 m, a poiosity of 0.25, a bulk density of 1.85 g/cc, and a hydraulic conductivity 

of 20100 m/yr were defined for the sand and gravel aquifer. A groundwater temperature of 

18.5 'C was entered (based on a mean air temperature of 15.5 'C) and a pH of 6.8 was assigned 

for the aquifer. A hydraulic gradient of 0.0014 was entered into the model. The distance from 

the potential s, ce to the receptor was entered as 1500 m. The receptor was assumed to be 

directly downgradient from the source. Longitudinal (WO , transverse (%), and vertical (OXv) 

dispersivity values of 150 m, 50 m, and 0.84 m, respectively, were entered based on the 

following equation (Sharp-Hansen et. al, 1990): 

XI,= 0.1 Xr; 

OCL/3.0;
r =
 

xv = 0.056 (XL; 

where xr = distance to the receptor well. 

Two parameters critical for determination of contaminant migration rates in the model were 

arbitrarily selected for the simulations: the distribution coefficient for the chemical released (K), 

and the fractional organic carbon content of the aquifer (fo"). The combination of these 

parameters is especially important for determining the effects of sorption of organic compounds 

in the aquifer. Simulations were perfornied for three normalized distributiun coefficients 

(chemicals) and three fractional organic carbon values for the aquifer (nine simulations total for 

each source pulse duration). 

Normalized distribution coefficients of 30, 120, and 1500 ml/g were simulated. These 

numbers were selected in order to simulate a range of chemicals with varying mobility. 

Typically, chemicals with lower K, values are more mobile in the subsurface. 

Actual measurements of the fractional organic carbon content of the aquifer were 

unavailable. Therefore, simulations were performed using values of 0.001, 0.0006, and 0.0002. 

To maintain conservative migration estimates, biodegradation, decay, and hydrolysis rates were 

not considered. 

The model can be used for steady state simulations or transient simulations. For this 

survey, transient simulations modeling two source pulse durations were performed. A source 

pulse duration of 22 years was selected. Receptor concentrations were monitored for a 40-year 
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period, divided into twenty 2-year intervals. Nine simulations were performed using a source 

pulse deviation of 22 years. 

A longer (50-year) pulse duration was also simulated. Receptor concentrations were 

monitored for a 100-year period, divided into twenty 5-year intervals. Nine simulations were 

performed using a source pulse duration of 50 years. These simulations provide more long-term 

estimations of contaminant concentrations at the receptor point assuming a longer contribution 

of contaminants to the groundwater system. A total of 18 MULTIMED simulations were 

performed for this appraisal. 

Results 

The receptor point concentrations computed during the simulations are presented in 

Figures 43 through 48. Each figure includes a table indicating the concentration at the simulated 

receptor at 2-year or 5-year intervals for three different K,,c values. The receptor point 

concentration is based on an initial source concentration of 1.0 mg/L. Concentration vs. time for 

the receptor is illustrated in a graph located below the table. In general, the results indicate that 

the concentration of organic matter in the aquifer and the distribution coefficient of the 

contaminant control of the rate of movement of contamination in the aquifer. For example, an 

organic with a high K, moves more rapidly through an aquifer with a low fractional organic 

carbon content. 

Figures 43, 44, and 45 present the results of simulations with a 22-year pulse duration for 

fo values of 0.0002, 0.0006, and 0.001, respectively. Since the Epres-tanya site reportedly began 

receiving wastes in 1971, these simulations represent an immediate (1993) cessation (remediation) 

of the waste source, and indicate the concentration at the receptor point up to 40 years after waste 

was introduced into the groundwater system. The simulations indicate that concentrations of a 

chemical with a K,,c of 1500 would not peak at the receptor point even after 40 years. For 

chemicals with KC values of 30 and 120 mL/g, a peak concentration was attained after 26 to 30 

years. 

Figures 46, 47, and 48 present the results of simulations with a 50-year pulse duration for 

foc values of 0.0002, 0.0006, and 0.001, respectively. These figures indicate that chemicals with 

Kc values of 30 and 120 mL/g essentially achieve steady-state concentrations of the receptor 

point until approximately 55 years when a rapid decrease in concentration is evident due to 
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termination of the source. A maximum c- icentration was ooserved for a chemical with a K, 

of 1500 only in an aquifer with an organic carbon content cf 0.0002. Summaries of the model 

results and the variables used for each simulation are presented in Appendix F. 

These results can be more specifically applied to the assessment of a waste site if more 

detailed site-specific information are available. For example, using Figure 44, if 1.0 mg/L of a 

chemical with a Ko, of approximately 120 (such as toluene) is released into an aquifer with a 

fractional organic carbon content of 0.0006 from a 36000 m2 disposal pit in a 22-year pulse, it 

would reach its maximum concentration at a receptor located 1500 meters downgradient in 28 

years at a concentration of I.LOE-2 mg/L. Dividing 1.0 by L.10E-2 results in a DAF of 90.9. 

Therefore, if the concentration of toluene in groundwater detected at a waste disposal pit is 

350 mg/L, the expected concentration at a receptor can be estimated by dividing 350 by the DAF, 

indicating that the concentration in the receptor well would be approximately 3.8 mg/L after 

28 years. 

In another example, using Figure 47, if a monitoring well located immediately adjacent 

to disposal pit indicated presence of 500 mg/L of a chemical with a K of 1500 (e.g., 1,2,4

trichlorobenzene), and the aquifer was determined to have a fractional organic carbon content of 

0.0006, the concentration of this compound in a receptor monitoring well located 1500 meters 

downgradient would be approximately 0.0372 mg/L after 30 years. This is determined by 

dividing 1.0 by 7.44E-5 to obtain a DAF, and multiplying the DAF by 500. 

Use of the MULTIMED model can be extremely helpful in determining the potential 

impacts of a waste disposal pit on a potential receptor. It can also be used to determine 

appropriate engineering requirements for potential future waste management units, or to determine 

if hydrogeologic conditions are acceptable for construction of a waste management unit. 

Page 55 



Appraisal of Borsodszirik Wellhead Protection Area 

6.0 Conclusions
 

The Pleistocene aquifer beneath the Borsodzirdk wellhead protection area is highly 

vulnerable to contamination due to its shallow depth, discontinuous cover, and high permeability. 

The hydrogeology of the basin is well understood; however, less is known about the groundwater 

chemistry of the basin. Groundwater contamination, as indicated by the exceedance of Hungarian 

groundwater limit value for specific indicator parameters, has been documented in the wellhead 

protectioal area. The specific sources of this contamination cannot be confirmed on the basis of 

the information available to date, although there are some indications of potential sources. 

The existing monitoring network that was available for our review at the time of this 

appraisal provided valuable data indicating potential contamination from a variety of sources. 

However, the existing network is not sufficient to fully characterize the groundwater chemistry 

or the horizontal or vertical groundwater flow within the Borsodszirdk wellhead protection area. 

While most monitoring wells have provided useful data, individual monitoring wells observed 

in the network do not appear to be adequate to yield reliable and representative information. For 

example, well casings were unlocked in many instances, biological activity was observed in some 

wells, and the well casing diameters are significantly larger than needed for appropriate 

groundwater monitoring. 

There are some indications that groundwater sampling and analysis techniques are not 

consistent among the various investigators within the Borsodszirik wellhead protection area. 

With the exception of the sampling arid analysis plan developed specifically for the composite 

organic sampling recently performed by the survey team, no unified groundwater monitoring plan 

is known to have been developed or adopted for use by the different investigators within the area. 

In addition, there is no central repository for hydrogeologic or groundwater chemistry data 

reported within the Borsodszirik wellhead protection area. A central data repository would be 

needed before an adequate evaluation of potential. effects of land-based activities within the 

wellhead protection area could be made. 

A number of analytical and manual interpolation methods were used to evaluate the 

available hydrogeologic and groundwater chemistry data available for the wellhead protection 

area. The results of the analytical methods are in agreement with each other and support the 
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conclusions drawn and recommendations made in this independent appraisal. Overall, the 

groundwater data evaluated for this survey appear to be reasonable and are considered to be 

consistent. The few data anomalies noted do not alter the conclusions. 

The conclusions presented here are based on findings and results presented in the 

preceding sections of this report. Conclusions are presented separately for hydrogeology, 

groundwater chemistry, and risk potential. 

6.1 Hydrogeology 

1. The report prepared in 1987 by the Hydrology Planning Company of Eastern Hungary 

(KEVITERV) was determined to be a valid assessment of the local hydrogeology. It provided 

a useful framework on which many of the following hydrogeologic conclusions are based. 

2. The wellhead protection area, as it is defined by KEVITERV, is partially based on 

KEVITERV's calculations of a stream parabola (capture zone), which was based primarily on 

the location and withdrawal rates of Waterworks I/A. The current withdrawal rates for 

Waterworks I/A are significantly lower than those of Waterworks I, and are presently lower than 

the rate used to calculate the stream parabola. Therefore, the stream parabola determined by 

KEVITERV is probably a conservative and adequate identification of vulnerable groundwater 

areas. We concur with the delineation of the wellhead protection area based on the information 

provided by KEVITERV. 

3. The Pleistocene gravel aquifer is considered to be highly vulnerable to pollution 

sources due to the discontinuous nature of the overlying sediments. Potential threats identified 

in the wellhead protection area include the Epres-tanya landfill, other unregulated and 

uncharacterized landfills, agricultural activities, and a flyash deposit. 

4. Groundwater travel times from potential contamination point sources identified in the 

wellhead protection area may be different from those previously calculated by KEVITERV, based 

on our calculations of groundwater flow velocity. Shorter streamlines and consequent travel 

times were estimated from some areas in the wellhead protection area (for example, Epres-tanya) 

to Borsodszirdik Waterworks I. 
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5. Based on short-term hydrographs for a limited number of monitoring wells in the 

wellhead protection area, it does not appear that the gravel aquifer is being overdrafted by 

groundwater withdrawals. 

6. Little is known about the groundwater flow in the underlying Miocene aquifer in the 

wellhead protection area. Extensive northeast-southwest faulting has been identified in these 

units. This faulting could conceivably serve as conduits for contaminant migration between the 

upper Pleistocene and lower Miocene aquifers. 

6.2 Groundwater Chemistry 

1. For groundwater collected from the Pleistocene gravel aquifer in 1992, the following 

five major ion constituents had mean concentrations above the drinking water limit values of the 

Hungarian National Standard MSZ 450/1-1989 in at least one of the 17 monitoring wells for 

which data were available: 

* sodium (exceeded in 1 monitoring well), 

* chloride (exceeded in 8 monitoring wells), 

* ammonium (exceeded in 11 monitoring wells), 

* nitrate (exceeded in I monitoring well), and 

" sulfate (exceeded in 10 monitoring wells). 

The conductivity limit value was also exceeded in 7 monitoring wells. 

2. The maximum exceedences for sodium, chloride, and ammonium in groundwater 

collected from the Pleistocene gravel aquifer were observed in the ET-series monitoring wells 

that surround the Epres-tanya landfill. This suggests possible leaching of significant amounts of 

these constituents from the landfill or the nearby animal feedlot. The data do not show that 

significant leaching is occurring for lead, nitrate, or sulfate ions. 

3. For sulfate, exceedences in groundwater collected from the Pleistocene gravel aquifer 

appear to be widespread, and have affected the areas around the Epres-tanya landfill, the flyash 

pile, and Waterworks I and I/A. For ammonium, exceedences in groundwater also appear 
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widespread, and were observed to affect the areas around the Epres-tanya landfill, the flyash pile, 

the manure pile, and Waterworks I/A. Finally, chloride exceedences also seem widespread, and 

have affected the areas around the Epres-tanya landfill, the manure pile, and Waterworks I. 

4. The widespread occurrence of sulfate, ammonium, and chloride make determination 

of specific sources of these constituents difficult with the available data. This is especially 

apparent in the area of the Epres-tanya landfill. Constituents impacting groundwater in the area 

of the landfill could be originating from sources other than the landfill, for example, the adjacent 

animal feedlot. 

5. In general, the highest mean concentrations of minor ion constituents were observed 

in the area of the Epres-tanya landfill. 

6. The mean concentration value for ammonium exceeded the Hungarian limit value in 

one of the two groundwater monitoring wells screened in the Miocene aquifer. The exceedence 

was observed in well ET-103 in the Epres-tanya landfill area. 

7. Groundwater data for the Miocene aquifer are limited and additional monitoring wells 

would be needed to fully characterize its chemistry. 

8. Evaluation of water quality data from Waterworks I and I/A indicates that the 

chemistry varies between the two wellfields. The water derived from Waterworks I appears to 

show the effects of dilution by recharge from the B6dva River, and the inorganic constituents, 

are typically below the Hungarian drinking water limit values. Water samples collected from 

Waterworks I/A were consistently characterized by greater concentrations of the major ion 

constituents, with more frequent exceedences of the Hungarian limit values. 

9. The concentrations of several major ions (sodium, chloride, nitrate) present in the 

composite water samples collected from Waterworks I/A are distributed as a gradient along the 

length of the wellfield. The highest concentrations were detected in the well located at the far 

southwest end of the wellfield, with concentrations decreasing to the southeast. This gradient is 
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most likely due to the fact that the area directly upgradient of wells characterized by lower 

concentrations is within the higher gradient capture zone of Waterworks I. The southernmost 

(higher concentrations wells) are located outside the primary capture zone for Waterworks I, and 

pump undiluted groundwater from potential source areas further upgradient. 

10. Analysis of composite water samples collected by the survey team in June 1993, 

confirm ERV's previous analyses for metallic constituents. Drinking water quality at 

Waterworks I and I/A has not been adversely affected by metallic constituents. Small 

concentrations of organic constituents were measured in the composite water samples. The 

organic constituents included 1,1,2-trichloroethane, l,l-dichloroethane, and toluene in water 

collected from Waterworks I, and toluene and pesticides in water collected from Waterworks I/A. 

The organic constituents were not measured in concentrations considered to present an imminent 

threat to the drinking water supply. 

6.3 Potential for Risk 

1. Little information has been documented regarding the type of waste disposed of within 

the abandoned gravel quarries in the Borsodszirik wellhead protection area. It appears that it 

may have been a common practice for multiple industries to dispose of waste in a single quarry. 

Heavy metals and unspecified industrial wastes are thought to have been disposed of in some 

quarries (e.g., Epres-tanya) during the period from 1971 through 1976. Domestic waste disposal 

was also thought to be common in the abandoned quarries. 

2. The abandoned gravel quarries, containing waste deposited during the past 15 to 20 

.'c:,rS. are believed to serve as direct sources for contaminants entering the Pleistocene gravel 

aquifer. 

3. The potential risks represented by the Epres-tanya landfill are interpreted to be greater 

than those reported by the Technical University of Budapest. 
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4. Groundwater flow from the Epres-tanya landfill appears to be in a northeasterly 

direction. Various groundwater flow techniques have been used to estimate travel times from 

the Epres-tanya landfill to Waterworks I. Our estimates (10 to 16 years) are shorter than the 

value estimated by KEVITERV (49 years). If shorter estimates are correct, highly mobile 

constituents, if present in the waste at Epres-tanya, have already had sufficient time to migrate 

downgradient to Wellfield I. This is supported by semi-analytical transport modeling activities 

that assert that highly mobile organic compounds (i.e., compounds with low distribution 

coefficients), if present and released from the Epres-tanya site, are likely to have already reached 

Waterworks I. 

5. There has not been a sufficiently extensive characterization of the hazardous wastes 

within the Epres-tanya landfill. There is no information about organic or nonmetallic inorganic 

wastes ip the landfill. To a consequence, organic or nonmetallic inorganic contaminants were 

not considered in our analysis of the Epres-tanya landfill based on the U.S. Environmental 

Protection Agency Hazard Ranking System (HRS). Such contaminants may be more mobile in 

groundwater than metals and may present a greater risk to public health and the environment. 

6. There are indications that high concentrations of metals are present within the wastes 

at Epres-tanya. There is a significant potential risk to groundwater from arsenic and cadmium 

in the Epres-tanya landfill, based on HRS scores of 42.3 and 50, respectively. Both scores are 

above the threshold value of 28.5, which indicates the most serious risks to the public health and 

the environment. Although lead and mercury were also found in the landfill, they are not a 

significant potential risk because of their very low mobility in groundwater. 

7. The distance from landfill No. 18 to the Borsodszirik Waterworks I is approximately 

one-half the distance from the Epres-tanya landfill to Waterworks I. There is little information 

about the wastes in landfill No. 18. The suspected wastes in landfill No. 18 may be a significant 

potential risk to the waterworks if significant amounts of industrial wastes are buried there. 

8. Other potential sources of groundwater pollution exist in the alluvial basin, including 

contaminants that may enter from the B6dva and Saj6 rivers, local canals and drainage ditches 
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that are located near industrial facilities, industrial lagoons and ponds, mine waste piles, and 

animal waste storage areas. The full effect of these potential pollution sources (and the unknown 

wastes that they contain) on the groundwater quality within the Borsodszirik wellhead protection 

area cannot be fully assessed on the basis of the information that the survey team has collected 

to date. 

6.4 Summary of Risk 

Table 7 indicates potential point sources of groundwater contamination within the 

Borsodszirdk wellhead protection area. The sources are ranked in order of relative risk to the 

wellfields. Comments and specific recommendations are also made in Table 7. The potential 

point sources in order of relative risk potential are: 

1. The Epres-tanya landfill 

2. Landfill No. 18 

3. The animal feedlot 

4. The three unlined lagoons on the west side of the fly ash pile 

5. The fly ash pile 

6. The manure storage pile. 

Table 8 presents potential non-point sources of groundwater contamination within the 

Borsodszirik wellhead protection area. These non-point sources, in order of relative risk 

potential, are: 

1. The Bodva River 

2. Farming practices 

3. The tributary to the Saj6 River 

4. The communities of Dusnokpustza and Borsodszirik 

5. The coal mining area in the northwest portion of the wellhead protection area. 
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Although there are many potential point and non-point sources of contamination in the 

wellhead protection area, the drinking water that is obtained from the two waterworks is currently 

considered to be suitable for drinking. This status could change, however, if concentrated plumes 

of contamination enter the wellfield. This is why additional, carefully planned groundwater 

monitoring is needed. The boundary of the wellhead protection area appears to be appropriately 

defined; however, the boundary itself does not provide protection. It will always be important 

to monitor activities within the area that could lead to contamination. 

The problems encountered in the Borsodsirfik wellhead protection area are not unique, and 

technology is available to remediate serious groundwater contamination situations that may be 

encountered in future, site-specific investigations. There is also ample wellhead treatment 

technology that could be employed, if needed, to remediate the groundwater at the point of 

distribution in the waterworks. Frequent regular monitoring will ensure that any serious 

groundwater contamination problems that develop in the future are discovered promptly and can 

be corrected before adversely impacting the drinking water quality. 
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7.0 Short-Term and Long-Term Recommendations 

The following recommendations are made by the appraisal team on the basis of available 

data and our independent evaluation of the hydrogeology and groundwater chemistry of the 

Borsodszirdk wellhead protection area. The recommendations are divided into two categories: 

short-term activities (that should be considered within the time frame of a few months) and long

term activities (that could be implemented over several years). 

7.1 Short-Term Activities 

The short-term activities could probably be accomplished in a few months primarily by 

Hungarian organizations with some assistance by the survey team. The short-term activities will 

provide additional data, particularly on the organic compounds identified in the composite 

groundwater sample collected from Waterworks I, that will further aid in an understanding of the 

distribution of groundwater contamination. Specific activities to make existing monitoring wells 

more useful in a monitoring program are also suggested. 

1. The Borsodszirik wellfields (Waterworks I and I/A) should be resampled for 

confirmation of the organic sample results obtained by the survey team in June 1993. The 

samples should be collected in accordance with the sampling and analysis plan developed for 

composite sampling (refer to July 1993 LEM report of composite sampling). It may be necessary 

to sample individual supply wells within the wellfield for organics and then develop a plan that 

will allow potentially contaminated wellwater to be diverted and/or treated. Existing laboratories 

in Hungary that can analyze organics in groundwater should be identified or such analytical 

capabilities should be developed. 

2. Samples from the B6dva River should be collected at the intake to Waterworks I and 

analyzed for organic and inorganic compounds. These results shold then be compared with 

available groundwater quality results from Waterworks I for evaluation of potential trends. 
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3. Samples should be collected from selected E-, ET-, V-, H-, TM-, TSZ-, and TT- series 

monitoring wells and analyzed for the organic constituents found in composite water from 

Waterworks I and I/A. 

4. The TM- and TT-series wells should be thoroughly developed to remwre drilling fluids 

and prepared for use as groundwater monitoring points. Analysis of groundwater from these 

wells for both inorganic and organic constituents could provide needed information concerning 

potential contamination from the flyash area. 

5. Monitoring well V-2 should be examined for potential screen collapse or screen 

clogging. Consideration should then be given to remediating or replacing this monitoring well, 

if necessary. 

6. It does not appear that groundwater level measurements have been obtained in the 

TSZ-series :ce!s. Groundwater levels should be obtained from these wells at the time of 

sampling to aid in the interpretation of groundwater flow within the Borsodszirik wellhead 

protection area. 

7. During the September workshop, the role of the LEM program in aiding Saj6szentp6ter 

should be decided. For example, should LEM assist in the development of a monitoring plan, 

or aid in preparing proposals to request funds for additional assessments, and/or technical review 

of future data collection efforts? 

7.2 Long-Term Activities 

The long-term activities recommended in this report may require implementation over the 

course of several years due to the high costs typically associated with groundwater monitoring 

and subsurface assessments. The workshop will need to address several fundamental issues, 

including the determination of the regional authority in charge of the groundwater monitoring 

assessments and related data within the wellhead protection area, the source(s) of potential 

funding, and the role of LEM in providing further assistance. 
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1. Consideration should be given to the t,tablishment of a regional authority to 

coordinate the collection, evaluation, and decision making concerning the Borsodszirik wellhead 

protection area. Local and regional government authorities, industry, university researchers, and 

other interested parties should share information concerning groundwater quality in the 

Borsodszirik wellhead protection area. 

2. Consideration should be given to evaluating land use activities that have the potential 

to result in groundwater contamination within the Borsodszirik wellhead protection area. 

3. A regional repository should be considered for all groundwater monitoring data in the 

Borsodszirik wellhead protection area. A repository of groundwater data would enable the 

following activities: 

a. Evaluation of monitoring results at least annually to monitor changes that may 

affect the groundwater quality at the Borsodszirik Waterworks. 

b. Establishment of consistent monitoring protocols wi'.h respect to well construction, 

sampling procedures, chemical analysis methods (detection limits, analytical 

procedures, sample handling, quality assurance/quality control, etc.), and data 

reporting conventions. 

c. Establishment of monitoring schedules to be followed by participating institutions. 

d. Publication of an annual report of water quality and water supply issues in the 

Borsodszirdk wellhead protection area. 

4. The 1993 annual average groundwater chemistry should be evaluated for the E-, ET-, 

V-, H-, TM-, TSZ-, and TT- series wells to further document concentration trends of sodium, 

nitrate, ammonium, sulfate, chloride, conductivity, and heavy metals. 

5. Additional sampling should be conducted to evaluate the presence of and risks posed 

by organic contaminants in composite water from Waterworks I and I/A. 

6. The vertical variations of groundwater chemistry in the aquifers should be evaluated. 
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7. A comprehensive groundwater monitoring plan should be developed for the 

Borsodszirik wellhead protection area. The plan should establish and include the following 

elements: 

a. Sample collection protocols for use by all data collectors. 

b. Monitoring well construction and protection criteria for all wells in the 

Borsodszirfik wellhead protection area monitoring network. 

c. Frequency for collecting water level measurements and evaluating the flow regime 

in the aquifers. 

d. Frequency for collecting of groundwater samples. The sampling frequency for 

each well should consider the proximity to potential contamination source(s), the 

history of contamination over a specified number of previous samplings (for 

example, over the last year of record), and the contribution of groundwater from 

the vicinity of the monitoring well to the Waterworks. 

e. Constituents to be monitored in the Borsodszirik wellhead protection area and 

appropriate analytical techniques for quantification. 

8. Additional monitoring wells should be considered within the Borsodszirdik wellhead 

protection area and integrated into the monitoring plan. A monitoring authority should be 

designated for each well or group of wells. The following areas (shown on Figure 49) are 

suggested for placement of new monitoring wells: 

Area A. Southeast of the Epres-tanya landfill, to further evaluate potential risks to 

Waterworks I/A. 

Area B. Between Waterworks I and I/A, north of well E-2, to further evaluate water 

quality and potential risks to Waterworks I and I/A. 

Area C. 	 Southwest of TSZ - series wells, between the manure pile and Waterworks I, 

to further evaluate nitrate and ammonium concentrations in that area of the 

Pleistocene aquifer. 

Area 	D. Northeast of well E-5 and north of Waterworks I, to evaluate groundwater 

quality north of the Waterworks I wellfield. 

Area E. Around illegal landfill No. 18 (as described in the KEVITERV report), to 

evaluate potential groundwater contamination from this landfill. 
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Area F. East of Dusnokpuszta, to provide regional groundwater quality information for 

thc center of the Borsodszirdk wellhead protection area. 

Area G. Between well TM-17 and Waterworks I/A, to provide regional groundwater 

quality information for the southern portion of the Borsodszirdk. wellhead 

protection area. 

Area H. Additional wells around Epres-tanya, to further evaluate the extent of 

contamination seen in well ET-104. If significant contamination is noted in 

the Pleistocene gravel aquifer in this area, wells should also be installed to 

assess the vertical variations of groundwater chemistry. Extreme care should 

be taken in all drilling activities within the Borsodszirdk wellhead protection 

area to ensure that contamination is not carried between the Pleistocene and 

the Miocene aquifers. 

9. Additional soil and waste examination borings should be conducted within the 

boundaries of the Epres-tanya landfill and within illegal landfill No. 18. The soils, waste, and 

groundwater should be analyzed for metals, nonmetallic inorganics, and organic compounds. 

10. The potential risks associated with the Epres-tanya landfill should be re-evaluated 

based on new information obtained from the additional borings and monitoring wells suggested 

above. Potential remediation alternatives should be evaluated. 

11. A groundwater flow/solute transport model was developed at the Department of 

Hydrogeology and Engineering Geology at the University of Miskoic for an ammonia assessment 

for the Borsodchem Rt. This model should be evaluated to determine its applicability in 

assessing transport of other contaminants within the Borsodszirik wellhead protection area. A 

groundwater model would eventually be needed to evaluate effects of potential groundwater 

remediation alternatives. 
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12. The potential for overdraft of the Pleistocene gravel aquifer should be assessed 

including consideration of: 

a. Installation of piezometers and/or monitoring wells in the upgradient areas of the 

Borsodszirdk wellhead protection area to monitor water levels over the larger 

basin. 

b. Evaluation of potential dewatering effects of the Waterworks. 

c. Evaluation of future/proposed activities that might contribute to dewatering or 

impact water quality (e.g., coal mining of highland areas). 

13. Consideration should be given to installing deep, nested piezometers in the areas 

southwest and northeast of Waterworks I to monitor potential vertical gradients, and 

recharge/discharge relationships between the Pleistocene gravel aquifer and the underlying faulted 

Miocene formations. 
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Table 1. Comparison of Estimated Travel Times from
 
Potential Point Sources to Waterworks I
 

Point-Source 
I.D. 

A (South of Mdcsony) 


B (Unidentified Area)* 


C (Fly ash Deposit) 


D (Megyei Waterworks) 


E (Unidentified Area)* 


F (SE End of Slurry Deposit) 


G (D6snokpuszta) 


H (Finke) 


I (Unidentified Area)* 


J (Borsodszirik) 


K (Manure Stockpile) 


L (Epres-tanya Landfill) 


M (Abandoned Gravel Pit) 


N (Borsodszirik) 


P (Unidentified Area)* 


* Unidentified areas are those 

Estimated Travel Time to Waterworks I (Years)
 
LEM Appraisal KEVI'ERV
 

112 142
 

41 54
 

49 59
 

305 86
 

51 60
 

69 70
 

18 32
 

83 40
 

7 8
 

6 14
 

3 5
 

16 49
 

19 33.7
 

7 87
 

4 63
 

locations for which travel times were calculated in the 

KEVITERV report but for which specific potential poirt sources were not identified. 



Table 2. Major Ion Constituents in Groundwater 
(Annual Mean Concentrations, 1992) 

Monitoring Concertrations (mg/L) Conductivity 
Wontolng r irtPSlaeS/cm)
Well Sodium Chloride Ammonium Nitrate Sulfate 

1381 

E-2 14 54 0.21 0.6 393 996 

E-3 21 34 0.07 10.6 117 595 

E-4 72 132 0.04 60.8 369 1279 

E-5 14 33 0.06 9.1 167 607 

E-6 56 193 0.07 36.6 289 1395 

TSZ-1 --- 165 3.75 3.9 --- 1362 

1681 

E-I 19 75 0.07 8.1 455 

TSZ-2 --- 195 3.56 2.0 ---

1206TSZ-3 --- 68 1.16 2.0 ---

75 5.67 8.5 527 1448H-1 98 

H-2 131 222 0.18 8.5 494 1798 

H-3 42 96 0.51 1.5 231 851 

V-I 111 55 3.74 17.1 761 1960 

V-2 81 56 4.28 5.7 565 1672 

V-3 * 19 26 0.03 6.5 40 306 

ET-101 79 247 0.47 11.6 407 1660 

ET- 102 88 185 0.23 13.1 466 1667
 

ET- 103 * 38 50 3.53 7.7 133 684
 

ET- 104 440 840 21.58 9.0 472 3515
 

100 0.2 40 300 1600Limit 200 

Value 


I 
* Monitoring wells V-3 and ET-103 are screened in the Miocene aquifer. 

Based on MSZ 450/1-1989. 

77 



Table 3. Minor Ion Constituents in Groundwater 
(Annual Mean Concentrations, 1992) 

Monitoring eptsbe
WellOrgnizaion

Well Organization 
Tota-

Mercury 

Concentrations (pg/L)1 

Cadmium Arsenic Chromium Lead Copper Zinc Nickel 

E-1 

E-2 

ERV 

ERV 

0.11 

0.16 

0 

0 

0 

0 

0 

0 

1.25(0-10) 
0.58 
0(0- 7) 

2.2 

2.7 

6.3 

12.8 

0 

0 

E-3 

F-4 

E-5 

ERV
1(0 

ERV 

ERV 

0.10 

0.23 

0.10 

0 

0 

0 

0 

0 

0 

0 

0 

0.8 

1.0 
- 6) 

1.25 
(0-5(o0-5) 
2.75 

( - 33(0- 33) 

1.8 

3.2 

2.3 

0.9 

8.3 

3.5 

0 

3.6 

0 

E-6 ERV 0.25 0 0 0 1.25(0-5) 
2.1 6.6 0 

H-i 

H-2 

ERV 

ERV 

0.27 

0.20 

0 

0 

0 

0 

0 

0 

1.0(0-7) 
1.4 

(0-6) 

4.2 

2.8 

5.3 

6.3 

0 

0 

H-3 

V-I 

V-2 

V-3 

ET-101 

ERV 

BHV 

r3HV 

ERV 

BHV 

0.27 

< 1 

< 1 

0.16 

< 1 

0 

< 5 

< 5 

0 

< 5 

0 

2502: 
(<0(< DL) 

1802 
(8DL(< DL) 

0 

< DL 

0 

5.0 

5.8 

0 

26.6 
(<5 1(< 5- 160) 

0.8(0-8) 
15 

( -)(< 5 40) 

14.5 
1.5(<5 27) 

1.4 
(06(0- 6)1 

18.5 
15(< 5- 31) 

1.7 

6.9 

4.3 

1.4 

10.7 

9.0 

< 50 

40.0 

3.4 

,'66.7 

0 

7.8 

11.9 

1 0 

24.3 

ET-102 BHV < 1 
(< 5) 

< DL 5.1 13.6
(< 5 - 42) 

1.0 10.4 10 

ET-103 BHV < 1 < 5 < DL 1.5 254(< 5 -80) 4.9 34.3 4.0 

ET-104 BHV 

Limit Values ] 
< I < 5 

.015.0 

< DLL 
50 [ 

13.7 

50 

11.1 
(< 5- 16) 

50 I 
3.8 24.9T 

IOWI10 

16.0 

.. ' 

The mean concentration is presen'.ed along with the range in concentration values for the 1992 monitoring results. 
2 The maximum coriceitraton is presented. The detection limit varied due to possible interferences. Concentrations 

were less than the detection limit (< DL).
 
A limit value for nickel in drinking water has not been established by Hungary. (Thle U.S. EPA uses a MCL of
 
1000 pg/L.)
 

http:presen'.ed


Table 4. 

Designation 

E-series 

TSZ-series 

H-series 

V. series 

ET-series 

Monitoring Well Designation and Monitoring Purpose 
Borsodszirik Wellhead Protection Area 

Source of Information Monitoring Purpose 

tRV Regional water quality data. Provides 
information related to the waterworks 
and the wellhead protection area. 

tRV Manure storage pile. 

Tiszai Er6mu Rt. Pedimetei of fly ash pile located at 
Berente. 

Borsodchem Rt. Interior of fly ash pile located at 
Berente. 

Borsodchem Rt. Epres-tanya landfill. 



Table 5. Calculated Ralios of Ammonium Concentration to the Limit Value' 

Monitoring 

Well 


E-2 


TSZ-1 


TSZ-2 


TSZ-3 


H-1 


H-3 


V-1 


V-2 


ET-101 


ET- 102 


ET-104 


Mean 

Concentration
 

(mg/L) 

0.21 

3.75 

3.56 

1.16 

5.67 

0.51 

3.74 

4.28 

0.4.7 

0.23 

21.58 

The limit value is 0.2 mg/L based on MSZ 450/1-1989. 

Ratio 

1.05 

18.75 

17.80 

5.80 

28.35 

2.55 

18.70 

21.40 

2.35 

1.15 

107.90 



Table 6. Summary of Soil and Waste Measurements at Epres-tanya Landfill and 
Greater London Council Guidelines for Contaminated Soils 

SAMPLE NO. MEASUREMENT As Cd Cr Cu Hg Ni Pb Zn 

MINTA SZ. MERET (mg/kg) (mg/kg) (tmg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

ET-FI MEAN( 0 to 10m) no data no data no data no data 8.47 no data no data no data 

ET-F2 MEAN( 0 to 10m) no data no data 1.30 3.29 0.18 5.36 10.63 no data 

ET-I01 MEAN( 0 to 10rn) 0.93 0.57 1.51 8.49 0.05 5.75 6.05 no data 

ET-102 MEAN( 0to 10m) 1.60 0.50 2.39 7.52 0.06 9.24 8.40 no data 

ET-103 MEAN( 0 to 10m) 0.73 1.93 1.96 7.24 0.06 8.95 11.79 no data 

ET-104 MEAN(O to 10m) 3.18 0.50 2.02 8.01 1.60 8.17 7.09 no data 

EKOVIZIG MEAN 70 26 no data no data 71 no data 50148 125 

EKOVIZIG MINIMUM 0.73 0.50 no data no data 0.05 no data 6.05 20 

EKOVIZIG MAXIMUM 800 270 no data no data 360 no data 235000 410 

GLC GUIDE. UNCONTAMINATED 0 to 30 0 to I 0 to 100 0 to 100 Oto I 0 to 20 0 to 500 0 to 250 

GLC GUIDE. SLIGHT CONTAM. 30 to 50 1 to 3 100 to 200 100 to 200 1 to3 20 to 50 500 to 1000 250 to 500 

GLC GUIDE. CONTAMINATED 50 to 100 3 to 10 200 to 500 200 to 500 3 to 10 50 to 200 1000 to 2000 500 to 2000 

GLC GUIDE. HEAVY CONTAM. 100 to 500 10 to 50 500 to 2500 500 to 2500 10 to 50 200 to 1000 2000 to l% 2000 to 1% 



Table 7. 

Potential Point Source 
Area Within 

Borsodzirik Wellhead 
Protection Area 

and Relative Ranking 
of Risk 

Epres-tanya landfill 
(Point I on Figure 20) 

Relative Ranking of Risk: 
No. I 

Illegal Landfill No. 18 
(Figure 4) 

Relative Ranking of Risk: 
No. 2 

Potential Point Sources of Groundwater Contamination within the Borsodsziral Weilhead Protection Area 
(Ranked in Order of Decreasing Risk) 

Estimated 
Groundwater 

Travel Time to 
Waterworks I 

(Years; based on 
Figure 20) 

10 to 16 

8 

Monitoring Well 

System 


(Number of Wells) 


ET-series wells (4 
wells). Well ET-103 
monitors the Miocene 
aquifer the other three 
wells monitor the 
Pleistocene gravel 
aquifer. 

None exist 

ExieHd an Above 
Hungarian 

Groundwater Limit 
Values (based on 
mean 1992 data) 

Sodium (ET-104) 

Chloride (ET -101, 102, 
104) 

Ammonium (all 4 
ET-series wells) 

Sulfate (ET-101, 102, 
104) 

Conductivity (ET-101, 
102, 104) 

Not known at present 

Comments Regarding Potential Risk to the
 
Drinking Water Quality of the Wellfields, and
 

Specific Recommendations
 

Comments: The ET-series monitoring wells have some 
of the highest concentrations of minor ion constituents 
(chromium, lead, copper, mercury, zinc, and nickel) 
measured in the Borsodszirjk wellhead protection area. 
There is no information about organic or nonmetallic 
wastes in the landfill. Arsenic and cadmium represent a 
significant potential risk to the groundwater resources. 

Recommendations: Additional monitoring wells should 
be installed downgradient of the landfill and sampled for 
inorganic and organic constituents. Additional soil and 
waste characterization borings should be conducted within 
the landfill. A remedial action plan should be developed. 
Crops should not be grown on the landfill and the area
should be fenced off. 

Comments: Landfill is directly upgradient of 
Waterworks I; little is known about the disposal history;
and no subsurface data has been obtained. The landfill 
was previously a gravel quarry which probably 
intersected the water table. There is evidence of industrial 
waste materials on the ground surface. 

Recommendations: A carefully directed subsurface 
investigation should be planned and conducted for this 
landfill including soil and waste characterization borings. 
Additional monitoring wells should be installed between 
this landfill and Waterworks I and sampled for inorganic
and organic constituents. Crops should not be grown on 
the landfill. 



Tzble 7. Potential Point Sources of Groundwater Contamination within the DIorsodszirak Wellhead Protection Area 
(Ranked in Order of Decreasing Risk) cont. 

Potential Point SourceArea Within 
Borsodzirtk Welhead 

Protection Area 
andoReativnea g

and Relative Ranking 

of Risk 

Animil feedlot 
(Near Point L on Figure 
20) 

Relative Ranking of Risk: 
No. 3 

Three currently unused and 
unlined lagoons on west 
side of fly ash pile 
(extreme northwest corner 
of the wellhead protection 
area) 

Relative Ranking of Risk: 
No. 4 

EstimatedGroundwater 
Travel Time to Monitoring Well 
Waterworksi System 

( er s I (Number of Wells)(Years; based onmen19da) 

Figure 20) 

Estimated to be 
similar to that of 
Epres-tanya (10 to 
16 years) 

Estimated to be 
similar to that of the 
fly ash disposal pile 
(approximately 50 
years) 

None specifically for this 
facility .lthough the 
existing domestic supply 
well(s) could be used in a 
monitoring program. 

Two new moaitoring 
wells (TT-4 and TI-I1) 
installed in March 1993 
appear to monitor these 
three lagoons. 

Exceedances Above
 
Hungarian 


Groundwater Limit 

Values (based on 

mean 1992 data) 

Not known at present 

Not known at present. 

Comments Regarding Potential Risk to the
 
Drinking Water Quality of the Wellfields, and
 

Specific Recommendations
 

Comments: No industrial wastes appear to be associated 
with this processing facility. There is a possibility that 
some of the major ion constituents observed in the 
adjacent Epres-tanya landfili moni'oring wells (sulfate, 
ammonia, ar.d/or chloride) could have originated from the 
animal feedlot. There is also the possibility that waste 
constituents from the Epres-tanya landfill could migrate 
to the active domestic well used to water the cattle. 

Recommendations: The domestic well at the animal 
feedlot should be sampled and analyzed for the same 
constituents as wells monitoring the Epres-tanya landfill. 

Comments: Groundwater chemistry data, other than 
initial purged samples for inorganic analysis, were not 
available from these two new monitoring wells at the 
time of this appraisal. Information obrained during 
LEM's survey suggests that these lagoons were excavated 
into the fly ash pile which had been previously excavated 
below the original ground surface. The original contents 
of the lagoons are apparently not known. Although 'he 
hgoons are the greatest distance from the waterwork, 
they could pase a significant risk to the quality of 
groundwater within the wellhead protection area if 
organic compounds were disposed in unlined lagoons. 

Recommendations: The new wells should be sampled 
for organic compounds. 



I awle 

Potential Point Source 
Borsdzirk Welihead 
II spotection Area 

PndoReativnea
and Relative Ranking 

of Risk 

Fly Ash Disposal Pile 

fPoint C on Figure 20) 

Relative Ranking of 
Risks: No. 5 

Manure Storage Pile 
(Point K on Figure 20) 

Relative Ranking of Risk: 
No. 6 

I k'O frkwont aourcesuuY-"i UUIIUWaWtU IZUn~rl~riuzqiI WIliil -I -UUIUUSZWMC- I? IIIIU K- I URMLIUII J*"UId 

(Ranked in Order of Decreasing Risk) cont. 

Comments Regarding Potential Risk to the
 

Drinking Water Quality of the Welfields, and
 
Specific Recommendations
 

Comments: With the exception of some initial turged 
samples analyzed for inorganic constituents, groundwa'cr
chemistry data were not available from the new 
monitoring Aells (TM- and TT-series wells) at the time 
of this appraisal. Monitoring wells V-I and V-2 are in 
the center of the fly ash pile and have some high 
concentrations of minor ion constituents (arsenic, lead, 
chromium, copper, nickel, and zinc). Though not as high 
as the minor ion constituents detected in the wells that 
monitor the Epres-tanya landfill, it is apparent that the 
groundwater chemistry in the vicinity of the fly ash pile 
has being affected by the ongoing disposal operation. 

Recommendations: Continue sampling, analysis, and 
evaluation of existing and new monitoring wells. 

Comments: No industrial wastes appear to be associated 
with this storage facility. There is some potential for 
inorganic constituents (chloride, ammonia, and 
conductivity) to reach Waterworks I directly through the 
groundwater pathway or by discharge into the Bodva 
River which is used to artificially recharge the wellfield 
through infiltration ponds. 

Recommendations: Continue groundwater monitoring of 
TSZ-series wells. Additional monitoring wells should be 
considered between the manure pile and Waterworks I.
These wells should be sampled for inorganic constituents. 

Es'imated 
Travel Time to Monitoring Well 
Waterworksi System 

( er s o (Number of WeUs)(Years; based onmen19da) 

Figure 20) 

49 

3 

V-series wells (3) 
monitor the interior of the 
fly ash pile and the H-
series wells (3) monitor 
the perimeter of the 
fly ash pile. A new 
series of monitoring wells 
monitors the eastern 
perimeter of the fly ash 
pile (TM-series wells) 
and several new wells 
monitor the interior of the 
fly ash pile (Tr-series). 

TSZ-series wells (3 
wells) 

Hungarian 

Groundwater Limit 
Values (based on 

mean 1992 data) 

Sulfate (V-I, V-2, and 

H-I). 

Ammonium (V-I, V-2, 
H-I, and H-3) 

.onductivity (V-I and 
V-2) 

Chloride (TSZ-I, 
TSZ-2) 

Ammonium (TSZ-i, 
TSZ-2, and TSZ-3) 

Conductivity (TSZ-2) 



Table 8. Potential Non-Point Sources of Groundwater Contamination within the Borsodszirik Wellhead Protection Area 
(Ranked in Order of Decreasing Risk) 

F Piienfial Non-PointTypes of 
Source Area Within Contamination that 

Borsodzirik Wellhead Could Contribute to 
Protectin Area andelfields 

Relatbi Ranking of Risk 

Bodva River 

Relative Ranking of Risk: 
No. ! 

Farming practices 
(application of pesticides, 
fertilizers, animal feed lots. 
etc.) 

Relative Ranking of Risk: 
No. 2 

Inorganic and/or organic 
contamination from spiils 
and/or contaminated 
groundwater discharge 
upstream of Waterworks I. 
There was also an 
unconfirmed report of a 
phenol spill in the Bodva 
River. 

Pesticides, nitrate, and 
amrnonium. Application 
of the pesticide 
"Betanel-Tandem" was 
observed by the survey 
team in May 1993. It was 
reported that the following 
have been used by the 
cooperative or individuals: 
Norton. Acenit, Fusilades, 
Satox, Latdok. Sabet, 
Olitref, and Fendona. 

Welifield Likely to be 
INmpacted by 

Waterworks I. The 
Bodva River is used as a 
direct source of artificial 
recharge to the wellfield 
through the setting pond 
and the infiltration sieves, 

Primarily Waterworks 
I/A. Data from 
composite sample 
indicates some 
contamination already 
exists in the groundwater 
in this area. In addition, 
there are also significant 
agricultural areas adjacent 
to Waterworks I to the 
southwest, 

Comments Regarding Risk
 
Potential 


The Bodva River contributes 
approximately 80 percent of the water 
pumped by Waterworks 1. If 
contaminants enter the river they have a 
direct path to the aquifer and therefore 
the drinking water supply. On the other 
hand, the apparent effects of dilution on 
the groundwater quality have been 
observed by the appraisal team relative to 
Waterworks I. If the river remains 
uncontaminated this recharge could 
actually enhance the quality of the 
groundwater. 

Pesticides have already been detected in 
Waterworks I/A. The observed 
application of pesticides appears to be in 
the immediate vicinity of the wellhead 
(within 60 meters). Based on our 
observation of the thin protective layer 
overlying the aquifer in the nearby 
abandoned gravel quarry to the south of 
Waterworks I/A, there is very little 
separation of the aquifer from the 
overlying farming practices. 

Recommendations 

Routinely monitor the Bodva 
River for inorganic constituents 
and organic compounds at the 
intake to the wellfield. 
Evaluate other potential sources 
of contamination upstream of 
the intake to Waterworks I. 
Evaluate specific protection 
measures and contingency plans 
in the event of a major upstream 
spill. 

Resample Waterworks I/A and 
nearby monitoring wells for 
pesticides. Consider the need 
for other monitoring wells. 
Review farming practices in the 
wellhead protection area. 
Consider set-backs of pesticide 
applications near wellheads. 



Table 8. Potential Point Sources of Groundwater Contamination within the Borsodszirak Wellhead 
(Ranked in Order of Decreasing Risk) cont. 

Potential Non-PointSource Area Within Types of 
Sorcedrea Within Contamination that 

Borsodzirnk Welead Could Contribute to 
Prutection Area andWellfieds 

Relative Ranking of Risk 

Tributary to the Saj6 River 
(Szuha patak) 

Relative Ranking of Risk: 
No. 3 

Communities within the 
Wellhead Protection Area 
(e.g., Dusnokpustza and 
Borsodszirk) 

Relative Ranking of Risk: 
Na. 4 

This tributary originates at 
the fly ash disposal pile. It 
appears, on the basis of 
available water level data, 
that the tributary may be 
i quent (recharge the 
aquifer). The fly ash 
operation could contribute 
inorganic constituents to 
the groundwater via this 
tributary. 

There was a report of 
elevated mercury in a well 
in Dusnokpustza. Tcre 
was an unconfinned report 
of a phenol spill in 
Borsodszirdk. 
Domestic activities could 
contribute localized 

sources of contamination 
to the aquifer through open 
or improperly abandoned 
wells. Spills of petroleum 
products would also be 
more likely to occur within 
these more populated 
areas. 

Welifield Likely to be
Impacted by 

Groundwater from this 
area of the wellhead 
protection area could 
migrate toward 
Waterworks I or I/A. 

Both communities appear 
to be upgradient of 
Waterworks I. 

Comments Regarding Risk
Potential 

There are a number of recently installed 
monitoring wells (TM-series) that appear 
to monitor the groundwater in the 
immediate vicinity of this tributary. 
Monitoring data from these wells were 
not available at the time of this appraisal. 

There is no confirmed risk that has been 
documented in these communities at this 
time. The potential risk of contaminating 
the aquifer in these communities, relative 
to known point sources, is thought to be 
minor, 

Protection Area 

Recommendations 

The groundwater chemistry data 
obtained from the new TM
series wel!s should be evaluated. 
Based on these results it may be 
necessary to consider other 
monitoring well locations in this 
portion of the wellhead 
protection area. The water 
quality of the tributary should 
also be monitored periodically. 

Review activities within these 
communities that could lead to 
potential groundwater 
contamination (petroleum 
storage tanks, commercial or 
industrial operations. type of 
sewage treatment iystems in 
use, etc.) 



Table 8. Potential Point Sources of Groundwater Contamination within the Borsodszirak Wellhead Protection Area 
(Ranked in Order of Decreasing Risk) cont. 

Potential Non-Point 

Source Area Within 


Borsodzirfik Wellhead 

Protection Area and 


Relative Ranking of Risk
 

Coal Mining Area in 
Northwest Portion of 
Wellhead Protection Area 

Relative Ranking of Risk: 
No. 5 

Types of
 
Contmination that 

Could Contribute to 


Potential inorganic 
contamination associated 
with lignite coal mining 
(e.g., trace metals, high 

conductivity). There was 
an unconfirmed report that 
Some Col mining 
operations used 
underground shafts in the 
past to dispose of 
drummed industrial waste. 
Operations could pose a 
potential threat to the 
Miocene aquifer. 

Wellfield Likely to be 

Impacted by 


Non-Point Source
 

The mining operations 
appear to be upgradient of 
Waterworks I and could 
affect water quality of the 

Miocene aquifer. 

Comments Regarding Risk
 
Potential 


There is no confirmed risk that has been 
documented related to the mining 
operations at this time. The potential risk 
of contaminating the aquifer from this 

remote operation is considered to be 
minor, 

Recommendations 

Review mining operations and 
past waste disposal practices. 
Assess impacts of potential 
future mining endeavors planned 

within the wellhead protection 
area. 
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Figure 43. Results of Multimed Analysis
 
(Aquifer Fractional Carbon = 0.0002, Pulse Duration = 22 Years)
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Figure 44. Results of Multimed Analysis
 
(Aquifer Fractional Carbon = 0.0006, Pulse Duration = 22 Years)
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Figure 45. Results of Multimed Analysis
 
(Aquifer Fractional Carbon = 0.001, Pulse Duration =22 Years)
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Figure 46. Results of Multimed Analysis
 

(Aquifer Fractional Carbon = 0.0002, Pulse Duration = 50 Years)
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Figure 47. Results of Multimed Analysis
 
(Aquifer Fractional Carbon = 0.0006, Pulse Duration = 50 Years)
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Figure 48. Results of Multimed Analysis
 

(Aquifer Fractional Carbon = 0.001, Pulse Duration = 50 Years)
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Figure 49. Preliminary Recommendations for Additional Monitoring Wells 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chlofide Conductivity Sulfate 
ID N03 NH4 CI f.vez S04 

m1_ m-/l mg/l uS/cm mg/I 

ERV TSZ-1 1990 9 6 1990.68 1.9 4.4 122 1190 273 
ERV TSZ-1 1990 10 18 1990.80 0.5 4.1 124 1310 242 
ERV TSZ-1 1990 I1 13 le!!?,';7 2.3 5.4 119 1049 270 
ERV TSZ-1 1990 12 14 1990.96 2 4.7 124 1030 265 

ERV TSZ- 1 1991 1 29 1991.08 0 4.7 128 1180 246 

ERV TSZ-I 1991 2 25 1991.15 0 ---- 125 1160 217 
ERV TSZ-1 1991 3 21 1991.22 16.1 3.2 79 680 119 
ERV TSZ- 1 1991 4 29 1991.33 7.9 3.9 138 1210 127 

ERV TSZ-1 1991 5 16 1991.38 0.3 3.9 138 1170 144 
ERV TSZ-1 1991 6 24 1991.48 1.1 5.1 139 1340 198 
ERV TSZ-1 1991 7 10 1991.53 0.9 4.5 139 1270 192 
ERV TSZ- 1 1991 8 8 1991.61 6.5 5.7 135 1340 203 

ERV TSZ-1 1991 9 11 1991.70 0.2 3.6 140 1040 XXX 
ERV TSZ-I 1991 10 _ 31 1991.83 7.1 1.51 146 1120 194 

ERV TSZ-I 1991 1 1 12 1991.87 3.7 3.3 152 1120 208 
ERV TSZ-I 1991 12 12 1991.95 4.2 1.6 148 1115 201 
ERV TSZ-1 1992 1 22 1992.06 7.7 3.27 196 1500 199 
ERV TSZ-I 1992 2 18 1992.13 0.9 4.3 178 1420 XXX 
ERV TSZ-I 1992 3 17 1992.21 0.3 6.6 143 1200 XXX 
ERV TSZ-I 1992 4 22 1992.31 0.1 4.4 206 1580 XXX 

ERV TSZ-I 1992 6 I 1992.45 1.9 1 152 1380 XXX 

ERV TSZ-I 1992 7 27 1992.57 1.8 3.9 155 1050 XXX 

ERV TSZ-1 1992 8 17 1992.63 5.7 5 158 ---- XXX 

ERV TSZ-1 1992 9 14 1992.71 6.7 3.6 154 1400 XXX 

ERV TSZ-I 1992 10 7 1992.77 6.2 3 154 1370 XXX 

ERV TSZ-I 1992 11 24 1992.90 5.5 3.2 162 1350 XXX 

ERV TSZ-I 1992 12 11 1992.95 5.9 3 160 1370 XXX 

ERV TSZ-I 1993 1 15 1993.04 5.1 **** 166 1660 XXX 

ERV TSZ-I 1993 2 15 1993.12 0.3 7.6 206 1970 XXX 
ERV TSZ-I 1993 3 25 1993.24 0.6 1.5 202 1910 XXX 
ERV TSZ-I 1993 4 23 1993.31 0.5 1.9 204 2000 XXX 

ERV TSZ-2 1990 9 6 1990.68 0.7 3.4 134 1360 235 
ERV TSZ-2 1990 10 18 1990.80 2.7 4.7 122 1330 223 
ERV TSZ-2 1990 11 13 1990.87 1.9 4.8 141 1194 251 

ERV TSZ-.2 1990 12 14 1990.96 1.4 4.3 155 1205 231 

ERV TSZ-2 1991 I 29 1991.08 0 4.2 153 1380 267 

ERV TSZ-2 1991 2 25 1991.15 0 4.9 156 1365 197 
ERV TSZ-2 1991 3 21 1991.22 1.2 2.6 140 1380 218 
ERV TSZ-2 1991 4 29 1991.33 2.1 3.32 152 1390 231 
ERV TSZ-2 1991 5 16 1991.38 0.6 3.7 153 1320 249 
ERV TSZ-2 1991 6 24 1991.48 0.9 35 67 1680 129 

ERV TSZ-2 1991 7 10 1991.53 0.7 3.3 67 1520 149 

ERV TSZ-2 1991 8 8 1991.61 1.5 4.9 174 1520 155 
ERV TSZ-2 1991 9 11 1991.701 0., 4 181 1300 XXX 

ERV TSZ-2 1991 10 31 1991.83 1.4 0.45 168 1230 174 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 

ID N03 NH4 CI f.vez S04 

mg_/I mI m/I uS/cm mg/I 

ERV TSZ-2 _ 1991 11 12 1991.87 0.9 2.5 173 1200 153 

ERV TSZ-2 1991 12 12 1991.95 1.1 0.9 170 1220 161 

ERV TSZ-2 1992 1 22 1992.06 1.9 3.62 195 1500 179 

ERV TSZ-2 1992 2 18 1992.13 0.5 4.8 213 1900 XXX 

ERV TSZ-2 1992 .3 17 1992.21 - 0.2 -_ 6 205 _ _ 1460 XXX 

ERV TSZ-2 _1992 4 22 1992.31 0.5 5.4 151 . . . 1610 XXX 

ERV TSZ-2 1992 6 11 1992.45 1.4 ... 1.1 232 1740 XXX_ 


ERV TSZ-2- 1992 7 -27 - 1992.57 I 2.7 195 2140 XXX 

ERV TSZ-2 1992 _8 17 1992.63 . .5.6 _ _ 4.4 200 1700 XXX 

ERY TSZ-2 .. 1-092 9 14 -- 1992.71 ---- 2.8 3.4 191 1590 XXX 

ERV TSZ-2 1992 10 7 1992.77 . 2.2 2.8 190 _ !560 XXX 

ERV TSZ-2 1992I1 24 1992.90 3 2.6 190 1660 XXX 

ERV TSZ-2 1992 12 11-t 1992.95 3.3 2.3 ......187 . 1630 XXX 

ERV TSZ-2 1993 1 15 1993.04 3 **** 190 1708 XXX 

ERV TSZ-2 1993 2 .... 0.2 208 1920 -XX1993.12 6.6 

ERV TSZ-2 1993 3 25 1993.24 0.3 0.7 200 1910 xxX 

ERV- TSZ----1993 23 1993.31i-4 _0-,-.- 1.2 205 1950 XXX 

ERV TSZ-3 1990 9 6 1990.68 _0.8 0.37 44 _ 980 _ 268 

ERV TSZ-3 1990 10 18 1990.80 43 0.22 ... 100 1290 375 

ERV TSZ-3 1990 11 13 1990.87 1.1 ._ 0.73 45 . . . 804 .. .270 

ERV TSZ-3 1990 12 14 1990.96 1.1 0.6 55 790 249 

ERV TSZ-3 1991 1 29 1991.08 0 0.7 55 940 267 

ERV TSZ-3 1991 2 25 1991.15 " 0 _ 0.98 65 975 .... 257 

ERV TSZ-3 1991 3 21 199/122 - 0.7 . . .0.31 ... 68 1020 266 

ERV TSZ--3 - 1991I ..199 1.-33 .1 .. 0.92 .60 -1010 2741.. --

ERV TSZ-3 1991 5 16 1991.38 1.1 0.9 60 940 266 

ERV TSZ-3 1991 6 24 1991.48 2.6 0.28 59 1100 258 

ERV TSZ-3 1991 7 10 1991.53 2.2 0.2 59 1040 262 

ERV TSZ-3 -- 1991 8 8 1991.61 2.5 0.37 _ 58 1030 289 

ERV TSZ-3- 1991 9 I 1991.70 0.4 0.2 67 880 XXX 

ERV TSZ-3 1991 10 31 1991.83 -1.8 0.23 _ 72 . . 895 220 

ERV TSZ-3 1991 11 12 1991.87 I 0.2 . 65 825 244 

ERV TSZ-3 1991 12 12 1991.95 1.1 0.21 68 845 232 

ERV TSZ-3 1992 1 22 1992.06 1.8 0.21 60 800 -222 

ERV TSZ-3 1992 2 18 1992.13 0.3 0.43 .. 89 1500 XXX 
ERV TSZ-3 1992 3 17 1992.21 0.2 0.02 79 1020 XXX 

ERV TSZ-3 1992 4 22 1992.31 0.3 6.5 . .306 1400 XXX 
ERV TSZ-3 1992 6 11__ 1992.45 2.6 0.43 73 1070 XXX 

ERV TSZ-3 1992 7 27 1992.57 1.9 2.9 .... 38 1420 XXX 

ERV TSZ-3 1992 8 17 1992.63 5.3 0.36 70 1125 XXX .... 

ERV TSZ-3 1992 9 14 1992.71 2.4 0.44 78 1070 XXX 

ERV TSZ-3 1992 10 7 1992.77 2.1 . 0.4 76 1090 xxx 

ERV TSZ-3 1992 1 I 24 -1992 90 -. 2.5 0.6 ----- -- 80 --_---------- 1-660-X X--XX--
ER TSZ-3 1992 12 11 1992.95 2.9 0.5 78 1110 XXX 

29 .4 - . .

ERVITSZ-3 1993 I 51 1993.04 2.3 0.7 17 1178 XXX 
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Table C-1. Groundwater ha.rganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 
ID N03 NH4 Cl f.vez S04 

m-j mJl m-l uS/cm mg.l 

ERV TSZ-3 1993 2 15 1993.12 1.5 0.26 90 1350 XXX 
ERV TSZ-3 1993 3 25 1993.24 1.7 0.01 90 137 XXX 
ERV TSZ-3 1993 4 23 1993.31 1.7 0.1 87 1425 XXX 

ERV ET-101 1992 4 6 1992.27 XXXX.XX XXX__ 1430 XXX 
ERV ET-10l 1992 8 24 1992.65 XXX XXX.. xxx xxx . . xxX 
ERV ET-101 1992 10 13 1992.79 ---- 0.16 ---- --- XXX 
ERV ET-101 1992 11 9 1992.86 .... 0.3 ---- ---- XXX 
ERV ET-101 1992 12 1 1992.92 ----- -- 0.16 ---- 1440 XXX 
ERV ET-101 1993 1 6 1993.02 .... 0.01 .... 1380 XXX 
ERV ET-101 1993 2 8 1993.11 6.2 0.12 206 1880 372 
ERV ET-101 1993 3 II 1993.20 4.3 0.04 199 1810 650 
ERV ET-101 1993 4 20 1993.30 4.8 0.01 192 1880 489 

ERV ET-102 1993 2 8 1993.11 15.8 0.96 186 1840 430
 

ERV ET-103 1993 2 8 1993.11 0.1 9.2 36 720 76
 

ERV ET-104 1992 4 6 1992.27 XXX XXX XXX 3050 XXX 
ERV ET-104 1992 7 28 1992.59 XXX XXX XXX 1600 XXX 
ERV ET-104 1992 8 24 1992.65 XXX XXX __ XXX 690 XXX 
ERV ET- 104 1992 10 13 1992.79 2.8 ---- ---- XXX 
ERV ET- 104 1992 I1 9 1992.86 ---- 0.2 ---- XXX 
ERV ET-104 1992 _ 12 1 1992.92 .... 1.6 39501XXX 
ERV ET-104 1993. 6 1993.02 ---- . 3350 XXX--. 
ERV ET-104 1993 2 8 1993.11 3.9 * 101 4280 290 
ERV ET-104 1993 3 I1 1993.20 10.6 **** 50 4300 552 
ERV ET-104 1993 4 20 1993.30 4.9 8.1 1160 4500 364 

ERV BVK-50 1991 I 24 1991.07 45 8.2 292 3480 883 

ERV E-1 1981 I 18 1981.88 3.2 0.04 72 1280 460 
ERV E-I 1990 I 4 1990.01 9.1 0.02 80 1350 XXX 
ERV E-1 1990 2 8 1990.11 16.9 0.1 79 1319 XXX 
ERV E-I 1990 3 14 1990.21 8.7 0.06 121 1488 578 
ERV E-1 1990 4 21 1990.31 1.9 0.04 . .81 1208 . . 578 
ERV E-1 1990 5 3 1990.34 22 0 84 1345 576 
ERV E-1 1990 6 21 1990.47 26 0.03 81 1488 597 
ERV E-1 1990 7 19 1990.55 23 0 .07 85 1274 . 585 
ERV E-I 1990 8 8 1990.61 XXX XXX XXX XXX XXX 
ERV E-1 1990 9 6 1990.68 19.5 0.09 82 1420 564 
ERV E-i 1990 10 18 1990.80 15.4 0.04 74 1300 . 513 
ERV E-1 19_9 11 13 _1990.87 0.14 1010!.0. 1 17.6 79 541-

ERV E-l 1990 12 I 1990.92 _ 11.4 0.06 77 1270 . 657 
ERV E-1 1991 I 24 1991.07 8 0.07 79 1320 616 
ERV E-1 1991 2 21 1991.14 5.9 0.06 74 1280 598 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 

ID N03 NH4 Cl f.vez S04 

in/I m/l mg/l uS/cm mg/l 
72 1220 607ERV E-I 1991 3 27 1991.24 14.9_ 0.09_ 

ERV E- 1 1991-. 4 -23 1991.31 11.3 . .. 0.09 . .79 _ 1340 - - 643 

0.18 76 12-50 671ERV E-1 1991 5 16 1991.38 _ 1_0.2 . 

ERV- E- 1 1991 6 18 . 1991.47 8.2 0.11 72 1520 445 
1ERV E-I 1991 7 24 1991.57 "1-- - XXX .- ---

ERV- E-I 1991 8 _ 27 199_91.6 . .6 9.5 ... 0.05 74 1450 441 

ERV E-1 1991 9 17 1991.71 8.7 0.02 .... 74 . 1640 470 

ERV E-1 1991 10 18 1991.80 . 15.4 0.04 74 1300 _ .513 

ERV E-1 1991 10 30 1991.8__3 - 3.2 0.04 67 .. 1140. 442 

ERV E- . . 1991 I1 13 1991.87 17.6 0.14 _ . 79 .... 1310 541 

ERV E-I 1991 1 18 1991.88 3.2 0.04 - 72 .. ..... .. 1280 460 

ERV E-I 1991 12 12 1991.95 2.7 0.09 72 1320 322 

ERV E-1 1992 1 13 1992.04 4.8 . 0.1 75 1220 463 

ERV E-1 1992 2 17 1992.13 2.1 . . .0.14.. . . . 74 ..... . 1345 361 

ERV E-1 1992 3 9 1992.19 . . 3.5 ... 0.07 74 1265 475 

ERV E-i 1992 4 - - 6 1992.27 5.4 0.12 73 1380 . 440 

ERV E-I 1992 5 12 1992.37 .... 4.2 0.08 72 . .. . 1400 . . 430 

ERV E-I 1992 6 15 11992.46 9.3 0.02 75 1450 459 

ERV E-1 1992 7 28 1992.58 16 0.07 _78 __ 1450 _452 

ERV E-1 1992 8 24 - 1992.65 " 10.9 0.07 .. 80 1600 462 

ERV E-1 1992 9 22 1992.73 .. 0.06 75 1320 494 

ERV E-I 1992 10 13 1992.79 .1 0.06 . 73---- 495 

ERV E-I 1992 II II 1992.86 10 0.03 73 ---- 490 

ERV E-I 1992 12 I 1992.92 9.4 0.02 . .74 1380 437 

ERV E-I 1993 I 6 1993.02 9 0.06 72 1320 530 

ERV E-I 1993 2 8 1993.11 4.1 0.03 . 76_ . . 1880 . . 500 

ERV E-I 1993 3 I 1 1993.20 4.2 0.0! -- 80 1720 770 

ERV E-I 1993 4 20 1993.30 3.6 0.02 ... 86.. 1860 . 660 

ERV E-2 1981 11 18 1981.88 0.5 0.23 47 970 422 

ERV E-2 1990 1 3 1990.01 1.9 0.22 45 . . 1108 xxX 

ERV E-2 1990 2 I 1990.09 2.4 0.29 . 46 1108 xxx 

ERV E-2 1990 3 14 1990.21 3.8 0.11 49 1208 499 

ERV E-2 1990 4 21 1990.31 1.9 0.17 . .55 1208 . 485 

ERV E- . 1990 5 3 1990.34 0.8 0.16 . . 49 . . 1102 _ 490 

ERV E-2 1990 6 21 1990.47 1.9 1.12 48 1234 558 

ERV F-2 1990 7 19 1990.55 2 0.19 47 ----- 1060 503 

ERV E-2 1990 8 2 1990.59 0.3. .0.2_2 45 XX_ .... 

ERV E-2 1990 9 6 1990.68 2.2 0.22 43 1170 _ 513 

ERV E-2 1990 10 18 1990.80 0.8 0.05 41 1010 513 

ERV E-2 1990 11 13 1990.87 3.6 0.28 . 41 . 1109 ... 502 

ERV E-2 1990 12 1 1990.92 0.3 0.13 41 . .. . 1025 555 

ERV E-2 1991 I 24 1991.07 0.3 0,19 47 1075 513 

ERV E-2 1991 2 2 1991.14 0.8 0.21 46 970 _ 513 

ERV E-2 1991 3 _27 1991.24 0.3 0.29 62 965 519 

ERV E-2 1 1991 4 23 1991.31 0.5 0.26 49 1020 521 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 
ID N03 NH4 Cl f.vez S04 

. mg/I mg/l mg/l uS/cm mg/l 
ERV E-2 1991 5 16 1991.38 1.4 0.31 49 980 532 
ERV E-2 . . 1991 . 6 18 11991.47 1 0.24 . ... 48 1180 . 395 
ERV E-2 1991 7 24 1991.57 ............ 1282 XXX 
ERV E-2 1991 8 27 1991.66 1.9 0.24 47 1130 407 
ERV E-2 1991 9 17 1991.71 1.9 0.18 48 1120 402 
ERV E-2 1991 10 30 1991.83 0.5 0.21 47 875 364 
ERV E-2 1991 I 18 1991.88 0.5 0.23 47 970 422 
ERV E-2 1991 12 12 1991.95 0.7 0.17 45 980 308 
ERV E-2 1992 I 13 1992.04 0.8 0.26 48 895 369 
ERV E-2 1992 2 17 1992.13 0.4 0.12 47 970 333 
ERV E-2 1992 3 9 1992.19 0.5 0.11 48 920 436 
ERV E-2 1992 4 6 1992.27 0.5 0.1 1 45 1000 439 
ERV E-2 1992 5 12 1992.37 0.9 0.1 50 1000 440 
ERV E-2 1992 6 15 1992.46 0.6 0.13 46 1035 389 
ERV E-2 1992 7 27 1992.57 1.1 0.22 45 1030 331 
ERV E-2 1992 8 24 1992.65 0.5 0.25 45 1100 407 
ERV E-2 1992 9 22 1992.73 0.4 0.37 45 960 380 
ERV E-2 1992 10 3 1992.76 0.4 0.25. . 73..73.400 
ERV E-2 1992 10 13 1992.79 0.4 0.25 73 ---- 400 
ERV E-2 1992 11 11 1992.96 0.4 0.25 71 ---- 400 
ERV E-2 1992 12 1 1992.92 0.8 0.28 70 1050 384 
ERV E-2 1993 1 6 1993.02 0.9 0.25 43 970 430 
ERV E-2 1993 2 8 1993.11 0.1 0.19 42 1347 390 
ERV E-2 1993 3 11 1993.20 0.2 0.13 40 1230 556 
ERV E-2 1993 4 20 1993.30 2.3 0.14 40 1280 466 

ERV E-3 1981 i 1....8 1981. 8 . 4 0.04 . 36 . .. 570 11 6 
ERV E-3 1990 I 3 1990.01 7.1 0.02 37 691 XXX 
ERV E-3 1990 2 I 1990.09 8.8 0.13 38 708 XXX 
ERV E-3 1990 3 14 1990.21 5.7 0 42 797 166 
ERV E-3 1990 4 21 1990.31 2.3 0.02 47 823 157 
ERV E-3 1990 5 3 1990.34 0 0.01 40 712 160 
ERV E-3 1990 6 21 1990.47 _ .4 0.8_ 36 717 147 
ERV E-3 1990 7 19 1990.55 3.4 0.07 33 564 156 
ERV E-3 1990 8 2 1990.59 3.9 0.06 32 1120 XXX 
ERV E-3 1990 9 6 1990.68 0.5 0.07 41 820 169 
ERV E-3 1990 10 18 1990.80 0.2 0.18 42 1075 162 
ERV E-3 1990 II 13 1990.87 1.8 0.27 42 890 184 
ERV E-3 1990 12 I 1990.92 0.3 0.06 40 610 175 
ERV E-3 1991 1 24 1991.07 3.1 0.08 37 650 143 
ERV E-3 1991 3 27 1991.24 78.1 0.12 45 460 149 
ERV E-3 1991 4 23 1991.31 3.9 0.17 39 650 168 
ERV E-3 1991 5 16 1991.38 5.2 0.18 37 540 174 
ERV E-3 1991 6 18 1991.47 6.7 0.09 24 690 114 
ERV E-3 1991 7 24 1991.57 6.44 0.06 34 718 XXX 
ERV E-3 1991 81 27 1991.66 3.9 0.09 27 610 126 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 

ID N03 NH4 CI f.vez S04 

m- I- mE/ mg/l uS/cm mg/I 

ERV E-3 1991 9 17 1991.71 4.8 0.08 30 680 112 

ERV E-3 1991 10 30 1991.83 .. 3.3 .0.040 37 550 _ 115 

ERV E-3 1991 II 18 1991.88 5.4 . 0.04 36 .. . 570 116 
ERV E-3 1991 12 12 1991.95 5.6 0.03 23 480 54 

ERV E-3 1992 1 13 1992.04 10.7 0.13 31 520 109 

ERV E-3 1992 2 17 1992.13 10.2 0.06 38 580 111 

ERV E-3 1992 3 _ 9 1992.19 ____ 17.1 0.03 . ..39 ..... 580 138 

ERV E-3 1992 4. 6 1992.27 11.8 0.02 32 530 ... 107 

ERV E-3 1992 5 12 1992.37 12.4 0.05 38 510 112 

ERV E-3 1992 6 15 1992.46 7.8 0.05 33 610 100 

ERV E-3 1992 7 28 1992.58 7.9 0.06 31 610 111 

ERV E-3 1992 8. 24 1992.65 6.5 0.08_ 34 660 116 

ERV E-3 1992 9 22 1992.73 6.8 0.06 33 525 102 

ERV E-3 1992 10 13 1992.79 6.3 0.16 33 ---- 110 

ERV E-3 1992 I1 II 1992.86 6 0.02 33 ---- 103 

ERV E-3 1992 12 I 1992.92 23.6 0.1 33 _- 820 185 

ERV E-3 1993 1 6 1993.02 14.9 0.01 36 550 130 

ERV E-3 1993 2 8 1993.11 10.7 0.01 60 890 139 

ERV E-3 11 21 _ 1401993 3 . 1993.20 . . 0.03 0._ 730 . 

ERV E-3 1993 _ 4 20 . 1993.30 .. I1 0.03 36 980 .. 119 

ERV E-4 1981 1ii 18 1981.88 72 0.03 132 1320 436 

ERV E-4 1990 1 3 11990-01 68 0 144__ _ 1435 XXX 

ERV E-4 1990 2 1 1990.09 76 0 118 1456 XXX 
4__ 

ERV E-4 1990 4 21 1990.31 82 0.01 115 1488 455 

ERV E-4 1990 5 3 1990.34 82 _ 0... 125 ... .. 1430 451 

ERV E-4 1990 6 21 1990.47 70 0.07 116 1488 480 

ERV E-4 1990 3 14 _ 1990.21 87 0.06 _. 121 _ _ 797 460 

ERV E-4 1990 . 7 19 1990.55 69 0.07 .. 129 1389 . 471 

ERV E-4 1990 8 2 1990.59 83 0.14 .. ...128 . . .. . 1580 XXX . 

ERV E-4 1990 99 6 1990.68 77_ 0.07 . . 124 _..... 1440 452 

ERV E-4 1990 10 18 1990.80 74 0.05 . .. 128 ... .. . 1440 513 

ERV E-4 1990 11 13 1990.87 70 0.14 136 1320 413 

ERV E-4 1990 12 I 1990.92 73 0.04 124 1400 555 

ERV E-4 1991 1 24 1991.07 . 62 0.06 11! . ..1370 _ 513. 

ERV E-4 1991 2 21 1991.14 77 0.06 116 1260 525 

ERV E-4 1991 3 27 1991.24 83.4 0.14 128 1350 529 

ERV E74------ 1991 4 23 1991.31 64 . 1 134 . . 1350 . 544 

ERV E-4 1991 5 16 1991.38 69.4 0.11 133 1320 546 

ERV E-4 1991 6 18 1991.47 --68.5 011. 141 1550 324 

ERV E-4 1991 7 24 1991.57 65.3 0.02 141.8 1641 XXX 

ERV E-4 1991 8 27 1991.66 70.9 0.04 147 1520 351 

ERV E-4 1991 9 17 1991.71 68 0.09 142 1410 349 

ERV E-4 1991 10 30 1991.83 65.4 0.04 137 ..... 1225 368 
7991.828 . 1320.
ERVE-4 1991 1 18 72 .03 132_ . 436
 

ERV E-4 1991 12 12 1991.95 66 0.04 135 1400 250
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 
ID N03 NH4 Cl f.vez S04 

mel/ mgl mgl uS/cm mgl 
ERV E-4 1992 I 13 1992.04 61.5 0.09 138 1210 325 
ERV E-4 1992 2 17 1992.13 68.8 0.03 123 1260 362 
ERV E-4 1992 3 9 1992.19 56.3 0.02 120 1180 405 
ERV E-4 1992 4 6 1992.27 59.6 0.31 125 1280 361 
ERV E-4 1992 5 12 1992.37 61 0.01 100 1260 360 
ERV E-4 1992 6 15 1992.46 69.6 0.04 115 1280 400 
ERV E-4 1992 7 28 1992.58 68 0.08 119 1350 382 
ERV E-4 1992 8 24 1992.65 60.3 0.07 126 1470 394 
ERV E-4 1992 9 22 1992.73 54.5 0.04 151 1230 360 
ERV E-4 1992 10 13 1992.79 51.4 0.1 153 .... 376 
ERV E-4 1992 11 II 1992.86 56 0.02 !56 XXX XXX 
ERV E-4 1992 12 1 1992.92 63 0.01 154 1270 331 
ERV E-4 1993 I 6 1993.02 70 0.01 115 1180 380 
ERV E-4 1993 2 8 1993.11 73 0.02 120 1650 400 
ERV E-4 1993 3 11 1993.20 78 0.02 119 1470 506 
ERV E-4 1993 4 20 1993.30 74.7 0.01 123 1680 306 

ERV E-5 1981 II 18 1981.88 14.5 0.08 32 620 182 
ERV E-5 1990 1 3 1990.01 4.6 0 30 675 XXX 
ERV E-5 1990 2 1 1990.09 4.9 0.01 30 654 XXX 
ERV E-5 1990 3 6 1990.18 6.8 0.04 33 696 147 
ERV E-5 1990 4 11 1990.28 4.8 0 31 675 147 
ERV E-5 1990 5 3 1990.34 2.5 0 32 612 145 
ERV E-5 1990 6 21 1990.47 3.1 0.02 32 654 157 
ERV E-5 1")10 7 19 1990.55 2.9 0.05 31 589 143 
ERV E-5 1990 8 2 1990.59 6.9 0.05 33 670 XXX 
ERV E-5 1990 9 6 1990.68 8.6 0.05 31 670 61 
ERV E-5 1990 10 18 1990.80 7.9 0.03 . 34 610 162 
ERV E-5 1990 11 13 1990.87 9 0.11 33 740 129 
ERV E-5 1990 12 1 1990.92 7.4 0 33 620 195 
ERV E-5 1991 I 24 1991.07 6.3 0.04 37 720 202 
ERV E-5 1991 2 21 1991.14 8.1 0.06 36 650 200 
ERV E-5 1991 3 27 1991.24 7.5 0.1 27 590 219 
ERV E-5 1991 4 23 1991.31 12.6 0.1 40 660 257 
ERV E-5 1991 5 16 1991.38 15.2 0.08 40 640 268 
ERV E-5 1991 6 18 1991.47 12.3 0.07 38 760 134 
ERV E-5 1991 7 24 1991.57 11.5 0.02 35 728 XXX 
ERV E-5 1991 8 27 1991.66 14 0.09 35 720 178 
ERV E-5 1991 9 17 1991.71 12.3 0.05 39 730 149 
ERV E-5 1991 10 30 1991.83 15.9 0.04 34 478 102 
ERV E-5 1991 I1 18 1991.88 14.5 0.08 32 620 182 
ERV E-5 1991 12 12 1991.95 17 0.15 32 660 82 
ERV E-5 1992 I 13 1992.04 8.3 ().11 30 515 306 
ERY E-5 -1992 2 17 1992.13 6.2 0.08 33 620 _ 151 
ERVE-5 1992 3 9 1992.19 0.1 0.04 35 560 142 
ERV IE-5 1992 4 6 1992.27 8.6 0.02 341 620 335 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate
 

ID N03 NH4 Cl f.vez S04
 
Il mg/ mg/l ml uS/cm mg/l 

ERV E-5 1992 5 12 1992.37 9.2 0.02 39 590 342 

ERV E-5 1992 6 15 1992.46 8.8 0.05 33 625 104 

ERV E-5- 1992 -7 28 199258 . 10.6 _ 0.08 . 31 640 112 

ERV E-5 1992 8 24 1992.65_ 9.7 0.11 32 660 102 

ERV E-5 1992 9 22 1992.73 10.1 0.05 30 660 106 

ERV E-5 1992 10 13 1992.79 10 0.07 30 110 

ERV E-5 1992 11 9 1992.86 7 0.01 33 ---- 113 

ERV E-5 1992 12 1 1992.92 11.2 0.03 31 580 100 

ERV E-5 1993 I 6 1993.02 9.9 0.02 29 540 110 

ERV E-5 1993 2 8 1993.11 9 0.02 30 760 98 

ERV E-5 1993 3 1i 1993.20 9.2 0.02 __ 29 690 150 

ERV E-5 1993 4 20 1993.30 9.8 0.01 30 740 110 

1200 _ 

ERV E-6 1990 I 4 1990.01 36 0.02 112 1192 XXX 

ERV E-6 1990 2 8 1990.11 4.9 0.01 30 654 XXX 

ERV E-6 1990 3 14 1990.21 3.6 0.11 100 1203 318 

ERV E-6 1990 4 21 1990.31 53 0.01 94 .. 1192 348 

ERV E-6 1990 5 3 1990.34 50 0 95 1113 361 

ERV E-6 1990 6 21 1990.47 50 1.52 . 109 .. . . .1308 333 

ERV E-6 1990 7 19 1990.55 48 0.06 . .. 112 . 1.I194 325 
ERV E-6 1990 8 8 1990.61 51 0.11 113 1280 XXX 

ERV E-6 1990 9 6 1990.68 51 0.09 116 1230 310 

ERV E-6 1990 10 18 !990.80 17 0.11 106 1170 295 

ERV E-6 1991 I I 13 1990.87 48 0.16 116 1010 311 

ERV E-6 1990 12 I 1990.92 50 0.1 119 1190 380 

ERV E-6 1991 1 24 1991.07 5.6 0.1 141 1240 369 

ERV E-6 1991 3 27 1991.24 31 0.13 157 1190 378 

ERV E-6 1981 I1 18 1981.88 46.5 0.03 148 . 1. 304 

ERV E-6 1991 4 23 1991.31 48.9 0.11 159 1230 307 

ERV E-6 1991 5 16 1991.38 47.1 0.23 159 1160 321 

ERV E-6 1991 6 18 1991.47 36 0.17 178 1350 268 

ERV E-6 1991 7 24 1991.57 49.3 0.08 146 1487 XXX 

ERV E-6 _ 1991 8 27 1991.66 50.4 0.07 150 1370 274 

ERV E-6 1991 9 17 1991.71 51.2 0.06 148 1410 368 

ERV E-6 1991 10 30 1991.83 44.2 0.07 147 1060 3(11 

ERV E-6 1991 11 18 1991.88 46.5 0.03 148 1200 304 

ERV E-6 1991 12 12 1991.95 52 0.05 166 1300 196 

ERV E-6 1992 I 13 1992.04 33 0.09 195 1200 281 
ERV E-6 1992 2 17 i992.13 25 0.04 193 1310 289 

ERV E-6 1992 3 9 1992.19 33 0.08 195 1200 291 

ERV E-6 1992 4 6 1992.27 37.2 ( 180 1310 119 
ERV E-6 1992 5 12 1992.37 38 0 185 1291 120 

ERV E-6 1992 6 15 1992.46 33.5 1.12 193 1510 315 

ERV E-6 1992 7 28 1992.58 36.4 0.07 200 . .1740 .. 255 

ERV E-6 1992 7 29 1992.58 XXX XXX XXX XXX XXX 

ERV E-6 1992 8 24 1992.65 42.5 0.08 191 1630 354 
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table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonio Ch;oride Conductivity Sulfate 
ID N03 NH4 Cl f.vez so4 

m-- - mg/l mg/i uS/cm 
ERV E-6 1992 9 22 992.73 39.8 0.05 200 1410 339 
ERV E-6 1992 10 13 1992.79 39.3 0.13 1190 ---- 340 
ERV E-6 1992 11 9 1992.86 33 6.01 19i ---- 331 
ERV E-6 1992 12 I 1992.92 47.9 0.13 200 1350 438 
ERV E-6 1993 I 6 1993.02 46 0.03 160 1280 310 
ERV E-6 1993 2 8 1993.11 40 0.01 166 1780 216 
ERV E-6 1993 3 1 1993.20 40 0.03 _ 163 1600-_ 389 
ERV E-6 1993 4 20 1993.30 42.3 0.01 ... 160 1730 . 260 

ERV H-i 1081 11 18 1981.88 1.8 3.75 . 65 1400 501 
ERV H-I 1990 3 6 1990.18 3.7 3.4 60 1604 930 
ERV H-I 1990 6 21 1990.47 ---- 8.1 61 1735 18 
ERV H-I 1991 3 27 1991.24 2.4 3.6 67 1335 910 
ERV H-1 1991 7 24 1991.57 ---- ---- ---- ---- XXX 
ERV H-I 1991 8 27 1991.66 3.3 . 4.04 75 1550 . 790 
ERV H-I 1991 10 30 1991.83 0.6 3.56 67 1260 478 
ERV H-I 1991 I1 18 1991.88 - 3:75 . .. . 65 ....... ...1400 501 
ERV H-I 1991 12 3 1991.92 2.9 3.46 63 1340 342 
ERV H-I 1992 I 13 1992.04 -0.8 " 3.45 _ . 62 1280 _ 442 
ERV H-I 1992 2 17 1992.13 0.2 . . 3.04 64 1370 369 
ERV H-I 1992 3 9 1992.19 1.8 . 3.5 64 12 70 497 
ERV H-I 1992 4 6 1992.27 1.2 4.2 63 1360 262 
ERV H-1 1992 5 12 1992.37 1.3 4.1 66 1410 265 
ERV H-I 1992 6 15 1992.46 I 3.9 62 1440 465 
ERV H-I 1992 12 I 1992.92 0.3 4 75 1240 .... 431 
ERV H-i 1993 I 6 1993.02 I5 0.13 75 1370 ik) 
ERV H-I 1993 2 8 1993.11 16 0.26 64 1880 800 
ERV H-I 1993 3 II 1993.20 I5 0.04 72 1690 65 
ERV H-I 1993 4 20 1993.30 15.6 0.03 70 1760 675 

ERV H-2 1981 1i 18 1981.88 9.3 0.17 232 1400 ..... 501 
ERV H-2 1990 3 6 1990.18 25 0.16 ...... 244 ... 1878 578 
ERV H-2 1990 6 21 1990.47 13.5 0.21 24 1920 587 
ERV H-2 1991 3 27 1991.24 17.3 ....0.18 _ 229 . . . 1565 -607 
ERV H-2 1991 7 24 1991.57 ---- ---- ---- ---- XXX 
ERV H-2 1991 10 30 1991.83 8.2 0.12 217 1280 435 
ERV H-2 1991 11 18 1991.88 9.3 0.17 232 1540 503 
ERV H-2 1991 12 3 1991.92 8.4 0.06 238 1680 296 
ERV IH-2 1992 1 13 1992.04 7.6 0.06 250 1500 433 
ERV H-2 1992 2 17 1992.13 5.7 0.14 . 245 1820 399 
ERV H-2 1992 3 9 1992.19 6 0(.I 250 1520 ----472 
ERV H-2 1992 4 6 1992.27 5.8 0.8 240 2500. 460 
ERV H-2 1992 5 12 1992.37 5.7 -0.7 238 2400 430 
ERV H-2 1992 6 15 1992.46 6.5 0.06 230 1720 . 459 
ERv H-2 1992 7 28 1992.58 7.7 0.06 225 . . 1820 . 435 
IERV IH-2 11992 8 241 1992.65 6.9 0.051 2271 1-00 438 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 

ID N03 NH4 Cl f.vez S04 

mg/I m--_ mg/l uS/cm mg/I 

ERV H-2 1992 9 22 1992.73 7.5 0.07 220 1500 444 

ERV H-2. 1992 10 13 1992.79 7.3 0.07 210 1470 450 

ERV H-2 1992 11 9 1992.86 7 0.01 213 1437 445 

ERV H-2 1992 12 1 1992.92 10.3 0.04 215 1600 421 

ERV H-2 1993 I 6 1993.02 6.1 0.15 210 1510 530 

ERV H-2 1993 2 8 1993.11 5.5 0 234 2070 . 470 

ERV H-2 1993 3 11 1993.20 .. . 5.8 0.01 228 .... .... . 2-020 672 

ERV H-2 1993 4 20 1993.30 ...... 6.4 . . 0.01 . . 260 . 2280 . 466 

ERV V-2 1991 10 30 1991.83 1.7 2.84 .... 57 1350 489 

ERV V-2 19,93 2 . 8 1993.11 . 0.4 -- 2.4 54 .. 960 ... 900 

ERV V73 1981 11 18 _ 1981.88_. 0.8 .. . 0.03 .22 .375 . .60 

ERV V-3 1990 6 21 1990.47 0.1 0.19 12 . . 307 _ 29 

ERV V-3 1991 3 27 1991.24 0.3 0.21 19 328 . 69 

ERV V-3 1991 7 24 199;.57 ---- ---- XXX 

ERV V-3 1991 8 27 1991.66 0.8 0.49 25 . . 580 . 114 

ERV V-3 1991 10 30 1991.83 0.4 5 62 .. . . . 1690 . . 474 

ERV V-3 1991 11 18 1991.88 0.8 0.03 22 375 60 

ERV V-3 19911 12 3 1991.92 1.5 0.03 23 380 31 

ERV V-3 19921 1 13 1992.04 1.3 0.03 20 390 30 

ERV V-3 1992 2 17 1992.13 0.05 27i___ 308 410.8 41__-

ERV V-3 1992 3 9 _ 992.19 0.3 0.08 25 320 5I 

ERV V 3 1992 4 6 1992.27 0.2 0.01 26 336 . -..176 

ERV V.-3 1992 5 12 1992.37 0.3 0.02 . 28 340 . 93 

ERV V-3 1992 6 15 1992.46 0.1 _ 0.09 15 300 .. 32 

ERV V-3 1992 7 28 1992.58 0.5 0.13 25 282 33 

ERV V-3 1992 8 24 1992.65 0.4 0.12_. . 26 280 20 

ERV V-3 1992 9 22 1992.73 . _ 0 0.05 . 24 255 .. 19 

ERV V-3 1992 10 13 1992.79. .0_ 0.11 . . 24 270 19 

ERV V-3 1992 II 9 1992.86 -0 0.34 21 290 ... .. 19 
_,0.02ERV V-3 1992 12 1992.92 2.8 23 268 19 

ERV V-3 1993 I 6 1993.02 0.2 0.01 25 280 33 

ERV V-3 1993 2 8 1993.11 0.3 0.18 22 400 55 

ERV V-3 1993 3 1I1 1993.20 0 0.01 27 420 51 

ERV V-3 1993 4 20 1993.30 0.1 . 0.02 . 28 ..... 450 61 

ERV H-3 1981 II18 1981.88 0.8 0.69 86 . . _ 780 197 

ERV H-3 1991 10 30 1991.83 0.9 0 84 675 160 

ERV H-3 1991 11 18 1991.88 0.8 0.69 86 780 197 

ERV H-3 1991 12 3 1991.92 2.1 -- 0.33 . . 89 . . 820 146 

ERV H-3 1992 I1 13 1992.04 3.8 -_0.77 98 ---- 760 -_--- 160 

ERV
ERV 

H-3
HI-3-_ 

1992
1992 

3 9 
- 4 .... 6 

1992.19
°-9-2.271 .. . 

0.6
0.7 

0.93 
.. i.70.......... 

105
-96 

780 
. - 820...6 

. . 200
453 

ERV H-3 . 1992 5 12 _92.37 0.0.8 0.75 99--------- 8_1 450 

ERV H-3 19921 6 15 1992.46 0.6 0.63 93 870 186 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 
ID N03 NH, CI f.vez S04 

mg/I mg/l m/I uS/cm mg/l 
ERV H-3 1992 7 28 1992.58 1.5 0.36 100 920 192 
ERV H-3 1992 8 24 1992.65 0 0.43 100 950 184 
ERV H-3 1992 9 22 1992.73 0.6 0.76 99 820 175 
ERV H-3 1992 10 13 1992.79 0.7 0.64 90 840 170 
ERV H-3 91992 11 9 1992.86 0.7 0.02.... 91 848 1_76 
ERV H-3 _ 992 12 I 1992.92 5.8 0.06 95 870 166 
ERV H-3 1993 1 6 1993.02 1.2 1.0_5 97 800 200 
ERV H-3 1993 2 . 8 1993.11 0.4 0.8 . .__104 1020 159 
ERV H-3 1993 3 11 1993.20 1.5 0.92 125 992 225 
ERV H-3 1993 4 20 1993.30 0.7 1.05 105..l. . 1080 _179 

ERV V-I 1993 2 8 1993.11 0.1 9.8 66 2225 100 

BHV H-I 1990 3 6 1990.18 XXX XXX 199 1237 XXX 
BHV H-I 1991 3 28 1991.24 XXX XXX 64 1668 842 
BHV H-I 1991 6 19 1991.47 14 2.80 71 1231 985 
BHV H-I_ . 1991 7 24 1991.57 8.5 4.20 71 2066 660 
BHV H-I 1991 8 _-27 . 1991.66 6.4 3.30 74 1680 910 
BHV H-I 1991 9 17 1991.71 5.6 3.40 71 1596 705 
BHV H-I1 _ 1991 10 30 1991.83 _ _ -4.85.90_____;57 1834 1090 
BHV H-I 1991 I 19 1991.89 5.3 6.90 64 1997 990 
BHVH-1 1991 12 3 1991.92 5.5 3.00 71 900 XXX 
BHV H-I 1992 1 13 1992.04 14 4.00 71 1520 680 
BHV H-I 1992 2 18 1992.13 6 5.94 156 1455 438 
BHV H-I 1992 3 9 1992.19 7.2 .. 3.80 _ 66 1400 _. 448 
BHV H-1 1992 4 6 1992.27 . 7.4 . 5.70 . .. 57 1464 592 
BHV H-I 1992 5 12 1992.37 8.1 7.50 57 1380 428 
BHV H-I 1992 6 15 1992.46 2.9 6.00 60 1400 450 
BHV H-I _ 1992 12 1 1992.92 _ 14 6.75 57 1517 650 
BHV H-I 1993 1 6 1993.02 12.6 0.06 70 1670 810 
BHV H-I 1993 2 8 1993.11 116 0.26 .64 XXX 680 

BHV H-2 1990 3 6 1990.18 XXX XXX 241 1365 XXX 
BIV H-2 1991 3 28 1991.24 XXX .. xxx 248 1898 402 
BHV H-2 1991 6 19 1991.47 23 0.00 234 1321 186 
BHV H-2_ 1991 7 24 1991.57 15.9 0.00 . 248 2200 . _372 

BHV H-2 199_1 8 27 1991.66 . 1 ,.00 248 1900 525 
BHV H-2 1991 9 17 1991.71 12 2.60 227 1800 460 
BHV H-2 1991 10 30 1991.83 4.7 1.20 220 1883 
BHV H-2 1991 !1 19 1991.89 10.6 1.20 241 2371 600 
BHV H-2 1991 12 3 1991.92 9.2 0.00 255 2020 649 
BHVH-2 1992 I 13 1992.04 13 0.00 284 1800 500 
BIIV H-2_ 1992 2 18 1992.13 7 0.00 191 1660 418 
BHV H-2 1992 3 9 1992.19 10.2 0.00 248 1750 448 
BHV H-2_ 1992 4 6 1992.27 7.4 0.08 241 1771 532 
BHV H-2 1992 5 12 1992.37 9.3 0.20 202 1680 432 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 

ID N03 NH4 Cl f.vez S04 

mg-l mg1 mgI uS/cm mg/I 

BHV H-2 1992 6 15 1992.46 5.9 0.00 234 1750 262 

BHV H-2 __ 1992 7 28 1992.58 - 11.3 0.10 227 1800 860 

BHV H-2 1992 8 24 1992.65 16.2 0.08 220 1746 389 

BHV H-2 1992 9 22 1992.73 7.8 0.08 214 1939 600 

BHV 1--2 1992 10 12 1992.78 ....... 7.7 0.12 190 1776 4o2 

BHV H-2 1992 11 10 1992.86 4.8 1.45 200 1997 . 

BHV H-2 1992 12 1 1992.92 5.1 0.04 ......... 207 1910 .600 

BHV H-2 _ 1993 1 6 1993.02 4.5 __0.14 206 1827 ... _490 

BHV H-2 1993 2 8 1993.11 5.5 0.00 234 XXX ----.. 470 

BHV H-3 1990 1 1990.00 3.8 1.01 75 842 203 

BHV H-3 1990 2 1990.08 1.7 1.06 67 _ 910 210 

BHV IH-3. 1990 _.390,17 3.1 1.14 .. .74 . 873_ 217 

BHV H-3 1990 4 1990.25 2.9 0.95 82 916 198 

BHV H-3 1990 5 1990.33 1.4 0.85 76 867 207 

BHV H-3 1990 6 .. . 1990.42 . . 1.8 0.07 77 .. - 903 _ - 191 

BHV H-3 1990 7 1990.50 2.8 0.17 79 838 195 

BHV H-3 1990 8 1990.58 1.5 0.28 81 791 224 

BHV H-3 1990 9 1990.67 1.5 0.22 78 . .... 820 _173 

BHV H-3 1990 10 1990.75 0 0.06 ----- 85 905 172 

BHV H-3 1991 2 1991.08 1.6 0.82 70 866 183 

BHV H-3 1991 4 1991.25 3.7 0.82 64 815 ... 184 

BHV H-3 1991 5 - 1991.33 1.6 0.52 72 766 177 

BHV H-3 1991 __6 1991.42 2.5 0.04 __ 68 860 __ 177 

BHV H-3 1991 7 1991.50 2.3 0.09 69 863 177 

BHV 1-1-3 1991 8 1991.58 2.6 0.07 69 795 167 

BHV H-3 1991 9 1991.67 2.2 0.05 68 780 171 

BHV H-3 1991 10- ... .1991.75 . 0.9 . 0.0 84 _____.675- 1-l!60 

BHV H-3 1991 11 1991.83 0 0.69 86 780 197 

BHVH -3 _ 1991 12 1991.92 2.1 0.03 89 820 146 

BHV H-3 _ ,1992i 1 1992.00 -- 3.8 0.77 98 760 ......... 160 

BHV H-3 1992 4 6 1992.27 0.7 0.70 96 .. 820 453 

BHV H-3 . 1992 5- __12 1992.37 . . 0.8 -- 0.75 --- 99 .. .. 810O 450 

BHV 1--3 1992 6 15 1992.46 0.6 0.63 93 870 186 

BHV H-3 1992 . 7 .28 _ _1992.58 . . 1.5 . 0..36_ 100 _ 9.20 192 

BHV 1-1-3 1992 .. 8 24 1992.65_ 0 _ 0.43 100 . ... 950 ... 184 

BHV H-3 1992 9 22 1992.73 0.6 0.76 99 820 ... 175 

BHV H-3 1992 10 12 1992.78 0.7 .... 0.64_ 90 840 . 170 

BHV H-3 1992 11 10 1992.86 0.7 0.02 91 848 176 

BHV H-3 1992 12 1 1992.92 5.8 0.06 95 870 166 

BHV H-3 1993 I 6 1993.02 1.2 1.05 97 800 200 

BHV H-3 1993 2 8 1993.11 0.4 0.80 104 1020 159 

BHV H-3 1993 3 I1 1993.20 1.5 0.92 125 992 ...... 2925 

BVK V-I 1991 10 30 1991.83 4.8 10.70 71 2320 1500 

BVK V-I 1991 I11 19 1991.89 5.3 11.70 57 2793 1320 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 
ID N03 NH4 Cl f.vez S04 

m___ m/l m1 uS/cm m1 
BVK V-I 1992 3 9 1992.19 7.2 1.60 50 1000 418 
BVK V-I 1992 4 6 1992.27 5.6 7.20 64 1834 576 
BVK V-I 1992 5 12 1992.37 8.1 9.20 53 1700 440 
BVK V-I 1992 6 15 1992.46 5.9 8.00 57 1900 274 
BVK V-I 1992 -. 8 _ 24 1992.65 18.7 1.40 50 2330 420 
BVK V- I 1992 9 22 1992.73 24.4 0.00 57 2285 650 
BVK V-I 1992 10 12 1992.78 8 4.60 57 2140 1225 
BVK V-I 1992 I 10 1992.86 36 1.45 54 2246 1400 
BVK V-I 1992 12 1 1992.92 40 0.24 55 2208 1450 
BVK V-I 1993 1 6 1993.02 13.7 5.10 56 2049 1200 
BVK V-I 1993 2 8 1993.11 0.15 9.94 57 2300 1182 
BVK V-I 1993 3 I1 1993.20 0.5 12.20 55 2280 1276 
BVK V-1 1993 4 19 1993.30 0.5 18.70 56 1880 1062 

BVK V-2 1991 9 17 1991.71 5.6 2.60 50 1680 950 
BVK V-2 1991 10 30 1991.83 7.7 11.70 64 1966 1200 
BVK V-2 199 11 19 1991.89 4.2 3.10 57 1715 600 
BVK V-2 1992 3 9 1992.19 8.2 7.30 50 1470 476 
BVK V-2 1992 4 6 1992.27 6.5 3.70 50 !446 440 
BVK V-2 1992 5 12 1992.37 9.3 . 2.10 46 ....... 1500 416 
BVK V-2 1992 6 15 1992.46 3.9 1.70 53 1600 196 
BVK V-2 1992 8 24 1992.65 10.4 3.00 78 1840 500 
BVK V-2 1992 9 22 1992.73 4.4 7.80 64 1824 615 
BVK V-2 1992 10 12 1992.78 2.1 5.00 56 1824 875 
BVK V-2 1992 11 10 1992.86 0.6 3.64 51 1872 1000 
BVK V-2 1993 1 6 1993.02 1.9 3.10 50 1679 940 
BVK V-2 1993 2 8 1993.11 0.2 2.79 52 2000 1120 
BVK V-2 1993 3 I1 1993.20 4 2.50 40 2060 1113 
BVK V-2 1993 4 19 1993.30 1.9 8.80 50 1710 927 

BVKV-3 1991- 9 17 19-91.71 5.6 -0.00 28 428 34 
BVK V-3 1991 10 30 1991.83 _ 7.7 1.20 21 500 92 
BVK V-3 1991 11 19 1991.89 4.2 2.10 28 525 54 
BVK V-3 1991 12 3 1991.92 6.4 0.00 21 360 45.3 
BVK V-3 1992 I 13 1992.04 12 0.32 28 300 50 
BVK V-3 1992 2 1_8 1992.13 7 0.16 . 50 300 42 
BVK V-3 1992 3 9 1992.19 7.2 0.20 28 310 70 
BVK V-3 1992 4 6 1992.27 7.4 0.12 21 350 130 
BVK V-3 1992 5 12 1992.37 4.6 0.57 25 290 12 
BVK V-3 1992 6 15 1992.46 3.9 0.00 25 300 36 
BVK V-3 1992 7 28 1992.58 17.6 0.44 21 320 12 
BVK V-3 1992 8 24 1992.65 12.5 0.16 21 300 0 
BVK V-3 1992 9 22 1992.73 4.4 0.10 25 274 27 
BVK V-3 11992 10 12 1992.78 0 0.....0.06 24 312 .. .60 
BVK V-3 1992 I1 10 1992.86 0.5 1.45 23 312 10 
BVK V-3 1992 12 I 1992.92 0.5 0.01 25 302 30 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 

ID N03 NH4 Cl f.vez S04 
m-1l / m/1l uS/cm mg/ 

BVK V-3 1993 1 6 1993.02 0.5 0.08 23 304 50 
BVK V-3 1993 2 8 1993.11 0.25 0.06 35 358 36 

BVK V-3 1993 3 11 1993.20 0.5 0.07 21 410 53 

BVK V-3 1993 4 19 1993.30 0.5 0.15 24 ___ 360 42 

BVK ET-101 1992 1 13 1992.04 17 0.06 355 1800 420 
BVK ET-101 1992 2 18 1992.13 13 0.22 319 1600 376 

BVK ET-101 1992 3 9 1992.19 12.3 3.20 284 -- 1530 364 

BVK ET-101 1992 4 6 1992.27 18.5 0.10 --- 262 1624 420 

BVK ET-101 1992 _ 5 12 1992.37 15.1 0.00 216 1470 316 
BVK ET-101 1992 6 15 1992.46 7.8 0.00 255 1550 242 

BVK ET-101 1992 . 7 28 1992.58 15.1 0.40 248 -1700 350 

BVK ET-I01 1992 8 24 1992.65 27.5 0.22 220 1600 400 

BVK ET-101 1992 9 22 1992.73 4.4 0.00 202 1776 575 
BVK ET-101 1992 10 12 1992.78 3.6 0.16 197 1680 400 
BVK ET-101 1992 11 10 1992.86 4.8 1.09 196 1809 400 

BVK ET-101 1992 12 1 1992.92 0.5 0.13 212 1776 625 

BVK ET-101 1993 1 6 1993.02 6.8 0.09 205 1687 400 

BVK ET-101 1993 2 8 1993.11 5.8 0.09 209 1960 495 
BVK ET-101 1993 3 11 1993.20 4.1 0.15 190 1960 XXX 

BVK ET-101 1993 4 19 1993.30 4.2 0.04 191 160e 487 

BVK ET--102 1992 1 13 1992.04 14 0.44 213 1600 475 
BVK ET-102 1992 2 18 1992.13 I1 0.00 206 1426 412 
BVKET-I02 1992 3 9 1992.19 13.3 0.30 213 1500 444 

BVK ET-102_ 1992 4 6 1992.27 ___ 12 0.00 184 1643 548 
BVK ET-102 1992 5 12 1992.37 11.6 0.00 142 1450 428 

BVK ET- 102 1992 6 15 1992.46 10.8 0.00 184 1700 350 
BVK ET- 102 1992 7 28 1992.58 13.8 0.06 184 ___ 1700 320 
BVKET-102 1992 8 24 1992.65 21.2 __ 0.40 177 1650 385 
BV-K ET-102 1992 .. 9 22 1992.73 8.8 0.00 __ 175 1824 550 

BVK ET- 102 1992 10 _ 12 1992.78 _ 8.6 0.00 180 1738 575 
BVK ET-102 1992 II 10 1992.86 18 1.09 178 1934 475 
BVK ET-102 1992 -- 12 I 1992.92 14 0.51 179 1834 625 
BVK ET- 102 1993 I 6 1993.02 9.9 0.01 173 1696 440 
BVK ET- 102 1993 2 8 1993.11 15.1 0.46 182 2000 535 
BVK ET-102 1993 3 11 1993.20 16.1 0.05 180 1990 553 
BVK ET-102. 1993 4 19 1993.30 16.3 0.01 180. 1600 491 

BVK ET-103 1992 I 1 3 1992.04 .----..11 .. 0.72 71 ------ -570 84 
BVK ET-103 1992 2 18 - 1992.13 7- 0.73 711- 630 . . 176 
BVK ET- 103 1992 3 9 1992.19 8.2 0.80 57 730 192 
BVK ET- 103 1992 4 6 1992.27 7.4 0.96 57 647 202 
BVK ET- 103 1992 5 12 1992.37 5.8 1.10 50 580 118 
BVK ET-103 1992 6 15 1992.46 XXX 1.60 14 700 140 
BVK ET- 103 1992 7 28 1992.58 17.6 5.30 57 700 122 
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Table C-1. Groundwater Inorganics Data 

Lab Well Year Mo. Day Date Nitrate Ammonia Chloride Conductivity Sulfate 
ID N03 NH4 CI f.vez S04 

m--I mg/I mg/l uS/cm mg/l 
BVK ET-103 1992 8 __ 1992.58 XXX XXX XXX --- XXX 
BVK ET-103 1992 9 22 1992.73 4.4 6.20 48 682 150 
BVK ET- 103 1992 10 12 _1992.78 2.6 6.40 46 778 _ 96 
BVK ET- 103 1992 11 10 1992.86 0.5 8.37 46 799 80 
BVK ET-103 1992 12 1 1992.92 12 6.68 40 730 100 
BVK ET- 103 1993 I 6 1993.02 0.5 6.40 27 661 32 
BVK ET-103 1993 2 8 1993.11 0.5. 6.30 34 725 55 
BVK ET- 103 1993 3 11 1993.20 0.15 4.20 27 720 69 
BVK ET- 103 1993 4 19 1993.30 4.7 3.00 28 580 35 

BVK ET-104 1992 I 13 1992.04 12 9.60 780 3260 470 

BVK iT-104 1992 2 18 1992.13 9 19.26 787 2900 388 
BVK ET-104 1992 3 9 1992.19 8.2 16.80 744 3020 444 
BVK ET-104 1992 4 6 1992.27 9.3 17.50 795 3151 480 
BVK ET-104 1992 5 12 1992.37 12.8 18.90 681 2960 408 
BVK ET-104 1992 6 1I 1992.46 XXX 26.00 XXX 3600 225 
BVK ET-104 1992 7 28 1992.58 13.8 31.00 922 3800 375 
BVK ET-104 1992 8 1992.58 XXX xxx xxx ... Xxx 
BVK ET-104 1992 9 22 1992.73 6.7 31.00 980 3936 ... 850 
BVK ET-104 1992 10 12 1992.78 -10.3 . 30.00 850 3696. .550 
BVK ET-104 1992 11 10 1992.86 2.3 14.90 933 4306 405 
BVK ET--104 _ 1992 12 I 1992.92 5.1 22.40 926 __- 4032 _ 600 
3VK ET-104 1993 I 6 1993.02 2 27.00 890 3784 390 
BVK ET-104 1993 2 8 1993.11 3.6 22.40 1025 4500 462 
3VK ET-104 1993 3 I1 1993.20 9.25 26.40 920 4560 513 
BVK ET-104 1993 4 19 1993.30 5.3 19.40 965 3740 389 

BVK E-6(?) 1990 3 29 1990.25 5733 
BVK E-6(?) 1990 5 16- 1990.38 6333 . . 
BVK E-6(?) 1990 9 28 1990.74 11375 
BVK E-6(?) 1990 11 29 1990.91 10100 

BVK H-I(?) 1990 3 29 1990.25 2912 
BVK H-I-(?) 1990 5 16 1990.38 3166 . 
BVK H-I(?) 1990 9 28 1990.74 3731 ..... 
BVK H-I(?) 1990 II 29 1990.91 3100. 

BVK H-2(;?) 1990 3 29 1990.25 1147 
BVK H-2(?) 1990 5 16 1990.38 1100 
BVK H-2(?) 1990 9 28 1990.74 1110 
BVK H-2('?) 1990 1i 29 1990.91 826 

BHK V-2(?) 1990 3 29 1990.25 892 
BHK V-2(?) 1990 5 16 1990.38 900 
BHK V-2(?) 1990 9 28 1990.74 819 
IBHK V-2(?) 1990 I 29 1990.91 I -- 1 ---- 430 1 
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Table C-1. Groundwater Inorganics Data 

Lab Well 
ID 

Year Mo. Day Date Nitrate 
N03 
ml 

Ammonia 
NH4 
ml 

Chloride 
Cl 

m-/l 

Conductivity 
f.vez 

uS/cm 

Sulfate 
S04 
mg/I 

BHK V-3(?) 
BHK V-3(?) 
BHK V-3(?) 
BHK V-3(?) 

1990 
1990 
1990 
1990 

3 
5 
9 

11 

29 
16 
28 
29 

1990.25 
1990.38 
1990.74 
1990.91 

__ 

1 

537 
600 
510 

1012 
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Table C-2. 1992 Drinking Water Inorganics Data 

Lab Well No. Year Mo. 

-

Day Date Nitrate 

mI.n 

1992 

MEAN 

Ammonia 

mng/L 

1992 

MEAN 

Chloride 

mg[L 

1992 

MEAN 

Bicarbonate 

mg/L 

1992 

MEAN 

Conductivity 

uS/cm 

1992 

MEAN 

ERV BS(1)-01 
ERV BS(I)-OI 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

8.8 
7.2 

8.0 0.02 
0.04 

0.0 53 
26 

39.5 237 
273 

255.0 596 
572 

584.0 

ERV BS(I)-02 
ERV BS(I)-02 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

13.5 
8.2 

10.9 0.03 
0.04 

0.0 25 
37 

31.0 213 
286 

249.5 353 
674 

513.5 

ERV BS(l)-03 
ERV BS(I)-03 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

14.1 
6.1 

10.1 0.02 
0.05 

0.0 25 
36 

30.5 225 
280 

252.5 451 
662 

556.5 

ERV BS(I)-04 
ERV BS(1)-04 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

15.2 
6.7 

11.0 0.02 
0.06 

0.0 25 
36 

30.5 213 
244 

228.5 349 
574 

461.5 

ERV BS(I)-05 
ERV BS(I)-05 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

14.4 
11.4 

12.9 0.03 
0.05 

0.0 26 
36 

31.0 219 
244 

231.5 444 
520 

482.0 

ERV BS(1)-06 
ERV BS(1)-06 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

17.6 
7.8 

12.7 0.03 
0.04 

0.0 25 
36 

30.5 213 
244 

228.5 421 
564 

492.5 

ERV BS(1)-07 
ERV BS(1)-07 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

18.8 
9.5 

14.2 0.02 
0.04 

0.0 26 
36 

31.0 225 
256 

240.5 450 
564 

507.0 

ERV BS(I)-08 1992 4 6 1992.27 15.3 0.01 26 237 505 

ERV BS(1)-09 
ERV BS(I)-09 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

11.2 
8.9 

10.1 0 
0.03 

0.0 34 
38 

36.0 256 
262 

259.0 1029 
520 

774.5 

ERV BS(1)-10 
ERV BS(I)-10 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

12.3 
9.4 

10.9 0.01 
0.01 

0.0 150 
147 

148.5 329 
378 

353.5 631 
1218 

924.5 

ERV BS(I)-I ! 
ERV BS(i)-11 
ERV BS(I)-I 1 

1992 
1992 
19921 

1 
3 
4 

20 
18 
6 

1992.05 
1992.22 
1992.27 

19.1 
12.6 
20 

15.4 0.26 
0.04 

0 1 

0.1 124 
165 
77 

122.6 311 
366 
323 

345.9 1303 
1372 
592 

1250.0 
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Table C-2. 1992 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day Date Nitrate 

m-/L 

1992 

MEAN 

Ammonia 

mg/L 

1992 

MEAN 

Chloride 

mg/L 

1992 

MEAN 

Bicarbonate 

mg/L 

1992 

MEAN 

Conductivity 

uS/cm 

1992 

MEAN 

ERV 
ERV 
ERV 
ERV 
ERV 

BS(I)-l 
BS(I)-i 1 
BS(I)-I 1 
BS(I)-11 
BS(l)-11 

1992 
1992 
1992 
1992 
1992 

5 
7 
9 

10 
11 

19 
21 
15 
27 
23 

1992.39 
1992.56 
1992.71 
1992.82 
1992.90 

18.6 
7.2 
16.8 
9.9 
18.9 

0.1 
0.02 
0.05 
0.01 
0.04 

70 
44 
166 
235 
100 

317 
286 
384 
427 
353 

837 
901 
1696 
1562 
1737 

ERV 
ERV 

BS(I)-12 
BS(I)-12 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

16.4 
30.4 

23.4 0.01 
0 

0.0 31 
113 

72.0 256 
372 

314.0 558 
1378 

968.0 

ERV 
ERV 

BS(1)-13 
BS(I)-13 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

14.1 
11.2 

12.7 0 
0 

0.0 30 
39 

34.5 256 
305 

280.5 535 
951 

743.0 

ERV 
ERV 

BS(I)-14 
BS(I)-14 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

17.6 
10.7 

14.2 0 
0.02 

0.0 29 
39 

34.0 237 
262 

249.5 361 
639 

500.0 

ERV 
ERV 

BS(i)-15 
BS(I)-15 

1992 
1992 

4 
10 

6 
27 

1992.27 
1992.82 

19.4 
9.2 

14.3 0 
0 

0.0 28 
38 

33.0 237 
250 

243.5 452 
558 

505.0 

ERV 
ERV 

BS(I)-16 
BS(I)-16 

1992 
1992 

5 
11 

18 
16 

1992.38 
1992.88 

13.2 
13.6 

13.4 0.06 
0.03 

0.0 28 
34 

31.0 256 
231 

243.5 601 
669 

635.0 

,ERV BS(I)-18 1992 5 18 1992.38 3.2 0.07 25 244 403 

ERV BS(1)-19 1992, 5 18 1992.38 11.7 0.06 27 250 456 

ERV BS(l)-20 1992 5 18 1992.38 16.5 0.04 25 225 325 

ERV BS(1)-21 1992 5 18 1992.38 12.9 0.05 32 213 448 

ERV 
ERV 

BS(I)-22 
BS(I)-22 

1992 
1992 

5 
11 

18 
16 

1992.38 
1992.88 

12.7 
19.8 

16.3 0.07 
0.03 

0.1 30 
36 

33.0 207 
225 

216.0 551 
552 

551.5 
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Table C-2. 1992 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day 
I 

Date Nitrate 
mg/L 

1992 
MEAN 

Ammonia 
mg/L 

1992 
MEAN 

Chloride 
mg/L 

1992 
MEAN 

Bicarbonate 
mg/L 

1992 
MEAN 

Conductivity 
uS/cm 

1992 
MEAN 

ERV 
ERV 

BS(l)-23 
BS(I)-23 

1992 
1992 

5 
II 

18 
16 

1992.38 
1992.88 

15.9 
18.3 

17.1 0.04 
0.02 

0.0 31 
35 

33.0 274 
231 

252.5 460 
632 

546.0 

ERV 
ERV 

BS(l)-24 
BS(I)-24 

1992 
1992 

5 
11 

18 
16 

1992.38 
1992.88 

14.9 
13.8 

14.4 0.05 
0.02 

0.0 33 
35 

34.0 268 
244 

256.0 470 
712 

591.0 

ERV 
ERV 

BS(I)-25 
BS(I)-25 

1992 
1992 

5 
i 

18 
16 

1992.38 
1992.88 

6.4 
5.2 

5.8 0.07 
0.05 

0.1 35 
38 

36.5 268 
274 

271.0 379 
774 

576.5 

ERV BS(I)-26 1992 5 18 1992.38 6.8 0.05 33 280 360 

ERV 
ERV 

BS(I)-27 
BS(1)-27 

1992 
1992 

5 
11 

18 
16 

1992.38 
1992.88 

7.9 
13.7 

10.8 0.06 
0.03 

0.0 28 
43 

35.5 213 
274 

243.5 391 
595 

493.0 

ERV BS(I)-28 1992 i1 16 1992.88 8.5 0.04 32 231 545 

ERV BS(I)-30 
ERV BS(I)-30 

1992 
1992 

5 
11 

18 
16 

1992.38 
1992.88 

10.9 
4.6 

7.8 0.03 
0.03 

0.0 26 
31 

28.5 237 
237 

237.0 316 
913 

614.5 

ERV BS(1)-31 1992 5 18 1992.38 13.9 0.04 25 225 340 

ERV BS(1)-32 1992 5 18 1992.38 4.6 0.05 37 256 495 

ERV BS(I)-34 
ERV BS(I)-34 

1992 
1992 

5 
11 

18 
16 

1992.38 
1992.88 

7.6 
4.6 

6.1 0.03 
0.04 

0.0 25 
46 

35.5 256 
244 

250.0 450 
849 

649.5 

ERV 
ERV 

BS(I)-35 
BS(I)-35 

1992 
1992 

5 
11 

18 
16 

1992.38 
1992.88 

2 
5.8 

3.9 0.12 
0.07 

0.1 33 
41 

37.0 250 
256 

253.0 568 
699 

633.5 

ERV BS(I)-37 1992 5 18 1992.38 2.2 0.13 28 250 604 

ERV BS(I)-38 1992 5 18 1992.38 3.9 3.6 0.13 0.1 29 30.5 262 256.0 516 634.0 
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Table C-2. 1992 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day Date Nitrate 
m_ /L 

1992 
MEAN 

Ammonia 
mg/L 

1992 
MEAN 

Chloride! 
mnigL 

1992 
MEAN 

Bicarbonate 
mg/L 

1992 
MEAN 

Conductivity 
uS/cm 

1992 
MEAN 

ERV BS(1)-38 1992 11 16 1992.88 3.3 0.08 32 250 752 

ERV BS(I)-39 1992 11 )i' 1992.88 3.6 0.12 30 256 794 

ERV 

ERV 

BS(1)-40 

BS(I)-40 

1992 

1992 

5 

11 
18 

16 

1992.38 

1992.88 

1.2 

16.2 

8.7 0.11 

0.03 

0.1 27 

52 

39.5 244 

298 

271.0 487 

740 

613.5 

ERV 

ERV 
ERV 

ERV 

ERV 

ERV 

ERV 

ERV 

ERV 

ERV 
ERV 

ERV 

ERV 

ERV 
ERV 

ERV 

ERV 

BS(1)-Comp 

BS(l)-Comp 
BS(1)-Comp 

BS(I)-Comp 

BS(l)-Comp 

BS(l)-Cornp 

BS(I)-Comp 

BS(1)-Comp 

BS(1)-Comp 

BS(l)-Comp 
BS(1)-Comp 

BS(1)-Comp 

BS(l)-Comp 

BS(1)-Comp 
BS(1)-Comp 

BS(1)-Comp 

BS(1)-Comp 

1992 

1992 
1992 

1992 

1992 

1992 

1992 

1992 

1992 

i992 
1992 

1992 

1992 

1992 
1992 

1992 

1992 

1 
1 
2 

2 

3 

4 

5 

5 

6 

6 
7 

8 

9 

10 
10 

I1 
11 

8 

27 
6 

19 

5 

141 

7 

18 

3 

30 
9 

10 

10 
7 

27 

5 

16 

1992.02 

1992.07 
1992.10 

1992.14 

1992.18 

1992.29 

1992.35 

1992.38 

1992.42 

1992.50 
1992.52 

1992.61 

1992.69 

1992.77 
1992.82 

1992.85 

1992.88 

17.6 

15.4 
15.2 

14.9 

18.8 

11.9 

10.7 

13.3 

9.8 

14.1 
10.7 

9.2 

5.3 

7.7 
10.4 

17.2 

16.2 

12.8 0.05 

0.33 
0.18 

0.04 

0.03 

0.04 

0 

0.12 

0.04 

0.08 
0.02 

0.01 

0.03 

0.02 
0 

0.01 

0.03 

0.06 45 

52 
60 

52 

66 

39 

38 

35 

43 

47 
44 

45 

51 

42 
61 

55 

52 

49 127 

274 
286 

280 

280 

243 

250 

256 

244 

265 
244 

256 

256 

256 
286 

274 

268 

256 666 

718 
728 

769 

605 

311 

483 

448 

644 

563 
554 

646 

727 

629 
713 

607 

704 

619 

ERV BS(I/A)-I 

ERV BS(I/A)-1 

ERV BS(I/A)-l 

ERV BS(I/A)-1 

ERV BS(I/A)-I 

ERV BS(I/A)-1 

1992 

1992 

1992 

1992 

1992 

1992 

I 

3 

5 

7 

9 

11 

20 

18 

19 

21 

15 
23 

1992.05 

1992.22 

1992.39 

1992.56 

1992.71 

1992.90 

21.5 

22 

17.8 

9 

19 
23.4 

18.8 0.19 

0.05 

0.09 

0.02 

0.04 

0.04 

0.07 191 

181 

165 

165 

158 
160 

170 225 

366 

353 

353 

359 

347 

334 1436 

1248 

1136 

1274 

1386 

1482 

1327 

SD--- A -Fr 



Table C-2. 1992 Drinking Water Inorganics Data 

Lab Well No. Year Mo. 
1 

Day 
1 

Date Nitrate 
mg/L 

1992 
MEAN 

Ammonia 
mg/L 

1992 
MEAN 

Chloride 
mg/L 

1992 
MEAN 

Bicarbonate 
mg/L 

1992 
MEAN 

Conductivity 
uS/cm 

1992 
MEAN 

ERV BS(I/A)-6 1992 1 20 1992.05 7 8.0 0.26 0.14 58 54 256 257 1138 1095 
ERV BS(I/A)-6 1992 3 18 1992.22 9.1 0.12 54 268 869 
ERV BS(I/A)-6 1992 5 19 1992.39 4.5 0.2 51 250 881 
ERV BS(I/A)-6 1992 7 21 1992.56 3.1 0.09 52 262 1171 
ERV BS(I/A)-6 1992 9 15 1992.71 12.5 0.1 54 256 1298 
ERV BS(I/A)-6 1992 1I1 23 1992.90 11.9 0.08 53 1 250 1212 
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Table C-3. 1988 - 1991 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day Date Nitrate 88-91 1991 Ammonia 88-91 1991 Chloride 88-91 1991 Bicarbonate 88-91 1991 Conductivity 8h-91 1991 Sulfate 88-91 1991 
mg/L Mean Mean mg/L Mean Mean mg/L Mean Mean mg/L Mean Mean uS/cm Mean Mean mg/LI Mean Mean 

ERV BS(I)-Comp 1990 I 11 1990.03 15.2 13.7 0 0.05 45 41 268 254 749 669 XXX 155 
ERV BS(1)-Comp 1990 2 8 1990.11 15.2 0 45 256 717 XXX 
ERV BS(l)-Comp 1990 3 20 1990.22 17.9 0 43 232 675 XXX 
ERV BS(l)-Comp 1990 4 5 1990.26 13.1 0 43 238 696 XXX 
ERV BS(l)-Comp 19901 5 10 1990.36 10.9 0.04 36 244 665 XXX 
ERV BS(l)-Comp 1990 5 16 1990.38 11.7 0 37 250 665 166 
ERV BS(1)-Comp 1990 5 21 1990.39 11.6 0 42 250 596 XXX 
ERV BS(l)-Comp 1990 6 7 1990.44 11.1 0 34 238 617 XXX 
ERV BS(l)-Comp 1990 6 18 1990.47 11.1 0.07 33 250 570 170 
ERV BS(l)-Comp 1990 7 5 1990.51 12.4 0 38 250 679 XXX 
ERV BS(l)-Comp 1990 8 8 1990.61 9.4 0.09 38 268 623 xxx 
ERV BS(l)-Comp 1990 9 6 1990.68 5.6 0.08 39 232 590 XXX 
ERV BS(l)-Comp 1990 9 18 1990.72 7.9 0.1 43 354 620 XXX 
ERV BS(l)-Comp 1990 10 4 1990.76 7.6 0.09 44 262 505 XXX 
FRV BS(l)-Comp 1990 I1 7 1990.85 ---- 0.04 ---- 166 
ERV BS(l)-Comp 1990 11 8 1990.86 12.5 0.1 51 281 904 166 
ERV BS(1)-Comp 1990 11 13 1990.87 11.2 0.07 46 256 909 165 
ERV BS(I)-Comr 1990 I I 26 i990.90 14.5 0.04 30 250 585 147 
ERV BS(l)-Comp 1990 12 4 1990.93 18.3 0.02 36 262 807 XXX 
ERV BS(l)-Comp 1990 12 6 1990.93 18.3 0.02 36 262 804 166 
ERV BS(l)-Comp 1990 12 17 1990.96 12 0.01 36 238 550 162 
ERV BS(l)-Comp 1991 1 10 1991.03 18 15.5 0.02 0.07 34 43 220 250 520 660 144 150 
ERV BS(l)-Comp 1991 2 7 1991.10 22.2 0.08 36 238 620 163 
ERV BS(l)-Comp 1991 3 7 1991.19 13 0.07 34 226 660 167 
ERV BS(l)-Comp 1991 4 11 1991.28 27.8 0.06 50 250 720 188 
-RV BS(l)-Comp 1991 4 22 1991.31 10.6 0.04 44 238 600 164 
ERV BS(I-L.-., 11991 5 9 1991.36 9.6 0.07 40 220 500 174 
ERV BS(l)-Comp 1991 5 13 1991.37 8.7 0.17 43 226 620 214 
ERV BS(l)-Comp 1991 6 19 1991.47 9.4 0.11 35 238 660 XXX 
ERV BS(1)-Comp 1991 7 5 1991.51 8.3 0.04 50 262 740 208 
ERV BS(l)-Comp 1991 9 5 1991.68 ---- 0.02 46 256 697 XXX 
ERV BS(l)-Comp 1991 10 10 1991.78 27.3 0.02 48 286 687 122 
ERV BS(I)-Comp 1991 11 II 1991.86 11.2 0.2 30 292 728 61 
ERV BS(1)-Comp 1991 11 26 1991.90 28.8 0.04 55 274 707 133 
ERV BS(l)-Comp 1991 12 5 1991.93 11.6 - - 0.1 60 274 - 1 779 1 108 1 
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Table C-3. 1988 - 1991 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day Date Nitrate 88-91 1991 Ammonia 88-91 1991 Chloride 88-91 1991 Bicarbonate 88-91 1991 IConductivity 88-91 1991 Sulfate 88-91 1991 

-milL 
 Mean Mean milL Mean Mean mg/L Mean Mean mgiL Mean Mean I uS/cm Mean Mean milL Mean Mean 

ERV BS(l)-Comp 1991 12 9 1991.94 10.6 0.06 45 256 656 98 

ERV BS(I/A)-Comp 1988 1 13 1988.04 30.7 30.7 0.08 0.12 145 158 323 321 1310 1401 XXX 499 

ERV BS(I/A)-Comp 1988 2. ii 1988.11 33.8 0.23 152 317 1310 479 

ERV BS(I/A)-Comp 1988 3 24 1988.23 35.9 0.2 162 336 1319 461
 

ERV BS(I/A)-Comp 1988 6 16 1988.46 26.8 0.28 144 287 1565 498 

ERV BS(I/A)-Comp 1988 7 2! 1988.56 26.1 0.23 139 317 1525 XXX 

ERV BS(I/A)-Comp 1988 7 25 1988.57 26.4 0.2 135 305 941 XXX 

ERV BS(I/A)-Comp 1988 8 10 1988.61 28 0.69 143 310 1571 XXX 

ERV BS(I/A)-Comp 1988 9 28 1988.74 23.2 ---- 99 281 1210 XXX 

ERV BS(I/A)-Comp 1988 10 17 1988.80 29.6 0.28 144 317 1525 498 

ERV BS(I/A)-Cornp 1989 10 16 1989.7 32 0 166 336 1498 578 

ERV BS(I/A)-Comp 1989 12 1 1989.92 31 0 162 329 913 529 

ERV BS(I/A)-Comp 1990 3 20 1990.22 36 0 172 323 1519 XXX 

ERV BS(I/A)-Comp 1990 5 16 1990.38 35 0 169 336 1514 548 

ERV BS(I/A)-Comp 1990 6 20 1990.47 34 0.03 175 329 1735 XXX 

ERV BS(I/A)-Comp 1990 8 15 1990.62 58 0.12 178 323 1640 573 

ERV BS(I/A)-Comp 1990 9 18 1990.72 36 0.07 175 329 1380 XXX 

ERV BS(I/A)-Comp 1990 10 24 1990.82 34 0.06 178 329 1570 480 

ERV BS(I/A)-Comp 1990 I1 13 1990.87 34 0.09 179 342 1460 495 

ERV BS(I/A)-Comp 1991 2 21 1991.14 30 2j.2 0.03 0.03 180 163 323 321 1400 1361 470 478
 

ERV BS(I/A)-Comp 1991 3 19 1991.22 28.7 0.04 180 342 1350 509 

ERV BS(I/A)-Comp 1991 4 12 1991.28 27.8 0.06 180 311 1410 504 

ERV BS(I/A)-Comp 1991 6 24 1991.48 27.4 0.01 187 360 1540 455 

ERV BS(I/A)-Comp 1991 7 5 1991.51 8.3 0.04 59 262 740 178 

ERV BS(I/A)-Comp 1991 7 10 1991.53 25 0 180 329 1520 470 

ERV BS(l/A)-Comp 1991 10 14 1991.79 29.1 0.02 185 317 1569 762 

ERV BS(I/A)-I 1988 1 13 10'88.04 33.9 38.4 0.21 0.10 121 199 317 335 1067 1375 387 426 

ERV BS(I/A)-I 1988 2 11 1988.11 35.6 0.31 130 317 1154 XXX 

ERV BS(I/A)-I 1988 3 15 1988.21 30.7 0.01 134 329 1135 341 

ERV BS(I/A)-l 1988 5 11 1988.36 30.5 0 141 336 1130 367 

ERV BS(I/A)-I 1988 6 16 1988.46 26.2 0.11 132 299 1380 359 

ERV BS(IIA)-I 1988 7 7 1988.52 269 0.21 132 311 1403 350 

ERV BS(I/A)-I 1988 9 5 1988.68 28.1 .... 130 305 1397 387 
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Table C-3. 1988 - 1991 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day Date Nitrate 88-91 1991 Ammonia 88-911 19Q! Chiloide 88-91 1991 Bicarbonate 88-91 1991 Conductivity 88-911 1991 Sulfate 88-91 1991 
S m/L lean Mlean mWL Mean Mean mg/L Mean Mean mg/L Mean Mean uS/cm Mean Mean mgL Mean Mean 

ERV BS(l/A)-I 1988 10 17 1988.80 29 0.27 164 287 1432 387 
ERV BS(I/A)-I 1988 II 21 1988.89 28.7 0 167 293 1184 341 
ERV BS(i/A)- 1 1989 1 11 1989.03 32.4 0.21 192 275 647 350 
ERV BS(l/A)-l 1989 3 13 1989.20 32 0.25 200 305 1361 379 
ERV BS(I/A)-I 1989 4 27 1989.32 29 0.02 190 311 1398 367 
ERV BS(i/A)-I 1989 5 15 1989.37 33.6 0.12 192 342 1387 418 
ERV BS(I/A)-1 1989 7 17 1989.55 35.5 0 207 341 1424 428 
ERV BS(I/A)-I 1989 9 201 1989.72 45.8 216 354 1498 437 
ERV BS(I/A)-I 1989 10 16 1989.79 A6 0 219 360 1528 499 
ERV BS(I/A)-I 1939 12 I 1989.92 48 0.01 221 354 1561 421 
ERV BS(I/A)-I 1990 I i6 1990.04 47 0.02 221 354 1509 397 
ERV BS(I/A)-1 1990 3 20 1990.22 56 0 232 354 1625 431 
ERV BS(I/A)-I 1990 5 16 1990.38 56 0 227 360 ;572 587 
ERV BS(I/A)-I 1990 6 20 1999.47 51 0.1 225 354 1762 XXX 
ERV BS(I/A)-I 1990 7 25 1990.57 56 0.06 224 360 1718 480 
ERV BS(I/A)-1 1990 8 15 1990.62 57 0.16 226 348 740 451 
ERV BS(I/A)-I 1990 9 18 1990.72 56 0.1 226 342 1420 456 
ERV BS(I/A)-1 1990 10 24 1990.82 52 0.13 326 354 1580 442 
EkV BS(I/A)-I 1990 II 13 1990.87 53 0.1 231 360 1579 448 
ERV BS(I,A)-1 1991 1 29 1991.08 45 32.8 0.08 0.12 230 215 348 344 1420 1392 493 458 
ERV BS(I/A)-I 1991! 2 21 1991.14 41 0.05 223 354 1330 475 
ERV BS(1/A)-I 1991 3 19 1991.22 39.1 0.11 222 360 1420 524 
ERV BS(I/A)-I 1)91 4 12 1991.28 34.7 0.12 233 342 1480 485 
ERV BS(I/A)-I 1991 5 13 1991.37 32.9 0.38 224 341 1450 492 
ERV BS(i/A)-1 1991 6 24 1991.48 31.1 0.03 216 226 1560 395 
ERV BS(I/A)-I 1991 7 10 1991.53 30 0.29 211 378 1540 418 
ERV BS(I/A)-I 1991 9 16 1991.71 25.6 0.14 164 ----- 451 344 
ERV BS(I/A)-! 1991 10 14 1991.79 3i.8 0.03 217 372 1600 570 
ERV BS(I/A)-I 1991 11 25 1991.90 16.3 0 210 372 1672 380 

ERV BS(I/A)-2 1988 1 13 1988.04 13.1 18.9 0.14 0.10 200 217 317 324 1261 1519 XXX 474 
ERV BS(I/A)-2 1988 2 II 1988.11 14.1 0.23 207 311 1276 350 
ERV BS(!/A)-2 1988 3 24 1988.23 16.7 0.16 197 305 1280 341 
ERV BS(I/A)-2 1988 6 16 1988.46 11.6 0.11 196 281 1530 378 
ERV BS(i/A)-2 19881 10 17 1988.80 14 - 0.26 197 305 1548 406 
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Table C-3. 1988 - 1991 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day Date Nitrate 88-91 1991 Ammonia 88-91 1991 Chloride 88-91 1991 Bicarbonate 88-91 1991 Conductivity 88-91 1991 Sulfate 88-91 1991 
min1., Mean Mean mg/L Mean Mean mgL Mean Mean mg/L Mean Mean uS/cm Mean Mean mgtL Mean Mean 

ERV BS(I/A)-2 1989 10 16 1989.79 17.9 0 212 341 1561 529 
ERV BS(I/A)-2 1989 12 1 1989.92 17.8 0 208 329 1561 489 

ERV BS(I/A)-2 1990 3 29 1990.25 22 0 220 336 1519 485 

ERV BS(I/A)-2 1990 5 16 1990.38 23 0 221 348 1630 597 
ERV BS(i/A)-2 1990 6 20 1990.47 17.9 0.07 225 354 1762 XXX 
ERVI BS(I/A)-2 1990 8 15 1990.62 2, 0.12 226 336 1700 451 
ERV BS(I/A)-2 1990 9 18 1990.72 26 0.12 225 354 1460 494 

ERV SS(I/A)-2 1990 10 24 1990.82 25 0.14 225 336 1590 461 
ERV BS(1/A)-2 1990 II 13 1990.87 22 0.12 228 335 1550 455 

ERV BS(i/A)-2 1991 2 21 1991.14 18.3 17.9 0.05 0.07 224 228 336 312 1510 1526 482 525 
ERV BS(I/A)-2 1991 3 19 1991.22 19 0.14 23: 336 1440 534 
ERV BS(I/A)-2 1991 4 12 1991.28 16.7 0.07 230 323 1470 495 
ERV BS(I/A)-2 1991 6 24 1991.48 17.5 0.05 232 226 1570 426 
ERV BS(l/A)-2 1991 10 14 1991.79 18.2 0.03 224 341 1641 690 

ERV BS(I/A)-3 1988 I 13 1988.04 17.3 25.6 0.22 0.08 137 162 348 341 1601 1543 XXX 596 
ERV BS(I/A)-3 1988 2 I1 1988.11 13 0.19 234 342 1618 571 

ERV BS(I/A)-3 1988 3 24 1988.23 5.1 0 203 366 1618 617 
ERV BS(I/A)-3 1988 6 16 1988.46 13 0.08 195 318 1888 571 
ERV BS(I/A)-3 1988 10 17 1988.80 20.9 0.17 169 348 1761 608 

ERV BS(1/A)-3 1989 1 11 1989.03 51.6 0.18 184 3_!i 1478 581 
ERV BS(I/A)-3 1989 3 13 1989.20 16 200 329 1604 630 

ERV BS(I/A)-3 1989 4 27 1989.32 23 0 160 323 1583 611 
ERV BS(I/A)-3 1989 l10 16 1989.79 27 0.04 131 384 1580 685 
ERV BS(I/A)-3 1989 12 1 1989.92 28 0 135 354 1013 607 

ERV BS(I/A)-3 1990 3 29 1990.25 33 0 142 354 1519 592 
ERV BS(I/A)-3 1990 5 16 1990.38 30 0 142 366 1540 627 
ERV BS(I/A)-3 1990 6 20 i9z 0.47 30 0.07 145 360 1677 xxx 
ERV BS(A)-3 1990 8 15 1990.62 31 0.12 145 354 1650 550 

ERV BS(I/A)-3 1990 9 18 1990.72 30 0.12 146 342 1410 575 
ERV BS(A)-3 1990 10 24 1990.82 29 0.12 154 342 1550 618 

ERV BS(I/A)-3 1990 1I 13 1990.87 30 0.11 154 342 1540 580 

ERV BS(I/A)-3 1991 2 21 1991.14 27 27.1 0.07 0.06 150 158 360 326 1450 1464 575 579 

ERV BS(I/A)-3 1991 3 19 1991.22 29 0.15 156 354 1350 603 
ERV BS(I/A)-3 1991 4 12 1991.28 27.4 . .... 0.07 158 329 1420 583 



Table C-3. 1988 - 1991 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day Date Nitrate 88-91 1991 
Mm/LMean n 

Ammonia 
m/L 

88-91 
Mean 

1991 
Mean 

Chloride 
mg/L 

88-91 
Mean 

1991 
Mean 

Bicarbonate 88-91 
Mean 

1991 
Mean 

Conductivity 
uS/cm 

88-91 
Mean 

1991 
IMean 

Sulfate 
m/L 

88-91 
Mean 

1991 
Mean 

ERV BS(I/A)-3 
ERV BS(I/A)-3 

1991 
1991 

6 
10 

24 
14 

1991.48 
1991.79 

25.4 
26.5 

0.01 
0.01 

159 
168 

226 
359 

1560 
1539 

468 
665 

ERV BS(I/A)-4 
ERV BS(I/A)-4 
ERV BS(I/A)-4 
ERV BS(I/A)-4 
ERV BS(I/A)-4 

1988 
1988 
1988 
1988 
1989 

1 

2 
3 

10 
1 

13 
11 

24 
17 
11 

1988.04 
1988.11 
1988.23 
i988.80 
1989.03 

23.2 
26.9 
21.7 
19.2 
21.8 

22.6 0.37 
0.75 
0.32 
0.83 
0.25 

0.50 79 
136 
144 
140 
150 

130 354 
336 
311 
323 
268 

318 1437 
1607 
1445 
1692 
1817 

1600 XXX 
590 
627 
627 
601 

611 

ERV BS(I/. ,-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 
ERV BS(I/A)-5 

ERV BS(I/A)-5 

ERV BS(I/A)-5 
ERV BS(I/A).-5 
ERV BS(IIA)-5 

1988 
1988 
1988 
1988 
1988 
1989 
1989 
1989 
1989 
1990 
1990 
1990 
1990 
1990 
1990 
1990 
1991 
1991 

1991 

1991 

1991 

1991 

1 13 1988.04 
2 11 1988.11 
3 24 1988.23 
6 16 1988.46 

10 17 1988.80 
1 I1 1989.03 
3 13 1989.20 
4 27 1989.32 

12 1 1989.92 
3 29 1990.25 
5 16 1990.38 
6 20 1990.47 
8 15 1990.62 
9 18 1990.72 

10 24 1990.82 
I1 13 1990.87 

1 23 1991.06 
2 21 1991.14 

3 19 1991.22 
4 12 1991.28 
6 _ 24 1991.48 
10 14 1991.79 

30.1 
65 
81 

59.2 
55.6 
70.9 
71.9 
72.4 
62 
70 
76 
71 
75 
70 
70 
68 
45 
77 
70 

68.5 

58.7 

72.9 

66.4 

65.4 

0.15 

0.08 
0.01 
0.03 
0.11 
0.21 
0.19 

0 
0 
0 

0.01 
0.06 
0.15 
0.14 
0.12 
0.1 

0.08 
0.05 
0.17 
0.08 

0.02 

0.01 

0.08 

0.07 

80 
86 
82 
88 
92 
95 
120 
100 
102 
104 
103 
104 
106 
107 
109 
107 
230 
110 
111 

110 

111 
115 

108 

131 

336 
323 
348 
305 
336 
281 
317 
311 
329 
336 
342 
358 
336 
354 
348 
354 
348 
342 
342 
329 

342 
353 

335 

343 

1290 
1300 
1242 
1513 
1478 
1582 
1372 
1345 
1372 
1372 
1382 
1488 
1550 
1300 
1540 
1488 
1420 
1320 
1260 
1320 

1510 
1497 

1406 

1388 

XXX 
498 
498 
516 
479 
485 
459 
419 
509 
494 
xxx 
xxx 
498 
527 
499 
551 
493 
536 
554 
504 

457 
637 

506 

530 

ERV BS(1/A)-6 
ERV BS(I/A)-6 
ERV BS(I/A)-6 

1988 

1988 
1988 

1 

2 

3 

13 

11 
15 

1988.04 
198811 
1988.2i 

1.1 

I1.6 
50.1 

12.0 
- . 

1.28 
0.6 

-0.42 

0.37 

-. -. 

35 
39 
98 

59 220 
232 
299 

242 1116 
1125 

1251 

1191 664 
XXX 
433 

548 

-
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Table C-3. 1988 - 1991 Drinking Water Inorganics Data 

Lab Well No. Year Mo. Day Date Nitrate 88-91 1991 Ammonia 88-91 1991 Chloride 88-91 1991 Bicarbonate 88-91 1991 Conductivity 88-91 1991 Sulfate 88-91 199! 
S- -L MeanIMean m _L Mean Mean, m /L Mean Mean :-nL Mean Mean uS/cm Mean Mean mgIL Mean Mean 

ERV BS(I/A)-6 1988 3 24 1988.23 36.5 0.11 160 323 1319 452 
ERV BS(|/A)-6 1988 5 11 1988.36 0.7 0.91 36 232 1116 466 
ERV BS(I/A)-6 1988 6 16 1988.46 0.7 1.28 35 207 1282 562 
ERV BS(I/A)-6 1988 7 7 1988.52 0.9 1.39 76 214 1294 553 
ERV BS(I/A)-6 1988 9 5 1988.68 1.5 ---- 78 214 1298 571 

ERV BS(I/A)-6 1988 10 17 1988.80 4.7 1.02 41 226 1247 553 
ERV BS(I/A)-6 1988 11 21 1988.89 2.1 1.08 40 202 1155 544 
ERV BS(I/A)-6 1989 1 11 1989.03 2.1 0.81 29 201 1247 531 
ERV BS(I/A)-6 1989 3 13 1089.20 2.8 0.76 39 220 1171 539 
ERV BS(I/A)-6 1989 4 27 T9S9.32 5.1 0.12 48 225 1161 489 
ERV BS(I/A)-6 1989 5 15 1989.37 3.3 1.18 45 238 1139 618 
ERV BS(I/A)-6 1989 7 17 1989.55 4.6 0 42 262 1203 599 
ERV BS(I/A)-6 1989 9 20 1989.72 10 0.03 49 244 1171 6i7 
ERV BS(I/A)-6 1989 10 16 1989.79 9.7 0.06 51 244 1203 607 
ERV BS(I/A)-6 1989 12 1 1989.92 10.7 0.05 54 226 1182 548 
ERV BS(I/A)-6 1990 1 16 1990.04 9.8 0.17 58 238 1224 583 
ERV BS(I/A)-6 1990 3 20 1990.22 14.1 0.05 65 238 1287 602 

ERV BS(I/A)-6 1990 5 16 1990.38 11.6 0.04 62 244 1261 725 
ERV BS(I/A)-6 1990 6 20 1990.47 11.4 0.11 62 305 1324 XXX 
ERV BS(IiA)-6 1990 7 25 1990.57 12 0.1 59 268 1279 612 
ERV BS(I/A)-6 1990 8 15 1990.62 24 0.19 56 238 1350 573 
ERV BS(I/A)-6 1990 9 18 1990.72 13 0.16 57 238 1140 542 
ERV BS(I/A)-6 1990 10 24 1990.82 20 0.14 56 244 1460 589 
ERV BS(I/A)-6 1990 11 13 1990.87 19.7 0.16 53 250 1304 563 
ERV BS(i/A)-6 1991 1 29 1991.08 10.6 16.1 0.1 0.13 55 67 238 247 1100 1077 636 505 
ERV BS(i/A)-6 1991 2 21 1991.14 10.4 0.09 55 244 1130 580 
ERV BS(1/A)-6 1991 3 19 1991.22 13.2 0.14 96 250 1080 499 
ERV BS(I/A)-6 1991 4 12 1991.28 9.5 0.14 52 226 1090 564 

ERV BS(I/A)-6 1991 5 13 1991.37 8.1 0.39 52 232 1080 546 
ERV BS(i/A)-6 1991 6 24 1991.48 82 0.07 55 238 1230 465 
ERV BS(IA)-6 1991 7 10 1991.53 8.2 0.04 53 238 1170 498 
ERV BS(I/A)-6 1991 9 16 1991.71 72.7 0.12 124 - 410 363 

ERV BS(I/A)-6 1991 10 14 1991.79 11.6 0.07 63 280 1251 512 

ERV BS(i/A)-6 1991 11 25 1991.90. 8.9 0.1 - 64 280 1231 382 
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 
Na As Hg.old. Cd Cr Cu Ni Pb Zn 
mg/II uA ug/ ug/l ugI ug1 ug/ ug 

ERV Sajo_ 1990 1 4 1990.01 ------ 0.5 ----------------..... 
ERV Sajo 1990 2 1 1990.09 -.------ 0.2------- ... .. .. 
ERV Sajo 1990 3 20 1990.22 25 0 0.2 0 3 4 0 0 23 
ERV Sajo . 1990. 4 11 1990.28 22 ---- 0.2 ....... - ... 
ERV Sajo - 1990 5 16 1990.38 19_ -- 0.2 "- - _-
ERV Sajo 1990 6 10 1990.44 21 .... 0.2 ... ... ... 
ERV Sajo- _ 1990 7 1I 1990.53 21 ---- 0.2 -- - ---- -- -
ERV Sajo 1990 8 15 1990.62 52 ---- 0.3 ---------- ---- -- .... .. 
ERV Sajo 1990 9 18 1990.72 56 ---- 0.1 -.---- ---- -
ERV Sajo 1990 10 28 1990.83 60 0 0.3 0 7 9 4 16 22 
ERV Sajo_ 1990 11 13 1990.87 38 0 0.1 0 3 2 7 0 17 
ERV Sajo 1990 11 30 1990.92 9 0 0 0 4 2 7 0 19 
ERV Sajo 1991 1 24 1991.07 22 0 0.3 0 6 2 0 0 26 
ERV Sajo 1991 2 21 1991.14 23 0 0.1 0 0 0 0 14 21 
ERV Sajo 1991 3 19 1991.22 6 0 0.2 0 0 4 0 12 18 
ERV Sajo 1991 4 1I 1991.28 13 0 0.4 1 0 8 0 8 10 
ERV Sajo. . 1991 _5 16 1991.38 9.6 0 . 0.6.. .00 0 2 10 10 8 
ERV Sajo 1991 6 24 1991.48 8.6 0 0.3 0 0 4 ;3 0 7 
ERV Sajo 1991 7 10 1991.53 38 . 0 0.4 0 0 _ 5. 0 5 0 
ERVSajo_ 1991 8 28 1991.66 20 0 0.2 0 0 0 0 0 0 
ERVSajo 1991 9 23 1991.73 41 0 0.6 0 0 6 0 0 7 
ERV Sajo 1991 10 15 1991.79 83 0 0.6 0 0 0 0 0 0 
ERV Sajo 1991 11 I 1991.86 12 0 0.2 0 0 4 0 0 38 
ERV Sajo_ 1991 12 . 2 1991.92 __10 0 0.1 0 0 1 0 0 10 
ERV Sajo 1992 1 15 1992.04 33 0 0.1 0 0 3 0 12 15 
ERV Sajo _ 1992 2 5 1992.10 30_ 0 ... 0.1 . .0 0 4 0 0 12 
ERVSajo 1992 3 5 1992.18 34 0_ 0.1 0 0 5 0 0 10 
ERV Sajo 1992 4 14 1992.29 13 0 0.3 00 0 0 0 16 14 
ERV Sajo 1992 5 14 1992.37 19 0_ 0.2 0 0 8 0 0 35 
ERVSjo .....1992 6 10 1992.44 26 0 0 0 .0 3 0 00 18 
ERVSajo 1992 7 10 1992.53 41 0 0.3 I 0 1 11 0 6 
ERV Sajo_- 1992 8 _ 41992.59 40 . 0 0.3 0 4 0 0 8. 5 
ERV Sajo 1992 9 15 1992.71 47 0 0.2 0 0 2 0 0 5 
ERVSajo 1992 10 20 1992.80 16 0 0.2 0 0 I 0 5 9 
ERVISajo 1992 II 10 1992.86 39 0 0.2 0 0 0 0 9 9 
ERV Sajo_ 1992 12 .26 0 .2 0 0 2 0 7 01-- 2 1992.92 
ER'. Sajo__ 1993 1 6 1993.02 60 0 0.2 0 0 4 10 0 12 
ERVSajo....1993 2 10 1993.11 38_ 0_ .1 0 0 3 0 0_10 
ERVISajo 1993 3 9 1993.19 19 0 0.1 0 0 4 0 0 7 

ERV ET-101 1992 10 12 1992.78 85 0 0.2 0 0 1 14 8 48 
ERV ET-10 1992 II 9 1992.86 105 0 0.4 0 0 1 0 7 46 
ERV ET-I01 1992 12 I 1992.92 111 0.1 . 0 . 0 2 14 0 70 
ERV ET-IO 19_93 I 6 1993.02 107 0 . .0. 0 0 . .3 . 0 0 _ 32 
ERV ET-101 1993 2 8 1993.11 120 0 0.2 0 0 2 0 0 33 
ERV ET-Ol 1993 3 11 1993.20 136 0 0.1 0 0 2 0 0 27 
ERV ET-101 1993 4 19 1993.30 139 0 0.1 0 0 4 0 0 29 
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 

Na As Hg.old. Cd Cr Cu Ni Pb Zn 

mg/uL ugh ugA ugl] ug/ ug/I ug/l ug/l 

ERV ET-102 1993 2 8 1993.11 103 0 0.3 0 03 

ERV ET-103 1993 2 8 1993.11 31 7 0.3 0 0 2 0 0 10 

ERVET-104 1992 10 12 1992.78 530 0 0.2 0 0 1 40 0 7 

ERV ET-104 1992 11 9 1992.86 636 0 0.2 0 0 00 12 0 5 

ERV ET-104 1992 12 1 1992.92 610 0 0.1 0 0 _ 2 0 0 0 

ERV ET-104 1993 1 6 1993.02 540 0 0.4 0 0 3 0 6 6 

ERV ET-104 1993 2 8 1993.11 560 0 0.3 0 0 3 0 0 0 

ERV ET-IJ4 1993 3 11 1993.20 665 0 1 0 0 3 0 0 0 

ERV ET-104 1993 4 19 1993.30 660 0 0.7 0 0 1 0 0 6 

ERV BVK-50 1991 1 24 1991.07 765 10 0.1 0 6 4 11 0 18 

ERV E-1 1990 1 4 1990.01 17 10 0.1 0.4 8 8 0 14 34 

ERV E-1 1990 2 1 1990.09 16 10 0 0 10 9 0 0 26 

ERV E-I 1990 3 6 1990.18 19 10 0.1 0.2 9 7 0 8 15 

ERV E-1 1990 4 11 1990.28 19 10 0.1 ........ 0... . 7..... 4 0O .....0-. 15_ 

ERVEI1 1-990 -_5-_31990.34 15 10 0.2 0 7 _ 4 0 0 9 

ERV E-1 1990 6 21 1990.47 21 10 0.1 0 6 4 0 0 21 

ERV E-. 1990 7- 19 1990.5----5- 0- . . . 0-0 16 - 4 4 4- -29-

ERV E-1 1990 9 12 1990.70 16 10 0.1 0 16 6 0 0 17 

ERVE-1 1990 10 18 1990.80 15 10 0 0 14 4 0_ 0 26 

ERV E-1 1990 11 3 1990.84 19 10 0 0 5 3 7 11 13 

ERV E-1 1990 11 30 1990.92 17 10 0.1 0 __ 9 7 0 3 24 

ERV E-1 1991 1 24 1991.07 15 ---- 0 0 9 8 0 12 26 

ERVE-1 1991 2 21 1991.14 16 10 0.1 0 0 0 0 14 20 

ERV E-1 1991 3 27 1991.24 13 10 0.2 0 0 _ 3 0 0 10 

ERV E-I 1991 4 23 1991.31 13 10 0.1 . 0 0_ 7 0 0 1 

ERV E-I 1991 5 16 1991.38 12 10 0.3 0 0 _ 4 0 0 6 

ERV E-I 1991 6 18 1991.47 14 10 0.3 0 7 53 0 0 26 

ERVE-l 1991 7 24 1991.57 16 -- 5 -- 0.1 --- 0 0 - 22 0 0 10 

ERV E-I 1991 8 27 1991.66 18 5 0.7 0 0. .2 .. 0___ 0 6 

ERVE-I 1991 9 16 1991.71 19 5 0.3 0-_ 0 7 0 0 0 

ERV E-1 1991 10 30 1991.83 18 0 0.5 0 0 3 0 0 0 

ERV E-1 1991 11 18 1991.88 19 0 0.4 0 0 6 0 0 0 

ERV E-1 1991 12 3 1991.92 20 0 0.4 0 0 2 0 0 0 

ERV E-I 1992 I 13 1992.04 20 0 0.1 0 0 4 0 0 0 

ERV E-I 1992 2 17 1992.13 _ 9 0 . 1 0 0 _ 4 _ 0 0 

ERV E-- 1992 3 9 1992.19 19 0 . 0.1 0 -. 0 7 00. 0. 0 

ERV E-I 1992 4 6 1992.27 19 0 0.1 0 0 9 0 0 10 

ERVE-I 1992 5 12 1992.37 22 0 0.1 0 0 0 0 0 11 

FR E-I 1992 6 1S 1992.46 . 21 0 _ 0 0 0 0 0 0 8 

ERV E-1 1992 7 28 1992.58 20 0 0.4 0 0 0 0 0 8 

ERVE-I 1992 8 241992.65 16 0 0.1 0 0 0 0 5 6 

ERV E-1 1992 9 22 1992.73 17 0 0.1 0 0 0 0 0 6 
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 
Na 
mg/l 

Asq. 
ugl "-gl 

Cd 
ug/I 

Cr 
ug/! 

Cu 
ug/A 

Ni 
ug/1 

Pb 
ug/I 

Zn 
ugA 

ERV E-I 1992 10 12 1992.78 13 0 0.1 0 0 0 0 10 9 
ERVE-I 1992 11 9 1992.86 20 0 0.1 0 0 1 0 0 I0 
ERV E-1 1992 12 1 1992.92 20 0 0 0 0 1 0 0 8 
ERV E-1 1993 I 6 1993.02 19 0 0 0 0 0 5 
ERVE 1 1993 2 8 1993.11 19 .. 0 0.2 0 . 0 0...., 6 
ERVE-1 1993 3 II 1993.20 19 0 0.1 0 0 0 0 0 0 
ERV E-1 1993 4 19 1993.30 22 0 0.1 0 0 0 0 0 0 

ERV'E-2 1990 1 4 1990.01 14 10 0.1 0 . 8 8 0 10 32 
ERV E-2 1990 2 1 1990.09 13 10 0 0.8 8 9 0 0 23 
ERV E-2 1990 3 6 1990.18 15 10 0.3 0 13 8 0 4 26 
ERV E-2 1990 4 I1 1990.28 15 10 0.2 0 7 3 0 0 18 
ERV E-2 1990 5 3 1990.34 14 10 0.2 0.1 6 3 7 0 6 
ERV E-2 1990 6 21 1990.47 17 10 0.1 0 4 6 0 8 8 
ERV E-2 1990 7 19 1990.55 12 10 0 0 12 6 8 0 36 
ERVIE-2 1990 8 2 1990.59 15 10 0 0 4 2 12 0 22 
ERV E-2 1990 9 12 1990.70 13 10 0.1 0 8 5 0 0 14 
ERV E-2 1990 10 18 1990.80 11 10 0 0 14 4 32 0 21 
ERV E-2 1990 11 3 1990.84 15 10 0 0 8 5 7 8 17 
ERVE-2 1990 II 12 1990.87 12 10 0 0 6 3 4 0 21 
ERVE-2 1991 I 24 1991.07 12 10 0.1 0 6 2 0 0 14 
ERVE-2 1991 2 21 1991.14 13 10 0.1 0 0 0 0 19 12 
ERVE-2 1991 3 27 1991.24 10 10 0.1 0 0 2 0 0 0 
ERVE-2 1991 4 23 1991.31 10 10 0.2 0 0 3 0 0 9 
ERVE-2 1991 5 16 1991.38 10 10 0.4 0 0 3 0 11 6 
ERVE-2 1991 '6 18 1991.A7 12 10 0.3 0 0 11 0 0 10 
ERV E-2 1991 7 24 1991.57 13 5 0.2 0 0 0 0 0 7 
ERVE-2 1991 8 27 1991.66 15 5 0.2 0 0 1 0 0 7 
ERVE-2 1991 9 16 1991.71 17 5 0.4 0 0 7 0 0 5 
ERV E-2 1991 10 30 1991.83 14 0 0.5 0 0 I 15 0 8 
ERVE-2 1991 II 18 1991.88 14 0 0.4 0 0 4 0 6 8 
ERV E-2 1991 12 3 1991.92 16 0 0.4 0 0 I 0 0 0 
ERVE-2 1992 1 13 1992.04 16 0 0.1 0 0 3 0 0 7 
ERV E-2 1992 2 17 1992.13 15 0 0.2 0 0 2 0 0 5 
ERV E-2 1992 3 9 1992.19 14 0 0.3 0 0 5 0 7 0 
ERV E-2 1992 4 6 1992.27 14 0 0.1 o 0 18 0 0 38 
ERV E-2 1992 5 12 1992.37 16 0 0.1 0 0 0 0 0 23 
ERV E-2 1992 6 15 1992.46 15 0 0.1 0 0 3 0 0 36 
ERV E-2 1992 7 28 1992.58 16 0.4 0 0 0 0 0 12 
ERV E-2 1992 8 24 1992.65 10 1 0 0 0 9 
ERV E-2 1992 9 22 1992.73 10 0 0.1 0 0 0 0 0 7 
ERV E-2 1992 10 12 1992.78 I0 0 0.2 10 0 0 0 0 6 
ERVE-2 1992 I1 9 1992.86 14 0 0.1 0 0 0 0 5 
ERV E-2 1992 12 1 1992.92 14 0 0.1 0 0 I 0 0 5 
ERV E-2 1993 I 6 1993.02 15 0 0 0 0 4 0 0 14 
ERV E-2 1993 2 8 1993.11 15 0 0.1 0 0 5 0 6 16 
ERVIE-2 1993 3 II 1993.20 14 0 0.2 0 0 0 0 0 7 
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 

Na As Hg.old. Cd Cr Cu Ni Pb Zn 

-mg/l ug/1 ug/l ug/ ug1 ug/I ug/l ug/l ug/l 

ERV E-2 1993 4 19 1993.30 i5 0 0.1 0 0 2 0 0 9 

ERVE-3 1990 1 4 1990.01 23 10 0.1 0 2 3 . ) 18 26 

ERV E-3 1990 2 1 1990.09 29 10 0 I 2 7 0 2 16 

ERV E-3 1990 3 6 1990.18 31 10 0.3 . 0.2_ 4 2 0 0 18 

ERVE-3 1990 4 11 1990.28 32 10 0.2-.. 0 2 . 3 0 0 6 

ERV E-3 1990 5 3 1990.34 28 10 0.3 0 2 3 2 0 3 
ERV E-3 1990 6 21 1990.47 32 10 0.1 0.6 2 6 0 8 6 

ERV E-3 1990 7 19 1990.55 17 10 0.1 0.2 8 4 8 0 II 

ERV E-3 1990 8 2 1990.59 18 10 0- 0 __ 2 2 4 0 7 

ERVE-3 19909121990.7028 10 0 0 0 5 0 0 12 

ERV E-3 1990 10 18 1990.80 29 10 0 0 11 3 0 0 12 

ERV E-3 1990 11 3 1990.84 32 10 0.1 0 13 3 7 2 10 

ERV E-3 1990 I1 12 1990.87 25 10 0.1 0 3 3 0 9 17 

ERVE-3. 991 1 24 1991.07 23 1_0 0.1 0 0 2 0 0 8 

ERVE-3 1991 3 27 1991.24 II 10 0 I 0 3 0 0 0 

ERVE-3 1991 4 23 1991.31 16 10 0.2 0 0 4 0 0 6 

ERV E-3 1991 5 16 1991.38 12_ 10 .. 0.2 0 0 2 0 0 0 

ERVE-3 1991 6 18 1991.47 12 10 0.2 0 0 4 0 0 5 

ERV E-3 1991 7 241 991.57 15 5 . 0 . . 0 0 0 0 6 

ERV E-3 1991 8 27 1991.66 17 5 0.2 0 0 1 0 0 7 

ERV E-3 1991 -9 16 1991.71 27 5 0.2 0 0 5 09 0 0 

ERVE-3 199110 30 1991.83 26 00 0.4 0 . 0 1.. 16 0 0 

ERVE-3 1991 II 18 1991.88 21 0 0.2 0 0 4 0 5 5 

ERV E-3 1991 12 3 1991.92 15 0 0 0 0 2 0 0 0 

ERV E-3 1992 _ 13 1992.04 20 0 0. 0 0 2 0 

ERV E-3 1992 2 17 1992.13 22 0 0.1 0 0 3 0 0 0 

ERVE-3 1992 3 91 992.19 22 0 0.1 0 0 34 0 6_ 0 

ERV E-3 1992 4 61 992.27 19 0 0.2 0 0 6 0 0 5 

ERV E-3 1992 5 121992.37 21 0 0.1 0 0 2 0 0 0 

ERVE-3 1992 6 15 1992.46 25 0 0 0 0 0 0 0 0 
ERV E-3 .1992 7 281992.58 23 0 0.1 00 2 0 0 6. 

ERY E-3 1992 8 24 1992.65 18 00.1 00- 0 0 0 0 

ERV E-3 1992 9 22 1992.73 20 0 0.1 0 0 0 0 0 0 

ERV E-3 1992 10 12 1992.78 17 0 0.2 0 0 0 0 0 
ERV E-3 1992 1 29 1992.86 22 0 0.1 0 0 0 6 0 

ERV E-3 1992 12 1 1992.92 22 0 01 0 0 2 0 0 0 

ERV E-3 1993 1 6 1993.02 21 0 0 0 0 4 _ 0 0 0 

ERV E-3 1993 2 8 1993.11 29 0 0.1 0 0 3 0 0 0 

ERVE-3 1993 3 11 1993.20 21 0 )0.1 0 0 1 0 0 0 

ERV E-3 1993 4 19 1993.30 22 0 0.10 0 0 0 0 

ERV E-4 1990 1 4 1990.01 62 10 0.3 0.4 10 4 0 33 
ERVE-4 1990 2 1 1990.09 62 1_0 0 8 ... 7 0 4 27 

ERV E-4 1990 3 6 1990.1 63 10 0.4 0 9 4 4 6 15 

ERV E-4 1990 4 611990.28 22 10 0.2 0.2 4 4 0 0 13 

ERV E-4 19901 5 3 1990.34 58 10 0.2 0.2 5 3 2 0 6 

Page 4 of 13 

/(/1
 



Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 
Na As Hg.old. Cd Cr Cu Ni Pb Zn 

ERV E-4 1990 6 21 1990.47 
mg-l 
78 10 

ug uI 
0.2 

ug/l 
0.4 

uI 
4 

ugI 
9 

ug/I 
0 

ug/l 
0 

ug/ 
19 

ERV E-4 1990 7 19 1990.55 96 10 0.3 0.4 8 4 12 0 23 

ERV E-4 1990 8 2 1990.59 61 10 0 0 2 4 4 5 16 
ERV E-4 1990 9 12 1990.70 52 10 0.1 0.8 7 6 0 (1 16 
ERV E-4 1990 10 18 1990.80 59 10 0 0 7 4 _ 0 0 21 
ERVE-4 1990 11 3 1990.84 78 10 0 0 10 5 7 I1 15 
ERV E-4 1990 11 12 1990.87 56 10 0 0 12 4 4 6 22 
ERV E-4 1991 I 24 1991.07 55 10 0.1 0 6 2 0 0 14 

ERVE-4 1991 2 21 1991.14 58 10 0.1 0 9 0 0 24 12 
ERVE-4 1991 3 27 1991.24 47 10 0 1 5 4 0 0 7 
ERVE-4 1991 4 23 1991.31 56 10 0.2 0 0 5 0 8 9 
ERVE-4 1991 5 16 1991.38 51 10 0.6 0 0 4 0 0 6 
ERVIE-4 1991 6 18 1991.47 90 10 0.3 0 ) 19 13 5 21 
ERV E-4 1991 7 24 1991.57 70 5 0 0 0 2 0 0 9 
ERV E-4 1991 S 27 1991.66 80 5 0.6 0 0 0 0 0 6 
ERVE-4 1991 9 16 1991.71 82 5 0.4 0 0 8 0 0 6 
ERVE-4 1991 10 30 1991.83 78 0 0.6 0 0 2 0 0 0 
ERVE-4 1991 II 18 1991.88 83 0 0.1 0 0 5 0 10 7 
ERV E-4 1991 12 3 1991.92 84 0 0.5 0 0 2 0 0 0 
ERV E-4 1992 1 13 1992.04 90 0 0.3 0 0 4 0 0 0 
ERV E-4 1992 2 17 1992.13 73 0 0.3 0 0 3 0 0 6 
ERV E-4 1992 3 9 1992.19 79 0 0.1 0 0 4 0 0 0 
ERV E-4 1992 4 6 1992.27 93 0 0.6 0 0 19 0 0 16 
ERV E-4 1992 5 12 1992.37 64 0 0.2 0 0 2 0 0 30 
ERV E-4 1992 6 15 1992.46 63 0 0 0 0 0 0 0 15 
ERV E-4 1992 7 28 1992.58 77 0 0.6 0 0 4 0 0 10 
ERV E-4 1992 8 24 1992.65 46 0 0.1 0 0 0.. 12 5- 5 
ERV E-4 1992 9 22 1992.73 63 0 0.1 0 0 0 0 5 6 
ERV E-4 1992 10 12 1992.78 60 0 0.2 0 0 0 31 5 6 
ERV E-4 1992 11 9 1992.86 80 0 0.3 0 0 0 0 0 0 
ERV E-4 1992 12 1 1992.92 80 0 0 0 0 2 0 0 5 
ERV E-4 1993 I 6 1993.02 73 0 0 0 - 0 3 0 0 8?) 
ERV E-4 1993 2 8 1993.11 66 0 0.2 0 0 4 0 3 7 
ERV E-4 1993 3 11 1993.20 75 0 0 0 0 2 0 0 0 
ERV E-4 1993 4 19 1993.30 75 0 0.1 0 . 0 I 16 _0 5 

ERVE-5 1990 I 4 1990.01 15 10 10. 0 8 0 24 15 
ERV E-5 1990 .2 1 1990.09 15 10 0 0.8 4 7 0 0 13 
ERV E-5 1990 3 6 1990.18 16 10 0.4 0.8 4 4 0 4 9 
ERV E-5 1990 4 I I1990.28 17 10 0.2 0 3 3 0 0 6 
ERV E-5 1990 5 3 1990.34 14 10 0.2 0 4 3 2 3 2 
ERV E-5 1990 6 21 1990.47 20 10 0.1 0 3 3 0 0 8 
ERV E-5 1990 7 19 1990.55 14 10 0.2 0.2 4 4 8 0 9 
ERV E-5 1990 8 2 1990.59 15 10 0 0 5 2 0 0 5 
ERV E-5 1990 9 12 1990.70 16 10 0 - 0.5 0 2 0 0 9 
ERVE-5 1990 10 18 1990.80 14 10 0 0 0 2 4 0 7 
ERV E-5 19901 -ii 3,1990.84, 19 10 0 ( 5 2 4 15 8 
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 

Na As Hg.old. Cd Cr Cu Ni Pb Zn 

mg1 -l l /l ug ug/ g/1ugl u_ uL ugA 

ERV E-5 1990 11 12 1990.87 14 10 0 0 6 3 - 0 0 21 

ERV E-5 1991 1 24 1991.07 16 10 0 0 _ 0 2 I1 12 8 

ERVE-5 1991 2 21 1991.14 18 10 0.1 0 0 0 0 19 8 

ERVE-5__ 1991_!_3 27 1091,24 11 90 0 0 _ 0 . 1 0 0- 0 

ERVE-5 1991 4 23 1991.31 13 10 0 0 0 2 0 6 6 

ERV E-5 1991 5 16 1991.38 12 10 0.2 0 0 1 0 5 0 

ERV E-5 1991 6 18 1991.47 13 10 0.2 . _0 .0 2 0 5 5 

ERV E-5 1991 7 24 1991.57 16 5 0 0 0 0 15 0 6 

ERV E-5 1991 8 27 1991.66 18 5 0.6 0 0 0 0 0 6 

ERV E-5 1991 9 16 1991.71 19 5 0.1 0 0 3 17 0(?) 0 

ERV E-5 1991 10 30 1991.83 16 0 0.4 0 0 0 0 0 0 

ERV E-5 1991 11 18 1991.88 17 0 0.2 0 0 2 0 0 5 

ERVE-5 1991 12 3 1991.92 17 0 0.1 , 0 0 0 0 

ERV E-5 1992 1 13 1992.04 17 0 . 00 0 0 -6 

ERV E-5 1992 2 17 1992.13 16 0 0.3 0 0 4 0 33 7 

ERV E-5 1992 3 9 1992.19 15 0 0.1 0 0 3 0 0 0 

ERV E-5 1992 4 6 1992.27 15 . 0 0.1 . 0... 0 . 5 _ 0 0 5 

ERV E-5 _ 1992 . 5 12 1992.37 17 0 . 0.1 0. 0 0 0 0 0 

ERV E-5 1992 6 15 1992.46 16 0 0 0 I 0 0 7 

ERV E-5 1992 7 28 1992.58 16 0 0.1 0 0 2 0 0 7 

ERV E-5 1992 8 24 1992.t5 11 0 0.1 0 9 0 0 0 0 

ERVE-5 1992 9 221992.73 12 0 0.1 0 0 5 0 0 __10 

ERV E-5 1992 10 12,1992.78 10 0 0.1 0 o0 2 0 0 0 

ERV F-5 1992 11 9 1992.86 13 0 0.1 0 0 0 0 0 0 

ERVE--5 1992 12 11992.92 14 0 0 0 0 2 0 0 0 

ERV E-5 1993 1 6 1993.02 14 0 0 0 0 3 0 0 5 

ERV E-5 . 993 2 8 1993.11 13 0 0.2 0 0 4 0 6 0 

ERV E-5. 993 3 11 1993.20 13 0 0.2 0 0 2 0 0 6 

ERV E-5 1993 4 19 1993.30 15 . 0.1 0 I_ 0 0 0 

8-.. 

ERV E-6 1990 2 11990.09 34 10 0 0 10 11 0 2 33 

ERV E-6 1990 3 6 1990.18 39.6 10 0.4 1 9 4 18 0 25 

ERV E-6 1990 4 11 1990.28 37 10 0.3 . 0 2 3 0 0 1 

ERV E-6 1990 5 3_1990.34 32 10 0.2 0.2 5 2 3 0. 5 

ERV E-6 1990 6 21 1990.47 42 10 0.2 0.2 _ 6 3 3 12 8 

ERV E-6 1990 7 19 1990.55 33 10 0.2 0 4 3 12 4 31 

ERV E-6 1990 8 2 1990.59 35 10 0 0.5 2 4 4 5 38 

ERV E-6 1990 9 12 1990.70 33 10 0.1 0 13 5 0 0 17 

ERV E-6 1990 10 18 1990.80 31 10 0 0.2 7 4 7 6 17 

ERV E-6 1990 11 3 1990.84 46 10 0 0 8 3 7 8 18 

ERV E-6. 1991 1 24 1991.07 31 10 0.1 0 . 9 3 0 0 18 

ERV E-6 . 1991 3 27 1991.24 33 10 ... 0.1 0 . . 0 1 0 7 6 

ERV E-6 1991 4 23 1991.31 30 10 0.2 0 0 3 0 0 9 

ERVE-6 1991 5 16 1991.38 26 10 .. 0.6 0 0 2 0 9 . 5 

ERViE-6 1991 6 18 1991.47 48 10 0.3 . .0 . .0 25 0 0 18 

ERV E-6 1991 7 24 1991.57 41 5 0 0 0 0 0 0 6 

ERV E-6 ..... 1990 -1 4 1990.01 _-36 . . 10 _ 0._1.0 .4. . . .10----... 6 - 8. 33-
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 
Na As Hg.old. Cd Cr Cu Ni Pb Zn 

mg/ l ugl u/ ug/I ug/I gll ug/ 
ERV E-6 1991 8 27 1991.66 50 5 0.7 0 0 . 3 0 8 6 
ERVE-6 __ 1991 9 16 1991.71 51 5 0.2 0 0 5 0 0 0 
ERV E-6 1991 10 30 1991.83 48 0 0.6 0 0 1 0 0 0 
ERVE-6 1991 11 18 1991.88 46 0 0.1 0 0 4 0 16 9 
ERV E-6 1991 12 3 1991.92 50 0 0.2 0 0 0 0 0 0 
ERV E-6 1992 1 13 1992.04 58 0 0.1 0 0 3 0 5 5 
ERVE-6 1992 2 17 1992._13 52 0 0.3 00 0 3 0 0 5 
ERV E-6 1992 3 9 1992.19 56 0 0.1 0 0 6 0 0 0 
ERV E-6 1992 4 6 1992.27 58 0 0.1 0 0 9 0 0 10 
ERV E-6 1992 5 12 1992.37 61 0 01 0 0 0 0 0 13 
ERV E-6 1992 6 15 1992.46 58 0 0.1 0 0 0 0 0 11 
ERV E-6 1992 7 28 1992.58 64 0 1 0 0 I 0 0 I1 
ERV E-6 1992 7 29 1992.58 ---- 0.8 ---- ----... 

ERV E-6 1992 8 24 1992.65 36 0 0.1 - 0 0 0 0 5 0 
ERV E-6 1992 9 22 1992.73 49 0 0.1 0 0 0 0 0 10 
ERV E-6 1992 10 12 1992.78 48 0 0.3 0 0 2 0 0 7 
ERV E-6 199" 11 9 1992.86 65 _ 0 1.. 0 _ 5 0 
ERV E-6 1992 12 11992.92 69 0 0 0 0 I 0 0 7 
ERV E-6 1993 i 61993.02 55 0 0 0 0 2 0 -. 6 
ERV E-6 1993 2 8 1993.11 54 0 0.2 0 0 1 0 0 5 
ERV E-6 1993 3 11 993.20 65 0 0.2 0 0 1 0 0 0 
ERV E-6 1993 4 19 1993.30 63 0 0.2 0 0 1 0 0 0 

ERV H-I 1991 7 24 1991.57 107 5 0.5 0 0 3 0 0 9 
ERV H-I 1991 8 27 1991.66 120 5 0.6 0 0 5 0 0 9 
ERV H--I 1991 10 30 1991.83 110 0 0.6 0 0 3 10 0 0 
ERV H-I 1991 1 18 1991.88 110 0 0.5 0 0 6 0 0 6 
ERV H-I 1991 12 3 1991.92 106 0 0.4 0 0 4 0 0 0 
ERV H-1 1992 1 13 1992.04 117 0 0.2 0 00 3 0 0 0 
ERV H-I 1992 2 17 1992.13 100 0 0.5 0 0 3 (3 0 5 
ERV H-1 1992 3 9 1992.19 99 0 0.2 0 0 8 0 0 0 
ERV H- 1 1992 4 6 1992.27 99 0 0.2 0 0 13 0 0 9 
ERV H-I 1992 5 12 1992.37 106 0 0.2 0 0 0 0 0 8 
ERV H-I 1992 6 15 1992.46 95 0 0.2 0 0 0 0 0 15 
ERV H-I 1992 12 1 1992.92 115 0 0.4 0 0 3 0 7 0 
ERV H-i 1993 I 6 1993.02 109 0 0.1 0 0 5 0 7 27 
ERV H-I 1993 2 8 1993.11 113 0 0.4 0 7 6 0 22 41 
ERV H-I 1993 3 II 1993.20 114 0 0.4 0 0 6 0 10 21 
ERV H-I 1993 4 19 1993.30 114 0 0.5 0 0 3 0 18 20 

ERV H-2 1991 7 24 1991.57 131 5 0 0 0 3 0 0 10 
ERV H-2 1991 8 27 1991.66 !45 5 0.3 0 0 3 0 6 II 
ERV H-2 1991 10 30 1991.83 135 0 0.6 0 0 2 0 0 8 
ERVH-2 
ERVH-2 

1991 
1991 

11 
12 

18 1991.88 
3 1991.92 

147 
154 J 

0 0.2 
0.3 

0 
0 

0 
0 

7_ 
3 

0 
0 

14 
0 

12 
0 

ERV H-2 1992 1 13 1992.04 165 0 0.2 0 0 4 0 0 0 
ERV H-2 1992 2 17 1992.13 164 0 0.4 0 0 3 0 0 9 
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 
Na As Hg.old. Cd Cr Cu Ni Pb Zn 

rag1 ug/I ug/I ugl ug/I ug/I ug/I ug/l ug/i 

ERV H-2 1992 3 9 1992.19 164 0 0.1 0 0 8 0 0 0 

ERV H-2 1992 4 6 1992.27 163 0 0.1 0 0 11 0 0 10 

ERV H-2 1992 5 12 1992.37 177 0 0.1 0 0 1 0 0 10 

ERV 1-1-2- 1992 6 15 1992.46 152 0 0.1 0 0 0 0 0 17 

ERV H- 1 1992 7 28 1992.58 142 0 1.2 0 0 1 0 0 8 

ERV H-2 992 -- 7 29 1992.58 ---- . 7.--- ----

ERV H-2 11992 8 24 1992.65 11 0.... 0.2 0 0 0 0 0 7 

ERV 11-2 1992 9 22 1992.73 158 0 0.1 0 0 0 0 6 9 

ERV H-2 1992 10 12 1992.78 125 0 0.2 0 0 1 0 5 5 _ 
ET, IH-2 1992 11 9 1992.86 143 0 0 1 __ _0 0 0 6 0 

ERV H-2 1992 12 1 1992.92 148 0 0.1 0 . 0 4 0 0 0 

ERV'H-2 1993 1 6 1993.02 146 0 0 0 0 3 0 0 7 

ERV H-2 1993 2 8 1993.11 154 0 0.2 0 0 4 0 0 8 

ERV H-2 1993 3 __ 11993.201 169 0 0 0 0 3 . 0 9 0 

ERV H-2 1993 4 19 1993.30, 163 0 0.1 0 0 1 0 0 5 

ERVV-2 1993 . 2 8 1993.11 _76 0 0.4 . .. 0 0 3 0 0 7 

_0.3ERV V-3 1991 7 24 1991.57 84 5 _ 0 0 0 0 0 6 

ERV V-3 1991 8 27 1991.66 25 5 0.2 0 . 0 -0 0 _ 6 
ERV V-3 1991 10 30 1991.83 135 20 0.1 0 0 6 0 0 0 

ERVV-3 1991 11 18 1991.88 22 0 0.1 0 0 1 0 9 13 

ERVV-3 1991 12 3 1991.92 21 _ 0 0.2 0 0 0 0 0 58 

ERV V-3 1992 1 13 1992.04 23 0 0.3 0 0 0 0 0 0 

ERV V-3 1992 2 17 1992.13 22 0 0.5 0 0 0 0 6 

ERV V-3 1992 3 9 1992.19 21 0 0.1 0 0 1 0 5 0 

ERVV-3 1992 4 61992.27 23 0 0.1 00 12 0 0 27 
ERV V-3 1992 5 12 1992.37 25 0 0.1 0 0 0 0 0 0 

ERVV-3 1992 6 15 1992.46 23 0 0.1 0 0 0 0 0 8 
ERV V-3 1992 7 28 1992.58 22 0 0.2 0 0 1 0 0 0 
ERV.V-3 1992 8 24.1992.65 20 0 0.1 0 0 0 0 0 0 
ERV V-3 1992 9 22 1992.73 20 0 0 0 0 3 0 0 0 

ERV V-3 1992 10 12 1992.78 16 0 0.1 0 0 0 0 6 0 

ERVV-3 1992 11 9 1992.86 21 0 0.20 0 0 0 6 0 

ERV V-3 1992 I12 1 1992.92 22 0 0.1 0 0 0 0 0 0 

ERV V-3 1993 1 6 1993.02 22 0 0 0 0 1 _ 0 0 

ERV V-3 1993 2 8 1993.11 24 0 0.1 0 0 I 0 0 0 

ERV V-3 1I993 3 11 1993.20 2... 022. . 0.3 0 0 . I.. 0 0 0 

ERV V-3 1993 4 19 1993.30 22 0 0.3 0 0 2 0 0 0 

ERY H-3 1991 10 30 1991.83 40 10 0.5 0 0 0 _0 0 0 
ERVH-3 1991 11 18 1991.88 41 0 0.2 0 0 2 0 0 8 

FRV H-3 1991 12 31 991.92 44 0 0.5 0 . 2 0 0 7 
ERV H-3 1992 1 13 1992.04 47 0 0.4 0 0 1 0 0 0 

ERV H-3 1992 3 9 1992.19 45 0 0.2 0 0 4 0 0 0 

ERV H-3 1992 4 6 1992.27 44 0 0.3 0 0 9 0 0 19 
ERV H-3 1992 5 12 1992.37 47 0 0.1 0 0 0 0 0 12 

ERV H-3 1992 6 15 1992.46 38 0 0.1 0 0 0 0 0 15 
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Table (-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 
Na As Hg.old. Cd Cr Cu Ni Pb Zn 
_/lu_/lguI/1 ug/l ug/l ug/I ugl ug/I ug/l 

ERVH-3 1992 7 28 1992.58 42 0 0.7 0 -0 2 0 0 9 
ERV H-3 1992 8 24 1992.65 29 0 0.3 __ 0 0 0 0 0 6 
ERV H-3 1992 9 22 1992.73 41 0 0.2 0 0 0 0 0 7 
ERV H-3 1992 10 12 1992.78 39 0 0.4 0 0 1 0 8 16 
ERV H-3 1992 11 9 1992.86 47 0 0.2 0 0 0 0 0 7 
ERV H-3 1992 12 1 1992.92 50 0 0.1 0 0 2 0 0 8 
ERV H-3 1993 I 6 1993.02 46 0 0.1 0 0 3 0 0 8 
ERV H-3 1993 2 8 1993.11 44 0 0.1 0 0 3 0 0 0 
ERV H-3 1993 3 11 1993.20 53 _00.4 0 0 2 0 0 0 
Ek' H-3 1993 4 19 1993.30 54 0 0.6 0 0 I 0 0 0 

ERV V-I 1993 2 8 1993.11 148 1 _ 0.2 0 0 10 0 7 9 

BH, H-I 1988 6 19 1988.47 127 0 10.6 1.6 29 66 80 100 181 
BH H-I 1988 iI 29 1988.91 122 0 0 22 6 17 98 230 185 
BHV H-I 1989 2 21 1989.14 73 0 3.7 1.4 15 11 48 13 37 
BHV H-I 1989 5 30 1989.42 113 0 2 4 XXX 5 18 7 50 
BHV H-I 1989 8 9 1989.61 90 0 1 19 1.4 17.9 48 22 40 
BHV H-I 1989 II I 1989.84 129 0 -- l- 5 - 1.5 10 25 1 50 
BHV H-I 1990 3 6 1990.18 157 0 1.8 4 2 6 41 I 32 
BHV H-I 1)91 3 28 1991.24 106 0 1 1.2 5 3.4 10 5 500 
BHV H-I 1991 6 19 1991.47 105 0_ 1.6 5 7 10 14 18 20 
BHV H-I 1991 7 24 1991.57 115 0 1 5 5 5 5 5 57 
BHV H-I 1991 8 27 1991.66 105 0 1 5 10 5 6 5 50 
BHVH-1 1991 9 17 1991.71 105 10 5 5 5 6 5 50 
BHV H-I 1991 10 30 1991.83 100 0 1 5 5 5 5 5 50 
BH H-I 1991 11 19 1991.89 90 0 I 5 5 5 5 5 50 
BHV H-I 1991 12 3 1991.92 95 0 1 5 5 5 5 5 50 
BHV H-I 1992 1 13 1992.04 80 0 I 5 _ 5 5 5 5_ 50 
BHV H-I 1992 2 18 1992.13 110 10 I 5 5 5 5 5 50 
BH H-I 1992 3 9 1992.19 175 10 1 5 5 5 5 5 50 
BHV H-I 1992 4 6 1992.27 80 50 1 5 5 5 5 5 50 
BHV H-I 1992 5 12 1992.37 68 50 1 5 5 5 5 5 50 
BHvH-I 1992 6 15 1992.46 60 50 1 5 6 5 5 5 50 
BHVH-I 1992 12 I 1992.92 115 10 1 5 5 5 7 39 50 
BHV H-1 1993 1 6 1993.02 100 10 I 5 5 18 5 11 50 
ERV H-I 1993 2 8 1993.11 113 0 0.4 0 7 6 0 22 41 

Bt-1V H-2 1988 6 19 1988.47 82 0 6.7 0.5 34 34 77 89 54 
BHV H-2 1988 II 29 1988.91 87 0 1.5 3 0 22 77 60 46 
BHV H-2 1989 2 21 1989.14 65 0 I 0.4 17 20 36 IO0 42 
BHV H-2 1989 5 30 1989.42 113 0 I 4 13 0 14 16 30 
BHV H-2 1989 8 9 1989.61 95 0 I 8 13 14.3 45.4 II 30 
BHV H-2 1989 11 1 1989.84 144 I I 16 2 32 I 20 
BHV H-2 1990 3 6 1990.18 137 0 I.1 4 4 6 37 I 39 
BHV H-2 1991 3 28 1991.24 158 0 I 1.2 5.3 4.9 13 6.9 10
 
BHV H-2 1991 6 19 1991.47 115 0 1 5 63 13 7.3 9.7 30
 

it/i
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Table ,-. Groundwater Minor Ionic Data 

Lab €,' Year Mo. Day, Dale Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc
 
Na As Hg.old. Cd Cr Cu Ni Pb Zn
 

m-g/- ug/ /l ug ug ug/ ug/1 ug/I ug1 ug/I 

BHVH-2 1991 7 24 1991.57 125 0 I____ 5 -5 5 5 5 50 

BHVH-2 1991 8 27 1991.66 130 0 1 5 5 5 5 5 50 

BHVH-2 1991 9 17 1991.71 130 0 1.9 5 6 5 5 5 50 

BHVH-2 1991 10 30 1991.83 115 0 1 5 5 5 5 26 50 

BH H-2_ 1991 1I 19 1991.89 120 _0 1 5 ...5 _ 7.3 5.!l 42.. 50-

BHV H-2 1991 12 3 1991.92 115 0 1 5 5 5 7 5 50
 

BH H-2 1992 1 13 1992.04 150 0 1 5 5 5 5 5 50
 

BH_ H-2 1992 2 18 1992.13 115 10 1 5 9 5 5 5 50
 

BHRH-2. .. 280 10 1- 5 _ 15 5.1. 5 5 .501992391992.19 

BHiH-2 1992 4 6 1992.27 150 50 1 5 5 5 5 5 50 

BHV H-2 1992 5 12 1992.37 125 50 1 5 5 5 5 5 50 

BHV H-2 1992 6 15 1992.46 110 50 1 5 6 5 5 9 50 

BHV H-2 1992 7 28 1992.58 125 50 1 5 5 5 6 5 50 

BH -2 1992 8 24 1992.65 200 50 . 1 . 5 ... 5 5 _ 14 7 50 

BHV H-2 1992 9 22 1992.73 100 100 1 5 15 23 8 13 50 

BHV H-2 1992 10 12 1992.78 80 100 I 5 0.5 5 5 5 50 

B H-2 !992 11 10 1992.86 0 5 5 5 5 5014 5
oo 
BHRH-2 1992 12 1 1992.92 125 100 1 _ 5 5 5 5 5 50 

BHV H-2_ 1993 1993.02 100 5 7 5------ -- ...1 6 150 1 - . 5 _5_ 50 

BHV H-2 1993 2 8 1993.11 154 0 0.2 0 0 4 0 0 80 

BHV H-3 1988 10 0 1988.75 ND ND- 1.5. 6.4 20 .1.10 

BHV H-3 1988 11 0 1988.83 ND ND 0.3 19.8. 109 443 

BHV H-3 1988 12 0 1988.92 ND ND 0.5 7.1 . 18 40 

BHV H-3 1989 I 0 1989.00 ND ND ND 6.8 15 48 

BHV 1--3 1989 2 0 1989.08 ND ND ND 4.8 11 1105 

BHV H-3 1989 3 0 1989.17 ND ND ND 6.3 20 105 

BH H-3 1989 4 0 1989.25 . .. ND ND_ ND 6.8 10 81 

BHV H-3 1989 5 0 1989.33 ND ND ND 8.5 . .13 200 

BHV H-3 1989 6 0 1989.42 ND ND ND 8.5 . 13 206 

BHV H-3 1989 7 0 1989.50 13 0.4 ND 7 15 166 

BRV H-3-.... 1989 __8 _0 1989.58 3.8 0.3 ND 9.8 .10 142 

BHV H-3 1989 9 0 1989.67 I1 ND 0.42 13 16 170 

BITV H-3 1989 10 0 1989.75 . . 2.5 0.6 ND 8.8 _2_ 1 15-5 
BHV_ H-3 1989 11 0 1989.83 ND_ ND 0.9 5.7_ 2_ 134 

BHV_ H-3 1989 12 0 1989.92 3 ND 0.6 5.5 1. 105 

BHV H-3 1990 I 0 1990.00 153 ND ND ND 19 86 

B.. -3 1990 2 0 1990.08 82 ND ND 9.1 18 160 

BHV H-3 1990 3 0 1990.17 70 ND ND 16 II 100 

BHV H-3 1990 4 _ 0 1990.25 112 ND ND 6.3 15 410 

BHV H-3 1990 5 0 1990.33 167 ND ND 3 ND 120 

BHV H-3 _ 1990 _ 6 0 1990.42 9.7 ND ND 3 22 220 

BnVKH-3 1990 . 7 01990.50 4.6 ND ND ... 3.5-.. . 9 120 

BHV R-3 1990 8 0 1990.58 --- ND 0.3 7 24 210 

BHV H-3 1990 9 0 1990.67 - - - 0.3 ND 3.5 15 87 
BHV H-3 1990 10 0 1990.75 --- 6.3 1.3 7.4 117 86 
BHV H-3 1991 2 0 1991.08 17 0.3 ND 22 138 84 
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 
Na As Hg.old. Cd Cr Cu Ni Pb Znmg/l ug/I ug/1 ug/1 ug/1 ug/l u/ ug/l u g/ 

2HV H-3 1991 4 0 1991.25 2.7 1 ND - 4 21 43 
BH _ H-3 1991 5 0 1991.33 5.5 NE 29 7 56_1.7 

BH H-3 1991 6 9,1991.42 2.7 0.3 ND 13.5 15 70 
BHVH-3 1991 7 0 1991.50 15.1 0.5 - .ND 10.5 7 38 
BHV H-3 1991 8 0 1991.58 7.9 __ 0.4 _ ND 8.8 9 _51 

BH_ H-3 1991 9 0 1991.67 .... 0.5 0.6 _ 0.4 19.7 24 98 
RHV H-3 1991 10 0 1991.75 40 10 0.5 0 ___ 0 0 0 
BHVH-3 1991 0 41 --- . 0-- 0--Ii -! 991.83 0 0.2 
BHV H 3 .-1991 12 01991.92 44 0 0.5 0 2 0 7 
BH 1P-3 1992 - 0.0-1992.00 47 -0 0.4...0...... 1- .. 0 -
RHV H-3 1992 4 6 1992.27 . . .. 0.3 0 9 0.19 
BH H-3 1992 5 12 1992.37 . , - 0.1 0.0 0 12 
BHV H-3 1I-992 6, i5 1992.46 0 j 1 .- 1-- 00 -0- 15-
BH H-3 1992 7 28 1992.58 0 ]00.7 0 2 0 9 
BH_ H-3 1992 8 24 11992.65 0 0.3 0 0 - 6 
RHV H-3 1992 9 2Z 1992.73 -0 0.2 0 0 0 7 
BHV P-3 1992 10 12 1992.78 .._ 0 0.4 0 . 1.. 8 16 
RHV H-3 1992 11 9 1992.86 __ 0 _ 0.2 0 0 0 7 
BHN H-3 1992 12 I 1992.92 0 0.1 0 2 0 8 
RI-I H-3 199 3 1 6 1993.02_ I 0. -0- 3 0 -0 
BHV H-3 1993 2 ';1993.11' 0. 0.1 . 0 3- 0 -0-
BHV H-3 1993 3 1i 19931.20 - 6.0 . 0.4 - . 0--- 0 2 0 

BVK V-I 199! 10 30 1991.83 . _ 7 <5 6.3125 500 <5 _'7.4 6 <50 
BVKV-I 1991 ii 19 1991.89 180 1000 < I 9.2 12.1 _ 71 168 II 188 
BVK V-I 1992 3 9 ,992.19 55 250 <1 <5 . 10 <5...98 <50 
13Vv -I 1992 4 6 1992.27 120 0. <1 <5 .. 7 . 8 <5 <50 
BV, -V-Il 1992 5 12 19-92.37 110 <50 <I <5 <5 --- 8 _ 8 _ <50 
BV V-I 1992 6 15 199? '6 -7-0 <50 <1 <- .5. 22-.. - .8 <-50 
BVKV- -i 1992 8 4 1992.65 130 <50 . <5 9 7 7 40 <50 
BVKV-I. 1992.73 <100---<- 55 81992 9 2? - 100 <1 <5 7 _ 8 <50 
BV V-I 1992 10 12 1992.78 toe <100 <1 <5 . 5- <5 <5 6 -<50 
BV V-I 1992 1I 10 1992.86 130 <100 <1 <5 <5 <5 <5 <5 <50 
BVK V-1 1992 12 1 1992.92 130 <IGO <I <5 <5 8 6 26 <50 
BVK V-1 1993 I 6 1993.02 135 <100 <0.5 <5 7 <5 <5 12 <50 
BVKV-I 1993 2 8 1993.11 130 200 <0.5 <5 9 -- 10 <509 <5 

BVKV-I 1993 3 i 1993.20 125 40 <0.5 <5 5 7 <5 <50
_12 


BVK V-I 993 4 19 1993.30 135 40 <0.5 <5 7 15 20 33 <50 

BV V-2 i991 9 17 1991.71 70 0 1.7 <5 <5 10 5.4 110 
BVI V-2 1991 10 30 1991.83 68 0 <I <5 - 17 9.3 13.7 <5 <50 
4V-2 - 1991-- ... 0. < .I <5 iI - <51 21 <5 265-9 199-91.89 50 

BV 1V-2 3 165 1801 <1 <5 <5 15 7 <501992 9-1992.19 
 _-<5 


.3V-- V-2- 1992 6,41992.27 75 <50- <1 <5 6 <5 1-9 <5 <50 

BV 1992 5 12 1992.37 70 <50 <! <5 8 <5 Ii <5 <50BV V-2V-2 1992 6 15 1992.46 70 <50 <I <5 <3 _ <5BVIV-2 <5 7 <501992 8 24 1992-.65 71--.5 <50 <5 14 1. 6 16 27 140 
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Table C-4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 

Na As Hg.old. Cd Cr Cu Ni Pb Zn 

m- _ ug-l ug/l ug uglI ug/I ug/ ugl ug/l 

BVK V-2 1992 9 22 1992.73 64 <100 <1 <5 13 15 21 19 180 

BVK V-2 1992 10 12 1992.78 61 <100 <1 <5 <5 5 .... 7 10..<50 

BVKV-2 1992 11 10 1992.86 70 <100 <1 <5 5 8 6 17 <50 

BV V-2_ 1993 1 6 1993.02 68 <100 <1 <5 5 <5 6 7- <50 

BVK V-2 1993 2 8 1993.11 68.5 40 <0.5 <5 <5 <5 6 <5 <50 

BVK V-2 1993 3 11 1993.20 75 40 <0.5 <5 <5 <5 _ <5 11 <50 

BVK V-2 1993 4 19 1993.30 70.5 20 <0.5 <5 12 <5 <5 <5 <50 

BVK V-3 1991 9 17 1991.7! 95 0 -.. <I <5 <5 <5 <5 <5 <50 

BVK V-3 . 1991 10 30 1991.83 18 0 <1 <5 8.5 <5 <5 <5 <50 

BVK V-3 1991 11 19 -991.89 17 0 <t <6 <5 <5 12 <5 <50 

BVK V-3 1991 12 3 1991.92 10.5- -01.2 <5 . <5 <5 <5 <5 <50 

BV V-3 1992 1 13 1992.04 18.5 0 <1 <5 II <5 7.3 <5 <50 

BVK V-3 1992 2 18 1992.13 18 <10 <1 <5 6 <5 <5 20 <50 

BVKV-3- 1992 3 9 1992.19 18.5 <10 <1 <5 <5 <5 <5 <5 <50 

BVK V-3 1992 4 6 1992.27 20 <50 <1 <5 <5 24 <5 6 <50 

BVK V-3 1992 5 12 1992.37 17 <50 <1 <5 -<5 8_ <5_.. <5 <50 

BVK V-3 1992 6 15 1992.46 15 <50 <1 <5 7 <5 <5 <5 <50 

3VK V-3 1992 7 28 1992.58 20 <50 . 1 <5 _ <5 <5_ <5 <5 <50 

BVK V-3 1992 8 24 1992.65 25 <50 <1 <5 <5 . <5<<5_ < _ .<50 

BVKV-3 1992 9 -22 1992.731 18 <100 <1 <5 <5 <5 8 <5 <50 

BVK V-3 1992 10 12 1992.78 I5 <100 <1 <5 . 6 <5 <--5 <5 <50 

BVK V-3 1992 11 10 1992.86 23 <100 <1 <5 <5 <5 <5 <5 <50 

BVK V-3 _i9219 12 1 1992 .92 1 <100 <1 <5 <5 9 <5 <5 <50 

BVK V-3 1993 1 6 1993.02 24 <100 <1 <5 <5 <5 <5 <5 <50 

BVK V-3 1993 2 8 1993.11 21.5 <20 <0.5 <5 9 <5 <5 <5 <50 

BVK V-3 1993 3 11 1993.20 21.5 <20 .. <0.5 <5 8 <5 <5 <5 <50 

BVK V-3 1993 4 19 1993.30 22.5 <20 <0.5 <5 5 <5 <5 <5 <50 

IBVK ET-lol 1992 13 1992.04 80 0 <1 . . <5 <5 <5 10 22 347 

I1VK ET-101 1992 2 18 1992.13 85 <10 __<1 _ <5 _ 28 12 29 9 109 

BVK ET-!Ol 1992 3 9 1992.19 --- <1) <1 <5 160 24 79 19 210 

BV ET- 01 1992 4 6 1992.27 90 <50 <I <5 29 30 72 9 351 

BVK ET-101 1992 5 12 1992.37 66 <50 .. <I <5 16 _ 19 14 25 253 

BVK ET-I01 199' 6 15 1992.461 60 <50 <1 . <5 7 . <5 <5 <5 <50 

BN\/,ET- 10I 11992 7 28 1992.58 65 <50 <1 <5 22 8 -25__ 31 340 

B-V- ET 1 992 
VE-

BVi ET-10 1-1992 
8 
--

9 
24 19.5 
4- 1992.65

22 1992.73 

0 
....70-

84 

<5 
<50--
<100 .. 

<1 
< 

<5
<5 

. <5
15 

<5 
1--13 

10 .. 
15, 

_ 

14
19 

. 80
120 

DViI ET-1o 1992 10 12 1992.78 77.5 _ <100 <1 <5 8 8 8 18 60 

BV ET-10I 1992 I1 10 1992.F6 100 <100 <I -_ <5 27 14 25 28 130 

BV_ ET-10l 1992 12 1 1992.92 96 <100 <1 <5 7 <<5 5 .. 9 <50 

BV ET-101 1993 1 6 1993.02 100 <100 ... o.5 <5 6 _<5 58__ 58 <50 

BV ET-101 1993 2 8 1993.11 110 <20 <0.5 <5 il 12 8 <5 <50 

BVET--l 1993 3 1, 1993.201 115 <20 ___ <0.5 . <5 <5 6 <5 - 50 

0V1T~I93 41-9 1 1993.30j' 120 <20 <0.5 _ <5 14 7 9 7 50 

-ET-102 I13__- 1992.041 75 0 <1 <5 22 5.4 35 42 651992 -
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Table C 4. Groundwater Minor Ionic Data 

Lab Well Year Mo. Day Date Sodium Arsenic Total Mercury Cadmium Chromium Copper Nickel Lead Zinc 
Na As Hg.c!d. Cd Cr Cu Ni Pb Zn 
0 u/ ug/ ugI ug/1 ug/ ug/ ug/l ug 

BVK ET-102 1992 2 18 1992.13 70 <10 <1 <5 13 <5 17 6 <50 
BV_ FT-102 1992 3 9 1992.19 150 <10 <1 <5 9 <5 14 9 <50 
BVK ET-102 1992 4 6 1992.27 80 <50 <1 <5 <5 <5 14 <5 <50 
BVKET-102 1992 5 12 1992.37 66 <50 -- <I <5 <5 <5 12 <5 <50
 
BVK ET-102 1992 6 15 1992.46 70 <50 <1 5 12 6 8 12 <50 
BV ET-102 1992 7 28 1992.58 75 <50 <1 <5 <5 <5 5 <5 60
 
BV ET-102 1992 8 24 1992.65 85 <50 <1 <5 <5 <5 7 18 <50
 
BV. ET-102 1992 922 1992.73 100 <100 
 <1 <5 8 <5 8 12 <50
 
B'v ET-102 1992 0 12 1992.78 60 <100 <1 <5 9 <5 <5 9 <50
 
BVK E'F-102 1992 11 10 !992.86 120 <100 <! <5 <5 <5 <5 5 <50
 
BVK ET-I02 1992 12 -1 1992.92 100 <100 <1 <5 8 <5 <5 9 <50
 
BVK ET-102 1993 1 6 1993.02 100 <100 <1 __<5 6 <5_ <5 8 <50
 
BVK ET-102 1993 2 8 1993.11 120 <20 0.8 <5 10 <5 5 <5 <50
 
BVK ET-102 1993 3 11 1993.20 105 <20 <0.5 <5 <5 <5 <5 <5 <50 
BVK ET-102 1993 4 19 1993.30 100 <20 <0.5 <5 8 _ <5 <5 <5 <50 

BVK ET-103 1992 1 13 1992.04 40.5 0 <1 <5 <5 <5 6 26 84 
BV ET-103 1992 2 18 1992.13 7.5 <10 <1 <5 6 <5 11 10 80 
BVXET-103 1992 3 9_1992.19 55 . <10 ... <1 <5 <5 . . <5 5 8 <50 
BV_ ET-103 1992 4 6 1992.27 53 <50 <1 <5 <5 40 8 7 73 
BV KET-103 1992 5, 12 1992.37 41.5 <50 <1 <5 <5 8 9 36 <50 
BVK ET-103 1992 6 15 1992.46 45 <50 <1 <5 6 6 <5 23 60 
BVX ET-103 1992 7 28 1992.58 30 <50 <1 <5 <5 <5 <5 80 80 
BV. ET-103 1992 9 22 1992.73 39 <100 <1. <5 <5 <5 <5 <5 <50 
BVK ET-103 1992 10 12 1992.78 32 <100 <1 <5 5 <5 <5 <5 <50 
BV ET-103 1992 11 10 1992.86 42 <100 <1_ <5 <5 <5 <5 13 <50 
BVK ET-103 1992 12 I 1992.92 36 <100 <1 <5 <5 <5 5 <5 <50 
BVK ET-103 1993 1 6 1993.02 34 <100 <1 <5 <5 <5 <5 <5 <50 
BVK ET-103 1993 2 8 1993.11 33 <20 <0.5 <5 9 <5 <5 <5 <50 
BVK ET-103 1993 ..3 11 1993.20 30 <20 <0.5 <5 <5 <5 <5 <5 <50 
BVK ET-103 1993 4 19 1993.30 28 <20 <0.5 <5 7 <5 <5 <5 <50 

BV ET-104 1992 1 13 1992.04 360 004 < <5 29 <5 39 8 58~ 6 ~ _--<-_ ------ _9 __5B KE ~ -_I_°-._4._~~ ~ ) ~ ~ ~~~~~--5-2_;-2._-----(92 -9 ... 

BV ET-104 1992 2 18 1992.13 370 <10 <1 <5 20 <5 31 7 50 
BV ET-104 1!_9923 . 9 1992.19 _760 <10... <1 . ... <5_ 46 13 25 12 <50 
BV_ ET-104 1992 4 6 1992.27 390 <50 <1 <5 <5 15 23 <5 66 
BYK ET- 104 1992 5 1 2 1992. 37 320 <50 <1I <5 19 14 13 16 <50
1iX ET- 104 11992 15 1992.46 405 <50 <1 <5 I1 <5 19 9 <50_6 


BVK ET-104 1992 7 28 1992.58 430 <50 _-<1 . <5 <9 <5 <15 13 100 
BV- ET--104 1992 9 22 1992-.73 460 <100 <1 <5 I0 <5 II 14 <50 
BVK ET-104 1992 10 12 1992.78 390 <100 <1 <5 6 <5 <5 <5 <50 
BVK ET-104 1992 11 10 1992.86 550 <100 <1 <5 10 <5 8 16 <50
 
BVK ET-104 1992 12 I 1992.92 410 <100 <1 <5 <5 <5 7 5 <50
 
BVK ET-104 1993 1 I6 1993.02 600 <100 <0.5 <5 5 6 <5 <5 <50 
BYKET-104 1993 2 8 1993.11j 540 f<20 <0.5 <5 12 <5 9 <5 <50 
BYKET-104 1993 3 11 1993.20 55 <L05 <5-- 7 <-5- <5 <5 <50 
BY ET.,104 19931-411911993.30 490 20 <05<5 1 <5 19 1<5 1<50J 
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Appendix D. Lithologic Descriptions and
 

Soil and Waste Measurements - Epres-tanya Landfill
 

D-I
 



Table D-1. Lithologic Descriptions - Epres-tanya Landfill 

WELL NO. DEPTH 
(KUT SZ) FROM 

ET-FI 0 

ET-FI 0.5 
ET-FI 6 
ET-FI 7 
ET-FI 7.3 

ET-FI 7.7 

ET-F2 0 
ET-F2 0.9 
ET-F2 3.1 
ET-F2 5.2 
ET-F2 6.9 

ET-101 0 
ET-101- 0.8 
ET-101 1.8 
ET-101 4.4 
ET-101 6.8 

ET- 102 0 
ET-102 0.8 
ET- 102 1.4 

ET- 102 65 
ET-102 7.7 

ET-103 0 

ET-103 0.9 
ET-i03 1.8 

ET- 103 2.4 
ET- 103 5.3 

ET- 103 5.6 
ET-103 16 

ET-103 32.5 

ET- 104 0 
ET- 104 1 

ET- 104 2.2 
ET- 104 6.3 

ET- 104 9.8 

DEPTH 

TO
 

0.5 

6 
7 

7.3 
7.7 

8.5 

0.9 
3.1 
5.2 
6.9 
7.5 

0.8 
1.8 
4.4 
6.8 
10.4 

0.8 
1.4 
6.5 

6.7 
10.1 

0.9 

1.8 

2.4 

5.3 
5.6 

16 
32.5 

41.1 

I 
2.2 

6.3 
9.8 

10.4 

DESCRIPTION 

LIGHTLY HUMIC SOIL
 
MIXED SOIL OF WASTE MATTER AND CLAY
 

CLAY WITH GRAVEL AND SMALL WASTE CONTENT
 
CLAY WITH SAND
 

CLAY WITH GRAVEL
 

CLAY
 

LIGHTLY HUMIC SOIL WITH CLAY
 
SAND
 

GRAVEL WITH SAND
 
GRAVEL WITH SAND
 

SILT WITH CLAY
 

TOPSOIL WITH CLAY
 

CLAY WiTH SAND
 
GRAVEL WITH CLAY
 
SOIL WITH GRAVEL
 

CLAY
 

TOPSOIL WITH CLAY
 
SOIL WITH CLAY
 

SOIL WITH GRAVEL
 

SAND
 
-SILT WITHCLAY
 

TOPSOIL
 

SOIL WITH CLAY
 

SOIL WITH ???
 
GRAVEL WITH CLAY
 

CLAY
 

SILT WITH CLAY
 
SILT WITH SOIL
 

CLAY
 

TOPSOIL WITH CLAY
 

SOIL WITH CLAY
 

SOIL WITH GRAVEL
 
SILT WITH CLAY
 

SILT WITH SOIL
 



Table D-2. Soil and Waste Measurements - Epres-tanya Landfill 

SAMPLE ID DEPTH Hg Cu Cr Ni Pb fCd As Zn Waste 
(MINTA SZ) 

ET-101 
(M) 
0.15 

(mg/kg) 
0.0324 

(mg/kg) 
13.21 

(mg/kg) 

1.72 
(mg/kg) 

15.54 
(mg/kg) 

8.89 
(mg/kg) 

0.95 
(mg/kg) 

0.42 
(mg/kg) 

XXX 
(%) 
XXX 

ET-!101 0.75 0.0451 12.30 1.97 8.32 8.12 0.82 0.10 XXX XXX 
ET-I01 1.40 0.0486 4.61 2.24 10.07 6.22 0.50 0.10 XXX XXX 
ET-!0i 2.35 0.0484 3.78 1.54 5.54 6.65 0.50 2.98 XXX XXX 
ET-!01 3.05 0.0148 16.79 1.04 2.31 0.92 0.50 1.39 XXX XXX 
ET-101 4.45 0.0396 12.31 2.24 3.20 2.62 0.50 1.11 XXX XXX 
ET-I01 5.45 0.0280 5.93 1.38 4.07 1.15 0.50 1.40 XXX XXX 
ET-10! 6.40 0.0319 4.14 1.54 4.75 2.63 0.50 0.28 XXX XXX 
ET-10! 7.40 0.0708 5.27 1.01 2.35 9.01 0.50 0.40 XXX XXX 
ET-101 8.30 0.0801 2.24 0.41 2. 13 8.51 0.50 0.12 XXX XXX 
ET- 10 1 10.25 0.0587 12.76 1.51 4.97 11.82 0.50 1.97 XXX XXX 
ET-lo1 MEAN 0.0453 8.49 1.51 5.75 6.05 0.57 0.93 XXX XXX 

ET- 102 0.15 0.0537 6.89 1.99 7.14 12.57 0.50 0.07 XXX XXX 
ET- 102 0.75 0.055' 4.49 2.99 7.71 9.32 0.50 3.09 XXX XXX 
ET- 102 1.45 0.0636 3.33 2.55 6.50 5.86 0.50 1.95 xxx xxx 
ET- 102 2.35 0.0259 2.49 1.57 2.54 2.11 0.j0 0.59 XXX Xxx 
ET- 102 3.25 0.0407 6.61 1.84 3.36 1.79 0.50 1.51 XXX XXX 
ET- 102 4.15 0.0153 t.92 0.88 1.82 2.75 0.50 0.37 XXX XXX 
ET- 102 5.35 0.0257 9.46 4.16 5.55 3 64 0.50 2.72 XXX XXX 
ET- 102 6.25 0.0268 2.57 1.83 2.49 1.77 0.50 0.11 xxX Xxx 
ET- 102 7.50 0.1169 15.84 2.62 20.92 18.51 0.50 2.06 XXX XXX 
ET- 102 7.90 0.0875 14.48 2.79 21.64 15.64 0.50 4.42 XXX XXX 
ET-102 10.00 0.1004 14.66 3.08 22.01 18.41 0.50 0.79 XXX XXX 
ET- 102 MEAN 0.0557 7.52 2.39 9.24 8.40 0.50 1.60 XXX XXX 
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Table D-2. Soil and Waste Measurements - Epres-tanya Landfill 

SAMPLE ID DEPTH Hg Cu Cr Ni Pb Cd As Zn Waste 
(MINTA SZ) (M)m) (mg/kg) (mg/kg) (mg/kg) (mgkg) ( (mg/kg) (mg/kg) (%) 

ET-103 0.10 0.0608 5.81 1.74 5.17 19.69 3.67 0.10 XXX XXX 
ET-103 0.50 0.0356 5.94 2.23 6.02 14.54 4.02 0.10 XXX XXX 
ET-103 1.00 0.0413 3.66 2.65 5.51 23.55 6.09 2.07 XXX XXX 
ET- 103 1.40 0.1300 5.97 3.29 6.55 23.46 3.62 1.85 XXX XXX 
ET- 103 1.90 0.0262 2.69 2.28 6.22 12.83 3.65 1.63 XXX XXX 
ET- 103 2.45 0.0242 7.42 1.03 11.52 2.92 0.50 1.91 XXX XXX 
ET- 103 3.00 0.0218 4.62 0.70 1.95 1.58 0.50 0.10 XXX XXX 
ET- 1--3 4.15 0.0167 2.99 0.56 1.18 0.806 0.50 1.28 XXX YXX 
ET- 103 5.10 0.0160 4.48 0.65 2.37 1.78 0.50 0.10 XXX XXX 
ET- 103 6.05 0.0614 13.00 3.17 24.45 11.16 0.50 0.10 XXX XXX 
ET- 103 7.00 0.1043 11.31 3.75 16.98 16.47 0.50 0.10 XXX XXX 
ET-i03 7.95 0.1835 13.99 2.28 12.39 11.38 0.50 0.10 XXX XXX 
ET- 103 10.25 0.1050 12.19 1.17 16.09 13.00 0.50 0.10 XXX XXX 
ET- i03 15.15 0.0646 11.67 2.01 8.42 7.17 0.50 XXX XXX XXX 
ET- 103 16.05 0.1004 13.00 1.14 63.30 18.74 0.50 XXX XXX XXX 
ET- 103 20.05 0.0371 7.63 2.04 7.42 8.35 0.50 XXX XXX XXX 
ET- 103 25.15 0.1343 10.81 1.06 14.18 13.44 0.50 XXX XXX XXX 
ET- 103 30.05 0.0670 14.08 0.92 12.25 12.92 0.50 XXX XXX XXX 
ET- 103 35.25 0.0765 7.17 0.26 3.21 7.62 0.50 XXX XXX XXX 
ET- 103 40.15 0.4529 8.30 0.23 2.68 54.43 0.50 XXX XXX XXX 
ET- 103 MEAN 0.06 7.24 1.96 8.95 11.79 1.93 0.73 XXX XXX 



Table D-2. Soil and Waste Measurements - Epres-tanya Landfill 

SAMPLE ID DEPTH Hg Cu Cr Ni Pb Cd As Zn Waste 
(MINTA SZ) (iM) (mg/kg) (tg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ing/kg) (mg/kg) (%) 

ET- 104 0.! 5 0.1567 7.74 1.93 6.41 13.28 0.50 4.12 XXX XXX 
ET- 104 0.45 0.2848 7.38 1.69 9.55 14.32 0.50 5.08 XXX XXX 
ET- 104 1.05 0.1234 4.65 2.18 7.01 6.81 0.50 1.33 XXX XXX 
ET- 104 1.60 0.0834 2.68 1.59 4.32 6.56 0.50 3.42 XXX XXX 
ET- 104 2.00 8.0826 5.41 1.66 5.48 7.02 0.50 2.01 XXX Xxx 
ET- 104 2.55 10.4262 5.92 1.30 3.45 2.25 0.50 1.03 XXX XXX 
ET- 104 3.10 0.8469 4.83 1.61 3.69 3.15 0.50 0.58 XXX XXX 
ET- 104 3.95 0.4151 22.16 5.56 7.43 3.99 0.50 11.61 XXX XXX 
ET- 104 5.15 0.0868 7.15 2.22 7.03 4.89 0.50 1.38 XXX XXX 
ET- 104 5.75 0.1283 5.44 1.29 1.99 1.42 0.50 2.31 XXX XXX 
ET- 104 7.15 0.0595 7.32 2.06 26.48 10.54 0.50 2.22 XXX XXX 
ET- 104 8.00 0.0554 7.59 1.55 9.82 7.54 0.50 4.44 XXX XXX 
ET- 104 9.95 0.0867 15.87 1.62 13.51 10.36 0.50 1.80 XXX XXX 
ET- 104 MEAN 1.6028 8.01 2.02 8.17 7.09 0.50 3.18 XXX XXX 

ET-FI 0.25 2.6930 XXX XXX XXX XXX XXX XXX XXX XXX 
ET-Fl 0.75 44.2780 XXX XXX XXX XXX XXX XXX XXX 45.02 
ET-F 1 1.75 13.7040 XXX XXX XXX XXX XXX XXX XXX 45.62 
ET-F 1 2.75 14.0970 XXX XXX XXX XXX XXX XXX XXX 21.76 
ET-FI 3.65 13.1720 XXX XXX XXX XXX XXX XXX XXX 8.8 
ET-FI 5.! 0 5.7810 XXX XXX XXX XXX XXX XXX XXX 4.23 
ET-F1 6.05 4.7080 XXX XXX XXX XXX XXX XXX XXX 2.95 
ET-FI 6.90 1.6960 XXX XXX XXX XXX XXX XXX XXX 3.26 
ET-FI 7.15 0.1760 XXX XXX XXX XXX XXX XXX XXX XXX 
ET-FI 7.50 0.2030 XXX XXX XXX XXX XXX XXX XXX XXX 
ET-Fi 7.95 1.0150 XXX XXX XXX XXX XXX XXX XXX XXX 
ET-FI 8.35 0.0690 XXX XXX XXX XXX XXX XXX XXX XXX 
ET-F1 MEAN 8.4660 XXX XXX XXX XXX XXX XXX XXX XXX 
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Table D-2. Soil and Waste Measurements - Epres-tanya Landfill 

SAMPLE ID DEPTH Hg Cu Cr Ni Pb Cd As Zn Waste 

(MINTA SZ) (iM) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) 

ET-F2 0.20 1.7200 12.61 4.00 6.00 67.27 XXX XXX XXX XXX 

ET-F2 1.15 0.1040 3.24 1.80 5.30 10.45 XXX XXX XXX XXX 

ET-F2 2.05 0.1750 3.29 1.30 5.36 10.63 XXX XXX XXX XXX 

ET-F2 3.25 0.1000 XXX 1.12 XXX 5.99 XXX XXX XXX XXX 

ET-F2 4.15 0.0550 2.25 1.33 36.21 4.94 XXX XXX XXX XXX 

ET-F2 5.20 0.0400 1.55 0.54 3.09 4.28 XXX XXX XXX XXX 

ET-F2 6.25 0.0430 1.42 0.61 2.64 1.30 XXX XXX XXX XXX 

ET-F2 7.25 0.0660 6.68 1.33 10.61 1.26 XXX XXX XXX XXX 

ET-F2 MEAN 0.2879 4.43 1.50 9.89 13.27 XXX XXX XXX XXX 

EKOVIZIG-I ? ? 35 XXX XXX XXX 1280 6 16 410 XXX 

EKOVIZIG-2 89 XXX XXX XXX 1190 8 350 370 XXX 

EKOVIZIG-3 23 XXX XXX XXX 790 31 7 110 XXX 

EKOVIZIG-4 T?? 23 XXX XXX XXX 500 2 800 60 XXX 

EKOVIZIG-5 3 XXX XXX XXX 30 2 29 50 XXX 

EKOVIZIG-6 45 XXX XXX XXX 2700 4 16 150 XXX 

EKOVIZIG-7 14 XXX XXX XXX 1160 270 2 80 XXX 

EKOVIZIG-8 3 XXX XXX XXX 110 3 4 250 XXX 
EKOVIZIG-9 T?? 54 XXX XXX XXX 14700 3 I 30 XXX 

EKOVIZIG-10 118 XXX XXX XXX 620 130 1 60 XXX 

EKOVIZIG- I 1 ?? 13 XXX XXX XXX 1850 2 I 30 XXX 

EKOVIZIG-12 ??? 113 XXX XXX XXX 690 7 3 90 XXX 

EKOVIZIG- 13 ??? 360 XXX XXX XXX 2330 3 7 240 XXX 

EKOVIZIG- 14 ??? 28 XXX XXX XXX 235000 15 1 20 XXX 

EKOVIZIG- 15 ??? 12 XXX XXX XXX 400 2 4 50 XXX 

EKOV!ZIG-16 ??? 17 XXX XXX XXX 1250 2 1I 30 XXX 

EKOVIZIG-17 ??? 98 XXX XXX XXX 20(0(X 2 1 140 XXX 

EKOVIZIG MEAN 62 XXX XXX XXX 27329 29 74 128 XXX 

EKOVIZIG MINIMUM 3 XXX XXX XXX 30 2 1 20 XXX 

EKOVIZIG MAXIMUM 360 XXX XXX XXX 235000 270 800 410 XXX 



Table D-2. Soil and Waste Measurements - Epres-tanya Landfill 

SAMPLE ID DEPTH Hg Cu Cr Ni Pb Cd As Zn Waste 
(MINTA SZ) (iM) (mgLkg) (mg/kg) (mg/kg) (mg/kg) (ing7kg) (mg/kg) (mg/kg) (mg/kg) (%) 

ET-FI MEAN 8.47 
ET-F2 MEAN 0.18 3.29 1.30 5.36 10.63 
ET-101 MEAN 0.05 8.49 1.51 5.75 6.05 0.57 0.93 
ET- 102 MEAN 0.06 7.52 2.39 9.24 8.40 0.50 1.60 
ET- 103 MEAN 0.06 7.24 1.96 8.95 11.79 1.93 0.73 
ET- 104 MEAN 1.60 8.01 2.02 8.17 7.09 0.50 3.18 

EKOVIZIG MEAN 71 50148 26 70 125 
EKOVIZIG MINIMUM 0.05 6.05 0.50 0.73 20 
EKOVIZIG MAXIMUM 360 235000 270 800 410 
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Appendix E. Hazard Ranking System (HRS) Calculations 
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The detailed calculations that are used to determine an overall HRS site score are 

described in the 14 December 1990 issue of the Federal Register (U.S. Environmental Protection 

Agency, 1990). This appendix documents the input data for these calculations as well as the 

intermediate and final results of the calculations. 

As indicated in the body of this report, only the groundwater exposure pathway was 

considered in calculating the overall HRS site score. Individual scores were calculated for 

arsenic, cadmium, lead, and mercury at the Epres-tanya landfill and at landfill No. 18. 

Calculations are presented in Tables E-I and E-2 for Epres-taiiya landfill and Table E-3 for 

landfill No. 18. 

The groundwater exposure pathway score is calculated by multiplying together three 

values which quantify (a) the probability of waste release into the environment; (b) the 

hazardous waste characteristics; and (c) the human population and other potential targets that 

may be exposed to the waste. The likelihood of release value (a) is covered in items I through 

3 of tables E-1 and E-2. The waste characteristics value (b) is covered in items 4 through 6. 

The targets value (c) is covered in items 7 through 11. The overall HRS site score is given at 

the bottom of the table. 

The likelihood of release value is 550 for lead and is 410 for arsenic, cadmium, and 

mercury. These values are the same in all three tables. The lead value is higher because an 

actual contaminant release above background levels has been measured in the groundwater 

outside of the site's boundaries. An actual release has not been demonstrated for the other 

elements. Their probability of release values are mainly calculated from the facts that the sites 

do not have a liner preventing release of contaminants and that the waste is in direct contact with 

the aquifer. The value is influenced in a minor way by the monthly amount of precipitation, 

which was estimated from data for Debrecen. 

The hazardous waste characteristics value is composed of three components that evaluate 

the toxicity of the waste, the mobility of the waste in groundwater, and the quantity of the waste 

in the site. The toxicity component for all four elements is set to the maximum value allowed 

because of the great toxicity of' these elements. The groundwater mobility component varies 

greatly for these four elements because of differences in their solubilities in water and their 

distribution coefficients (K,,). K,, neasures the tendency of a compound to be sorbed onto soil. 

,J)1 
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The ground water mobility components for the four elements are as follow: 

0 Arsenic I x 10-1 

• Cadmium 1 x 101 

a Lead 2 x I0. 

0 Mercury 2 x 10. 

A larger value means the element is more mobile. Thus, cadmium is the most mobile and lead 

and mercury are the least mobile elements. These groundwater mobility components have a large 

effect on the hazardous waste characteristics value, as shown in item 6 in the tables. 

The groundwater mobility components that are used in these calculations are for ionic 

forms of the four elements. However, these ions may react with other materials in to form 

complex ions which may be more mobile in groundwater. For example, the highly-charged 

mercury ion (Hg "' ) may react with chloride salts to form the neutral complex HgCI, or the 

negative ion HgCl , both of which move through the soil more quickly than Hg2 .' Although 

both mercury and chloride ions have been found in monitoring wells associated with the Epres

tanya landfill, these data do not allow one to determine if complexation reactions have occurred. 

Any future investigations of wastes at this landfill should look for complex ions. The hazard 

associated with the landfill may be higher if significant amounts of complex ions are present 

there. 

The hazardous waste quantity component may be calculated using one of four different 

methods (area of landfill, volume of wastes in landfill, mass of hazardous waste, and mass and 

concentration of hazardous waste stream). In this analysis, the hazardous waste quantity 

component will be independently calculated by the area and volume methods, using the measured 

area of the site and the estimated volume of the waste in the site. Normally, the volume-derived 

calculation (if an estimate is available) is used instead of the area-derived calculation. However, 

since it is not clear how the volume estimate was obtained, we decided to present calculations 

using both methods. These calculations emphasize the need to have the best possible estimate 

of the amount, composition and spatial distribution of wastes in the Epres-tanya landfill. 

'M.D. Piwuni and J.W. Keeley, 1990. Basic Concepts of Contaminant Sorption at Hazardous 

Waste Sites. U.S. Environmental Protection Agency Publication No. EPA/540/4-90/053, 7 pp. 
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The area of the Epres-tanya landfill is approximately 37000 square meters, based on a 

map of the landfill in the 1992 report by the Technical University of Budapest. The volume of 

the waste in the Epres-tanya landfill was estimated to be 50000 cubic meters by t-KOVIZIG 

(Gavalldr, 1992). The area of landfill No. 18 is estimated to be approximately 18000 square 

meters, based on a 1963 topographic map of the Saj6szentpfter area which shows the outline of 

the sandpit. 

The choice of the method that is used to calculate the hazardous waste quantity 

component has a large effect on the waste characteristics value. The values for arsenic in the 

Epres-tanya landfill are used as an example. The arsenic value (item 6 in the tables) is 10 if the 

area method is used, but is only 2 if the volume method is used. The difference between these 

values 	demonstrates the importance of having a reliable estimate of the amount of waste in the 

Epres-tanya landfill. 

The area of landfill No. 18 is approximately one-half the Epres-tanya landfill area. The 

smaller area produces a sinilcr wastc characteristics value. Using the area method, the arsenic 

value for landfill No. 18 is 3; using the same method, the larger Epres-tanya site has a value 

of 10. 

The target value is based on the size of the population potentially at risk and the distance 

between the source and the reception, in this case the waterworks. The target value for the 

Epres-tanya landfill is 1702 and is mainly due to the size of the human population drinking water 

from the Borsodszirik Waterworks I and I/A. Approximately 74,000 people obtain all or some 

of their water from the tRV distribution network, and these waterworks supply 47 percent of the 

water in the network. The distance from the Epres-tanya site *othe waterworks is approximately 

1.5 	kilometers. 

The target value for landfill No. 18 is 3276. This value is greater than the target value 

for the Epres-tanya landfill because this landfill is only approximately 700 meters from 

Waterworks I. If similar amounts of wastes were in both landfills, landfill No. 18 would be a 

greater hazard. Groundwater would carry the wastes more quickly to the waterworks. 

The groundwater migration pathway scores for both sites are obtained by multiplying 

together the likelihood of release value, the waste characteristics value, and the target value and 

then dividing this product by 82500. The maximum allowable groundwater score is 100. The 
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overLIl HRS site scores for each element at the two landfills are calculated using the following 

equation: 

HRS Score =/(GroundwaterScore)2/4 

The HRS site scores in the three tables are summarized below: 

HRS Site Score for HRS Site Score for 

Element Epres-tanya Landfill Landfill No. 18 

Area Method Volume Method Area Method 

Arsenic 42.3 8.5 24.4 

Cadmium 50.0 42.3 50.0 

Lead 11.4 5.7 10.9 

Mercury 8.5 4.2 8.1 
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Table E-1. HRS Calculations for Epres-tanya Landfill 

ITEM NO. CALCULATIONS FOR EPRES TANYA LANDFILL 
( waste quantity estimated from area of landfill ) 

I OBSERVED RELEASE 

2 POTENTIAL TO RELEASE 
2a .-ontainment Factor Value ( no liner) 
2b Net Precipitation Factor Value 

Monthly Precipitation ( Debrecen ) 
Month!y Potential Evapot;anspiration . 
Net Precipitation 

2c Depth to Aquifer Factor Value ( < 25 feet) 
2d Travel Time Factor Value ( D to A < 10 ft) 
2e Potential to Release 
3 LIKELIHOOD OF RELEASE TO AN AQUIFER 
4 TOXICITY/MOBILITY FACTOR VALUE 

Toxicity Factor Value 

Ground Water Mobility Factor Value 
Water Solubility ( mg/L ) 
Distribution Coefficient ( Kd ) ( mL/g) 

5 HAZARDOUS WASTE QUANTITY ( Tier D) 
Calculated Area, ( square feet) 
Hazardous Waste Quantity Value 

6 WASTE CHARACTERISTICS FACTOR VALUE 
Waste Characteristics Product 

7 NEAREST WELL ( 0.87 miles to Waterworks I) 
8a Level I Concentrations 
8b Level II Concentrations 
8c Potential Contamination 

Population within Distance Category (0.5 to _1.0) 

8d POPULATION 

9 RESOURCES ( Commercial livestock watering) 
10 WELLHEAD PROTECTION AREA 

11 TARGETS FACTOR VALUE 
12 AQUIFER SCORE 
13 GROUND WATER MIGRATION PATHWAY SCORE 

OVERALL HAZARD RANKING SYSTEM SITE SCORE 

ARSENIC 

0 

10 

I 
1.93 

0.93 

5 

35 
'10 
410 


100 

10000 


0.01 

1.20E+03 

2.0E+02 


100 
401090 

118 


10 
10000 

9 

0 

0 


1668.4 

34681 


16684 

5 


20 


1702.4 

84.60 

84.60 

42.30 

CADMIUM 

0 

10 

I 
1.93 

! 
0.93 


5 


35 

410 

410 


10000 


10000 


1 

2.OOE+03 

6.50E+00 


100 


401090 

118 


32 
1000000 

9 

0 

0 


1668.4 

34681 


1668.4 

5 


20 


1702.4 

100.00 

100.00 

50.00 

LEAD MERCURY 

550 0 

0 

10 10 

I I 
1.93 1.93 

I 
0.93 0.93 

5 5 

35 35 
410 410 
550 410 

0.2 0.2 
10000 10000 

2.00E-05 2.00E-05 
1.50E-0 I 7.70E-08 

9.OOE+02 1.00E+0I 
100 100 

401090 401090 
118. 118 

2 2 
20 20 
9 9 
0 0 
0 0 

1668.4 1668.4 
34681 34681 
1668.4 1668.4 

5 5 
20 20 

1702.4 1702.4 
22.70 16.92 
22.70 16.92 

11.35 8.46 



Table E-2. Revised HRS Calculations for Epr -tanya Landfill 

ITEM NO. REVISED CALCULATIONS FOR EPRES TANYA 
(waste quantity estimated from volume of landfill )_I 

I OBSERVED RELEASE 

2 POTENTIAL TO RELEASE 

2a 
2b 

Containment Factor Value ( no liner)
Net Precipitation Factor Value 

Monthly Precipitation ( Debrecen) 
Monthly Potential Evapotranspiration 

Net Precipitation 

2c Depth to Aquifer Factor Value ( < 25 feet) 
2d Travel Time Factor Value ( D to A < 10 ft) 

2e Potential to Riease 

3 LIKELIHOOD OF RELEASE TO AN AQUIFER 
4 TOXICITY/MOBILITY FACTOR VALUE 

Toxicity Factor Value 
Ground Water Mobility Factor Value 

Water Solubility ( mg/L) 

Distribution Coefficient ( Kd )( mUg) 

5 HAZARDOUS WASTE-QUANTITY (Tier D) 
EKOVIZIG's Estimated Volume ( cubic yards) 

Hazardous Waste Quantity Value 

6 WASTE CHARACTERISTICS FACTOR VALUE 
Waste Characteiistics Product 

7 NEAREST WELL ( 0.87 miles to Waterworks I1 

8a Level I Concentrations 

8b Level II ConcentrationN 
8c Potential Contamination 

Popuiation within Distance Category (0.5 to 1.0) 

8d POPULATION 

9 RESOURCES (Commercial livestock watering) ... 
10 WELLHEAD PROTECTION AREA 

I I TARGETS FACTOR VALUE 
12 AQUIFER SCORE 

13 GROUND WATER MIGRATION PATHWAY SCORE 

OVERALL HAZARD RANKING SYSTEM SITE SCORE 

ARSENIC 

0 

10 
i 

1.93 

I 


0.93 


5 

35 


410 


410 

100 


10000 

0.01 


1.20E+03 


2.0130E+02 

.I 


65400 

26 


2 

100 

9 


0 


0 

1668.4 

34681 


1668.4 


5 

20 


1702.4 

16.92 

16.92 

8.46 

CADMIUM 

0 

10 
! 


1.93 
! 


0.93 

55 


35 
410 

410 
10000 
10000 

2.OOE+03 

6.50E+00 
1 


65401 
26 

I0 

10000 


9 


0 


0 


1668.4 

34681 


1668.4 


5 

20 


1702.4 

84.60 

84.60 

42.30 

LEAD MERCURY 

550 0 

10 10 
I 1 

1.93 1.93 
I I 

0.93 0.93 

5 
35 35 

A10 4 10 

550 410. 
0.2 0.2 

10000 1000 
2.OOE-05 2.00E-05 

1.50E-01 7.70E-08 

9.00E+02 1.00E+0I 
1 

65402 65403 
26. 26 

1 I 
0.2 0.2 

9 9 

0 0 

0 0 

1668.4 1668.4 
34681 34681 

1668.4 1668.4 

5 5 

20 20 

1702.4 1702.4 
11.35 8.46 

I.35 8.46 

5.67 4.23 



Table E-3. HRS Calculations for Landfill No. 18 

ITEM NO. CALCULATIONS FOR LANDFILL NO. 18 

( waste quantity estimated from area of landfill )
 

_OBSERVED RELEASE 


2 POTENTIAL TO RELEASE
 
2a Containment Factor Value ( no liner 

2b Net Precipitation FactorValue 


Monthly Precipitation ( Debrecen ) 

Monthly Potential Evapotranspiration 

Net Precipitation 


2c Depth to Aquifer Factor Value ( < 25 feet) 

2d Travel Time Factor Value ( D to A < 10 ft) 

2e Potential to Release 

3 LIKELIHOOD OF RELEASE TO AN AQUIFER 
4 TOXICITY/MOBILITY FACTOR VALUE 


Toxicity Factor Value 


Ground Water Mobility Factor Value 

Water Solubility ( mg/L ) 


Distribution Coefficient ( Kd ) ( mUg) 

5 HAZARDOUS WASTE QUANTITY (Tier D) 


Calculated Area, ( square feet) 

Hazardous Waste Quantity Value 


6 WASTE CHARACTERISTICS FACTOR VALUE 
Waste Characteristics Product 


7 NEAREST WELL ( 0.42 miles to Waterworks I) 

8a Level I Concentrations 


8b Level II Concentrations 
8c Potential Contamination 

'opulation within Distance Category (.25 to 0.50) 
8d POPULATION 

9 RESOURCES (Commercial livestock watering) 

10 WELLHEAD PROTECTION AREA 


I1 TARGETS FACTOR VALUE 
12 . AQUIFER SCORE 
13 GROUND WATER MIGRATION PATHWAY SCORE 

........... O ERALL HAZARD RANKING SYSTEM SITE SCORE, 


ARSENIC 

0 

10 


1 


1.93 

1 


0.93 


5 


35 

410 

410 

100 


10000 


0.01 

1.20E+03 


2.OOE+02 


I 


196219 

58 


3 

100 


18 

0 


0 

3232.5 


34681 

3232.5 


5 


20 


3275.5 

48.83 


48.83 

24.42 

CADMIUM 

0 

10 

I 


1.93 
1 


0.93 


5 


35 

410 

410 


10000 

10000 


1 

2.00E+03 


6.50E+00 


I 


196220 

58 


10 

1000(1 


18 

0 


0 

3232.5 


34681 

3232.5 


5 


20 


3275.5 

100.00 


100.00 

50.00 

LEAD MERCURY 

550 0 

10 10
 

I
 

1.93 1.93
 
1 1
 

0.93 0.93
 

5 5
 
35 35
 

410 410
 
550 410
 
0.2 0.2
 

10000 10000
 

2.OOE-05 2.00E-05
 
1.50E-01 7.70E-08
 

9.00E+02 1.00E+01
 

I
 

196221 196222
 
58 58
 
1 1
 

0.2 0.2
 

18 18
 
0 0
 

0 0
 
3232.5 3232.5
 
34681 34681
 
3232.5 3232.5
 

5 5
 
20 20
 

3275.5 3275.5
 
21.84 16.28
 
21.84 16.28
 
10.92 8.14 



Appendix F. MULTIMED Model Output Files 

F-I
 



U. S. E N V I R 0 N M E N T A L P R 0 T E C T I 0 N A G E N C Y 

EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

MULTIMED (Version 1.01, June 1991) 

1 

Run options 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run i 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Re)ect runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gaussian source used in saturated zone model 

1 

1 

CHEMICAL SPECIFIC VARIABLES 

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

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Solid.....p ..ase ...decay....coefficient.......1/yr ... DERIVED..... -9.............9.......99.... .... .......... 

Solid Phase decay coefficient 1/yr DERIVED -999. -999. O.000E+00 0.10OE1 
Dissolved phase decay coefficient i/yr DERIVED -999. -999. 0.000E+00 0.100E+11 

Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+1 

Acic catalyzed hydrolysis rate 1/M-yr CONSTANT O.000E+00 -999. 0.O00E+00 -999. 

Neutral hydrolysis rate constant 1/yr CONSTANT O.OOOE+00 -999. O.OOE+00 -999. 

Base catalyzed hydrolysis rate i/M-yr CONSTANT 0.OOOE+00 -999. 0.000E+00 -999. 

Reference temperature C CONSTANT 25.0 -999. O.OOOE+00 100. 

Normalized distribution coefficient ml/g CONSTANT 30.0 -999. O.0OOE+00 -999. 

Distribution coefficient -- DERIVED 0.l07E,04 -999. 0.OOOE 00 C.100E+11 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT O.OOOE+00 -999. 0.000E+00 -999. 

Air diffusion coefficient cm2/s CONSTANT O.OOOF+00 999. O.OOOE+00 10.0 

Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.OOOE+00 100. 

Molecular weight g/M CONSTANT 266. -999. 0.OOOE+00 -999. 

Mole fraction of solute -- CONSTANT 0.340E-03 -999. 0.100E-08 i.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. 0.000E+00 100. 

Henry's law constant atm-m^3/M CONSTANT 0.462E-05 -99. 0.100E-09 1.00 

Overall ist order decay sat. zone 1/yr DERIVED 0.OOE+00 0.000E+00 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. O.000E+00 1.00 

Not currently used CONSTANT -999. -999. O.OOOE+00 1.00 
L 

SOURCE SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11 

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999. 



Duration of pulse yr CONSTANT 50.0 -999. 0.100E-08 -999. 

Spread of contaminant source m DERIVED -999. -939. 0.100E-08 0.100E-1 

Recharge rate m/yr CONSTANT 0.122 -999. 0.000E.00 0.100E.1 

Source decay constant 1/yr CONSTANT 0.OOOE+00 -999. 0.OOOE,00 -999. 

Initial concentration at landfill mg/l CONSTANT 1.00 -999. 0.OOOE+00 -999. 

Length scale of facility m CONSTANT 300. -999. 0.00E-08 0.100E-1 

Width scale of facility n CONSTANT 120. -999. 0.100E-08 0.100E*l 

Near field dilution DERIVED 1.00 0.000E+00 O.000E+00 1.00 

AQUIFER SPECIFIC VARIABLES
 

.......--------------------------------------------------------------------------------------------------------


VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

.......--------------------------------------------------------------------------------------------------------


Particle diameter cm CONSIANT 4.00 -999. 0.100E-0 100.
 

0.250 -909. 0.100E-08 0.990
Aquifer porosity 	 -- CONSTANT 

g/cc CONSTANT 1.85 -999. 0.100E-01 5.00Bulk density 


Aquifer thickness m CONSTANT 10.0 -999. 0.100E-0 0.100E 01
 

-999. -999. 0.100E-08 0.100E+01
Source thickness (mixing zone depth) 	 m DERIVED 


m/yr CONSTANT 0.201E*05 -999. 0.100E-06 0.100E+01
Conductivity (hydraulic) 


Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

0.100E-09 0.100E+0!
Gioundwater seepage velocity 	 m/yr DERIVED 200. -999. 

-- DERIVED -999. -999. 1.00 0.100E+0!Retardation coefficient 


Lungitudinal dispersivity m CONSTANT 150. -999. 0.100E-02 0.100E,0!
 

0.100E-02 0.100E+0!
Transverse dispersivity 	 m CONSTANT 50.0 -99q. 


0.840 -999. 0.100E-02 0.100EO0!
Vertical dispersivity 	 m CONSTANT 


C CONSTANT 18.5 -999. 0.OOOE.00 100.
Temperature of aquifer 


pH 
 -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.200E-03 -999. 0.100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -999.
 

Angle off center degree CONSTANT 0.OOOE+00 -999. O.OOOE 00 360.
 

m CONSTANT O.OOOE+00 -999. 0.OOOE+00 1.00
Well vertical distance 


TIME CONCENTRATION
 

1 	0.500E+01 0.29726E-03
 

0.100E+02 0.44505E-02
 

0.150E+02 0.79108E-02
 

0.200E+02 0.92291E-02
 

0.250E+02 0.96352E-02
 

0.300E+02 0.97520E-02
 

0.350E+02 0.97848E-02
 

0.400E 02 Q.97940E-02
 

0.450E+02 0.97965E-02
 

0.500E+02 0.97973E-02
 

0.550E+02 0.95002E-02
 

0.600E+02 0.53471E-02
 

0.650E.02 0.18868E-02
 

0.700E02 0.5684E-03
 

0.750E 02 0.16235E-03
 

0.800E 02 0.45580E-04
 

0.850E+02 0.12757E-04
 

0.900E 02 0.35801E-05
 

0.950E+02 0.10097E-05
 

0.100E+03 0.28649E-06
 

http:0.650E.02
http:0.OOOE.00


U.S. E N V I R O N M E N T A L P R O T E C TI O N A G E N C Y 

EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

MULTIMED (Version 1.01, June 1991) 

1 

Run options 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 2 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Rejec. runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

rausslan source used in saturated zone model 

1 

CHEMICAL SPECIFIC VARIABLES 

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

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Solid.phase.decay.coefficient.1/yr.DERIVED.-999. -999. 0.0000.00 0.1000.11 

Solid phase decay coefficient 1/yr DERIVED -999. -999. 0.000E.00 0.100E 11 
Dissulved phase decay coefficient 1/yr DERIVED -999. -999. 0 000E+00 0.100E+11 

Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E-11 

Acid catalyzed hydrolysis rate i/M-yr CONSTANT 0.000E-00 -999. 0.000E+00 -999. 

Neutral hydrolysis rate constant 1/yr CONSTANT 0.000E00 -999. 0.000E+00 -999. 

Base catalyzed hydrolysis rate i/M-yr CONSTANT 0.OOOE+00 -999. 0.OOOE+00 -999. 

Reference temperature C CONSTANT 25.0 -999. 0.000E+00 100. 

Normalized distribution coefficient ml/g CONSTANT 120. -999. 0.OOOE+00 -999. 

Distribution coefficient -- DERIVED 0.107E+04 -999. 0.000E+00 0.100E<.1 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 0.OOOE+00 -999. 0.OOOE+00 -999. 

Air diffusion coefficient cm2/s CONSTANT 0.OOOE+00 -999. 0.OOOE 00 10.0 

Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.000E+00 100. 

Molecular weight g/M CONSTANT 266. -999. 0.000E+00 -999. 

Mole fraction of solute -- CONSTANT 0.340E-03 -999. 0.100E-08 1.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. 0.OOOE+00 100. 

Henry's law constant atm-m^3/M CONSTANT 0.462E-05 -999. 0.100L-09 1.00 

Overall Ist order decay sat. zcne 1/yr DERIVED 0.000E+00 0.OOOE+00 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE.O 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

SOURCE SPECIFIC VARIABLES 

..................................................................................................................-

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

...................................................................................................................-

Infiltration rate m/yr CONSTANT 0.122 -999. 0.10UE-09 0.100E+11 

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999. 

Duration of pulse yr CONSTANT 50.0 -999. 0.100E-08 -999. 

/II
 



------------------------------------------------------------------------------------------------------

-999. -999. 0.100E-08 0.100E+1
 

m/yr CONSTANT 0.122 -999. 0.000E+00 0.100E-2
 
Spread of contaminant source 	 m DERIVED 


Recharge rate 


Source decay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999.
 

1.00 -999. 0.000E+00 -999.
 

m CONSTANT 300. -999. 0.100E-08 0.100E+l
 

Initial concentration at landfill 	 mg/l CONSTANT 


Length scale of facility 


Width scale of facility 	 m CONSTANT 120. -999. 0.100E-08 
 0.100E+I
 

1.00 0.000E,00 0.000E+00 1.00
Near field dilution 	 DERIVED 


AQUIFER SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

.......-------------------------------------------------------------------------------------------------------


CONSTANT 4.00 -999. 0.100E-08 100. 

-- CONSTANT 0.250 -999. 0.100E-08 0.990 
Particle diameter 	 cm 


Aquifer porosity 


Bulk density g/cc CONSTANT 1.85 -999. 0.100E-0l 5.00
 

10.0 -999. 0.100E-08 0.100E+0
Aquifer thickness m CONSTANT 


0.100E-08 0.100E O
Source thickness (mixing zcne depth) m DERIVED -999. -999. 


0.100E-06 0.100E+0
Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 


Gralient (hydraulic) 
 CONSTANT 0.140E-02 -999. 0.100E-C7 -999.
 

m/yr DERIVED 200. -999. O.bOE-C" 0.100E+0
Groundwater seepage velocity 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+£
 

m CONSTANT 150. -999. 0.100E-02 0.100EiC
Longitudinal dispersivity 


-999. 0.1OOE-02 0.OOE+0
Transverse dispersivity 	 m CONSTANT 50.0 


m CONSTANT 0.R4O -999. 0.100E-02 0.100E.C
Vertical dispersivity 

0.OOOE+00 100.
C CONSTANT 18.5 -999.
Temperature of aquifer 


-- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.200E-03 -999. 0.l00E-05 1.00 

Well distance from site m CONSTANT 0.150E 04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360. 

m CONSTANT 0.000E,. -999. 0.OOOE+00 1.00 

pH 


Well vertical distance 


TIME CONCENTRATION
 

2 0.500E+01 0.1352BE-03
 

0.100E+02 0.33419E-02
 

0.150E+02 0.70372E-02
 

0.200E+02 0.88093E-02
 

0.250E 02 0.94634E-02
 

0.300E+02 0.968q5E-02
 

0.350E+02 0.97625E-02
 

0.400E+02 0.97863E-02
 

0.450E+0Z 0.97939E-02
 

0.SOOE+02 0.97964E-02
 

0.550E.02 0.96616E-02
 

0.600E+02 0.64555E-02
 

0.650E+02 0.27603E-02
 

0.700E-02 0.98822E-03
 

0.750E4(.2 0.33410E-03
 

0.800E+G2 0.10804E-03
 

0.850E+02 0.35097E-04
 

0.900E+02 0.11303E-04
 

0.950E+02 0.36627E-05
 

OOOE+03 C.11916Z-05
 

http:0.550E.02
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MULTIMEDIA MODEL
 

MULTIMED (Version 1.01, June 1991)
 

Run options
 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 3
 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY
 

Chemical simulated is DEFAULT CHEMICAL
 

Option Chosen Satv.rated zone model
 

Run was DETERMIN
 

Infiltration input by user
 

Run was transient
 

Reject runs if Y coordinate outside plume
 

Do not reject runs if Z coordinate outside plume
 

Gaussian source used in saturated zone model
 
1 

CHEMICAL SPECIFIC VARIABLES
 

..................................................................................................................-


VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX 

Solid.....phase .... ... DERIVED..... 999..... .... 9............deca.....coefficient.......1/yr - .... ..... ........
 

Solid phase decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E*11
 
Dissolved phase decay coefficient I/yr DERIVED -999. -999. 0.000E+00 0.100E+11
 

Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.OOOE+00 0.100E,11
 

Acid catalyzed hydrolysis rate 1/M-yr CONSTANT 0.000E+00 -999. 0.000E+00 -999.
 

Neutral hydrolysis rate constant I/yr CONSTANT 0.000E+00 -999. 0.OOOE+00 -999.
 

Base catalyzed hydrolysis rate i/M-yr CONSTANT 0.000E+00 -999. O.OOOE+00 -999.
 

Reference temperature C CONSTANT 25.0 -999. 0.000E+00 100.
 

Normalized distribution coefficient ml/g CONSTANT 0.150E+04 -999. 0.OOOE+00 -999. 

Distribution coefficient -- DERIVED 0.107E+04 -999. 0.000E+00 D.100E+1l 

Biodegradation coefficient (sat. zone) 1/yr CCNSTANT 0.000E+00 -999. 0.000E+00 -999. 

Air diffusion coefficient cm2/s CONSTANT 0.000E+00 -999. 0.000E+00 10.0 

Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.000E+00 100. 

Molecular weight g/M CONSTANT 266. -999. 0.000E+00 -999. 

Mole fraction of solute -- CONSTANT 0.340E-03 -999. 0.100E-08 1.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. O.000E+00 100. 

Henry's law constant atm-m^3/M CONSTANT 0.462E-05 -999. 0.100E-09 1.00 

Overall 1st order decay sat. zone 1/yr DERIVED 0.OOOE+00 O.OOOE+00 O.000E+00 1.00 

Not currently used CONSTANT -999. -999. O.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

SOURCE SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 
-------------------------.-.---------------------------------------------------------------------------------------


Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11
 

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999.
 

Duration of pulse yr CONSTANT 50.0 -999. 0.100E-08 -999.
 



-------------------------------------------------------------------------------------------------------

Spread of contaminant source m DERIVED -999. -999. 0l10DE-08 0.100E+11
 

Recharge rate m/yr CONSTANT 0.122 -999. 0.000E+00 0.100E+11
 

Source decay constant 1/yr CONSTANT 0.OOOE+00 -999. 0.000E+00 -999.
 

Initial concentration at landfill mg/l CONSTANT 1.00 -999. 0.OOOE+00 -999.
 

Length scale of facility m CONSTANT 300. -999. 0.100E-08 0.100E+11
 

Width scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E+11
 

Near field dilution DERIVED 1.00 0.000E+00 0.000E 00 1.00
 

AQUIFER SPECIFIC '.'ARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

cm CONSTANT 4.00 -999. 0.100E-08 100. 

Aquifer porosity -- CONSTANT 0.250 -999. 0.100E-08 0.990 

Bulk density g/cc CONSTANT 1.85 -999. 0.100E-01 5.00 

Particle diameter 


CONSTANT 10.0 -999. 0.100E-0S 0.100E+06
 

Source thickness (mixing zone degzh) m DERIVED -999. -999. 0.100E-08 0.100E+06
 

Aquifer thickness m 


0.100E+09
Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 0.100F-06 


Gradint (hydrau-.icl CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

Groundwater seepage velocity m/yr DERIVED 200. -999. 3.100E-09 0.100E+09 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+09 

Longitudinal dispersivity m CONSTANT 150. -919. 0.100E-02 0.100E+05 

m CONSTANT 50.0 -999. 0.100E-02 0.100E+05Transverse dispersivity 


Vertical dispersivity m CONSTANT 0.840 -999. 0.100E-02 0.100E+05
 

Temperature of aquifer C CONSTANT 18.5 -999. 0.OOOE+00 100. 

pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.200E-03 -999. 0.00E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360. 

Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00 

TIME CONCENTRATION
 

3 0.500E+01 0.28481E-09
 

0.100E+02 0.94524E-05
 

0.150E+02 0.25101E-03
 

0.200E+02 0.11400E-02
 

0.250E+02 0.25872E-02
 

0.300E 02 0.41924E-02
 

0.350E+02 0.56507E-02
 

0.400E+02 0.68331E-02
 

0.450E+02 0.77281E-02
 

0.500E+02 0.83767E-02
 

0.550E+02 0.88332E-02
 

0.600E+02 0.91388E-02
 

0.650E+02 0.91120E-02
 

0.700E+02 0.83650E-02
 

0.750E+02 0.70179E-02
 

0.800E+02 0.54775E-02
 

0,850E+02 0.40623E-02
 

0.900E+02 0.2908SE-02
 

0.950E+02 0.20323E-02
 

0.100E+03 0.13963E-02
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1 

Run options 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 4 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen saturated zone model
 

Run was DETERMIN
 

Infiltration input by user
 

Run was transient
 

Reject runs if Y coordinate outside plume
 

Do not reject runs if Z coordinate outside plume
 

Gaussian source used in saturated zone model
 

1 

1 

CHEMICAL SPECIFIC VARIABLES
 

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

VARIABLE NAME UNITS DISTRIBUTION 


Solid.....phase ....	 ...DERIVED.....
decay....coefficient........1/yr 	 -


Solid phase decay coefficient 1/yr DERIVED 

Dissolvied phase decay coefficient i/yr DERIVED 


Overall chemical decay coefficient 1/yr DERIVED 


Acid catalyzed hydrolysis rate I/M-yr CONSTANT 


Neutral hydrolysis rate constant 1/yr CONSTANT 


Base catalyzed hydrolysis rate 1/M-yr CONSTANT 


Rcference temperature 	 C CONSTANT 


Normalized distribution coefficient ml/g CONSTANT 


Distribution coefficient -- DERIVED 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 

Air diffusion coefficient cm2/s CONSTANT 

Reference temperature for air diffusion C CONSTANT 

Molecular weight g/M CONSTANT 

Mole fraction of solute -- CONSTANT 

Vapor pressure of solute mm Hg CONSTANT 

Henry's law constant atm-m^3/M CONSTANT 

Overall lst order decay sat. zone 1/yr DERIVED 

Not currently used CONSTANT 

Not currently used CONSTANT 

SOURCE SPECIFIC VARIABLES
 

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

VARIABLE NAME UNITS DISTRIBUTION 


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

Infiltration rate m/yr CONSTANT 


Area of waste disposal unit m^2 CONSTANT 


N A G E N C Y
 

PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

9.........- 999.... ......... ............

-999. -999. 0.000E+00 0.100E+11
 
-999. -999. 0.000E+00 0.100E+11
 

-999. -999. 0.000E+00 0.100E+11
 

0.000E+00 -999. 0.000E+00 -999.
 

0.000E+00 -999. 0.000E+00 -999.
 

0.000E+00 -999. 0.OOOE+00 -999.
 

25.0 -999. 0.OOOE+00 100.
 

30.0 -999. 0.000E+00 -999.
 

0.107E+04 -999. 0.000E+00 0.100E+11
 

0.OOOE+00 -999. 0.000E+00 -999.
 

0.OOOE+00 -999. 0.000E+00 10.0
 

25.0 -Fg9. 0.000E+00 100.
 

266. -999. 0.000E+00 -999.
 

0.340E-03 -999. 0.100E-08 1.00
 

0.182E-05 -999. 0.000E+00 100.
 

0.462E-05 -999. 0.100E-09 1.00
 

0.000E 00 0.000E 00 0.000E+00 1.00
 

-999. -999. 0.OOOE+00 1.00
 

-999. -999. 0.00E+00 1.00
 

PARAMETFRS LIMITS
 

MEAN STD DEV MIN MAX
 

0.122 -999. 0.100E-09 0.100E+11
 

0.360E+05 -999. 0.100E-01 -999.
 



Duration of pulse 


Spread of contaminant source 


Recharge rate 


Source decay constant 


Initial concentration at landfill 


Length scale of facility 


Width scale of facility 


Near field dilution 


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


VARIABLE NAME 


Particle diameter 


Aquifer porosity 


Bulk density 


Aquifer thickness 


Source thickness (mixing zone depth) 


Conductivity (h,'draulic) 


Gradient (hydraulic) 


Groundwater seepage velocity 


Retardation coefficient 


Longitudinal dispersivity 


Transverse dispersivity 


Vertical dispersivity 


Temperature of aquifer 


pH 


Organic carbon content (fraction 


Well distance from site 


Angle off center 


Well vertical distance 


yr CONSTANT 50.0 -999. 0.100E-08 -999. 

m DERIVED -999. -999. 0.100E-08 0.100E.1 

m/yr CONSTANT 0.122 -999. O.OOOE+00 0.100E,1 

1/yr CONSTANT 0.000E+00 -999. 0.OOOE+00 -999. 

mg/l CONSTANT 1.00 -999. 0.OOOE+00 -999. 

m CONSTANT 300. -999. 0.100E-08 0.100E.1 

m CONSTANT 120. -999. 0.100E-08 0.100E,1 

DERIVED 1.00 0.000E+00 0.OOOE+00 1.00 

AQUIFER SPECIFIC VARIABLES 

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

UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

cm CONSTANT 4.00 -999. 0.100E-08 100. 

-- CONSTANT 0.250 -999. 0.100E-08 0.990 

g/cc CONSTANT 1.85 -999. 0.100E-01 5.00 

m CONSTANT 10.0 -999. 0.100E-08 0.100E+0 

m DERIVED -999. -999. 0.100E-C9 6.100E.0 

m/yr CONSTANT 0.201E+05 -999. 0.100E-06 0.100E*0 

CONSTANT 0.140E-02 -999. 0.100E-07 -999. 

m/yr DERIVED 200. -999. 0.100E-09 O.100E-0 

-- DERIVED -999. -999. 1.00 0.100F+O 

m CONSTANT 150. -999. 0.100E-02 0.100EO 

m CONSTANT 50.0 -999. 0.100E-32 0.100E O 

m CONSTANT 0.840 -999. 0.100E-02 0.100E+0 

C CONSTANT 18.5 -999. 0.0OOE+00 100. 

-- CONSTANT 6.80 -999. 0.300 14.0 

CONSTANT 0.600E-03 -999. 0.10E-05 1.00 

m CONSTANT 0.150E+04 -999. 1.00 -999. 

degree CONSTANr 0.OOOE+00 -999. 0.OOOE+00 360. 

m CONSTANT 0.OCUE+00 -999. 0.OOOE+00 1.00 

TIME CONCENTRATION 

4 0.500E+01 0.17629E-03 

0.100E+02 0.36888E-02 

0.150E+02 0.73364E-02 

0.200E+02 0.89626E-02 

0.250E+02 0.95314E-02 

0.300E*02 0.97146E-02 

0.350E+02 0.97718E-02 

0.400E+02 0.97896E-02 

0.450E*02 0.97951E-02 

0.500E+02 0.97968E-02 

0.550E+02 0.96210E-02 

0.600E+02 0.61087E-02 

0.650E+02 0.24611E-02 

0.700E 02 0.83492E-03 

0.750E+02 0.26616E-03 

0.800E+02 0.82905E-04 

0.850E+02 0.25752E-04 

0.900E+02 0.79366E-05 

0.950E+02 0.24639E-05 

0.100E 03 3.76844E-06 
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Run options 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 5 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simul...ed is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Reject runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gauss~an source used in saturated zone model 
1 

CHEMICAL SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MFAN STD DEV MIN MAX 

Solid phase decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+1l 

Dissolved phase decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+11 

Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+ll 

Acid catalyzed hydrolysis rate i/M-yr CONSTANT 0.000E+00 -999. 0.000E+00 -999. 

Neutral hydrolysis rate constant 1/yr CONSTANT 0.OOOE+00 -999. 0.000E+00 -999. 

Base catalyzed hydrolysis rate 1/M-yr CONSTANT 0.000E+00 -999. O.OOOE+00 -999. 

Reference temperature C CONSTANT 25.0 -999. 0.000E+00 100. 

Normalized distribution coefficient ml/g CONSTANT 120. -999. O.000E+00 -999. 

Distribution coef icient -- DERIVED 0.107E+04 -999. 0.OOOE+00 0.100E+lI 

Biodegradation cocfficient (sat. zone) 1/yr CONSTANT 0.000E+00 -999. 0.OOOE+00 -999. 

Air diffusiun coefficient cm2/s CONSTANT 0.000E+00 -999. 0.000E+00 10.0 

Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.000E+00 100. 

Molecular weight g/M CONSTANT 266. -999. 0.OOOE+00 -999. 

Mole fraction of solute -- CONSTANT 0.340E-03 -999. 0.100E-)S 1.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. 0.000E+00 100. 

Henry's law constant atm-m^3/M CONSTANT 0.462E-05 -999. 0.100E-09 1.00 

Overall 1st order decay sat. zone 1/yr DERIVED 0.000E+00 0.000E+00 0.000E+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

SOURCE SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+ll
 



Area of waste disposal unit n'2 CONSTANT 0.360E+05 -999. 0.100E-01 .999. 

Duration of pulse yr CONSTANT 50.0 -999. 0.100E-08 -999. 

Spread of contaminant source m DERIVED -999. -999. 0.100E-OB 0.100E.1 

Recharge rate m/yr CONSTANT 0.122 -999. 0.000E 00 0.100Ell 

Source decay constant 1/yr CONSTANT 0.OOOE+00 -999. 0.000.+00 -999. 

Initial concentration at landfill mg/l CONSTANT 1.00 -999. 0.OOOE+00 -999. 

Length scale cf facility m CONSTANT 300. -999. 0.100E-08 0.100E+11 

Width scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E+11 

Near field dilution DERIVED 1.00 0.000E+00 O.000E*00 1.00 

AQUIFER SPECIFIC VARIA2LES
 

----...........-----------------------------------------------------------------------------------------------


LIMITS
DISTRIBUTION PARAMETERS 


MEAN STD DEV MIN MAX
 
VARIABLE NAME UNITS 


.........------------------------------------------------------------------------------------------------------

cm 	 CONSTANT 4.00 -999. 0.100E-08 100.

Particle diameter 


0.250 -999. 0.100E-08 0.990
Aquifer porosity -- CONSTANT 

Bulk density g/cc CONSTANT 1.85 -999. 0.100E-01 5.00 

CONSTANT 10.0 -999. 0.100E-08 0.100E.06m 


-999. 0.100E-08 C.100E 06
 
Aquifer thickness 


m 	 DERIVED -999. 


CONSTANT 0.201E+05 -999. 0.100E-06 0.100E409
 
Source thickness (mixing zone depth) 


Conductivity (hydraulic) m/yr 


Gradient (hydraulic) 
 CONSTANT 0.140E-02 -999. 0.110E-07 -999.
 

DERIVED 200. -999. 0.100E-09 0.100E 09

Groundwater 	seepage velo:..ty ri/yr 


1.00 0.100E*09
--	 DERIVED -999. -999. 

CONSTANT 150. -999. 0.100E-02 0.100E+05 
Retardation 	coefficient 


m 


m CONSTANT 50.0 -999. 0.100E-02 0.100E+05
 
Longitudinal dispersivity 


Transverse dispersivity 


0.840 -999. 0.100E-02 0.100E+05
CONSTANT 


0.OOOE+00 100.
 
VerLicdl dispersivity 	 m 


C 	 CONSTANT 18.5 -999.
Temperature 	of aquifer 


-- CONSTANT 6.80 -999. 	 0.300 14.0 

0.100E-05 1.00 
pH 


Organic carbon content (fraction) 	 CONSTANT 0.600E-03 -999. 


CONSTANT 0.150E+04 -999. 1.0 -999.

Well distance from site m 


degree CONSTANT O.OOOE+OG -999. O.OOOE+00 360.

Angle off center 


Well vertical distance m CONSTANT O.OOOE+00 -999. 0.OOOE+00 3.00
 

TIME CONCENTRATION
 

0.500E+01 0.15329E-04
 

0.100E+02 0.13986E-02
 

0.150E+02 0.46576E-02
 

0.200E+02 0.72266E-02
 

0.250E+02 0.86272E-02
 

0.300E+02 0.92879E-02
 

0.350E+02 0.95803E-02
 

0.400E+02 0.97059E-02
 

0.450E+02 0.97589E-02
 
0.500E+02 0.97814E-02
 
0.550E+02 0.97754E-02
 

0.600E+02 0.83961E-02
 

0.650E+02 0.58388E-02
 

0.700E 02 0.25704:£-02
 

0.700E+02 0.11701E-02
 

0.800E+02 0.50959E-03
 

C.850E+02 0.21717E-03
 

0.900E+02 0.21630E-04
 

0.950E+02 0.38652E-04
 

0.100E+03 0.16168E-04
 

E N V I R O 	N M E N T A L P R O T E C T I O N A G E N C Y
U.S. 


0 
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U.S. E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y
 

EXPOSURE ASSESSMENT
 

MULTIMEDIA MODEL
 

MULTIMED (Version 1.01, June 1991)
 

Run options
 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 6
 

EPRES-TANYA LAINDFILL - BORSOD COUNTY, HUNGARY
 

Chemical simulated is DEFAULT CHEMICAL
 

Option Chosen Saturated zone model
 

Run was DETERMIN
 

Infiltration input by user
 

Run was transient
 

Reject runs if Y coordinate outside plume
 

Do not reject runs if Z coordinate outside plume
 

Gaussiin source used in saturated zone model
 

rHFMICAL SPECIFIC VARIABLES
 

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

VARIABLE NAME uNITS DISTRIBUTION 


Solid.....phase .... .... ..-
decay....c..e....ici...nt...1/yr...DERI ED 

Solid phase decay coefficient 1/yr DERIVED 

Dissolved phase decay coefficient i1/yr DERIVED 


Overall chemical decay coefficient 1//r DERIVED 

Acid catalyzed hydrolysis rate l/M-yr CONSTANT 

Neutral hydrolysis rate constant 1/yr CONSTANT 

Base catalyzed hydrolysis rate i/M-yr CONSTANT 

Reference temperature C CONSTANT 

Normaized distribution coefficient ml/g CONS.ANT 

Distribution coefficient - DERIVED 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 

Air diffusion coefficient cm2/s CONSTANT 

Reterence temperature for air diffusion C CONSTANT 

Molecular weight g/M CONSTANT 

Mole fraction of solute -- CONSTANT 

Vapor pressure of solute mm Hg CONSTANT 

Hcnry's law constant atm-m^3/M CONSTANT 

Overall Ist order decay sat. zone 1/yr DERIVED 

Not currently used CONSTANT 

Not currently used CONSTANT 

SOURCE SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION 


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

Infiltration rate m/yr CONSTANT 


Area of waste disposal unit m-2 CONSTANT 


PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

999....... .. 99...... ........ E..
.....- E..... 

-999. -999. 0.OOOE+00 0.100E+11
 
-999. -999. 0.000E+00 0.100E+11
 

-999. -999. 0.OOOE+00 0.100E+l1
 

0.OOOE+00 -999. 0.000E+00 -999.
 

0.000E+00 -999. 0.000E+00 -999.
 

0.000E+00 -999. 0.000E+00 -999.
 

25.0 -999. 0.OOOE+00 100.
 

0.150E+04 -999. 0.000E+00 -999.
 

0.107E+04 -999. 0.000E+00 0.100E+11
 

0.OOOE+00 -999. 0.000E+00 -999.
 

0.OOOE+00 -999. 0.OOOE+00 10.0
 

25.0 -999. 0.000E+00 100.
 

266. -999. 0.000E+on -999.
 

0.340E-03 -999. 0.100E-08 1.00
 

0.182E-05 -999. 0.OOOE+00 100.
 

0.462E-05 -999. 0.100E-09 1.00
 

0.OOOE+00 0.OOOE+00 0.OO0E+00 1.00
 

-999. -999. 0.000E+00 1.00
 

-999. -999. 0.QOOE+00 1.00
 

PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

0.122 -999. 0.100E-09 0.100E+11
 

0.360E+05 -999. 0.100E-0l -999.
 



--------------------------------------------------------------------------------------------------------

Duration of pulse yr CONSTANT 50.0 -999. 0.100E-08 -999. 

Spread of contaminant source m DERIVED -999. -999. 0.100E-08 0.100E ll 

Recharge rate m/yr CONSTANT 0.122 -999. 0.OOOE+00 0.100E ll 

Source decay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999. 

Initial concentration at landfill Mg/1 CONSTANT 1.00 -999. 0.000E+00 -999. 

Length scale of facility m CONSTANT '"'. -999. 0.100E-08 0.100E-11 

Width scale of facility m CONSTANT . -999. 0.100E-08 0.100E11 

Near field dilution DERIVED 1.00 0.Cooe+00 0.000E00 1.00 

AQUIFER SPECIFIC VARIABLES
 

........--------------------------------------------------------------------------------------------------------


LIMITS
DISTRIBUTION PARAMETERS 


MEAN STO DEV MIN MAX
 
VI-IABLE NAME UNITS 


cm 	 CONSTANT 4.00 -999. 0.300E-08 100.

Particle diameter 


CONSTANT 0.250 -999. 0.100E-08 0.990

Aquifer porosity --

Bulk density g/cc CONSTANT 1.85 -999. 0.100E-01 5.00 

CONSTANT :0.0 -999. 0.100E-08 0.100E+06m 


depth) m DEk!VED -999. -999. 0.100E-08 0.100E+06
 
Aquifer thickness 


Source thickness (mixing zone 


m/yr CONSTANT 0.201E+05 -999. 0.100E-06 0.I00E+09

Conductivity (hydraulic) 


Gradient (hydraulic) 
 CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

DERIVED 200. -999. 0.100E-09 0.100E+09
m/yr
Groundwater 	seepage velocity 

1.00 0.100E 09
--	 DERIVED -999. -999.Retardation 	coefficient 


150. -999. 0.100E-02 0.100E+05
m CONSTANT 


j.100E-02 0.100E+05
 
Longitudinal dispersivity 


m 	 CONSTANT 50.0 -999. 


CONSTANT 0.840 -999. O.100E-02 0.100E+05
 
Transverse dispersivity 


m 


C CONSTANT 18.5 -999. 

Vertic3l dispersivity 


0.OOOE+00 	 100.
 
Temperdture of aquifer 


r,! 
 --	 CONSTANT 6.80 -999. 0.300 14.0
 

CONSTANT 0.600E-03 -999. 0.100E-05 1.00
 

CONSTANT J.150E+04 -999. 1.00 -999.
 
Organic carbon content (fraction) 


Well distance from site m 


degree CONSTANT 0.000E+00 -999. 0.000E+00 360.

Ar-,e off center 


m CONSTANT 0.000E+00 -999. 0.000E+00 1.00

Well vertical distance 


TIME CONCENTRATION
 

6 0.500E 01 0.33825E-15
 

0.100E+02 0.51508E-11
 

0.150E+02 0.22232E-07
 

0.200E+02 0.13677E-05
 

0.250E+02 0.15406E-04
 

0.300E+02 0.74412E-04
 

0.350E+02 0.22191E-03
 

0.400E+02 0.49033E-03
 

0.450E 02 0.88818E-03
 

0.500E+02 0.14016E-02
 

0.550E+02 0.20024E02
 

0.600E+02 0.26580E-02
 

0.650E+02 0.33355E-02
 

0.700E+02 0.40100E-02
 

C; 750E+02 0.46471E-02
 

0.800E+02 0.52012E-02
 

0.850E02 0.56200E-02
 

0.900E+02 0.58667E-02
 

0.950E+02 0.59313E-02
 

0.100E+03 0.58291E-02
 



U.S. E N V I R O N M T: N T A L P R O T E C T I O N A G E N C Y
 

EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

MULTIMED (Version 1.01, June 1991) 

Run options 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 7 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DE'7ERMIN 

Infiltration input by user 

Run was transient 

Reject runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gaussian source used in saturated zone model 

1 

CHEMICAL SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Solid phase decay coefficient /yr DERIVED -999. -999. 0.O00E+00 0.100E+11 

Dissolved phase decay coefficient 1/yr DERIVED -999. -999. 0.OOOE+00 0.100E+11 

Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.OOuE+00 0.100E11 

Acid catalyzed hydrolysis rate 1/M-yr CONSTANT 0.000E+00 -999. 0.OOOE+00 -999. 

Neutral hydrolysis rate constant 1/yr CONSTANt 0.OOOE+00 -999. 0.OOOE+00 -999. 

Base catalyzed hydrolysis rate 1/M-yr CONSTANT 0.000E+00 -999. 0.OOOE+00 -999. 

Reference temperature C CONSTANT 25.0 -999. 0.000E+00 100. 

Normalized distribution coefficient ml/g CONSTANT 30.0 -999. 0.000E+00 -999. 

Distribution coefficient -- DERIVED 0.1073+04 -9 9. 0.000E+00 0.100E+11 

Biodegradation coefficient (sat. zone) !/yr CONSTANT 0.f001+00 -999. 0.000E+00 -999. 

Air diffusion coefficient cm2/s CONSTANT 0.000E,00 -999. 0.000E+00 10.0 

Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.OOOE+00 100. 

Molecular weight g/M CONSTANT t6d. -999. 0.000E+00 -999. 

Mole fraction of solute -- CONSTANT 0.340.-03 -999. 0.100E-08 1.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. 0.OOOE+00 10.. 

Henry's law constant atm-m^3/M CONSTANT 0.462E-05 -999. 0.100E-09 1.00 

Overall 1st order decay sat. zone 1/yr DERIVED 0.OOOE+00 0.OOOE+00 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.000E+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

SOURCE SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11 

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999. 

Duration of pulse yr CONSTANT 50.0 -999. 0.100E-08 -999. 



-----------------------------------------------------------------------------------------------------

Spread of contaminant source m DERIVED -999. -999. 0.100E-08 0.100E+:
 

Recharge rate m/yr CONSTANT 0.122 -999. U.OOOE*00 0.100E+:
 

Source decay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E.00 -999.
 

Initial concentration at landfill mg/l CONSTANT 1.00 -999. O.OOOE.00 -999.
 

Length scale of facility m CONSTANT 300. -999. 0.100E-06 0.100E+
 

Width scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E+:
 

Near field dilution DERIVED 1.00 0.001E+00 C,.OOOE+00 1.00
 

AQUIFER SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

-.........----------------------------------------------------------------------------------------------------

cm CONSTANT 4.00 -999. 0.100E-08 100. 

Aquifer porosity -- CONSTANT 0.250 -999. 0.100E-08 0.990 

Bulk density g/cc CONSTANT 1.85 -999. 0.100E-01 5.00 

Particle diameter 


Aquifer thickness m CONSTANT 10.0 -999. 0.100E-08 0.100E+(
 

Source thickness (mixing zone depth) m DERIVED -999. -999. 0.100E-08 0.100F+(
 

Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 
 0.100E-06 0.100E (
 

Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -99).
 

Groundwater seepage velocity m/y-
 DERIVED 200. -999. 0.100E-09 0.100E-C 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+( 

Longitudinal dispersivity m CONSTANT 150. -999. 0.100E-02 0.100E+( 

m CONSTANT 50.0 -999. 0.100E-02 0.10CE (
Trav~verse dispersivity 


Vertical dispersivity m CONSTANT 0.840 -999. 0.100E-02 0.10CE (
 

Temperature of aquifer C CONSTANT 18.5 -999. 
 0.OOOE+00 100.
 

pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.100E-02 -9'9. 0.100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360. 

Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00 

TIME CONCENTRATION
 

7 	 0.500E+01 0.10361E-03
 

0.100E+02 0.30212E-02
 

0.150E+02 0.67335E-02
 

0.200E+02 0.86437E-02
 

0.250E+02 0.93893E-02
 

0.300E+02 0.96595E-02
 

0.350E+02 0.97510E-02
 

0.400E+02 0.97819E-02
 

0.450E+02 0.97923E-02
 

0.500E 02 0.97958E-02
 

0.550E+ 2 0.96933E-02
 

0.600E+02 0.67761E-02
 

0.650E+02 0.30639E-02
 

0.700E+02 0.11539E-02
 

0.750Ei02 0.40829E-03
 

0.800E+02 0.13806E-03
 

0.850E+02 0.46599E-04
 

0.900E+02 0.15692E-04
 

0.950E+02 0.52925E-05
 

0.100E+03 0.17910E-05
 

http:O.OOOE.00
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U.S. E N V I R O N M E N T A L P R O T E C T IO N A G E N C Y 

EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

MULTIMED (Version 1.01, June 1991) 

1 

Run Lptions 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 8 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Reject runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gaussian source used in saturated zone model 

1 

CHEMICAL SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAY. 

Solid phase decay coefficient 1/yr DERIVED -999. -999. O.000E+00 0.100E+11 

Dissolved phase decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+11 

Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+11 

Acid catalyzed hydrolysis rate i/M-yr CONSTANT 0.000E+00 -999. 0.000E+00 -999. 

Neutral hydrolysis rate constant 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999. 

Base catalyzed hydrolysis rate i/M-yr CONSTANT 0.000E+00 -999. 0.OOOE+00 -999. 

Reference temperature C CONSTANT 25.C -999. 0.000E+00 100. 

Normalized distribiLion coefficient ml/g CONSTANT 120. -999. 0.000E.00 -999. 

Distribution coefficient -- DERIVED 0.107E+04 -999. 0.000E+00 0.100E+11 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999. 

Air diffusion coefficient cm2/s CONSTANT 0.000E+00 -999. 0.000E+00 10.0 

Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.000E+00 100. 

Molecular weight g/M CONSTANT 266. -999. 0.000E 00 -999. 

Vole fraction of solute -- CONSTANT 0.340E-03 -999. 0.100E-08 1.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. 0.OOOE 00 i00. 

Henry's law constant atm-m-3/M CONSTANT 0.462E-05 -999. 0.100E-09 1.00 

Overall ist order decay sat. zone 1/yr DERIVED 0.000E+00 0.OOOE+00 0.000E+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

SOURCE SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11 

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999. 



Duration of pulse 


Spread of contaminant source 


Recharge rate 


Source decay constant 


initial concentration at landfill 


Length scale of facility 


Width scale of facility 


Near field dilution 


VARIABLE NAME 


Particle diameter 


Aquifer porosity 


Bulk density 


Aquifer thickness 


Source thickness (mixing zone depth) 


Conductivity (hydraulic) 


Gradient (hydraulic) 


Groundwater seepage velocity 


Retardation coefficient 


Longitudinal dispersivity 


Transverse dispersivity 


Vertical dispersivity 


Temperature of aquifer 


pH 


Organic carbon content (fraction) 


Well distance from site 


Angle off center 


Well vertical distance 


yr CONSTANT 


m DERIVED 


m/yr CONSTANT 


1/yr CONSTANT 


mg/l CONSTANT 


m CONSTANT 


m CONSTANT 


DERIVED 


AQUIFER SPECIFIC VARIABLES
 

UNITS DISTRIBUTION 


cm CONSTANT 


-- CONSTANT 


g/cc CONSTANT 


m CONSTANT 


m DERIVED 


m/yr CONSTANT 


CONSTANT 


m/yr DERIVED 


-- DERIVED 


m CONSTANT 


m CONSTANT 


m CONSTANT 


C CONSTANT 


-- CONSTANT 


CONSTANT 


m CONSTANT 


degree CONSTANT 


m CONSTANT 


TIME CONCENTRATION
 

9 	0.500E+01 0.16249E-05
 

0.100E+02 0.52938E-03
 

0.150E+02 0.27736E-02
 

0.200E+02 0.54096E-02
 

0.250E+02 0.73391E-02
 

0.300E402 0.84982E-02
 

0.350E+02 0.91321E-02
 

0.400E,02 0.94597E-02
 

0.450E+02 0.96307E-02
 

0,500E+02 0.97149E-02
 

0.550E+02 0.97549E-02
 

0.600E+02 0.92480E-02
 

0.650E+02 0.70140E-02
 

0.700E+02 0.43830E-02
 

0.750E+02 C.24560E-02
 

0.800E+02 0.12981E-02
 

0.850E+02 0.66482E-03
 

0.900E+02 0.33758E-03
 

0.950E+02 0.16666E-03
 

0.100E+03 0.82623E-04
 

50.0 -999. 0.100E-08 -999.
 

-999. -999. 0.100E-08 C.100E 1
 

0.122 -999. 0.000E.00 0.100E 1
 

0.OOOE+00 -999. 0.000E.00 -999.
 

1.00 -999. 0.000E+00 -999.
 

300. -999. 0.100E-08 0.100E+l
 

120. -999. 0.100E-08 0.100E.1
 

1.00 0.OOOE+00 0.OOOE+00 1.00
 

PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

4.00 -999. 0.100E-08 100.
 

0.250 -999. 0.00E-08 0.990
 

1.85 -999. 0.100E-01 5.00
 

10.0 -999. 0.100E-08 0.100E-01
 

-999. -999. 0.100E-08 0.100E+0(
 

0.201E 05 -999. 0.100E-06 C.100E+0!
 

0.140E-02 -999. 0.100E-07 -999.
 

200. -999. 0.00E-09 0.100E+0!
 

-999. -999. 1.00 0.100E+O!
 

150. -999. 0.100E-02 0.100E+0!
 

50.0 -999. 0.100E-02 0.100E+0!
 

0.840 -999. 0.10E-02 0.100E+0
 

18.5 -999. 0.OOOE+00 100.
 

6.80 -999. 0.300 14.0
 

0.100E-02 -999. 0.100E-05 1.00
 

0.150E+04 -999. 1.00 -999.
 

0.OOOE+00 -999. 0.000E+00 360.
 

0.000E+00 -999. 0.OOOE+00 1.00
 

http:0.000E.00
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U.S. E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y 

EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

MULTIMED (Version 1.01, June 1991) 

Run options 

TPNSIENT SIMULATION - ESTIMATION OF DAF - Run 9 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Reject runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gaussian source used in saturated zone model 

CHEMICAL SPECIFIC VARIABLES 

...................................................................................................................-

VARIABLE NAME UNITS 

Solid.....phase ....decay....coefficient.......1/yr 

Solid phase decay coefficient 1/yr 

Dissolved phase decay coe'ficient 1/yr 

Overall chemical decay coefficient 1/yr 

Acid catalyzed hydrolysis rate i/M-yr 

Neutral hydrolysis rate constant 1/yr 

Base catalyzed hydrolysis rate i/M-yr 

Reference temperature C 

Normalized distribution coefficient ml/g 

Distribution coefficient --

Biodegradation coefficient (sat. zone) 1/yr 

Air diffusion coefficient cm2/s 

Reference temperature for air diffusion C 

Molecular weight g/M 

Mole fraction of solute --

Vapor pressure of solute mm Hg 

Henry's law constant acm-m"3/M 

Overall Ist order decay sat. zone 1/yr 

Not currently used 

Not currently used 

DISTRIBUTION 

... DERIVED..... 

DERIVED 

DERIVED 

DERIVED 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

DERIVED 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

DERIVED 

CONSTANT 

CONSTANT 

PARAMETERS 

MEAN STD DEV 

- 999....... .... .. .....99............ 

-999. -999. 

-999. -999. 

-999. -999. 

0.OOOE+00 -999. 

.O0OEt00 -999. 

0.OOOE+00 -999. 

25.0 -999. 

0.150E 04 -999. 

0.107E+04 -999. 

0.OOOE+00 -999. 

0.OOOE+00 -999. 

25.0 -999. 

266. -999. 

0.340E-03 -999. 

0.182E-05 -999. 

0.462E-05 -999. 

0.OOE+00 0.OOOE+00 

-999. -999. 

-999. -999. 

LIMITS 

MIN MAX 

... ... 

0.000E 00 0.100E+11 

0.000E+00 0.100E+11 

0.000E+00 0.100E 11 

0.OOOE.00 -999. 

0.OOOE+00 -999. 

0.OOOE+00 -999. 

0.OOOE+00 100. 

0.000E 00 -999. 

O.000E+00 0.100E+11 

0.000E+00 -999. 

0.OOOE+00 10.0 

0.OOOE+00 100. 

0.OOOE+00 -999. 

0.100E-08 1.00 

0.OOOE+00 100. 

0.100E-09 1.00 

0.OOE+00 1.00 

O.OOE+00 1.00 

0.000E+00 1.00 

SOURCE SPECIFIC VARIABLES 

-----................................................................................................................ 

VARIABLE NAME UNITS 

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

Infiltration rate m/yr 

Area of waste disposal unit m^2 

DISTRIBUTION 

CONSTANT 

CONSTANT 

PARAMETERS 

MEAN STD DEV 

0.122 -999. 

0.360E+05 -999. 

LIMITS 

MIN MAX 

0.100E-09 0.100E+11 

0.100E-Ol -999. 

2/11 



Duration of pulse yr CONSTANT 

Spread of contaminant source m DERIVED 

Recharge rate m/yr CONSTANT 

Source decay constant 1/yr CONSTANT 

Initial concentration at landfill mg/l CONSTANT 

Length scale of facility m CONSTANT 

Width scale of facility m CONSTANT 

Near field dilution DERIVED 

AQUIFER SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION 


...............................................................................................................-


Particle diameter cm CONSTANT 


Aquifer porosity -- CONSTANT 

Bulk density g/cc CONSTANT 

Aquifer thickness m CONSTANT 

Source thickness (mixing zone depth) m DERIVED 

Conductivity (hydraulic) m/yr CONSTANT 

Gradient (hydraulic) CONSTANT 

Groundwater seepage velocity m/yr DERIVED 

Retardation coefficient -- DERIVED 

Longitudinal dispersivity m CONSTANT 

Transverse dispersivity m CONSTANT 

Vertical dispersivity m CONSTANT 

Temperature of aquifer C CONSTANT 

pH -- CONSTANT 

Organic carbon content (fraction) CONSTANT 

Well distance from site m CONSTANT 

Angle off center degree CONSTANT 

Well vertical distance m CONSTANT 

TIME CONCENTRATION
 

9 0.500E+01 0.33825E-15
 

0.100E 02 0.33825E-15
 

0.150E*02 0.13473E-11
 

0.200E+02 0.10227E-08
 

0.250E 02 0.52856E-07
 

0.300E+02 0.71350E-06
 

0.350E+02 0.44756E-05
 

0.400E+02 0.17399E-04
 

0.450E+02 0.49198E-04
 

0.500E 02 0.11137E-03
 

0.550E 02 0.21456E-03
 

0.600E+02 0.36641E-03
 

0.650E+02 0.57048E-03
 

0.700E+02 0.82626E-03
 

0.750E+02 0.11293E-02
 

0.800E+02 0.14741E-02
 

0.850E+02 0.18487L-02
 

0.900E-02 0.22393E-02
 

0.950E+02 0.26277E-02
 

0.100E+03 0.29944E-02
 

50.0 -999. 0.100E-08 -999.
 

-999. -999. 0.100E-08 0.100E-11
 

0.122 -999. 0.OOOE+00 0.100E+I1
 

0.OOOE+00 -999. 0.000F+00 -999.
 

1.00 -999. 0.OOOE+00 -999.
 

300. -999. 0.100E-08 0.100E+I1
 

120. -999. 0.100E-08 O.100E+l1
 

1.00 0.OOOE+00 0.000E+00 1.00
 

PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

4.00 -999. 0.100E-08 100.
 

0.250 -999. 0.100E-08 0.990
 

1.85 -999. 0.100E-01 5.00
 

10.0 -999. 0.100E-08 0.100E+06
 

-999. -999. 0.100E-08 0.100E.06
 

0.201E+05 -999. 0.100E-06 0.100E+09
 

0.140E-02 -999. 0.100E-07 -999.
 

200. -999. 0.100E-09 0.100E+09
 

-999. -999. 1.00 0.100E 09
 

150. -999. 0.100E-02 0.100E+05
 

50.11 -999. 0.100E-02 0.100E 05
 

0.840 -999. 0.100E-02 0.100E+05
 

18.5 -999. O.OOOE+00 100.
 

6.80 -999. C.300 14.0
 

0.100E-02 -999. 0.100E-05 1.00
 

0.150E+04 -999. 1.00 -999.
 

0.OOOE+00 -999. 0.OOOE 00 360.
 

0.OOOE.00 -999. 0.000E+00 1.00
 

http:0.OOOE.00
http:0.100E.06
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EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

MULTIMED (Version 1.01, June 1991) 

1 

Run options 

TPANSIENT SIMULATION - ESTIMATION OF DAF - Run 10 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Reject runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gaussian source used in saturated zone model 

CHEMICAL SPECIFIC VARIABLES 

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

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

S...lid ...phase ....decay....coefficient..... ...1/yr...DERIVED .....- 999....... .. .....99.... E..... .... .... 

Solid phase decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+II 

Dissolved phase decay coefficient 1/yr DERIVED -999. -999. 0.OOOE+00 0.100E*11 
Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+11 

Acid catalyzed hydrolysis rate I/M-yr CONSTANT 0.OOOE+00 -999. 0.OOOE+00 -999. 

Neutral hydrolysis rate constant 1/yr CONSTANT 0.OOOE+00 -999. 0.OOOE+00 -999. 

Base catalyzed hydrolysis rate 1/M-yr CONSTANT 0.OOOE+00 -999. 0.000E+00 -999. 

Reference temperature C CONSTANT 25.0 -999. 0.OOOE 00 100. 

Normalized distribution coefficient ml/g CONSTANT 30.0 -999. 0.OOOE+00 -999. 

Distribution coefficient -- DERIVED 0.107E+04 -999. 0.UOOE+00 0.100E+11 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 0.OOOE+00 -999. 0.OOOE 00 -999. 

Air diffusion coefficient cm2/s CONSTANT 0.OOOE+00 -999. 0.OOOE+00 10.0 

Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.OOOE+00 100. 

Molecular weight g/M CONSTANT 266. -999. 0.OOOE+00 -999. 

Mole fraction of solute -- CONSTANT 0.340E-03 -999. 0.100E-08 1.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. 0.000E+00 100. 

Henry's law constant atm-m^3/M CONSTANT 0.462E-05 -999. 0.100E-09 1.00 

Overall ist order decay sat. zone 1/yr DERIVED 0.OOOE+00 0.000E+00 0.OOOE+00 1.01 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

SOURCE SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 
.................................................................................................................... 

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11 

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999. 



------------------------------------------------- ---------------------------------------------------------------

---- --------------------------------------------------------------------------------------------------------

Duration of pulse yr 	 CONSTANT 22.0 -999. 0.100E-08 -999.
 

Spread of contaminant source m 	 DERIVED -999. -999. 0.100E-08 0.100E.1I
 

CONSTANT 0.122 -999. 0.000E+00 0.100E+l1
Recharge rate m/yr 


Source decay constant 1/yr CONSTANT 0.OOOE+00 -999. 0.000E+00 -999.
 

Initial concentration at landfill mg/l CONSTANT 1.00 -999. 0.OOOE+00 -999.
 

Length scale of facility m CONSTANT 300. -999. 0.100E-08 0.100E+11
 

Widt', scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E+11
 

1.00 0.0OOE+00 0.000E+00 1.00
Near field dilution 	 DERIVED 


AQUIFER SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

Particle diameter cm 	 CONSTANT 4.00 -999. 0.100E-08 100.
 

CONSTANT 0.250 -999. 0.100E-08 0.990
 

Bulk density g/cc CONSTANT 1.85 -999. 0.100E-01 5.00
 

Aquifer porosity 	 --

10.0 -999. 0.100E-08 0.OIJE.36
Aquifer thickness m CONSTANT 


Source thickness 
(mixing zone depth) m DERIVED -999. -999. 0.100E-08 0.100E+06
 

0.100E+09
Conductivity (hydraulic) m/yr 	 CONSTANT 0.201E+05 -999. 0.100E-06 


Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

m/yr DERIVED 200. -999. 0.100E-09 0.100E+09
Groundwater seepage velocity 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+09 

m CONSTAN' 150. -999. 0.100E-02 	 0.100E+05
 

0.100E+05
 

Longitudinal dispersivity 


Transverse dispersivity m 	 CONSTANT 50.0 -999. 0.100E-02 


CONSTANT 0.840 -999. 0.100E-02 0.0OOE+05
Vertical dispersivity 	 m 


Temperature of aquifer C CONSTANT 18.5 -999. 0.OOE+00 100. 

pH -- CONSTANT 6.80 -999. 0.00 14.0 

Organic carbon content (fraction) CONSTANT 0.200E-03 -999. 0.100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360. 

Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00 

TIME CONCENTRATION
 

10 	 0.200E+01 0.15276E-07
 

0.400E+01 0.62429E-04
 

0.600E+01 0.79920E-03
 

0.800E+01 0.24807E-02
 

0.100E+02 n.44505E-02
 

0.120E+02 0.61585E-02
 

0.140E+02 0.74307E-02
 

0.160E+02 0.83021E-02
 

0.180E+02 0.88701E-02
 

0.200E+02 0.92291E-02
 

0.220E+02 0.94488E-02
 

0.240E+02 0.95885E-02
 

0.260E+02 0.96091E-02
 

0.280E+02 0.89225E-02
 

0.300E+02 0.72713E-02
 

0.320E+02 0.53196E-02
 

0.340E+02 0.36226E-02
 

0.360E+02 0.23569E-02
 

0.380E+02 0.14895E-02
 

0.400E+02 0.92391E-03
 

http:0.OIJE.36
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Run options
 

RANSIENT SIMULATION - ESTIMATION OF DAF - Run 11
 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY
 

Chemical simulated is DEFAULT CHEMICAL
 

Option Chosen Saturated zone model
 

Run was DETERMIN
 

Infiltration input by user
 

Run was transient
 

Reject runs if Y coordinate outside plume
 

Do not reject runs if Z coordinate outside plume
 

Gaussian source used in saturated zone model
 

CHEMICAL SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION 


Solid....phase....decay...coefficient.......1/yr...DERIVED....-999.......-999............E...................
 

Solid phase decay coefficient 1/yr DERIVED 

Dissolved phase decay coefficient 1/yr DERIVED 
Overall chemical decay coefficient i/yr DERIVED 

Acid catalyzed hydrolysis rate i/M-yr CONSTANT 

Neutral hydrolysis rate constant 1/yr CONSTANT 

Bese catalyzed hydrolysis rate i/M-yr CONSTANT 

Reference temperature C CONSTANT 

Normalized distribution coefficient ml/g CONSTANT 

Distribution coefficient -- DERIVED 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 

Air diffusion coefficient cm2/s CONSTANT 

Reference temperature for air diffusion C CONSTANT 

Molecular weight g/M CONSTANT 

Mole fraction of solute -- CONSTANT 

Vapor pressure of solute mm Hg CONSTANT 

Henry's law constant atm-rn3/M CONSTANT 

Overall ist order decay sat. zone 1/yr DERIVED 

Not currently used CONSTANT 

Not currently used CONSTANT 

PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

-999. -999. 0.OOOE+00 0.100E+11 

-999. -999. 0.OOOE+00 0.100E+11 
-999. -999. 0.000E+00 0.100E 11 

0.000E+00 -999. 0.000E 00 -999. 

0.000E+00 -999. 0.000E+00 -999. 

0.OOOE+00 -999. 0.OOOE+00 -999. 

25.0 -999. 0.000E+00 100. 

120. -999. 0.OOOE+00 -999. 

0.107E+04 -999. O.OOOE+00 0.100E+11 

0.OOOE+00 -999. 0.000E+00 -999. 

0.OOOE+00 -999. 0.000E+00 10.0 

25.0 -999. 0.00E+00 100. 

266. -999. O.000E+00 -999. 

0.340E-03 -999. 0.100E-08 1.00 

0.182E-05 -999. 0.OGOE+00 100. 

0.462E-05 -999. 0.100E-09 1.00 

0.000E+00 0.000E+00 0.000E+00 1.00 

-999. -999. 0.000E+00 1.00 

-999. -999. 0.OOOE+00 1.00 

SOURCE SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11 

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999. 



----- ------------------------------------------------------------------------------------------------------

Duration of pulse yr CONSTANT 22.0 -999. 	 0.100E-08 -999.
 

0.100E I
 

Recharge rate m/yr CONSTAnT 0.122 -999. 0.000E+00 0.100E+1
 

Source decay constant 1/yr CONSTANT 0.000E+00 -999. 0.OOOE+00 -999.
 

Spread of contaminant source m DERIVED -999. -999. 	 0.100E-08 


Initial concentration at landfill mg/l CONSTANT 1.00 -999. 	 0.000E+00 -999.
 

Length scale of facility m CONSTANt 300. -999. 0.100E-08 0.100E+1
 

Width scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E+l
 

Near field dilution DERIVED 1.00 0.000E+00 O.000E+00 1.00
 

AQUr'ER SPECIFIC VARIABLES
 

.........------------------------------------------------------------------------------------------------------


VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN t X
 

cm CONSTANT 4.00 -999. 0.100E-08 100. 

Aquifer porosity -- CONSTANT 0.250 -999. 0.100E-08 0.990 

Particle diameter 


CONSTANT 1.85 -999. 0.100E-01 5.00
Bulk density 	 g/cc 


0.100E.0
Aquifer thickness m CONSTANT 10.0 -999. 	 0.100E-08 


-999. 0.100E-08 0.100E+0
Source thickness (mixing zone depth) m DERIVED -999. 


Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 0.100E-06 0.100E 0
 

Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

Groundwater seepage velocity m/yr 
 DERIVED 200. -999. 0.100E-09 0.100E+0 

-- DERIVED -999. -999. 1.00 0.100E+0 

Longitudinal dispersivity m CONSTANT 150. -999. 0.100E-02 C.100E+0 

Retardation coefficient 


CONSTANT 50.0 -999. 0.100E-02 0.i00E+0
Transverse dispersivity 	 m 


0.100E+0
Vertical dispersivity m CONSTANT 0.840 -999. 	 0.100E-02 


0.OOOE+00 100.
Temperature of aquifer 	 C CONSTANT 18.5 -999. 


pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.200E-03 -999. 0.100E-05 1.00 

Well distance from site m CONSTANT '.150E+04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360. 

Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00 

TIME CONCENTRATION
 

11 	 0.200E+01 0.17378E-08
 

0.400E+01 0.22387E-04
 

0.600E+01 0.42796E-03
 

0.800E+01 0.16377E-02
 
9


0.100E+02 0.3341 F-02
 

0.120E+02 0.50426E-02
 

0.140E+02 0.64601E-02
 

0.160E+02 0.75295E-02
 

0.180E+02 0.82894E-02
 

0.200E+02 0.88093E-02
 

0.220E+02 0.91563E-02
 

0.240E+02 0.93809E-02
 

0.260E+02 0.9510!E-02
 

0.280E+02 0.9202E-02
 

0.300E+02 0.80518E-02
 

0.320E+02 0.63868E-02
 

0.340E+02 0.47110E-02
 

0.360E+02 0.33095E-02
 

0.380E+02 0.22503E-02
 

0.400E+02 0.14969E-02
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Run options
 

'RANSIENT SIMULATION - ESTIMATION OF DAF - Run 12 

EPRES-TANYA LANDFILL - BO'SOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL
 

Option Chosen Saturated zone model
 

Run was DETERMIN
 

Infiltration input by user
 

Run was transient
 

Reject runs if Y coordinate outside plume
 

Do not reject runs if Z coordinate outside plume
 

Gaussian source used in saturated zone model
 

1 

CHEMICAL SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION 


Solid phase decay coefficient /yr DERIVED 


Dissolved phase decay coefficient 1/yr DERIVED 


Overall chemical decay coefficient 1/yr DERIVED 

Acid catalyzed hydrolysis rate 1/M-yr CONSTANT 

Neutral hydrolysis rate constant 1/yr CONSTANT 

Base catalyzed hydrolysis rate 1/M-yr CONSTANT 

Reference temperature C CONSTANT 

Normalized distribution coefficient ml/9 CONSTANT 

Distribution coefficient -- DERIVED 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 

Air diffusion coefficl,,nt cm2/s CONSTANT 

Reference temperature for air diffusion C CONSTANT 

Molecular weight g/M CONSTANT 

Mole fraction of solute -- CONSTANT 

Vapor pressure of solute mm Hg CONSTANT 

He.iry's law constant atm-m'3/M CONSTANT 

Overall 1st order decay sat. zone 1/yr DERIVED 


Not currently used CONSTANT 


Not currently used CONSTANT 


SOURCE SPECIFIC VARIABLES
 

V1RIABLE NAME UNITS DISTRIBUTION 


Infiltration rate m/yr CONSTANT 


Area of waste disposal unit m^2 CONSTANT 


N A G E N C Y
 

PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

-999. -999. 0.000E+00 g.COE+ll
 

-999. -999. 0.000E+00 0.]OOE+1l
 

-999. -999. 0.000E+00 0.9UOE+l1
 

C 000E+00 -999. 0.000E+00 -999.
 

0.000E+00 -999. 0.000E+00 -999
 

0.000E+00 -999. 0.000E+00 -999.
 

25.0 -999. 0.000E+00 100.
 

0.150E+04 -999. 0.000E+00 -99q.
 

0.107E+04 -999. 0.000E+00 0.100E+l1
 

0.000E+00 -999. 0.000E+00 -999.
 

0.000E+00 -999. 0.000E.00 10.0
 

25.0 -999. 0.OOOE+00 100.
 

266. -999. 0.000E+00 -999.
 

0.340E-03 -999. 0.100E-08 1.00
 

0.182E-05 -999. 0.000E+00 100.
 

0.462E-05 -999. 0.100E-09 1.00
 

0.OOOE+00 O.OOOE+0U 0.OOOE+00 1.00
 

-999. -999. 0.O00EO0 1.10
 

-999. -999. 0.O00E+00 1.01
 

PARAMETERS LIMITS
 

MEAN SYD DEV MIN MAX
 

0.122 -999. 0.100E-09 0.100E+11
 

N.360E+05 -999. 0.100E-01 -999.
 

-)1I1
 

http:0.000E.00


Duration of pulse yr CONSTANT 22.0 -999. 0.100E-08 -999.
 

Spread of contaminant source m 
 DERIVED -999. -999. 0.100E-08 0.10CE.11
 

Recharge rate m/yr CONSTANT 0.122 -999. 0.000E00 0.100E 11
 

Source aecay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999.
 

Initial concentration at landfill mg/i CONSTANT 1.00 -999. 0.00E+00 -999.
 

Length scale of facility 	 m 
 CONSTANT 300. -999. 0.100E-08 0.100E11
 

Width scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E11
 

Near field dilution 
 DERIVED 1.00 0.000E00 0.000E+00 1.00
 

AQUIFER SPECIFIC VARIABLES
 

..--------------------------------------------------------------------------------------------------------. . . . ... 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

.---------------------------------------------------------------------------------------------------------

Particle diameter cm CONSTANT 4.00 -999. 0.100E-08 100. 

Aquifer porosity -- CONSTANT 0.250 -999. 0.100E-08 0.990 

Bulk density g/cc CONSTANT 1.85 -999. 0.100E-01 5.00 

Nquifer thickness m CONSTANT 10.0 -999. 0.100E-08 0.100E-06 

Source - ckness (mixing zone depth) m DERIVED -999. -999. 0.100E-08 0.100E.06 

Conduct- ty (hydraulic) m/yr CONSTANT 0.201E*05 -999. 0.100E-06 0.100E,09 

Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999. 

Groundwater seepage velocity m/yr DERIVED 200. -999. 0.100E-09 0.100E+09 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+09 

Longitudinal dispersivity m CONSTANT 150. -999. 0.100E-02 0.100E05 

Transverse dispersivity m CONSTANT 50.0 -999. 0.100E-02 0.100E+05 

Vertical dispersivity m CONSTANT 0.840 -999. 0.100E-02 0.100E+05 

Temperature of aquifer C CONSTANT 18.5 -999. 0.000E+00 100. 

pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.200E-03 -999. 0.100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.000E+00 -999. 0.OOOE+00 360. 

Well vertical distance m CONSTANT 0.000E+00 -999. 0.OOOE+00 1.00 

TIME CONCENTRATION
 

12 	 0.200E+01 0.33825E-15
 

0.400E+01 0.14235E-11
 

0.600E.01 0.95357E-08
 

0.800E+01 0.73282E-06
 

0.100E+02 0.94524E-05
 

0.120E+02 0.50043E-04
 

0.140E+02 0.15952E-03
 

0.160E+02 0.37085E-03
 

0.180E+02 0.69926E-03
 

0.200E02 0.11400E-02
 

0.220E+02 0.16733E-02
 

0.240E+02 0.22721E-02
 

0.260E+02 0.29080E-02
 

0.280E+02 0.35551E-02
 

0.300E+02 0.41916E-02
 

0.320E+02 0.47947E-02
 

0.340E+02 0.53291E-02
 

0.360E+02 0.57513E-02
 

0.380E+02 0.60248E-02
 

0.400E+02 0.61338E-02
 

http:0.600E.01
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Run options
 

rRANSIENT SIMULATION - ESTIMATION OF DAF - Run 13
 

EPRES TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL
 

Option Chosen Saturated zone model
 

Run was DETERMIN
 

Infiltration input by user
 

Run was transient
 

Reject runs if Y coordinate outside plume
 

Do not reject runs if Z coordinate outside plume
 

Gaussian source used in saturated zone model
 

CHEMICAL SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

Solid phase decay coefficient /yr DERIVED -999. -999. 0.0--E+00 0.100E+ -

Dissolved phase decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+11 

Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.OOOE+00 0.100E+11
 

Acid catalyzed hydrolysis rate i/M-yr CONSTANT 0.000E+00 -999. 0.000E+00 -999.
 

Neutral hydrolysis rzte constant 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999.
 

Base catalyzed hydrolysis rate 1/M-yr CONSTANT 0.OOOE+00 -999. 0.OOOE+00 -999.
 

Reference temperature C CONSTANT 25.0 -999. 0.000E+00 100.
 

Normalized distribution coefficient ml/g CONSTANT 30.0 -999. 0.OOOE+00 -999.
 

Distribution coefficient -- DERIVED 0.107L+04 -999. 0.000E+00 U.100E+ll 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 0.000E+00 -999. 0.OOOE 00 -999. 

Air diffusion coefficient cm2/s CONSTANT 0.OOOE+00 -999. 0.OOOE+00 10.0 

Reference temperature for ai. diffusion C CONSTANT 25.0 -999. 0.000E+00 100. 

Molecular weight g/M CONSTANT 266. -999. 0.OOOE+00 -999. 

Mole fraction of solute -- CONSTANT 0.340E-03 -999. 0.100E-08 i.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. 0.OOOE+00 100. 

Henry's law constant atm-m^3/M CONSTANT 0.462E-05 -999. 0.100E-09 1.00 

Overall 1st order decay sat. zone 1/yr DERIVED 0.OOOE+00 0.000E+00 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE.00 1.00 

Not currertly used CONSTANT -999. -999. 0.OOOE+00 1.00 

SOURCE SPECIFIC VARIABLES
 

----------------------------------------.-.--------------------------------------------------------------------------

VARIABLE NAME UNITS DISTRIBUTION PARANETERS LIMITS
 

MEAN STD DEV MIN MAX
 

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

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11
 

Area of waste disposal unit m"2 CONSTANT 0.360E+05 -999. 0.100E-01 -999.
 

http:0.OOOE.00


Duration of pulse 	 yr CONSTANT 22.0 -999. 0.100E-08 -999.
 

Spread of contaminant source 	 m DERIVED -999. -999. 0.100E-08 0.100E+ll
 

Recharge rate 	 m/yr CONSTANT 0.122 
 -999. 0.000E+00 0.100El11
 

Source decay constant 	 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999.
 

Initial concentration at landfill 	 mg/l CONSTANT 1.00 -999. 0.000E+00 -999.
 

Length scale of facility 	 m 
 CONSTANT 300. -999. 	 0100E-08 0.100E+11
 

facility m 	 CONSTANT 120. -999. 0.100E-08 0.100E+11
Width scale of 


1.00 0.000E+00 0.000E+00 1.00
Near field dilution 	 DERIVED 


AQUIFER SPECIFIC VARIABLES
 

........---------------------------------------------------------------------------------------------------------


VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

.---------------------------------------------------------------------------------------------------------


Particle diameter cm CONSTANT 4.00 -999. 0.100E-08 100.
 

CONSTANT 0.250 -999. 0.100E-08 0.990
 

g/cc CONSTANT 1.85 -999. 0.100E-01 5.00
 

Aquifer porosity 	 --

Bulk density 


,0.0 -999. 0.100E-08 0.100E+06
Aquifer thickness 	 m CONSTANT 


m DERIVED -999. -999. 0.100E-U8 0.100E-06
Source thickness (mixing zone depth) 


0.100E-06 0.100E+09
Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 


Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

m/yr DERIVED 200. -999. 0.100E-09 0.100E+09
Groundwater seepage velocity 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+09 

m CONSTANT 150. 	 -999. 0.100E-02 0.100E+05
Longitudinal dispersivity 


0.100E+05
Transverse dispersivity 	 m CONSTANT 50.0 -999. 0.100E-02 


0.840 -999. 0.100E-02 0.100E+05
Vertical dispersivity 	 m CONSTANT 


C CONSTANT 18.5 -999. 0.OOOE+00 100.
Temperature of aquifer 

pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.600E-03 -999. 0.100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 	-999. 1.00 -999.
 

-999. 0.OOOE+00 360.
Angle off center degree CONSTANT 0.OOOE+00 


Well vertical distance 
 m CONSTANT 0.000E+00 	-999. 0.OOOE+00 1.00
 

TIMF CONCENTRATION
 

13 	 0.200E+01 0.35906E-08
 

0.400E+01 0.31574E-04
 

0.600E+01 0.52838E-03
 

0.800E+01 0.18864E-02
 

0.100E+02 0.36888E-02
 

0.120E+02 0.54063E-02
 

0.140E+02 0.67875E-02
 

0.160E+02 0.77979E-02
 

0.180E+02 0.84964E-02
 

0.200E+02 0.89626E-02
 

0.220E+02 0.92666E-02
 

0.240E+02 0.94590E-02
 

0.260E+02 0.95550E-02
 

0.280E402 0.91368E-02
 

0.300E+02 0.782&2F-02
 

0.320E+02 0.60569E-02
 

0.340E+02 0.43587E-02
 

0.360E+02 0.29898E-02
 

0.380E+02 0.19870E-02
 

0.400E+02 0.12932E-02
 



U. S. E N V I R O N M E V I A L P R O T E C T I O N A G E N C Y 

EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

MULTIMED (Version 1.01, June 1991) 

Run options 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 14 

EPRES-TANYA LANDFILL - BORSOD 'OUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Reject runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gaussian source used in saturated zone model 

1 

CHEMICAL SPECIFIC VARIABLES 

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

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS 

MEAN STD DEV MIN 

LIMITS 

MAX 

Solid nase decay coefficient 

Dissolved phase decay coefficient 

/yr 

1/yr 

DERIVED 

DERIVED 

-999. 

-999. 

-999. 

-999. 

0.000E+00 

0.000E+00 

0.100E.ll 

0.100E+1l 

Overall chemical decay coefficient 1/yr 

Acid catalyzed hydrolysis rate 1/M-yr 

Neutral hydrolysis rate constant 1/yr 

Base catalyzed hydrolysis rate i/M-yr 

Reference temperature C 

Normalized distribution coefficient ml/g 

Distribution coefficient --

Riodegradation coefficient (sat. zone) 1/yr 

Air diffusion coefficient cm2/s 

Reference temperature for air diffusion C 

Molecular weight g/M 

Mole fraction of solute --

Vapor pressure of solute mm fig 

Henry's law constant atm-m^3/M 

Overall 1st order decay sat. zone 1/yr 

Not currently used 

Not currently used 

DERIVED 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

DERIVED 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

DERIVED 

CONSTANT 

CONSTANT 

-999. -999. 

0.000E+00 -999. 

0.000E+00 -999. 

0.OOOE+00 -999. 

25.0 -999. 

120. -999 

0.107E+04 -999. 

0.000E+00 -999. 

0.000E+00 -999. 

25.0 -999. 

266. -999. 

0.340E-03 -999. 

0.182E-05 -999. 

0.462E-05 -999. 

0.OOOE+00 0.OOOE+00 

-999. -999. 

-999. -999. 

0.000E+00 

0.000E+00 

0.000E+00 

0.OOOE+00 

0.000E+00 

O.OOOE+00 

0.OOOE+00 

0.OOOE+00 

0.0OOE+00 

0.000E*00 

0.000E+00 

0.100E-08 

0.000E+00 

0.100E-09 

0.OOOE 00 

0.OOOE+00 

0.OOOE+00 

0.100E+11 

-999. 

-999. 

-999. 

i00. 

-999. 

0.100E+1l 

-999. 

10.0 

100. 

-999. 

1.00 

100. 

1.00 

1.00 

1.00 

1.00 

SOURCE SPECIFIC VARIABLES 

VARIABLE NAME UNITS 

...................................................................................................................-

Infiltration rate m/yr 

DISTRIBUTION 

CONSTANT 

PARAMETERS 

MEAN STD DEV 

0.122 -999. 

LIMITS 

MIN MAX 

0.100E-09 0.100E+11 



------------

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999.
 

Duration of pulse yr CONSTANT 22.0 -999. 0.100E-08 -999.
 

DERIVED -999. -999. 0.100E-08 0.OOE-.:
 

m/yr CONSTANT 0.122 -999. 0.000E+00 0.100EI:
 

Spread of contaminant source 	 m 


Recharge rate 


Source decay constant 	 1/yr CONSTANT 0.OOOE 00 -999. 0.000E+00 -999.
 

Initial concentration at landfill 	 mg/l CONSTANT 1.00 -999. 0.OOOE 00 -999.
 

Length scale of facility 	 m CONSTANT 300. -999. 0.100E-08 0.100E+I3
 

Width scale of facility 	 m 
 CONSTANT 120. -999. 0.100E-08 0.100E+13
 

field dilution 	 DERIVED 1.00 0.OOOE+00 0.000E+00 1.00
Near 


AQUIFER SPECIFIC VARIABLES
 

.......---------------------------------------------------------------------------------------------------------


VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

........--------------------------------------------------------------------------------------------

Particle diameter cm CC4STANT 4.00 -999. 0.00E-08 100. 

-- CONSIANT 0.250 -999. 0.100E-08 0.990Aquifer porosity 


Bulk density g/cc CONSTANT 1.85 -999. 0.100E-01 5.00
 

m CONSTANT 10.0 -999. 0.100E-08 0.100E+06
 

-999. -999. O.100E-08 0.I00E06
 
Aquifer thickness 


Source thickness (mixing zone depth) 	 m DERIVED 


m/yr CONSTANT 0.201E 05 -999. 0.100E-06 0.100E+09
Conductivity (hydraulic) 


Gradient (hydraulic) 
 CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

m/yr DERIVED 200. -99> 0,100E-09 0.100E 0
Groundwater seepage velocity 


Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+0(
 

m CONSTANT 150. -999. 0.100E-02 0.100E+0£
Longitudinal dispersivity 


-999. 0.1C0E-02 0.I00E.0E
Transverse dispersivity m CONSTANT 50.0 


Vertical dispersivity m 
 CONSTANT 0.840 -999. 0.100E-02 0.100E.0
 

aquifer C CONSTANT 18.5 -999. O.OOOE+00 100.
Temperature of 


pH 
 -- CONSTANT 6.80 -999. 0.300 14.0 

Organ.c carbon content (fraction) 	 CONSTANT 0.600E-03 -999. 0.100E-05 1.00
 

Well 	distance from site 
 m CONSTANT 0.150E+04 -999. 1.00 -999.
 

degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360.
 

Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00
 

Angle off center 


TIME CONCENTRATION
 

14 	 0.200E+01 0.50834E-11
 

0.400E+01 0.13590E-05
 

0.600E+01 0.74111E-04
 

0.800E+01 0.48894E-03
 

0.100E+02 0.13986E-02
 

(.120E+02 0.26538E-02
 

0.140E+02 0.40065E-02
 

0.160E+02 0.52707E-02
 

0.180E+02 0.63524E-02
 

0.200E+02 0.72266E-02
 

0.220E+02 0.79065E-02
 

0.240E+02 0.84214E-02
 

0.260E+02 0.88026E-02
 

0.280E+02 0.9)104E-02
 

0.300E+02 0.87989E-02
 

0.320E+02 0.80327E-02
 

0.340E+02 0.68859E-02
 

0.360E+02 0.56082E-02
 

0.380E+02 0.43973E-02
 

0.400E+02 0.33535E-02
 

http:0.I00E.0E


U.S. E N V I R O N M E N T A L P R O T E C T IO N A G E N C Y 

EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

1 

Run options 

MULTIMED (Version 1.01, June 1991) 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 15 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Reject runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gaussian source used in saturated zone model 

1 

CHEMICAL SPECIFIC VARIABLES 

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

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS 

MEAN STD DEV MIN 

LIMITS 

MAX 

Solid phase decay coefficient 

Dissolved phase decay coefficient 

1/yr 

1/yr 

DERIVED 

DERIVED 

-999. 

-999. 

-999. 

-999. 

0.000E+00 

0.000E+00 

0.lO0E+ll 

0.100E lI 

Overall chemical decay coefficient 1/yr 

Acid catalyzed hydrolysis rate i/M-yr 

Neutral hydrolysis rate constant 1/yr 

Base catalyzed hydrolysis rate I/M-yr 

Reference temperature C 

Normalized distribution coefficient m]/g 

Distribution coefficient --

Biodegradation coefficient (sat. zone) 1/yr 

Air diffusion coefficient cm2/s 

Reference temperature for air diffusion C 

Molecular weight g/M 

Mole fraction of solute --

Vapor pressure of solute mm Hg 

Henry-s law constant atm-m^3/M 

Overall ist order decay sat. zone 1/yr 

Not currently used 

Not currently used 

DERIVED 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

DERIVED 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

DERIVED 

CONSTANT 

CONSTANT 

-999. -999. 

0.000E+00 -999. 

0.000E+00 -999. 

0.OOE+00 -999. 

25.0 -999. 

0.150E+04 -999. 

0.107E+04 -999. 

0.OOOE+00 -999. 

0.000E+00 -999. 

25.0 -999. 

266. -999. 

0.340E-03 -999. 

0.182E-05 -999. 

0.462E-05 -999. 

0.000E+00 0.OOOE+00 

-999. -999. 

-999. -999. 

0.OOOE+00 

0.OOOE+00 

0.OOOE+00 

0.OOOE+00 

0.OOOE+00 

0.OOOE+00 

o.OOOE+00 

0.OOOE+00 

0.000E+00 

0.000E+00 

0.000E+00 

0.100E-08 

0.OOOE+00 

0.100E-09 

0.000E+00 

0.OOOE+00 

0.OOOE+00 

0.100E+11 

-999. 

-999. 

-999. 

100. 

-999. 

0.100E+11 

-999. 

10.0 

100. 

-999. 

1.00 

100. 

1.00 

1.00 

1.00 

1.00 

SOURCE SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11 



- - --

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999.
 

Duration of pulse yr CONSTANT 22.0 -999. 0.100E-08 -999.
 

Spread of contaminant source m DERIVED -999. -999. 0.100E-08 C.1OOE-11
 

Rechaige rate m/yr CONSTANT 0.122 -999. 0.OOOE+00 0.100E-11
 

Source decay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E-00 -999.
 

Initial concentration at landfill mg/i CONSTANT 1.00 -999. 0.000E+00 -999.
 

Length scale of facility m CONSTANT 300. -999. 0.100E-08 0.100E-11
 

Width scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E+11
 

Near field dilution DERIVED 1.00 0.000E+00 0.000E+00 1.00
 

AQUIFER SPECIFIC VARIABLES
 

........--------------------------------------------------------------------------------------------------------


VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

........--------------------------------------------------------------------------------------------------------


Particle diameter cm CONSTANT 4.00 -999. 0OI00E-O 100. 

Aquifer porosity -- CONSTANT 0.250 -999. 0.100E-08 0.990 

Bulk density g/cc COLISTANT 1.85 -999. 0.100E-01 5.00 

Aquifer thickness m CONSTANT 10.0 -999. 0100E-08 0.I00E+06
 

Source thickness (mixing zone depth) m DERIVED -999. -999. 0100E-08 C.100E+06
 

Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 0.100E-06 0.100E 09
 

Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

Groundwater seepage velocity m/yr DERIVED 200. -999. 0.100E-09 0.100E+09
 

Retardation coefficient 
 -- DERIVED -999. -999. 1.00 0.100E+09 

Longitudinal dispersivity m CONSTANT 150. -999. 0.100E-02 0.100E+05 

CONSTANT 50.0 -999. 0.100E-02 0.100E+05Transverse dispersivity 	 m 


Vertical dispersivity 	 m CONSTANT 0.840 -999. 0100E-02 0.100E+05
 

Temperature of aquifer C CONSTANT 18.5 -999. 0.000E+00 100. 

pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.600E-03 -999. 0100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.O00E 00 360. 

Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00 

TIME CONCENTRATION
 

.------


is 	 0.200E+01 0.33825E-15
 
0.400E+01 0.33825E-15
 

0.600E+01 0.33825E-15
 

0.800E+01 0.92212E-14
 

0.100E+02 0.51508E-1l
 

0.120E+02 0.34300E-09
 

0.140E+02 0.67765E-08
 

0.160E+02 0.62665E-07
 

0.180E+02 0.34942E-06
 

0.200E+02 0.13677E-05
 

0.220E+02 0.41393E-05
 

0.240E+02 0.10332E-04
 

0.260E+02 0.22237E-04
 

0.280E+02 0.42611E-04
 

0.300E+02 0.74412E-04
 

0.320E+02 0.12052E-03
 

0.340E+02 0.18347E-03
 

0.360E+02 0.26528E-03
 

0.380E+02 0.36728E-03
 

0.400E+02 0.48998E-03
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EXPOSURE ASSESSMENT
 

MULTIMEDIA MODEL
 

MULTIMED (Version 1.01, June 1991) 

1 

Run options 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 16
 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY
 

Chemical simulated is DEFAULT CHEMICAL
 

Option Chosen Saturated zone model
 

Run was DETERMIN
 

Infiltration input by user
 

Run was transient
 

Reject runs if Y coordinate outside plume
 

Do not reject runs if Z coordinate outside plume
 

Gaussian source used in saturated zone model
 

CHEMICAL SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION 


Solid.....phase .... 1/yr...DERIVED
decay....coefficient..... ... .....-


Solid phase decay coefficient 1/yr DERIVED 


Dissolved phase decay coefficient 1/yr DERIVED 

Overall chemical decay coefficient 1/yr DERIVED 


Acid catalyzed hydrolysis rate 1/M-yr CONSTANT 


Neutral hydrolysis rate constant 1/yr CONSTANT 


Base catalyzed hydrolysis rate I/M-yr CONSTANT 


Reference temperature C CONSTANT 


Normalized distribution coefficient ml/g CONSTANT 


Distribution coefficient -- DERIVED 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 

Air diffusion coefficient cm2/s CONSTANT 

Reference temperature for air diffusion C CONSTANT 

Molecular weight g/M CONSTANT 

Mole fraction of solute -- CONSTANT 

Vapor pressure of solute mm Hg CONSTANT 

Henry's law constant atm-m^3/M CONSTANT 

Overall ist order decay sat. zone 1/yr DERIVED 

Not currently used CONSTANT 

Not currently used CONSTANT 

PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

999....... .. .....999...... E..... ........... 

-999. -999. 0.000E+00 0.100E11 

-999. -999. 0.000E+00 0.100E+11 
-999. ,-999. 0.000E+00 0.100E+11 

0.OOOE+00 -999. 0.000E.00 -999. 

0.000E+00 -999. 0.OOOE+00 -999. 

0.000E+00 -999. 0.OOOE.00 -999. 

25.0 -999. 0.000E+00 100. 

30.0 -999. 0.000E00 -999. 

0.107E+04 -999. O.OOOE+00 0.100E11 

0.OOOE.00 -999. 0.OOOE+00 -999. 

0.000E+00 -999. 0.OOOE+00 10.0 

25.0 -999. 0.000E+00 100. 

266. -999. 0.000E+00 -999. 

0.340E-03 -999. 0.100E-08 1.00 

0.182E-05 -999. 0.OOOE+00 100. 

0.462E-05 -999. 0.100E-09 1.00 

0.OOOE+00 0.000E00 0.OOOE+00 1.00 

-999. -999. 0.OOOE+00 1.00 

-999. -999. 0.OOOE400 1.00 

SOURCE SPECIFIC VARIABLES 

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

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

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



Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E l 

Area of waste disposal unit m-2 CONSTANT 0.360E+05 -999. 0.100E-01 -999. 

Duration of pulse yr CONSTANT 22.0 -999. 0.100E-08 -999. 

Spread of contaminant source m DERIVED -999. -999. 0.100E-08 0.100E+1 

Recharge rate m/yr CONSTANT 0.122 -999. 0.000E 00 0.100E+1 

Source decay constant 1/yr CONSTANT 0.OOOE+00 -999. 0.000E+00 -999. 

Initia'. concentration at landfill mc/i CONSTANT 1.00 -999. 0.OOOE+00 -999. 

Length scale of facility m CONSTANT 300. -999. 0.100E-08 0.100E+1 

Width scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E+l 

Near field dilution DERIVED 1.00 0.OOOE+00 0.OOOE+00 1.00 

AQUIFER SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

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

Particle diameter cm CONSTANT 4.00 -999. 0.100E-08 103. 

Aquifer porosity -- CONSTANT 0.250 -999. 0.100E-08 0.990 

Bulk density g/cc CONSTANT 1.85 -999. 0100E-01 5.00 

Aquifer thickness m CONSTANT 10.0 -999. 0.100E-08 0.100E+01 

Source thickness (mixing zone depth) m DERIVED -999. -999 0.100E-08 0.I00E+0i 

Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 0.100E-06 0.100E+0! 

Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999. 

Groundwater seepage velocity m/yr DERIVED 200. -999. 0.100E-09 0.100E+01 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+0' 

Longitudinal dispersivity m CONSTANT 150. -999. 0.100E-02 0.100E+0! 

Transverse dispersivity m CONSTANT 50.0 -999. 0.100E-02 0.100E+0! 

Vertical dispersivity m CONSTANT 0.840 -999. 0.100E-02 0.100E+0! 

Temperature of aquifer C CONSTANT 18.5 -999. 0.OOOE+00 100. 

pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.100E-02 -999. 0.100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360. 

Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00 

TIME CONCENTRATION 

16 0.200E+01 0.84023E-09 

0.400E+01 0.15845E-04 

0.600E+01 0.34584E-03 

0.800E+01 0.14182E-02 

0.100E+02 0.30212E-02 

0.120E+02 0.46905E-02 

0.140E+02 0.61325E-02 

0.160E+02 0.72533E-02 

0.180E+02 0.80708E-02 

0.200E+02 0.86437E-02 

0.220E+02 0.90347E-02 

0.240E+02 0.92968E-02 

0.260E+02 0.94517E-02 

0.280E+02 0.92390E-02 

0.300E+02 0.82413E-02 

0.320E+02 0.66869E-02 

0.340E+02 0.50491E-02 

0.360E+02 0.36274E- 2 

0.380E+02 0.25199E-02 

0.400E+02 0.17111E-02 



U. S. E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y
 

EXPOSURE ASSESSMENT 

MULTIMEDIA MODEL 

MULTIMED (Version 1.01, June 1991) 

1 

Run options 

'.i1ANSIENT SIMULATION - ESTIMATION OF DAF - Run 17 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY 

Chemical simulated is DEFAULT CHEMICAL 

Option Chosen Saturated zone model 

Run was DETERMIN 

Infiltration input by user 

Run was transient 

Reject runs if Y coordinate outside plume 

Do not reject runs if Z coordinate outside plume 

Gaussian source used in saturated zone model 

1 

CHEMICAL SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Solid phase decay coefficient /yr DERIVED -999. -999. 0.000E 00 0.100E+11 

Dissolved phase decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E+11 

Overall chemical decay coefficient 1/yr DERIVED -999. -999. 0.000E+00 0.100E 11 

Acid catalyzed hydrolysis rate i/M-yr CONSTANT 0.000E+00 -990. n.000E+00 -999. 

Neutral hydrolysis rate constant 1/yr CONSTANT 0.000E+00 -999. O.000E 00 -999. 

Base catalyzed hydrolysis rate 1/M-yr CONSTANT 0.OOOE+00 -999. 0.OOOE+00 -999. 

Reference temperature C CONSTANT 25.0 -999. 0.000E+00 100. 

Normalized distribution coefficient ml/g CONSTANT 120. -999. 0.OOOE+00 -999. 

Distribution coefficient -- DERIVED 0.107E+04 -999. 0.000E+00 0.100E+11 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999. 

Air diffusion coefficient cm2/s CONSTANT 0.000E+00 -999. 0.OOE+00 10.0 

Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.000E+00 100. 

Molecular weight g/M CONSTANT 266. -999. 0.OOOE+00 -999. 

Mole fraction of solute -- CONSTANT 0.340E-03 -999. 0.120E-08 1.00 

Vapor pressure of solute mm Hg CONSTANT 0.182E-05 -999. 0.OOE+00 100. 

Henry's law constant atm-m-3/M CONSTANT 0.462E-05 -999. 0.100E-09 1.00 

Overall ist order decay sat. zone 1/yr DERIVED 0.000E+00 0.OOOE+00 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.OOOE+00 1.00 

Not currently used CONSTANT -999. -999. 0.000E+00 1.00 

SOURCE SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS 

MEAN STD DEV MIN MAX 

Infiltration rate m/yr CONSTANT 0.122 -999. 0.100E-09 0.100E+11 

Area of waste disposal unit m^2 CONSTANT 0.360E+05 -999. 0.100E-01 -999. 



------ -------------------------------------------------------- ------------------------------------------------

Duration of pulse yr CONSTANT 22.0 -999. 0.100E-08 -999.
 

Spread of contaminant source m DERIVED -999. -999. 0.100E-08 0.100E+12
 

Recharge rate m/yr CONSTANT 0.122 -999. 0.OOOE+00 0.100E I
 

Source decay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999.
 

Initial concentration at landfill mg/l CONSTANT 1.00 -999. 0.OOOE+00 -999.
 

Length scale of facility m CONSTANT 300. -999. 0.100E-08 0.100E1l1
 

Width scale of facility m CONSTANT 120. -999. 0.100E-08 0.100E+11
 

Near field dilution DERIVED 1.00 0.00OE+00 0.000E+00 1.00
 

AQUIFER SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
 

MEAN STD DEV MIN MAX
 

.......---------------------------------------------------------------------------------------------------------


Particle diameter cm CONSTANT 4.00 -999. 0.100E-08 100.
 

Aquifer porosity -- CONSTANT 0.250 -999. 0.100E-08 0.990 

Bulk density g/cc CONSTANT 1.85 -999. 0.100E-01 5.00
 

Aquifer thickness m CONSTANT 10.0 -999. 0.100E-08 0.100E+06
 

Source thickness (mixing zone depth) 
 m DERIVED -999. -999. 0.100E-08 0.100E+06
 

0.100E+09
Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 0.1n0E D6 


Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

Groundwater seepage velocity m/yr DERIVED 200. -999. 0.100E-09 0.100E 09
 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E*09 

m CONSTANT 150. -999. 0.I00E-02 0.100E+05
Longitudinal dispersivity 


0.100E+05
Transverse dispersivity m CONSTANT 50.0 -999. 0.100E-02 


0.840 -999. 0.100E-02 0.100E+05
Vertical dispersivity m CONSTANT 


C CONSTANT 18.5 -999. 0.OOOE+00 100. 

pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.100E-02 -999. 0.100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -S9. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360. 

Temperature of aquifer 


Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00
 

TIME CONCENTRATION
 

17 0.200E+01 0.14414E-13
 

0.400E+01 0.77984E-07
 

0.600E+01 0.11897E-04
 

0.800E+01 0.13335E-03
 

0.100E+02 0.5293BE-03
 

0.120E+02 0.12569E-02
 

0.140E+02 0.22340E-02
 

0.160E+02 0.33241E-02
 

0.180E+02 0.44097E-02
 

0.200E+02 0.54096E-02
 

0.220E+02 0.62839E-02
 

0.240E02 0.70209E-02
 

0.260E+02 0.76257E-02
 

0.280E+02 0.81005E-02
 

0.300E+02 0.83649E-02
 

0.320E+02 0.82713E-02
 

0.340E+02 0.77788E-02
 

0.360E+02 0.69830E-02
 

0.380E+02 0.60322E-02
 

0.400E+02 0.50499E-02
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Run options
 

TRANSIENT SIMULATION - ESTIMATION OF DAF - Run 18
 

EPRES-TANYA LANDFILL - BORSOD COUNTY, HUNGARY
 

Chemical simulated is DEFAULT CHEMICAL
 

Option Chosen Saturated zone model
 

Run was DETERMIN
 

Infiltration input by user
 

Run was transient
 

Reject runs if Y coordinate outside plume
 

Do not reject runs if Z coordinate outside plume
 

Gaussian source used in saturated zone model
 
1
 

CHEMICAL SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION 


Solid phase decay coefficient /yr DERIVED 


Dissolved phase decay coefficient 1/yr DERIVED 


Overall chemical decay coefficient 1/yr DERIVED 


Acid catalyzed hydrolysis rate i/M-yr CONSTANT 


Neutral hydrolysis rate constant 1/yr CONSTANT 


Base catalyzed hydrolysis rate i/M-yr CONSTANT 

Reference temperature C CONSTANT 

Normalized distribution coefficient ml/g CONSTANT 

Distribution coefficient -- DERIVED 

Biodegradation coefficient (sat. zone) 1/yr CONSTANT 

Air diffusion coefficient cm2/s CONSTANT 

Reference temperature for air diffusion C CONSTANT 

Molecular weight g/M CONSTANT 

Mole fraction of solute -- CONSTANT 

Vapor pressure of solute mm Hg CONSTANT 

Henry's law constant atm-m^3/M CONSTANT 

Overall 1st order decay sat. zone 1/yr DERIVED 

Not currently used CONSTANT 

Not currently used CONSTANT 


SOURCE SPECIFIC VARIABLES
 

VARIABLE NAME UNITS DISTRIBUTION 


Infiltration rate m/yr CONSTANT 


Area of waste disposal unit m-2 CONSTANT 


N A G E N C Y
 

MEAN 


-999. 


-999. 


-999. 


0.000E+00 


0.000E+00 


0.000E+00 


25.0 


0..250E+04 


0.107E+04 


0.000E+00 


PARAMETERS LIMITS
 

STD DEV MIN MAX 

-999. 0.000E+00 0.100E 11 

-999. 0.OOOE+00 0.100E+11 

-999. 0.000E+00 0.100E+ll 

-999. 0.OOOE+00 -999. 

-999. 0.000E+00 -999. 

-999. 0.000E+00 -999. 

-999. 0.000E+00 100. 

-999. 0.OOOE+00 -999. 

-999. 0.000E+00 0.100E+ll 

-999. 0.000E+00 -999. 

0.000E+00 -999. 0.000E+00 10.0
 

25.0 -999. 0.000E+00 100.
 

266. -999. 0.000E+00 -999.
 

0.340E-03 -999. 0.100E-08 1.01
 

0.182E-05 -999. 0.OOOE+00 100.
 

0.462E-05 -999. 0.100E-09 1.00
 

0.OOOE+00 0.OOOE+00 0.OOOE+00 1.00
 

-999. -999. 0.000E+00 1.00
 

-999. -999. 0.OOOE+00 1.00
 

PARAMETERS LIMITS
 

MEN STD DEV MIN MAX
 

0.122 -999. 0.100E-09 0.100E+11
 

0.360E+05 -999. 0.100E-01 -999.
 

4f9 1
 



---------------------

Duration of pulse 	 yr CONSTANT 22.0 -999. 0.100E-08 -999.
 

Spread of contaminant source m r6RIVED -999. -999. 0.100E-08 0.100E+l]
 

Recharge rate m/yr CONSTANT 0.122 -q99. 0.000E+00 u.100E.1]
 

Source decay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999.
 

Initial concentration at landfill mg/i CONSTANT 1.00 -999. 0.000E+00 -999.
 

Length scale of facility m CONSTANT 300. -999. 0.100E-08 0.100E+11
 

Width scale of facility m CONSTANT 120. -999. 0.100E-06 0.100E+11
 

Near field dilution DERIVED 
 1.00 O.000E+00 0.000E 00 1.00
 

AQUIFER SPECIFIC VARIABLES
 

.......-----------------------------------------------------------------------------------


VARIABLE NAME UNITS DISTRIBUTION PARAMETFRS LIMITS
 

MEAN STD DEV MIN MAX
 

.......---------------------------------------------------------------------------------------------------------


Particle diameter 	 cm CONSTANT 4.00 -999. 0.100E-08 100.
 

-- CONSTANT 0.250 -999. 0.100E-06 0.990 

Bulk density g/cc CONSTANT 1.95 -999. 0.100E-01 5.00 

Aquifer porosity 


10.0 -999. 0Ob00E-08 0.100E+OC
Aquifer thickness m CONSTANT 


Source thickness (mixing zone depth) m DERIVED -999. -999. 0.100E-08 0.100E+0E
 

0100E-06 0.100E+0S
Conductivity (hydraulic) m/yr CONSTANT 0.201E+05 -999. 


Gradient (hydraulic) CONSTANT 0.140E-02 -999. 0.100E-07 -999.
 

0.100E.OS
Groundwater seepage velocity m/yr DERIVED 200. -999. 0.100E-09 

Retardation coefficient -- DERIVED -999. -999. 1.00 0.100E+0O 

m CONSTANT 150. -999. 0.100E-02 0.100E+05
Longitudinal dispersivity 


0.100E-02 0.100EOE
Transverse dispf:rsivity 	 m CONSTANT 50.0 -999. 


CONSTANT 0.840 -999. 0.100E-02 0.100E 0-
Vertical dispersivity 	 m 


C CONSTANT 18.5 -999. 0.OOUE+00 100.
Temperature of aquifer 


pH -- CONSTANT 6.80 -999. 0.300 14.0 

Organic carbon content (fraction) CONSTANT 0.100E-02 -999. 0.100E-05 1.00 

Well distance from site m CONSTANT 0.150E+04 -999. 1.00 -999. 

Angle off center degree CONSTANT 0.OOOE+00 -999. 0.OOOE+00 360.
 

Well vertical distance m CONSTANT 0.OOOE+00 -999. 0.OOOE+00 1.00
 

TIME CONCENTRATION
 

18 	 0.200E+01 0.33825E-15
 

0.400E+01 C.23825E-15
 

0.600E+01 0.33825E-15
 

0.800E+01 0.33825E-15
 

0.100E+02 0.33825E-15
 

0.120E+02 0.17140E-14
 

0.140E+02 0.20105E-12
 

0.160E+02 0.71026E-11
 

0.180E+02 0.11276E-09
 

0.200E+02 0.10227E-08
 

0.220E+02 0.61734E-08
 

0.240E+02 0.27463E-07
 

0.260E+02 0.96610E-07
 

0.280E,02 0.26264E-06
 

0.300E+02 0.71350E-06
 

0.320E+02 0.15979E-05
 

0.340E+02 0.32428E-05
 

0.360E+02 0.60622E-05
 

0.360E+02 0.10576E-04
 

0.400E+02 0.17399E-04
 

http:0.100E.OS

