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RELIABILITY OF REPORT - DISCLAIMER 

 

 Conclusions reached in this report are based upon the objective data available to 

the CONSULTANTS at the time of forming their opinions and as presented in the report.  

The accuracy of the report depends upon the accuracy of these data.  Every effort is made 

to evaluate the information by the methods that generally are recognized to constitute the 

state of the art at the time of rendering the report and conclusions, and the conclusions 

reached herein represent our opinions.  Subsurface conditions are known to vary both in 

space and time, and there is inherent risk in the extrapolation of data. 

 THE CONSULTANTS are not responsible for actual conditions proved to be 

materially at variance with the data that were available to them and upon which they 

relied, as presented in the report. 

 The opinions, conclusions and recommendations shown in the report are put forth 

for a specific and proposed purpose and for the specific site discussed.  The 

CONSULTANTS are not responsible for any other application, whether of purpose or 

location, of our opinions, conclusions and recommendations other than as specifically 

indicated in the report. 
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EXECUTIVE SUMMARY 

 

 

 

On December 15, 2014, the City of Lancaster instituted an Interim Policy for 

Development within the Wellhead Protection Zones.  At that time, Fairfield County had been 

developing plans for siting a new Public Safety Facility/Sheriff’s Office at 334 West Wheeling 

Street, Lancaster, Ohio and the plans were mostly completed.  The proposed location is located 

within the one-year time-of-travel to the Miller Park Wellfield.   

 

In March, 2014, Fairfield County had engaged Bennett & Williams Environmental 

Consultants, Inc. to perform a limited Phase II Environmental Assessment for the area under the 

proposed new building footprint (prior to the institution of the Lancaster Interim Policy).  A 

portion of this report included preparation of a site specific risk assessment that evaluated 

pathways of exposure to workers and residents at the proposed jail facility.  This document can 

be accessed at http://www.co.fairfield.oh.us/COMMISH/jail_lpiiesa_report.pdf.   

 

 The City of Lancaster reviewed this document and requested that, due to the proximity of 

the Miller Park Wellfield to the site, the soil leaching to groundwater pathway for offsite 

receptors also be evaluated as a precaution.  Specifically, the City requested that seven 

constituents (antimony, arsenic, chromium, lead, mercury, selenium, and thallium) that exceeded 

Ohio EPA generic leach-based soil values during the 2014 environmental investigation be further 

evaluated.  In addition, it was noted by Bennett & Williams that naphthalene also exceeded the 

Ohio EPA VAP leach-based soil values.  Naphthalene was, therefore, included in this analysis. 

 

 The results of the leaching model showed that under both current conditions and 

proposed post-construction conditions, that none of the eight constituents leached to groundwater 

in 100 years, the standard time period used in leaching assessments.  In fact, proposed 

construction elements will result in slower leaching of constituents than is expected under 

current conditions.  These results were obtained despite the fact that the most conservative input 

parameters were used to reach these results.  Therefore, based on the results of the leaching 

model, no risk to the Miller Park wellfield was found. 
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SECTION 1 

INTRODUCTION 

 

 

 

 On December 15, 2014, the City of Lancaster instituted an Interim Policy for 

Development within the Wellhead Protection Zones.  At that time, Fairfield County had been 

developing plans for siting a new Public Safety Facility/Sheriff’s Office at 334 West Wheeling 

Street, Lancaster, Ohio and the plans were mostly completed.  Pursuant to a meeting held on 

January 6, 2015 between officials from Fairfield County, the City of Lancaster, and Bennett & 

Williams employees, available documentation was prepared addressing all items within the 

Interim Policy.  Due to the critical construction timeline, this information was compiled into four 

volumes and submitted to the City of Lancaster in both paper and electronic format on January 

20, 2015.  On January 23, 2015, a follow-up meeting was held to provide opportunity for the 

City of Lancaster to ask questions about the submittal.  At this meeting, representatives of 

Fairfield County and the City of Lancaster as well as employees of Bennett & Williams and 

Burgess & Niple (hired to review the environmental information) were in attendance.   

 

 On March 3, 2015, the City of Lancaster forwarded a review of the information submitted 

on January 20, 2015 to Fairfield County.  Among the items requested, the City stated that, “The 

Limited Phase II ESA indicates that soil concentrations of antimony, arsenic, chromium, lead, 

mercury, selenium, and thallium exceed Ohio EPA generic leach-based soil values.  Please 

evaluate the potential risks associated with soil leaching to groundwater pathway.  The provide 

[sic] Risk Analysis indicates that the on-site groundwater pathway is not complete because the 

site is served by City of Lancaster water.  However, the off-site receptor pathway has not been 

considered which is important because the City’s Miller Park wellfield is located on the adjacent 

property to the north, the site lies within the 1-year Wellhead Protection Zone, and groundwater 

flow under the site is presumably towards the Miller Park wellfield.  Please evaluate the risks 

associated with the off-site groundwater receptor pathway, being toward the City of Lancaster 

Miller Park wellfield.”  The following report documents the evaluation of the leaching pathway 

for the seven metals identified by the City of Lancaster and an additional parameter, identified by 

Bennett & Williams as exceeding the leach-based soil values, naphthalene. 
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SECTION 2 

METHODOLOGY 

 

 

 

Leaching of the metals (antimony, arsenic, chromium, lead, mercury, selenium and 

thallium) was assessed using SEVIEW Version 7.1.17 (Environmental Software Consultants, 

Inc.).  SESOIL was the submodel within SEVIEW used to evaluate leaching to groundwater.  

SESOIL is the model used by Ohio EPA’s Voluntary Action Program (VAP) to calculate generic 

leach-based soil values (Ohio EPA, 2008).  SESOIL is widely recognized and accepted as a soil-

chemical fate model.  It has been validated in a number of different scenarios and has shown 

good agreement with field data and other available models.  SESOIL is a one-dimensional 

vertical transport model for the unsaturated zone.  It was originally derived by U.S. EPA and 

Arthur D. Little, Inc. (ADL).  In 1984, the model was updated to include a fourth soil layer and 

account for soil erosion (Bonazountas et al., 1982 and Bonazountas and Wagner, 1984).  After 

Watson and Brown (1985) documented deficiencies with SESOIL, the model was modified 

(Hetrick et al., 1986; Hetrick and Travis, 1988; and Hetrick et al., 1989). 

 

SESOIL uses soil, chemical and climatic data to perform long-term simulations of 

chemical transport and transformations in unsaturated soils.  The SEVIEW modeling program 

includes extensive databases for climatic and chemical inputs.  The SESOIL outputs include 

analysis of the water balance (rainfall, runoff, infiltration, evapotranspiration and soil water) and 

partitioning of the chemicals between soil gas, soil water, and adsorbed to the soil matrix.  

SESOIL accounts for adsorption, degradation, convective transport, volatilization and metal 

complexation.  SESOIL provides a conservative estimate of contaminant mass in groundwater by 

neglecting dispersion that occurs in the unsaturated zone (Ohio EPA, 2008).   
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SECTION 3 

SITE CONCEPTUAL MODEL AND MODEL INPUTS 

 

 

 

3.1 Site Conceptual Model 

 

The property has been the site of several Phase I environmental assessments, 

geotechnical assessments and subsurface investigations, including: 

 

• Phase 1 Environmental Property Assessment, Proposed County Minimum 

Security Jail, 342 West Wheeling Street, Lancaster, Ohio, prepared by Beling 

Consultants, March 1992; 

 

• Environmental Assessment Report, 121 North Memorial Street, Lancaster, Ohio  

43130, prepared by Lawhon & Associates, February 12, 1993; 

 

• Beling Consultants review of BBC&M Engineering Inc. report on subsurface 

investigation for the Charley Horse and surrounding property, May 19, 1994; 

 

• Geotechnical Investigation for 342 West Wheeling Street, 4.01 Acre Site, 

Proposed Juvenile Detention Center, Lancaster, Ohio, prepared by Solar Testing 

Laboratories, Inc., February 19, 1999; 

 

• Subsurface Exploration and Preliminary Geotechnical Engineering Report, 

Proposed Fairfield County Justice Center-MSMJ Site, 342 West Wheeling Street, 

Lancaster, Ohio, prepared by Geotechnical Consultants, Inc., June 10, 2011; 

 

• Limited Phase II Environmental Site Assessment for the Proposed Fairfield 

County Jail/Public Safety Facility, 334 West Wheeling Street, Lancaster, prepared 

by Bennett & Williams Environmental Consultants, Inc., July 7, 2014; 

 

• Subsurface Exploration and Final Geotechnical Engineering Report, Proposed 

Fairfield County Justice Center-MSMJ Site, 342 West Wheeling Street, 

Lancaster, Ohio, prepared by Geotechnical Consultants, Inc., January 15, 2015; 

and 

 

• Installation and Sampling of Monitoring Wells MW-9S and MW-9D, Fairfield 

County Jail/Public Safety Facility, 334 West Wheeling Street, Lancaster, Ohio, 

prepared by Bennett and Williams Environmental Consultants, Inc. on April 28, 

2015. 

 

Based on the site environs and subsurface investigations performed at the site, the 

following four layer site conceptual model was compiled: 
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Layer 1 - Three inch (7.5 cm) asphalt layer.  The mean asphalt depth across the site 

was 3 inches and the median was 2.5 inches.  A portion of the site is similarly 

covered by concrete;  

 

Layer 2 - Ten foot (305 cm) fill layer.  The mean fill depth across the site was 10.5 

feet and the median was 10 feet; and 

 

Layers 3 and 4 - Total soil column (depth to groundwater) was 17 feet (518.2 cm).  

The depth to groundwater below the fill was divided into two equal soil layers. 

 

Depth to groundwater was designated as 17 feet based on the 2015 installation of 

monitoring wells by Bennett & Williams.  During drilling, water was encountered at 

approximately 30 feet, but then rose in the drilling column to approximately 17 feet.  In order to 

be conservative, and to minimize the distance from the base of the fill to the groundwater, the 

total depth of the unsaturated soil column was set as 17 feet. 

 

Although concentrations of the constituents of concern varied significantly both spatially 

and vertically the source of contamination was assumed to be the highest measured concentration 

throughout the entire depth of the fill (as summarized in Bennett & Williams, 2014).  The fill 

was assumed to be a uniform thickness (10 feet) across the entire site. 

 

3.2 Model Inputs 

 

3.2.1 Soil Inputs 

 

During the 2015 installation of the new monitoring wells, soil and fill samples were sent 

for soil texture and other analyses (Appendix A).  The soil inputs used for each layer of the 

model are shown in Table 1. 

 

Table 1.  Soil inputs for the SESOIL model. 

 

Layer Number of 

Sub-Layers 

Soil Texture pH Intrinsic Permeability (cm
2
) 

1 (Asphalt) 1  7.0 1 x 10 
-11
 

2 (Fill) 10 Sandy Loam 7.5 2 x 10 
-9
 

3(Natural) 10 Sandy Loam 7.0 2 x 10 
-9
 

4(Natural) 10 Sandy Loam 7.6 2 x 10 
-9
 

 

 Other soil inputs include soil bulk density (1.6 g/cm3), soil pore disconnectedness index 

(3.9) and effective porosity (0.25).  These values were chosen to be representative of loamy sand 

soils from the SEVIEW Help files and soil bulk density was chosen based on Ohio EPA (2008). 
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3.2.2 Climatic Inputs 

 

SEVIEW has a database of climatic inputs for different sites in the United States.  Data 

for Lancaster, Ohio was selected as input into SESOIL (Appendix B).  To account for frozen soil 

during January and February, when infiltration will not occur, the precipitation during these 

months was reduced to 0.2 cm.  The volatilization during January and February in the top layer 

of the soil column was set to zero because this layer is expected to be frozen. 

 

3.2.3 Chemical Inputs 

 

SESOIL model runs were performed for seven metals (antimony, arsenic, chromium, 

lead, mercury, selenium and thallium).  In addition, naphthalene also exceeded the Ohio VAP 

generic leach-based soil value for type II soil and was, therefore, included in this analysis.  

SEVIEW contains a database of default values to use for all of these metals (Appendix C).  

However, to remain consistent with Ohio EPA VAP guidance, Kd values from the 2008 Ohio 

EPA guidance were used (Table 2).  In order to maximize the potential for leaching to 

groundwater, the maximum concentration of each metal detected during the March 2014 

sampling of the fill (Bennett & Williams, 2014) was used as the contaminant concentration in all 

ten sublayers of the second model layer (fill). 

 

Table 2.  Kd values used as inputs to SESOIL. 

 

Chemical Concentration 

(mg/kg) 

Kd (Ohio EPA, 2008) 

(mg/L) 

Kd (SEVIEW) 

(mg/L) 

Antimony 43 6 45 

Arsenic 460 19 29 

Chromium 330 45 19 

Lead 2000 592 900 

Mercury 57 580 52 

Selenium 5.5 4.3 5.0 

Thallium 1.6 74.5 71 

Naphthalene 0.37 1260 2000 

*naphthalene value is a Koc value 

 

3.2.4 Other Model Inputs 

 

 Model scenarios using SESOIL were run for 100 years.  Previous versions of SESOIL 

were limited to 100 years, although SEVIEW will allow SESOIL to be run for up to 1000 years.  

As a result of this previous limitation and inherent inaccuracies in modeling, it is standard to run 

SESOIL models for 100 years to assess the leaching potential of chemicals (Schneiker, 2015, 

personal communication).   
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SECTION 4 

MODEL RESULTS 

 

 

4.1 Hydrologic Cycle 

 

 Output data from SESOIL for the hydrologic cycle is shown in Figure 1.  Precipitation at 

the site partitions between infiltration and surface runoff.  Infiltrating water is then divided 

between evapotranspiration, groundwater recharge and moisture retained in the soil layers.  The 

amount of water partitioned into each of these sinks is provided in Table 3.  According to Table 

3, total groundwater recharge across the site is -3.37 inches.  This negative recharge is caused by 

the impermeable asphalt cap that is present across the site.  Given the low permeability surface 

layer (asphalt) across the site, groundwater recharge was not expected to be a major sink for 

precipitation at the site.  Negative groundwater recharge values are not an uncommon result for 

SESOIL models under similar circumstances (Schneiker, 2015, personal communication).  

 

 
Figure 1.  Hydrologic cycle output graphs from SESOIL. 
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Table 3.  Distribution of precipitation between surface runoff and infiltration on a monthly basis. 

 
 

 

4.2 Pollutant Loading 

 

 SESOIL was run individually for each of the eight constituents that exceeded the Ohio 

EPA VAP generic leach-based standards.  The results of each SESOIL run for current conditions 

are summarized in Table 4.  Model outputs are shown in Appendix D.  As expected, metals with 

lower Kd values (selenium and antimony) leached furthest down the soil profile during 100 years 

and those with higher Kd values (iron and mercury) leached only a short distance from the 

bottom of the fill.  No parameters leached into the groundwater within 100 years and there is, 

therefore, no impact to groundwater beneath the site under current conditions. 

 

Table 4.  Summary of leaching depths after 100 years. 

 

Contaminant 

Concentration (mg/kg) 

Depth after 100  

years (cm) 

Kd* 

(mL/g) 

Concentration in 

leachate (mg/L) 

Arsenic 460 334.8 19 0.00 

Antimony 43 452.5 6 0.00 

Chromium 330 310.9 45 0.00 

Lead 2000 297.4 592 0.00 

Mercury 57 297.4 280 0.00 

Selenium 5.5 513.2 4.3 0.00 

Thallium 1.6 305.4 74.5 0.00 

Naphthalene 0.37 371.4 1260 0.00 

*naphthalene value is a Koc value 
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4.3 Modeling Scenario for Replacement Asphalt 

 

 Post-construction, the entire site will be under roof, covered with new asphalt or 

underlain by HDPE membrane.  These actions will reduce the permeability of the top layer 

(asphalt) for the model.  During initial model runs, selenium leached the furthest through the soil 

profile (Table 1).  As asphalt ages and the integrity of the asphalt deteriorates, the asphalt 

becomes more permeable.  Permeability is increased by surface cracking and environmental 

stresses (including thermal variations).  New asphalt caps have been documented as having 

intrinsic permeabilities that range from 1 x 10 
-12
 and 1 x 10 

-16
 cm

2
 and 15 year old asphalt caps 

have average intrinsic permeabilities of 1 x 10 
-11
 cm

2
 (Hou and Luo, 2013).  This value for aged 

asphalt caps is the same as the value used for the intrinsic permeability of the asphalt layer 

during initial model runs.  Given the future presence of a new asphalt cap across the site (on 

areas that are not under roof or underlain by HDPE), the model was run using this post-

construction condition for the asphalt roof (intrinsic permeability = 1 x 10 
-12
 cm

2
).  Hydrologic 

cycle results for this scenario are provided in Figure 2 and Table 5. 

 

 Decreasing the intrinsic permeability of the asphalt layer, reduced the amount of water 

infiltrating into the soil column and increased the amount of surface runoff.  According to Table 

5, total groundwater recharge across the site is -14.13 inches.  This negative recharge is caused 

by the impermeable asphalt cap that is present across the site. 

 

 
Figure 2.  Hydrologic cycle output graphs from SESOIL for post-construction scenario. 
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Table 5.  Distribution of precipitation between surface runoff and infiltration on a monthly basis 

for post-construction scenario. 

 
 

The results of each SESOIL run for the post-construction scenarios are summarized in 

Table 6.  Model outputs are shown in Appendix E.  With the replacement of the existing asphalt 

cap by a new asphalt cap with less cracking, the leaching depth of all eight parameters is 

reduced.  No parameters leached into the groundwater within 100 years and there is, therefore, 

no impact to groundwater beneath the site under post-construction conditions. 

 

Table 6.  Summary of leaching depths after 100 years for the post-construction scenario. 

 

Contaminant 

Concentration 

(mg/kg) 

Depth after 100  

years (cm) 

current asphalt 

Depth after 

100  years 

(cm) new 

asphalt 

Kd* 

(mL/g) 

Concentration in 

leachate (mg/L) 

Arsenic 460 334.8 308.6 19 0.00 

Antimony 43 452.5 365.5 6 0.00 

Chromium 330 310.9 302.2 45 0.00 

Lead 2000 297.4 297.2 592 0.00 

Mercury 57 297.4 297.2 280 0.00 

Selenium 5.5 513.2 376.3 4.3 0.00 

Thallium 1.6 305.4 300.9 74.5 0.00 

Naphthalene 0.37 371.4 318.5 1260 0.00 

*naphthalene value is a Koc value 
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SECTION 5 

DISCUSSION AND CONCLUSIONS 

 

 

 

5.1 Discussion  

 

 The SESOIL model was run using a conservative set of assumptions (assumptions 

designed to create a maximum depth of leaching), including: 

 

1. Using a shallow depth to groundwater (17 feet), even though during drilling, the 

water level in the aquifer was confined at 30 feet.  Parameters will leach faster to 

groundwater when the groundwater is present closer to the ground surface; 

 

2. Kd values from Ohio EPA VAP (2008) were used as inputs to the model because, in 

general, these Kd values were lower than the default values provided in SEVIEW.  

Lower Kd values indicate that the metals are less strongly bound to the soil, allowing 

the metals to move faster through the soil; 

 

3. The Kd values used by Ohio EPA (2008), assume that the metals are present in the 

most mobile form.  This means that these Kd values may overestimate the leaching 

potential of these metals; 

 

4. There is much documentation about the increased sorption of metals in soil as contact 

time increases (Loehr and Webster, 1996; Fendorf et al., 2004).  In general, initially 

metals absorb and desorb rapidly due to electrostatic forces.  Subsequently, chemical 

complexes form and as aging occurs, nucleation, development of surface precipitates, 

and occlusion of the contaminants occurs further reducing the desorption of the 

metals from the soil.  Thus, portions of the metals may become irreversibly bound to 

the soil, but this process is not considered in the application of Kd values in the 

SESOIL model.  The US EPA recognizes that a Kd value increases over time and that 

default Kd values may not accurately reflect the mobility of metal contaminants, 

especially when the metals have been in the soil at a site for an extended period of 

time.  The Synthetic Precipitation Leaching Procedure (SPLP) (Method 1312 in SW-

846) allows the calculation of a site-specific Kd value for metal contaminants (US 

EPA, 1994).  Using the Ohio EPA (2008) default values will, therefore, overestimate 

the movement of metals in the soil due to leaching; 

 

5. Loading of parameters in the fill layer and sublayers were designated as the highest 

concentrations reported anywhere in the fill during the 2014 environmental sampling.  

Higher concentrations of metals in the fill will promote leaching; and 

 

6. Post-construction estimates of leaching used an intrinsic permeability of 1 x 10 
-12

 

cm
2
 for the new asphalt, the literature provides intrinsic permeability estimates from 1 

x 10 
-12

 to 1 x 10 
-16

 cm
2
.  Higher intrinsic permeabilities allow the most infiltration of 

water and, therefore, promote leaching. 
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