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1.1 Intrn!l_uction 

1.0 INTRODUCTION 

A Site Characterization was performed by Baker Environmental, Inc. (Baker) at the 

Conestoga Pines Park site located in the City of Lancaster, Lancaster County, Pennsylvania 

(Figure 1 ). This investigation was conducted on behalf of the Pennsylvania Department of 

Environmental Protection (PADEP) as authorized by PADEP Work Requisition Number 33-077, 

Contract Number ME-359184, pursuant to the Pennsylvania Hazardous Sites Cleanup Act 

(HSCA), Act l 08, dated October 18, l 988. The repo1t was prepared based on information shared 

during the scoping meeting between the PADEP and Baker personnel, one site visit, a review of 

available files relevant to the site, and the results of this investigation, 

1.2 Purpose and Objectives 

The Site Characterization was performed to determine the concentrations of volatile 

organic compounds contained in the soils, sediments, surface water, and groundwater at the 

Conestoga Pines Park site. The information and chemical data collected during the Site 

Characterization was evaluated to determine potential risks, and to identify additional site 

characterization needs. 

1.3 Report Organization 

This repo1t outlines the investigative procedures and analytical results used to evaluate 

the potential environmental concerns at the Conestoga Pines Park site. The investigation 

included: the review of background information and previous reports; the performance of a 

limited fracture trace analysis; the drilling of shallow soil borings using membrane interface 

technology (MIP); the collection and analysis of soil samples from borings; the drilling and 

installation of two new monitoring wells; the collection of one round of groundwater samples 

from the existing monitoring well network at the site; and the collection and analysis of sediment, 

surface water, and surficial soil samples to evaluate potential impacts to the surface water 

drainage channels and soils at the site. The report summarizes the analytical results for the 

environmental samples collected during the Site Characterization. In addition, the report also 
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evaluates the potential risks to human and ecological receptors, and provides recommendations 

for further investigation of substances of environmental concern at the site. 
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2.0 SITE BACKGROUND 

2.1 Site Location and Setting 

The Conestoga Pines Park site is located along the western side of Pitney Road 

approximately ¾ of a mile nmth of State Route 340 (Old Philadelphia Pike), in the eastern 

portion of the City of Lancaster, Lancaster County, Pennsylvania. The site can be located on the 

Lancaster, Pennsylvania USGS 7.5 Minute Quadrangle Topographic Map at north 40° 03' 07" 

latitude and west 76° 16' 02" longitude (see Figure 1). The Laneaster County Parks and 

Reereation Department currently owns and maintains the park prope1ty. 

Survey mapping indieates that the Conestoga Pines Park prope1ty is approximately 62 

acres in size. The site is situated in a suburban area that is mainly served by public water. Some 

local residents and businesses, however, still rely upon private wells for their water supply needs. 

According to the United States 2000 Census repmt for Lancaster County Pennsylvania, 56,348 

people were listed as residing in the City of Lancaster. The 2000 census repo1t indicates that 491 

people reside within census tract 132.02 situated in the immediate vicinity of the Conestoga Pines 

Park site (United States Census Bureau, 2000). 

The Conestoga Pines Park site is situated in an east-west trending rolling lowland area in 

the central portion of Lancaster County, Pennsylvania. This lowland area is commonly referred to 

as the Conestoga Valley. In Lancaster County, the Conestoga Valley is mainly underlain by easily 

eroded rocks comprised of carbonates (i.e., limestone and dolomite) and shales. Interspersed 

throughout this lowland area are hills comprised of more resistant Cambrian quartzites, schists, 

slates, and phyllites. The northern boundary of the carbonate lowland area is bounded by the 

shale of the Cocalico formation (Meisler and Becher, 1966). To the south, the carbonate lowland 

area is bordered by a combination of resistant phyllites and schists, that is locally referred to as 

Mine Ridge (Potter, 1999). The main trunk streams draining the Conestoga Valley area are 

Chickies Creek and the Conestoga River. These streams flow in a southwestward direction, 

ultimately discharging to the Susquehanna River. The western edge of the Conestoga Pines Park 

site is bounded by the Conestoga River. 

The Lancaster County, Pennsylvania area has a humid and temperate climate, 

characterized by relatively warm summers and moderately cold winters. The normal annual 

temperature is 52.7 °F (degrees Fahrenheit). Extreme changes in temperature within short periods 

of time are uncommon. Rainfall is generally evenly distributed throughout the year. The average 
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annual precipitation for the area is 42.19 inches (Lancaster, Pennsylvania recording station). The 

largest amount of precipitation generally occurs during the summer months (i.e., June, July, and 

August), whereas the time between December and February is rep01tedly the driest period of the 

year (Pennsylvania State Climatologist, 200 I). 

2.2 Existing Site Conditions 

The Conestoga Pines Park property is currently a public park in a mainly suburban area 

of central Lancaster County. Topography of the site slopes westward from Pitney Road along the 

eastern prope11Y boundary toward the Conestoga River that borders the park to the west. To the 

south, the site is bordered by the CBS/Playskool, Inc. facility and a series of railroad tracks 

maintained by the Norfolk Southern Corporation. A residential development (i.e., Eden Manor), 

borders the site to the north. The Lancaster Municipal Water Authority Public Filtration Plant is 

located no,th of the Norfolk Southern railroad tracks in the southwestern portion of the park 

property. The Commerce Industrial Park is located east of the site. The Atthur C. Morris Drive 

provides access to the park from Pitney Road. This paved road traverses the site from east to 

west, ending at a grass clearing approximately 150 feet east of the Conestoga River. 

The Conestoga Pines Park site is partially grass covered and pattially wooded. Structures 

at the site include a renovated barn, remnants of a former Civilian Conservation Corp (CCC) day 

camp, a public swimming pool and associated parking lot, and the Lancaster Municipal Water 

Authority Public Water Filtration Plant. The headwaters of a spring originate in a wooded area in 

the north central portion of the site, and form an unnamed stream that flows in an east to west 

direction (roughly parallel to Arthur C. Morris Drive). This unnamed stream ultimately 

discharges into the Conestoga River at the west end of the site. Features of the Conestoga Pines 

Park site are discussed below and are depicted on Figure 2. 

The renovated barn is located along the southern side of Arthur C. Morris Drive, 

approximately 500 feet west of the entrance to the site from Pitney Road. This barn, which is 

currently used as a recreation center, is constructed of masonry (i.e., stone, and brick) and metal 

materials. Concrete slabs cover the ground surface along the n01th and east sides of the barn. 

Remnants of stone and brick walls border these concrete slabs. A stone porch and macadam 

walkway are situated along the west side of the barn. The barn is surrounded by a gravel 

driveway, with a small gravel parking lot facing Arthur C. Morris Drive (i.e., east side). Utility 

markings indicate that both public sewer and water hookups service the barn. Fill pipes for a fuel 

oil above ground storage tank (AST) are located at the rear (i.e., west) of the structure, suggesting 
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that an oil furnace is used to supply heat to the barn. Overhead utility lines provide electric and 

telephone service to the barn. Utility poles are located along both sides of Arthur C. Morris 

Drive, from the barn eastward toward Pitney Road. The barn is surrounded by wooded land to 

the east, south, and west, and Arthur C. Morris Drive to the north. 

The park property across Arthur C. Morris Drive north and east of the barn consists of a 

gently westward sloping grass field that is punctuated with isolated trees. This field extends from 

Pitney Road west to a wooded area. The tree line for this wooded area begins roughly nmth of the 

barn and trends northwest toward the Eden Manor residential area located no,th of the site. The 

wooded area extends approximately 1,000 feet west of this tree line, ending at a chain link fence 

surrounding the public swimming pool complex. An area of raised, flat topography with a steeply 

sloping western embankment is located approximately 150 feet north of the barn (western end of 

the grass field). According to information provided by the PADEP and a review of aerial 

photographs, a former farmhouse was located in this area. A three-inch diameter metal pipe, of 

unknown origin, emerges horizontally from this raised area, discharging to the west. 

A drainage swale is located in the nmtheast pmtion of the Conestoga Pines Park property, 

near the border between the site and the Eden Manor residential neighborhood. The head point of 

this swale originates at the end of a corrugated metal drainage pipe situated approximately 350 

feet west of Pitney Road. This drainage swale gradually becomes shallower to the west, 

eventually discharging water into the grass field as sheet flow. The corrugated metal pipe and 

drainage swale collectively function to convey surface water runoff from Pitney Road and from 

the residential areas no1th of the site toward the headwater spring and unnamed tributary stream 

located to the west. 

The headwaters of the spring emanate from a depression situated approximately 200 feet 

west of the drainage swale and 200 feet nmth of the renovated barn. During the investigation 

(i.e., fall months of2001), surface water flow near the headwaters of the spring was very low, and 

in places disappeared entirely. Water emanating from the spring flows westward in the unnamed 

tributary stream channel to its confluence point with the Conestoga River at the western end of 

the site. Crossovers along the stream are provided by a small bridge located at the entrance to the 

former CCC camp, and a paved roadway at the south side of the parking lot to the public 

swimming pool complex. 

The public swimming pool is located in the western portion of the site, approximately 

350 feet east of the Conestoga River. The outbuildings associated with the swimming pool 

complex are secured by a chain link fence. West of the swimming pool is an asphalt parking lot, 

approximately 110 feet wide and 200 feet long. The unnamed tributary stream is situated south 
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of the swimming pool parking lot and is conveyed beneath the entrance roadway through a 

corrugated metal drainage pipe. 

The Lancaster Water Authority Water Filtration Plant is located at the extreme 

west/southwest corner of the site. The filtration plant is separated from the other park facilities 

by a wooded area. Plant structures include above ground storage tanks, maintenance buildings, 

and other structures typical of water treatment plant operations. These outbuildings and structures 

are secured by a chain link fence. 

Remnants of a former Civilian Conservation Corp (CCC) day camp are located in the 

north central p01tion of the site, in the area east of the swimming pool complex. This area of the 

site is largely overgrown with trees and undergrowth. Very little evidence of the camp remains. 

Visible remnants include a portion of a brick entranceway and a concrete spring box. 

The Conestoga River borders the Conestoga Pines Park property to the west. The 

Conestoga River flows toward the south-southwest, where it discharges into the Susquehanna 

River near Safe Harbor, Pennsylvania, located approximately 10.4 miles southwest of the site. 

According to the water quality standards listed in Pennsylvania Code, Title 25, Environmental 

Resources, Chapter 93 - Water Quality Standard�, the Conestoga River is designated as a Warm 

Water Fishery (WWF). In Pennsylvania, a watercourse with a WWF designation is protected for 

the "maintenance and propagation of fish species and additional flora and fauna which are 

indigenous to a warm water habitat." 

Topography decreases from a high of approximately 327 feet above mean sea level near 

Pitney Road at the southeast corner of the Conestoga Pines Park site to a low of 260 feet above 

mean sea level along the Conestoga River which forms the western boundary of the property. 

Based upon these topographical differences, surface water runoff is in a west to northwesterly 

direction across the site. The unnamed stream that originates at the headwater spring receives 

surface water runoff from the drainage swale in the northeast portion of the site, and from grassy 

and wooded areas located on the eastern portion of the site. Surface water runoff from the 

n01thern perimeter of the site, including the Eden Manor residential development, also flows into 

the unnamed stream. The unnamed stream ultimately conveys this surface water to the Conestoga 

River. 

2.3 Site Histo1:y 

Information regarding the history of the site was obtained from background information 

provided by the PADEP, and a review of the PADEP file records conducted on August 27, 200 I. 
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The PADEP file records contained no documentation indicating when the Conestoga 

Pines Park site was purchased by the City of Lancaster or when it was first used as a public park. 

However, some approximations can be made based on information found in the files, specifically 

the following three historical documents: 

• Aerial photograph dated November 11, 1957

• Aerial photograph dated May 23, 1964

• General Site Plan for Conestoga Pines Park dated November 18, 1968

The Lancaster Municipal Authority Water Filtration Plant appears in all of the above 

documents and appears relatively unchanged throughout the time span from 1957 to 1968. 

According to the PADEP documents, the filtration plant was constructed on the southwest potiion 

of the site in the l930's. The plant withdraws and treats raw surface water from the Conestoga 

River, serving as a source of potable water for the residents of Lancaster. The plant repotiedly 

treats an average of eight million gallons of influent water each day from the Conestoga River. 

Treatment operations include: adjustments of pH; settling and coagulation of suspended solids; 

filtration; and a disinfection process. 

Facilities related to the CCC Camp were also evident in both of the aerial photographs, 

and the camp is depicted as a "current structure" in the 1968 General Site Plan. According to the 

PADEP documents, this day camp was developed on the north central po11ion of the site in the 

I 930's, apparently prior to the use of the prope1iy as a public park. This camp was reportedly 

active from the I 930's until the I 970's. Little information was available regarding the specific 

operations of this camp, and no historical mapping was available to indicate the presence, 

orientation, or use of any strnctures at the camp. The 1968 General Site Plan indicates one 

structure, the Old Day Camp, to be demolished, and another Day Camp to be constructed nearby. 

A road, circling this potiion of the site, and a parking lot at the southern end of the camp area 

(adjacent to the north side of the current A1ihur C. Morris Drive) are the only structures depicted. 

Based on the current site conditions, no building structures associated with the operation of the 

former CCC camp remain on the propetiy. 

The barn is present in the aerial photographs and on the General Site Plan. Its size and 

orientation appear unchanged from 1957 to the present. In all three documents, a smaller 

building was formerly located along the north side of the barn. The General Site Plan labels this 

smaller building as a "Garage". A farmhouse, corresponding to the location of the area of raised 

flat topography at the site, appears in both the photographs and the General Site Plan. It is 
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labeled as the "Future Site Supervisor" location in the l 968 General Site Plan. This designation, 

as well as several other "proposed" park features listed on the General Site Plan map, collectively 

suggest that development of the prope,ty into a public park may have been taking place circa 

1968. The appearance of the fields and wooded areas immediately surrounding the farmhouse and 

barn are consistent with agricultural activities, indicating this portion of the site was being used 

for agricultural purposes prior to its conversion as a public park. 

The pool complex and adjacent parking lot were not visible on the aerial photographs, but 

were depicted as "Existing Structures" on the General Site Plan, indicating they were likely 

constructed between 1964 and 1968. The 1964 photograph depicts another athletic field, possibly 

a tennis comi, where the parking lot and swimming pool are currently located. 

It is wo1ih noting that a group of three, and possibly four, structures were identified just 

east of the day camp in the 1964 photograph. These structures may be present in the 1957 

photograph as well, however, the poor quality of the photograph circumvents a definitive 

interpretation. These structures are depicted as "Existing Structures to be Demolished" on the 

General Site Plan, and are labeled as "Watchman's Shed", "Storage Shed", "Paint Shed", "Lawn 

Mower Shed", and "Garage." Presently, there is no obvious evidence of these structures at the 

site. It is not known whether these structures were used for commercial, industrial, or residential 

purposes. 

In summaiy, it appears that the land use of the Conestoga Pines Park property varied over 

the past seventy years. Although largely agricultural, historical development of a potentially 

commercial or industrial nature is evident in the northcentral and southwestern portions of the 

site. 

2.4 Previous Investigations 

Information regarding previous investigations conducted at the Conestoga Pine Park site 

was provided by a review of file records maintained by the PADEP and relevant conversations 

with PADEP personnel. 

In 199 l and 1992, the General Electric Company (GE), located along the western side of 

the Conestoga River, drilled four monitoring wells on the Conestoga Pines Park property as part 

of a Resource Conservation and Recovery Act (RCRA) facility investigation mandated by the 

U.S. Environmental Protection Agency (USEPA). Two monitoring wells, GW9 l 09 and GW9 I 10, 

were drilled on the western portion of the Conestoga Pines Park property in 1991. These 

monitoring wells were drilled to determine whether or not a groundwater plume containing 
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trichloroethylene (TCE) had migrated from the GE facility to the east side of the Conestoga 

River. Groundwater samples collected from monitoring wells GW9109 and GW91 I0 were found 

to contain low concentrations of TCE. Based on this information, GE drilled two additional 

monitoring wells (i.e., GW921 I and GW9212) in the eastern po1tion of the Conestoga Pines Park 

site in an attempt to define the lateral extent of the TCE groundwater plume. The TCE 

concentrations detected in the groundwater samples collected from monitoring wells GW92 I I 

and GW9212 were found to be higher than in monitoring wells GW9109 and GW91 I0. Static 

water level measurements recorded in the monitoring wells indicated that groundwater flow at the 

Conestoga Pines Park site was in a westward direction toward the Conestoga River. This 

information combined with the groundwater sampling data suggested that the source of the TCE 

contained in the groundwater underlying the Conestoga Pines Park property was most likely 

situated hydraulically upgradient to monitoring wells GW921 I and GW9212, and was not 

associated with the water quality problems at the GE site. 

The analytical results for the environmental samples collected at the Conestoga Pine Park 

site are summarized in Table I. This historical summary includes the testing results for both 

surface water and groundwater samples collected at the site. The sampling information was 

obtained from the PADEP and a review of the PADEP file records for the site. Groundwater 

samples collected from the four monitoring wells revealed elevated concentrations of volatile 

organic compounds (VOCs). The VOCs identified in the groundwater samples were 

trichloroethylene (TCE), cis-1,2-dichloroethylene ( cis-1,2-DCE), I, I, I-trichloroethane (I, I, 1-

TCA), I, 1-dichloroethylene (I, 1-DCE), and I, 1-dichloroethane (I, 1-DCA). Concentrations of 

VOCs were found to be higher in monitoring wells GW921 I and GW9212 located in the eastern 

pmtion of the site, than in monitoring wells GW9109 and GW91 I0 situated near the Conestoga 

River. The concentrations ofVOCs decrease with depth in well cluster GW921 I and GW9212, 

suggesting that the source of chlorinated solvents is fairly close to the surface and located east of 

these monitoring wells. 

Subsequent investigations at the site by the PADEP revealed that the highest 

concentrations of VOCs occur in the surface waters of the spring forming the headwaters of the 

unnamed stream. Surface water samples collected from the spring in 1992, I 993, 1994, 1995, 

and 1996 revealed TCE concentrations ranging from 498 micrograms per liter (µg/L) to 820 µg/L 

(see Table I). 

In October 1992, the Pennsylvania Depmtment of Environmental Resources (PADER 

now the PADEP) performed a soil vapor survey at the site. Several areas were found to contain 

elevated concentrations of VOC vapors in the soils. The highest concentrations of VOC vapors 
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were identified in the following areas: I) Area #I - a circular pattern situated 1101iheast of the 

renovated barn; 2) Area #2 - a circular pattern situated 1101ihwest of the renovated barn; and 3) 

Area #3 - in a linear pattern extending to the west along A1ihur C. Morris Drive to a former sand 

storage area (sand pit). 

Area # I is located between the former farmhouse location and the wooded lot where the 

headwater spring originates. Area #3 (i.e., sand pit) is located approximately fifty feet south of 

the paved road on the edge of the wooded hill that slopes to the south. A limited number of 

confirmatory soil samples at some of the soil vapor monitoring points were collected by the 

PADER in May 1993. The analytical results showed that the soil samples collected from these 

areas did not contain elevated concentrations ofVOCs. 

On October 13, 1999, and Janumy 14, 2000, representatives from the PADEP collected 

several surface water samples along the unnamed stream that runs east to west through the site. 

The analytical results show that the sample location identified as the "headwater spring" 

continues to exhibit the elevated concentrations of TCE. The concentrations of VOCs contained 

in the surface water being discharged from the headwater spring were TCE (450-580 µg/L), cis-

1,2-DCE (510-548 µg/L), and 1,1-DCE (18µg/L) (see Table 1 ). The regulatmy standards for 

these compounds are 5 [tg/L (TCE), 70 µg/L (cis-1,2-DCE), and 7 pg/L (I, 1-DCE), respectively. 

There is relatively little information regarding groundwater hydrology within the park 

boundaries. Environmental studies conducted on the CBS/Playskool property located south of the 

park indicate that groundwater flow at this site is toward the west/southwest (away from the 

park). The headwater spring has consistently been the area most highly impacted by VOCs. A 

private water supply well (i.e., Landis Well) is apparently located east of the headwater spring 

across Pitney Road. No VOCs have been detected in the groundwater samples collected from this 

well. Although it has been used as a background sampling point, the Landis well is not situated 

directly upgradient of the headwater spring. 

The source for the VOCs contained in the groundwater underlying the Conestoga Pines 

Park site is unknown. Based upon information provided by previous environmental studies, the 

source of the VOCs may be located in either the eastern po1iion of the property, or east of the 

park with subsequent migration onto the site. According to conversations with PADEP personnel, 

solvents may have been previously disposed in the vicinity of the former farmhouse foundation at 

the site by the CBS/Playskool Company. This event may be th� cause or may be contributing to

the VOC concentrations observed in soils and groundwater at the Conestoga Pines Park site. 

Little is known about the former Garage, Paint Shop, Storage Shed, or Lawn Mower Shed once 

located in the nmihcentral portion of the site, and whether the former housekeeping practices 
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conducted at these facilities may be the cause or a contributing cause for the VOC impacts 

identified at the site. A printing facility (i.e., R.R. Donnelly, Inc.) is located approximately 1,500 

feet 1101iheast of the Conestoga Pines Park site. According to PADEP personnel, groundwater 

underlying this facility has been impacted by VOCs. Accordingly, information regarding the R.R. 

Donnelly facility was evaluated to determine if this facility was serving as a source for the VOCs 

identified in the groundwater at the site. Lastly, a yet unidentified source or sources of VOCs may 

exist on the park prope1iy, which is/are producing the water quality impacts at the site. 

2.5 Fracture Trace Analysis 

According to Gold (1999), fracture traces are surface manifestations of ve1iical or near 

vertical zones of fracture concentration. These zones may locally exhibit higher porosities and 

permeabilities for both the storage and movement of groundwater. Lattman (1958) recognized 

that aerial photographs could be used to identify and map fracture traces based on topographic, 

vegetation, and/or soil tonal alignments. Wells drilled along fracture traces, especially at the 

intersection of such features, has been demonstrated by Parizek ( 197 5) to provide larger 

groundwater yields. 

A review of large scale aerial photographs was performed by Baker to determine if the 

bedrock in the vicinity of the Conestoga Pines Park site exhibits evidence of potential fracture 

traces, and whether any of the identified features can be used to explain the distribution of 

organic compounds detected in groundwater samples collected from the on-site wells. 

The fracture traces occurring in the vicinity of the study area were identified by 

examining the low altitude black and white aerial photographs listed in Table 2. A Bausch and 

Lomb Hastings Triplet I OX-hand lens was used to examine and identify small features of interest 

on the photographs. For comparison purposes, the Lancaster, Pennsylvania, USGS 7.5 Minute 

Quadrangle Map was used to help distinguish geographic features. 

Fracture traces were identified on the aerial photographs based on the vertical alignment 

of one or more of the following elements: 

I. Surface sags or depressions;

2. Breaks in topographic slope oblique to the stratigraphic and structural strike of
the rock bedding;

3. Straight segments and abrupt changes in stream channel alignments;

13 



( 

4. Gullies and tributary channels that are oblique to the local topographic slope; 

5. Soil tonal zones, often darker in color, reflecting increased moisture content,
and/or the accumulation of organic matter;

6. Linear zones of increased rock weathering; and

7. Alignment of sinkholes and elongated sags.

TABLE 2 

PENNSYLVANIA DEPARTMENT OF ENVIRONMENTAL PROTECTION 

CONESTOGA PINES PARK SITE 

SUMMARY OF AERIAL PHOTOGRAPHS 

PHOTO SURVEY PHOTOGRAPH SURVEY DATE SCALE 

ID NUMBER NUMBERS 

AHG-6R 78 November 11, 1957 1:19,950 

AHG-6EE 205EC May 23, 1964 1 :3,900 

Care was taken dming the inspection of the aerial photographs to distinguish between 

naturally occurring fracture traces and linear man-made features (i.e., power lines, roads, railroad 

tracks, surface grading, clear cuts, agricultural furrows created by farming/plowing, etc). Using 

the above-referenced criteria, potential fracture traces were identified and then plotted on a 

separate overlying clear transparency sheet for each aerial photograph. The scale of the 

transparency sheets was then adjusted to equal 1 :24,000 using an electronic Xerox™ copy 

machine. The fracture traces were then transferred to the USGS topographic map presented in 

Figure 3. 

Several potential fracture traces were identified in the vicinity of the Conestoga Pines 

Park site on the aerial photographs. Subtle differences in contrasting soil tonal colors were used to 

identify and map the fracture traces on the aerial photographs. 

Of importance, several fracture traces exhibiting an east to west alignment were 

identified immediately east of the Conestoga Pines Park site (i.e., fracture trace group No. I on 

Figure 3). This group of fracture traces extends from the open field east of the site to the area 

adjacent to the headwater spring. It should be noted that geologic maps published by Meisler and 
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Becher ( 1971) and Poth ( 1977) show that the rock beds in the vicinity of the site (i.e., Ledger 

formation) exhibit a east-west strike. Moreover, geologic cross sections of the local area prepared 

by Meisler and Becher ( 1971) show that the Conestoga Pines Park site is centered near the axial 

plane of an anticlinal structure (see Section 2.6 for a more detailed discussion of the regional 

geologic structure). These investigators repmt that the axes of these fold structures are oriented in 

an east-west direction. This information collectively suggests that the fractme traces identified as 

Group No. I on the aerial photographs may be genetically related to extensional fractures created 

by the upward flexure of the rock beds along the axial plane of the underlying anticlinal fold. 

A second less distinct group of fracture traces (i.e., Group No. 2 on the Figure 3) 

exhibiting a southwest to northeast alignment were also identified on the aerial photographs. 

These fracture traces extend from the Conestoga River in a northeastward direction to the vicinity 

of the headwater spring at the site. According to Parizek (I 976) the increased weathering of 

carbonate rocks at the intersection of two or more fracture traces may create surface sags, 

depressions, and possibly sinkholes. This information suggests that the headwater spring 

(depression) at the Conestoga Pines Park site may be related to the intersection of the fracture 

traces of groups No. I and No. 2. 

Due to the vegetation covering the ground surface in the central and western portions of 

the site, no fracture trace could be confidently identified on the aerial photographs in the vicinity 

of the headwater spring. 

2.6 Regional Geology and Hydrogeology 

Bedrock geology exerts ultimate control on the storage, transmission, and utilization of 

groundwater. Geologic factors such as rock type, intergranular porosity, rock strata inclination, 

faults, joints, bedding planes, and solution channels affect groundwater movement and 

availability. Based on these relationships, it is important to review pertinent geologic factors of 

the City of Lancaster, Lancaster County, Pennsylvania area. 

The study area is situated within of the Piedmont Physiographic Province (Geyer and 

Bolles, 1979). In southeastern Pennsylvania, the Piedmont Physiographic Province is represented 

by a southwest-northeast trending belt of rounded hills, punctuated by relatively narrow valleys. 

In Pennsylvania, this belt extends from southern York County to the Delaware River north of 

Philadelphia. The Piedmont Physiographic Province is underlain by a group of metamorphosed 

and complexly deformed sedimentaiy, volcanic, and plutonic rocks and associated 

unmetamorphosed intrusive igneous rock bodies (Poth, 1973 and 1977). The metamorphosed 
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rocks range in age from late Precambrian through early Paleozoic. The youngest rocks are 

represented by the igneous intrusive bodies that are Jurassic in age. The Piedmont Physiographic 

Province has been divided by Crawford and others (1999a) into the following subsections: the 

Piedmont Upland section and the Piedmont Lowlands section. In Lancaster County, the Piedmont 

Upland section is represented by the crystalline rocks comprising the Honey Brook Upland and 

Mine Ridge anticlines (Crawford and Hoersch, 1984). The Honey Brook Upland is located along 

eastern edge of Lancaster County near the boundaiy with Chester County. The Mine Ridge 

Anticline is located in southeastern Lancaster County, and is considered to be an extension of the 

Honey Brook Upland area (Crawford et al., l 999b). The Piedmont Lowlands section extends 

from no1thern Lancaster County to central York County. This subsection is bounded to the north 

by the Mesozoic Gettysburg-Newark basin and to the south by the rocks of the Mine Ridge 

Anticline of the Piedmont Uplands section. The Piedmont Lowlands section is related both 

structurally and statigraphically to the rocks in the Great Valley to the nmth, but is separated from 

it by the Mesozoic Gettysburg-Newark basin and pmts of the Piedmont Upland section (i.e., 

Honey Brook Upland). The Conestoga Pines Park site is situated within Conestoga Valley that is 

included as pmt of the Piedmont Lowlands section. 

The dominant structural grain within the Piedmont Physiographic Province trends to the 

no1theast and east-northeast. The regional geologic structure of the Piedmont Physiographic 

Province in Lancaster County consists of a series of thrust-bounded nappes that juxtapose rocks 

of various ages and degrees of metamorphism (Crawford and Crawford, 1980). During the 

Taconic orogeny these nappes, were arched upward and nmthwestward forming a complex fold 

and fault system. The nappe structure of the Cambrian-Ordovician age carbonate rocks 

underlying the Conestoga Valley area is comprised of isoclinal folds that are recumbent or 

strongly overturned to the north. Imbricate thrust faults and reverse faults occur throughout the 

carbonate rocks of the area (Meisler and Becher, l 973). 

Geologic maps and cross sections published by Jonas and Stose ( 1930) and Meisler and 

Becher ( 1973) show that the Conestoga Pines Park site is situated near the crest of an unnamed 

anticlinal structure. Meisler and Becher ( 1973) repo1t that the rock beds in the area along the 

Norfolk Southern railroad tracks situated south of the Conestoga Pines Park site strike toward the 

northeast and dip steeply to the southeast. Cleavage in the rocks of this area also strikes toward 

the northeast, but exhibits a dip toward the northwest. Jonas and Stose ( 1930) identified two 

faults exhibiting an east-west alignment situated north and south of the Conestoga Pines Park site. 

According to Jonas and Stose ( 1930) the rocks along the south side of these faults have been 

displaced upward relative to those on the north. Although no information regarding the dip of the 
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fracture planes is provided by Jonas and Stose ( 1930), the relative displacement of the rocks is 

consistent with more recent geologic interpretations that these faults may represent reverse or 

thrust faults. 

According to Meisler and Becher (1973) and Berg and Dodge (1981) the Conestoga 

Pines Park site is underlain by carbonate rocks (i.e., dolomite) that are mapped as the Ledger 

formation of Cambrian age (see Figure 4). Meisler and Becher ( 1973) repo11 that the Ledger 

formation in the Lancaster area is comprised predominantly of massive, very light-gray to light 

gray, medium to coarsely c1ystalline, sparkling dolomite. The beds situated near the lower contact 

of the formation are typically comprised of light-gray to medium gray finely c1ystalline dolomite. 

Near the southern edge of the prope11y, the Ledger formation is overlain unconfonnably by the 

younger Cambrian-Ordovician Conestoga formation. In the vicinity of the study area, the 

Conestoga formation is reportedly comprised of medium-gray finely to coarsely crystalline 

limestone. The east-west trending contact between the Ledger and Conestoga formations 1s 

mapped by Jonas and Stose (1930) and Meisler and Becher (1973) as an unconformity. 

Groundwater within the carbonate rocks underlying the Conestoga Valley flows through 

a network of fractures that locally may be enlarged by solution. Depending upon the fractured 

character of the host rock, the walls of these fractures locally function as confining materials. 

Wells penetrating fractures under these conditions, may encounter groundwater under semi­

confined conditions. Although confined groundwater conditions may exist locally, Meisler and 

Becher (1973) report that the groundwater flow system within the carbonate rocks of the 

Conestoga Valley is generally considered to be unconfined. Groundwater flow paths within the 

carbonate rocks of the Conestoga Valley are generally toward the gaining po11ions of nearby 

streams. The direction of groundwater flow within the carbonate rocks of the Conestoga Valley is 

largely controlled by the hydraulic gradient and spatial variability of the hydraulic conductivity. 

The transpm1 of dissolved substances in the fractured bedrock is generally greatest in highly 

permeable fractures. The orientation of the fractures and solution openings may partially control 

the direction of groundwater flow. 

According to Meisler and Becher (1973), primary porosity within the carbonate rocks 

underlying Conestoga Valley is virtually nonexistent. Groundwater flows primarily through a 

network of interconnected secondary openings (i.e., fractures, joints, faults, foliations, parting 

planes, and bedding planes) that may have been enlarged via solution. The secondary porosity of 

the rock is determined by the number and size of the openings, whereas the secondary 

permeability is a reflection of the degree of interconnection of the openings. Where dissolution of 

the carbonate rocks within Conestoga Valley has been active, permeability may be high. 
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Elsewhere in the same geologic unit the permeability may be significantly reduced by the lack of 

solution features. 

According to Geyer and Wilshusen ( 1982) the Ledger formation underlying the study 

area has well developed, moderately abundant, irregularly spaced, and widely separated naturally 

occurring fractures, known as joints. These joints may be open and where present are typically 

steeply dipping. The joint and solution channel openings collectively provide a secondary 

porosity of low to high magnitude and a permeability of low to high magnitude. The formation is 

moderately resistant to weathering, and typically underlies rolling valleys with hills of low relief. 

Natural slopes are generally gentle. The overlying soil mantle is highly variable and in places 

may be extremely thin. The bedrock is moderately weathered to a shallow depth. Pinnacles 

typically characterize the interface between the overlying soil mantle and bedrock. The 

unweathered prntions of the Ledger formation are usually difficult to excavate, due the pinnacled 

nature of the upper bedrock surface. The rock reportedly provides good foundation stability 

provided that a thorough investigation is performed to identify solution features. Drilling rates for 

the rock materials contained in the formation are typically fast. 

The success of a well drilled into a bedrock formation is dependant upon the number and 

size of the natural openings encountered by the well bore, as well as the degree to which these 

fissures are interconnected. Poth ( 1977) reprnts that the Ledger formation is the highest yielding 

aquifer of Cambrian age in the Conestoga Valley. Hall (1934) and Meisler and Becher (1973) 

report that water bearing fractures contained in the Ledger formation generally decrease in size 

and number with depth. Information published by Poth (1977) shows that water supply wells 

completed in the Ledger formation in Lancaster County range in depth from IO to 500 feet, with a 

median depth of 78 feet. Groundwater yields from wells completed in the Ledger formation in 

Lancaster County range from 2 to 550 gallons per minute (gpm), with a median yield of 30 gpm. 

Specific capacities (i.e., a measure of a well's ability to produce water) for wells drilled in the 

Ledger formation in Lancaster County range from 0.16 to 135 gallons per minute per foot of 

drawdown (gpm/ft), with a median specific capacity of2.5 gpm/ft. 

The chemical quality of groundwater is influenced by the composition of the soil and 

rock through which the water flows, and by the length of time the water has been in contact with 

these materials. Information published by Hall ( 1934) indicates that the groundwater produced 

from the Ledger formation in southeastern Pennsylvania produces hard water. Information 

published by Poth (1977) for groundwater samples collected from the Ledger formation indicates 

that hardness (expressed as CaCO3) ranges from 192 to 340 pa,ts per million (ppm). Iron was 

found to range between 0 and 0.09 ppm. Meisler and Becher (1973) described the effects of 
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urbanization on the water quality of the carbonate rocks in the Lancaster, Pennsylvania area. 

According to Meisler and Becher ( 1973), urbanization has resulted in the local degradation of 

water quality by nitrate, sodium, and chloride. The most serious problem is impacts attributable to 

releases of nitrates, attributable to the use of nitrogen-rich fertilizers, cesspools, septic tanks, and 

barnyard wastes. Of the 53 wells sampled by Meisler and Becher (1973) 21 wells were found to 

contain nitrate concentrations greater than 45 mg/I. The PADEP Statewide Health-based 

Groundwater Standard for nitrate is IO mg/I. 

2. 7 Regional Soils 

Literature published by the United States Department of Agriculture (USDA) Soil 

Conservation Service (Custer, 1985) indicates that the portion of the Conestoga Pines Park site 

where the Site Characterization was performed is underlain by soils belonging to the Clarksville 

series, the Duffield series, and the Linden series. The maps prepared by the Soil Conservation 

Service show that the following soil types occur within the boundaries of the study area: the 

Clarksville silt loam (CkA), 0 to 5 percent slopes; the Duffield silt loam (DbB), 3 to 8 percent 

slopes; and the Linden silt loam (Lg) (Custer, 1985). The estimated percentages of the different 

soil types that underlie the study area on the Conestoga Pines Park property are listed in Table 3. 

The Clarksville series consists of level to gently sloping, deep and moderately well 

drained soils occurring in depressions and broad drainageways. The soils are believed to have 

formed from colluvial materials or residuum weathered from limestone and siltstone. At the 

Conestoga Pines Park site, the soils belonging to the Clarksville series underlie area 

encompassing the surface water drainage swale and un-named tributary stream through the center 

portion of the study area. 

The surface layer of the Clarksville silt loam (CkA), 0 to 5 percent slopes is typically a 

dark-grayish brown ( I 0YR 4/2, Munsell soil color) silt loam, extending from the ground surface 

to a depth of 9 inches. The subsoil extends to a depth of 43 inches. The upper potiion of the 

subsoil (to a depth of 22 inches) consists of a yellowish brown ( I 0YR 5/6) silty clay loam. The 

middle potiion of the subsoil to a depth of 33 inches is reported to be a yellowish brown ( I 0YR 

5/6) silty clay loam with distinct gray (I0YR 6/1) and strong brown (7.5YR 5/6) mottles. The 

lower potiion of the subsoil extends from 33 inches to 43 inches in depth, and is typically 

comprised of a yellowish-brown ( I 0YR 5/6) silty clay loam with common distinct gray ( I 0YR 

6/1) and strong brown (7.5YR 5/6) mottles. The substratum (below a depth of 43 inches) is 

generally a strong brown (7.5YR 5/8) gravelly silty clay loam with common distinct gray ( I 0YR 
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TABLE3 

PENNSYLVANIA DEPARTMENT OF ENVIRONMENTAL PROTECTION 
CONESTOGA PINES PARK SITE 

ESTIMATED PERCENTAGES OF SOIL TYPES 

SOIL SOIL ESTIMATED PERCENTAGE 
SERIES TYPES OFLANDAREA 

Clarksville Series Clarksville Silt Loam (CkA) 50% 

Duffield Series Duffield Silt Loam (DbB) 35% 

Linden Series Linden Silt Loam (Lg) 15% 

6/1) and strong brown (7.5YR 5/6) mottles. The depth to bedrock is generally greater than 60 

inches. Clarksville series soils typically exhibit a high water table (1.5 to 3 feet in depth), 

moderate moistme capacity (0.06 to 0.20 inches/inch), a moderate to slow permeability (0.06 to 

2.0 inches/hour), and a neutral pH (5.6 to 7.8) (Custer, 1985). 

The Duffield series consists of level to moderately sloping, deep, and well-drained soils 

underlying undulating slopes of limestone valleys on upland areas. The soils are believed to have 

formed in residuum weathered from limestone. At the Conestoga Pines Park site, the soils 

belonging to the Duffield series underlie the upland areas surrounding the drainage swale and un­

named tributary stream. 

The surface layer of the Duffield silt loam (DbB), 3 to 8 percent slopes, is typically a 

dark-brown silt loam (lOYR 4/3), extending from the ground surface to a depth of IO inches. The 

subsoil extends to a depth of 60 inches or more. The upper pmtion of the subsoil (to a depth of 30 

inches) consists of a dark yellowish brown (lOYR 4/6) silty clay loam. The lower po,tion of the 

subsoil extends from 30 inches to 60 inches in depth, and is typically comprised of a strong 

brown (7 .5YR 5/8) silty clay loam. The depth to bedrock is generally greater than 48 inches. 

Duffield series soils typically exhibit a high moisture capacity (0.14 to 0.22 inches/inch), a 

moderate permeability (0.6 to 2.0 inches/hour), and a slightly acid to neutral pH (5.1 to 7.8) 

(Custer, 1985). 

The Linden series consists of nearly level, deep and well drained soils occmring in flood 

plains. The soils are believed to have formed from alluvial materials or residuum weathered from 
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sandstone and siltstone. At the Conestoga Pines Park site, the soils belonging to the Linden series 

underlie area along the Conestoga River. 

The surface layer of the Linden silt loam (Lg) is typically a dark brown (7.5YR 3/2) silt 

loam, extending from the ground surface to a depth of IO inches. The subsoil extends to a depth 

of 40 inches. The upper portion of the subsoil (to a depth of 20 inches) consists of a dark reddish 

brown (5YR 3/4) loam. The lower portion of the subsoil extends from 20 inches to 40 inches in 

depth, and is typically comprised of a reddish brown (5YR 4/3) sandy loam. The substratum 

(below a depth of 40 inches) is generally a dark reddish brown (5YR 3/4) ve1y gravelly sandy 

loam. The depth to bedrock is generally greater than 60 inches. Linden series soils typically 

exhibit high moisture capacity (0.05 to 0.18 inches/inch), a moderately rapid permeability (0.6 to 

2.0 inches/hour), and a slightly acid to neutral pH (5.6 to 7.3) (Custer, 1985). 

Detailed information regarding specific characteristics of the soils underlying the 

Conestoga Pines Park site is presented in Section 4.1 of this repmi. 
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