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1.0 INTRODUCTION 

Waste Connections, Inc. owns and operates the Bethlehem Landfill, located in Lower 

Saucon Township, Northampton County, Pennsylvania. Refer to Figure 1 for the location of the 

site and the area evaluated for this investigation. The current permitted disposal area for the 

Bethlehem Landfill is located on the top and southern hillside of a prominent, east-west trending 

ridge just south of the Lehigh River. The majority of the proposed Phase V area is located east, 

north, and northeast of the current permitted disposal area. The topography in the Phase V area 

north of the prominent ridge drops towards the Lehigh River, with relief exceeding 325 feet. 

The northern portion of the proposed Phase V area includes an area of carbonate geology 

that has been mapped by the Pennsylvania Geological Survey and the United States Geological 

Survey (USGS).  The carbonate geology area within the property owned by Bethlehem Landfill 

is located to the south of Riverside Drive along the Lehigh River. The southern limit of 

carbonate geology in this area, as depicted by Lower Saucon Township, was derived from the 

Pennsylvania Geological Survey, Open File Report 87-02, “Sinkholes and Karst Related 

Features of Northampton County, Pennsylvania”, dated 1987.  Specifically, the southern limit of 

the carbonate geology is the contact between the Leithsville Dolomite and the Hardyston 

Quartzite. 

Meiser & Earl, Inc. (M&E) completed an investigation in the spring and summer of 2023 

of the carbonate area in the northern portion of the proposed Phase V area. The purpose of the 

investigation was to address Lower Saucon Township requirements pertaining to carbonate 

geology areas in the Township’s Environmental Protection Standards code (§ 180-95 (17)).  The 

investigation included completing a review of available literature, a field reconnaissance, and 

exploratory drilling to define the limits of carbonate geology and to evaluate groundwater 

elevations in the carbonate area of the proposed Phase V expansion area. 

2.0 DESKTOP STUDY & FIELD RECONNAISSANCE 

Meiser & Earl, Inc. personnel performed a review of available geologic and 

hydrogeologic reports to provide background information pertaining to the local geology and 
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hydrogeologic setting.  This consisted of a thorough review of literature through the 

Pennsylvania Topographic and Geologic Survey resources (maps and reports) and available U.S. 

Geological Survey mapping and reports.  Information obtained in this search was used for this 

investigation and is referenced accordingly throughout this report. 

A field reconnaissance of the carbonate geology area was completed by M&E on May 1 

and 2, 2023, with additional field reconnaissance completed during drilling in May and June 

2023. M&E looked for items specifically listed in Lower Saucon Township requirements during 

the field reconnaissance.  The twelve items in § 180-95 (17) (c) [10] [a] are addressed below and 

on Drawing ME-1. 

2.1 Outcrops 

Bedrock outcrops are present in the vicinity of the proposed Phase V expansion area, 

primarily along Riverside Drive and the railroad tracks parallel to Riverside Drive. Additional 

outcrops were observed along and immediately north of Bull Run. Refer to Figure 2 for the 

locations of bedrock outcrops. Outcrops of dolomite, present in the old quarry workings (now 

housing the black powder only shooting range) immediately north of CA-9 are also depicted on 

Drawing ME-1. 

2.2 Depressions 

To evaluate the presence of closed depressions throughout the area of investigation, 

M&E performed several analyses with the PAMAP 3.2-ft. grid resolution light-detection-and-

ranging (LiDAR) digital elevation model (DEM), which was flown in 2008. The available data 

was processed to remove the tree canopy and report “bare earth” elevations. To identify closed 

depressions, a “filled sink” operation was performed on the DEM raster using QGIS. The 

elevations of the unfilled DEM were then subtracted from the “filled sink” DEM, creating a 

separate DEM showing areas where closed depressions were filled by the “filled sink” operation. 

The identified closed depressions are contoured using a 1-foot contour interval on Drawing 

ME-1. This operation was able to identify closed depressions down to the size of the grid spacing 

of the DEM (3.2 ft. by 3.2 ft.).  
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Closed depressions identified by the LiDAR analyses were field checked by M&E 

personnel during field investigation activities. Small depressions (<10 ft. diameter) present in the 

investigated area were determined to be hand-dug exploration pits, likely a result of historic 

industrial activity on the property. Several small pits shown in light blue on Drawing ME-1 were 

observed in areas along the inferred contact between the Hardyston and Leithsville Formations, 

with material piled around the rim of each pit. Digging in the walls and floors of the small pits 

produced red-orange silt and clay, with weathered gneiss fragments. It is believed these pits were 

either to procure building materials or from small-scale iron mining from the weathered 

remnants of the Hardyston Formation (Aaron & Drake, 1997). Field investigation of larger 

depressions identified by the LiDAR analyses showed these depressions were associated with 

historic excavation and filling in the area, creating closed pits, with no outlet observable in the 

LiDAR DEM. 

None of the identified and field-verified features showed indication of natural sinkhole 

formation, but rather human activities altering the landscape. There was also no obvious closed 

depression in the topographic contours and there were no voids encountered during the 

exploratory drilling that would suggest the presence of a sinkhole. 

A “pothole” feature was observed as an approximately 2-foot diameter by 3-foot-deep 

hole adjacent to previous manmade structures/excavations in the access road next to well CA-7. 

No observations suggestive of a sinkhole were made during the drilling of CA-7 and no drilling-

induced changes were observed in the pothole feature before and after the drilling of CA-7.  The 

top hole widened following road construction for drilling and heavy rains. 

2.3 Caves 

No known caves are present in the proposed Phase V area south of Bull Run. There are 

two known caves located approximately 250 to 300 feet North of Bull Run (Figure 4). The Mid-

Appalachian Region of the National Speleological Society provides a location and some cave 

mapping for the Redington Cave No. 1 (Snyder, 1989). Another apparent cave is located 

approximately 200-250 feet east of the Redington Cave No. 1 entrance, according to USGS 

topographic maps for the area. Given the scale of USGS 7.5-minute topographic quadrangles, 
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this location is likely approximate and referring to Redington Cave No. 1.  Therefore, one 

location of the Reddington Cave No. 1 is shown on Drawing ME-1. 

No additional caves were identified from field investigations associated with the Phase V 

carbonate area investigation. 

2.4 Lineaments 

Under Lower Saucon Township’s formal definitions and word usages, found under 

Chapter 180, Article 1, Section 108-5, lineaments are “linear topographic features that are 

structurally controlled, thereby revealing faults, joints and fissures in the bedrock”. Discussions 

in Schultz (1999) further classify lineaments based on their length, with the minimum length 

being one mile.  

To evaluate the presence of lineaments in the Phase V area of investigation, Figure 22-1 

from the Geology of Pennsylvania (Schultz, 1999) was geo-referenced using QGIS and 

compared to the Northeast Expansion Area. Several north-south trending lineaments were 

present east of the Site. The nearest lineament presented in Figure 22-1 from Shultz (1999) is 

located approximately 3,000 feet from the eastern boundary of the Bethlehem Landfill Property 

Boundary (Figure 3). No lineaments intersected the property boundary based on available 

sources.  

2.5 Fracture Traces 

Under Lower Saucon Township’s formal definitions and word usages, found under 

Chapter 180, Article 1, Section 108-5, fracture traces are “linear topographic depressions or lines 

of depressions less than one mile in length, revealing faults, joints, or fissures in the bedrock. 

These linear features are characterized by increased permeability along which the solution of 

carbonate rocks is intensified and, hence, along which groundwater movement is concentrated.” 

The above definition, to a greater extent, pertains to a well-developed fracture system 

where linear topographic depressions or lines of depressions are present.  However, linear 

topographic depressions or lines of depressions are not present in the topography at the site. 
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Several definitions exist for fracture traces.  L.H. Lattman, a pioneer in the use of fracture 

traces, defined fracture traces as follows:  A photogeologic fracture trace is a natural linear 

feature consisting of topographic (including straight stream segments), vegetation, or soil tonal 

alignments, visible primarily on aerial photographs and expressed continuously for less than one 

mile.  Only natural linear features not obviously related to outcrop pattern of tilted beds, 

lineation and foliation, and stratigraphic contacts are classified as fracture traces (Meiser & 

Earl Hydrogeologists, 1982). “Often these linear features are expressed both on photographs and 

on the ground by a combination of features. For example, a straight stream segment may extend 

into soil tonal alignments in an adjacent field, which then passes into a line of lightly larger trees 

in a nearby wooded area, ending in an elongated sinkhole” (Meiser & Earl Hydrogeologists, 

1982).  As described above, a fracture trace can be expressed to varying degrees in several ways, 

depending on the type of bedrock and the nature and thickness of the overburden overlying the 

bedrock. 

Based on Lattman’s definition, fracture traces can be expressed as linear features present 

on aerial photographs without a clear topographic indication, including linear depressions and/or 

aligned depressions. Fracture traces are not necessarily identifiable in the field by a surficial 

expression and are often identified using aerial photographs or remote sensing techniques to 

identify tonal differences in the photos, which are interpreted by the geologist as a potential 

fracture or concentration of fractures and thus increased permeability. Fracture traces are also 

identifiable in non-carbonate bedrock, which is not prone to solution. 

The fracture traces identified by M&E were the most significant fracture traces observed 

on aerial photographs with respect to potentially locating monitoring wells that are better 

connected with the groundwater flow system. Fracture traces were mapped using black-and-

white aerial photographs by Meiser & Earl, Inc. personnel. The primary photo used for fracture-

trace analysis was photo ID AVO-ID-171, flown June 5, 1947, and obtained from the 

Pennsylvania Department of Conservation and Natural Resources (DCNR) Penn Pilot Historic 

Aerial Imagery Viewer. A total of 9 fracture traces were identified on photo AVO-ID-171. Photo 

AVO-ID-171 was geo-referenced into geographic coordinates, using existing road intersections, 

and topography, using QGIS. The identified fracture traces are shown on Drawing ME-1. As 
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noted above, these fracture traces were not identified as linear topographic depressions or lines 

of depressions. 

2.6 Faults & Fissures 

The geologic contact between the Leithsville and Hardyston Formations was determined 

by M&E’s drilling investigation and is an inferred thrust fault, as discussed in more detail in 

Section 3.2. Fissures (i.e., bedrock fractures) noted during drilling in the carbonate area appear to 

be filled with quartz, as indicated by the presence of free quartz grains observed in drill cuttings 

from the Liethsville Formation. 

In addition, Miller, et al. (1939), which refers to the Leithsville Formation as the 

Tomstown Limestone, noted “Almost everywhere in the region the Tomstown has been shattered 

by earth movements and the old fissures filled with quartz veins. Locally the dolomitic 

limestones may contain large numbers of fine quartz veins criss-crossing in an intricate manner. 

Well-developed quartz crystals have been seen in some of the open fissures. The beds have also 

been impregnated with silica from the circulation of heated solutions. Black flint is abundant in 

the Tomstown in places. The flint may occur in nodules or irregular masses that cut across the 

beds or in lenses following the bedding planes.” 

2.7 Seasonal High-Water Table 

Refer to Section 4.1 of the Hydrogeologic Setting for information regarding the seasonal 

high-water table and Drawing ME-1 for groundwater contours for the month of July 2023. 

2.8 Surface Mines/Quarries 

Historic surface mines and quarries were identified using several sources (Figure 4), 

notably USGS topographic quadrangle maps from various years and Miller, et al. (1939). Flux 

and lime quarries identified in Miller, et al. (1939) were geo-referenced from a 1:62,500-scale 

map included in the publication. Given the scale of the map included in Miller, et al. (1939) and 

level of detail in USGS topographic quadrangle maps, the locations are likely locally imprecise. 

However, some historic quarries are obvious based on topography and LiDAR-derived hillshade 

layers (Figure 4).  
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Quarrying in the vicinity of the proposed Phase V area was primarily lime quarrying and 

impure, high-magnesian dolomite quarrying for iron smelting flux material (Miller, et al., 1939). 

At the time of publication for Miller, et al. (1939) most of the quarries were active. It is unknown 

how long the quarries were operational after 1939. None of the identified surface mines/quarries 

are presently active. 

2.9 Other 

Several other features which required evaluation in carbonate geology areas, according to 

Lower Saucon Township, were not identified or not applicable to the proposed Phase V area. A 

list and brief expansion of each feature and its applicability to the Phase V area are detailed 

below: 

 Ghost Lakes, Disappearing Lakes, and Disappearing Streams – No ghost lakes, disappearing 

lakes, or disappearing streams were identified during site reconnaissance activities. The 

watercourse emanating from the identified spring box location does not disappear into an 

obvious sinkhole or cavern. Rather, it appears the watercourse is losing water to the 

underlying material due to changes in lithology, hydraulic conductivity, and variability of 

flow from the spring box. This is supported by the variability of the end of the watercourse 

(termination of surface flow) observed in the field.  

 Calcareous Fens – No calcareous fens were identified or observed in the carbonate area of 

the proposed Phase V area.  

 Surface and Subsurface Pinnacles - No bedrock pinnacles were identified or observed in the 

carbonate area of the proposed Phase V area. 

 Soil Mottling - Soil mottling, on aerial photographs, as an indication of shallow weathered 

pinnacles was not discernable on the aerial photographs due to the area being heavily 

wooded.  

 Springs – No springs were identified or mapped in the carbonate area of the proposed Phase 

V area. Springs previously mapped and field identified in the proposed Phase V area exist 

south of the carbonate geology area and are underlain by the Hardyston Formation. 

 Surface Drainage Entering the Ground – There was no surface drainage observed entering 

the ground in the carbonate geology area during the investigation, that would suggest the 
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presence of a sinkhole or cavern.  Water was observed on July 11, 2023, flowing in the 

portion of the above noted watercourse that extends north of the carbonate geology boundary.  

As noted above, it appears the watercourse is losing water to the underlying material due to 

changes in lithology, hydraulic conductivity, and variability of flow from the spring box.  On 

June 5, 2023, and August 2, 2023, the termination of flow was south of the carbonate 

geology boundary. 

3.0 GEOLOGIC SETTING 

The southern portion of Northampton County is in the Reading Prong Section of the New 

England Physiographic Province. The Reading Prong area is characterized by a very complex 

series of thrust faults that were formed during the Taconic Orogeny, 430 to 500 million years ago 

(Aaron and Drake, 1997).  The existing permitted site is underlain by granitic and hornblende 

gneiss.  The proposed Phase V expansion area evaluated in this investigation is underlain by the 

Hardyston Quartzite and Leithsville Dolomite. 

Drilling at 26 locations was completed by Eichelbergers, Inc., under the supervision of 

M&E personnel between May 23 and June 20, 2023, to define the geologic contact between the 

Leithsville and Hardyston Formations and to evaluate groundwater elevations.  A total of 17 

locations were used to define the geologic contact and 14 locations were used to establish 

groundwater elevation contours.  Refer to the drill logs of the exploratory drill holes and wells in 

Appendix A for additional information. 

3.1 Stratigraphy 

Three major geologic units were encountered during drilling in the carbonate area for the 

proposed Phase V expansion area. Descriptions provided below include information from three 

major sources: Miller, et al. (1939), Aaron and Drake (1997), and Drake (1996). Descriptions 

given in Drake (1996) are identical or very similar to those given in Aaron and Drake (1997). A 

stratigraphic column for the area is presented in Figure 5. 
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3.1.1 Gneiss Colluvium 

Though not a mappable unit described in the cited literature, gneissic colluvium 

was encountered during drilling throughout the site. Thickness of the colluvium was 

variable. Composition included weathered gneiss grains, gneiss boulders, and typically 

orange, brown, and red silt and clay. Contacts between the colluvium and the Hardyston 

Formation were difficult to discern due to the similarity of the silt and clay in both units. 

Divisions between the two units were primarily based on the absence or faltering of the 

air-rotary drilling hammer.  

3.1.2 Hardyston Formation 

Air-rotary drilling conducted in May and June 2023 encountered the Hardyston 

Formation, largely as incompetent material. Obtaining return in the Hardyston Formation 

was difficult due to an abundance of silt and clay choking the return. The presence of the 

Hardyston Formation was largely based on the presence of rounded jasper grains, brittle 

arkosic sandstone fragments, rounded quartz grains, and white chert, which are consistent 

with observations made by Aaron and Drake (1997) and Miller et al., (1939). 

3.1.3 Leithsville Formation 

Air-rotary drilling conducted in May and June 2023 encountered the Leithsville 

Formation, largely as medium to dark grey crystalline dolomite, with shiny (sericite) 

shales/phyllite-like zones in some locations (CA-9 and CA-15B). The presence of the 

thick-bedded crystalline dolomite characteristic of the Leithsville Formation was obvious 

during drilling, as the crystalline dolomite was the hardest, most competent rock 

encountered during drilling. Consistent rock return and white to tan dust were typical 

indications of drilling in the Leithsville Formation.  In addition, rock chips evaluated 

during drilling had a slight reaction with 10% hydrochloric acid, when powdered. The 

presence of the Leithsville Formation was also indicated by black chert/flint and free 

quartz grains. Note that similarities between the Hardyston and Leithsville Formations, 

include shiny, phyllite-like sericitic shales, chert, and quartz grains. 
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Miller, et al. (1939) referred to the Leithsville Formation as the Tomstown 

Limestone and noted that “The Tomstown formation of the region is composed almost 

entirely of dolomitic limestones. Several types have been recognized. The most common 

is a thin-bedded, high magnesian, impure limestone with the individual beds less than one 

foot thick. This grades into a more argillaceous variety with an abundance of sericite, 

which produces a glistening silvery appearance on the bedding planes. In turn this passes 

into a true sericitic shale in which there are practically no carbonates. These shales have 

been noted in many places and may have a thickness up to ten feet although usually less 

than one foot.” 

Based on the above observation, the sericitic shale observed in well CA-15B is 

assumed to be within the Leithsville Formation.  Due to this observation, and the lack of 

encountering unweathered Hardyston Formation during drilling, the geologic contact 

between the Leithsville and Hardyston Formations was estimated to be located between 

wells CA-15 and CA-15B.  

 

3.2 Geologic Structure 

As noted above, this area within the Reading Prong contains folding and a complex series 

of thrust faults.  The Hardyston Formation is older than the Leithsville Formation and is 

stratigraphically beneath the Leithsville Formation.  Due to a thrust fault, referred to as the 

Hellertown Thrust Fault (Drake, 1997), the Hardyston Formation overlies the Leithsville 

Formation south of the contact between the two geologic units, indicating the geologic units are 

out of sequence.  Bedrock strike in the area of investigation is generally southeast to northwest; 

however, folding and faulting of the bedrock results in varying bedrock orientations.  Refer to 

Figure 6 for a combination of the Geologic Maps for the Nazareth Quadrangle (Aaron and 

Drake, 1997) and the Hellertown Quadrangle (Aaron and Drake, 1996). 

As shown on the Geologic Map of the Nazareth Quadrangle (Aaron and Drake, 1997), the 

Hellertown Thrust Fault is the contact between the Leithsville and Hardyston Formations, where 

the Hardyston Formation is believed to be approximately 250 feet thick.  In addition, the USGS 
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depicts the Hellertown Thrust Fault splitting into another fault north of the contact.  Also, gneiss 

south of the Hardyston Formation is shown to be overturned. 

Figure 7 depicts a combination of USGS geologic cross sections: the northern part of USGS 

cross section A-A’ from the Hellertown Quadrangle, and the southern part of USGS cross 

section B-B’ from the Nazareth Quadrangle.  Note that the cross sections are offset, and are 

combined on Figure 7 to give an overview of the geologic structure in the area of investigation, 

along with the area beneath the existing landfill.  The northern part of cross section A-A' depicts 

the Colesville Thrust Fault south of the existing landfill.  The southern part of cross section B-B’ 

shows the Hardyston Formation to be steeply dipping and at the ground surface south of the 

Hellertown Thrust Fault, the contact between the Leithsville and Hardyston Formations.  The 

thrust fault is depicted at an angle of approximately 60 degrees near the ground surface.  Due to 

the angle of the thrust fault, the depth to the Leithsville Formation increases significantly moving 

south from the geologic contact.  Evidence of the thrust fault, such as slickensides and breccia, 

were not discernable during air-rotary drilling.  However, the depth at which the Hardyston 

Formation was encountered south of the geologic contact supports the presence of a thrust fault 

and interpretation by the USGS. 

4.0 HYDROGEOLOGIC SETTING 

4.1 Water-Level Elevations and Flow Directions 

From the groundwater divide present on the prominent ridge, groundwater flows to the 

north towards the Lehigh River, and south towards a tributary to Saucon Creek.  The Lehigh 

River is the regional groundwater discharge point for the area.  The groundwater surface, 

represented by groundwater contours, generally mimics topography.  For this investigation, 12 

wells (CA-2, CA-2A, CA-6 through CA-9, CA-12 through CA-15, and CA-15B) drilled into the 

Liethsville Formation were primarily used for groundwater contouring purposes within and near 

the Liethsville Formation.  For these wells, steel casing was installed into bedrock and the wells 

were either completed as open rock wells or were constructed with PVC, depending on the 

stability of the bedrock.  Most of the wells drilled into the Hardyston Formation collapsed after 

being drilled.  For the wells drilled into the Hardyston Formation, the depth of observed dry 
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conditions were utilized in developing the groundwater contours.  Refer to drawing ME-1 for 

groundwater elevation contours for water-levels measured in July 2023.  Water-levels will 

continue to be measured monthly through May 2024 to determine the seasonal high-water table. 

Wells NE-1 and NE-1A, drilled on the hillslope as part of investigating a nearby spring, 

were also used to evaluate water levels.  Both wells were completed in the Hardyston Formation.  

Well NE-1 was drilled with the intent of evaluating the vertical groundwater gradient by 

evaluating water levels at shallow, middle, and deep intervals in the well.  However, due to 

collapsing conditions and not being able to remove the steel casing with the drill rig, only a deep 

piezometer point (D) was installed at NE-1.  Shallow (S) and middle (M) piezometer points were 

installed in NE-1A, drilled adjacent to NE-1. Water levels in the NE-1 and NE-1A piezometer 

points show a downward vertical groundwater gradient adjacent to the nearby spring, located 

approximately 100 feet to the west.  Water levels from June through August, ranged from 18.4 to 

20 feet below ground surface (bgs) in NE-1A (S), 22.5 to 24.7 feet bgs in NE-1A (M), and 66.1 

to 67.2 feet bgs in NE-1 (D).  The water level from the shallow piezometer in NE-1A was used 

for groundwater contouring purposes. The spring appears to be the result of a permeability 

contrast within the weathered Hardyston Formation. 

As shown on drawing ME-1, a shallower depth to groundwater and a steeper gradient is 

observed on the north slope of the ridge, within the upper portion of the weathered bedrock.  The 

depth to groundwater increases and a lesser gradient is observed in the area underlain by the 

Leithsville Formation, where water levels are more similar to the elevation of the Lehigh River.  

Due to the lesser gradient observed in water levels in the Leithsville Formation, minimal 

seasonal fluctuation in water levels is expected in this area.  Groundwater elevation contours are 

shown to be at elevations lower than Bull Run, indicating that Bull Run is likely perched. 

4.2 Springs 

Several springs/seeps exist in the proposed Northeast Expansion area. The springs/seeps 

are found adjacent to the mapped wetlands on the property (Figure 2 and Drawing ME-1). The 

southernmost wetland originates from seeps in the colluvium. Water flows from the wetland area 

to a small, incised channel. The flow in the channel is not continuous downslope; water appears 
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to sink into the subsurface throughout the length of the channel. The end of flow varies 

depending on rainfall and antecedent moisture in the system.  

The wetland cluster south of CA-11C is fed by at least one spring and several seeps. Flow 

originates in this area from a small spring box (~3 ft. by ~3ft.), located approximately 100 feet 

west of well NE-1. The spring box was flowing throughout the drilling, based on field 

observations by M&E personnel. North of the wetland cluster, flow continues in a small, incised 

channel. The extent of flow varies, based on field observations. Flow appears to decrease further 

north, with water infiltrating into unconsolidated material. On June 5, 2023, the spring box was 

flowing at an estimated 1-2 GPM.  On July 11, 2023, the spring box was flowing at an estimated 

10 GPM.  On August 2, 2023, the spring box was flowing at an estimated 4 GPM. The location 

in the channel and extent of surface flow varied in June, July, and August, which is likely 

influenced by the amount of precipitation.  Refer to Figure 2 and Drawing ME-1 for the limits of 

flow observed in the channel. 

4.3 Bull Run 

Bull Run crosses the northern property boundary of the site. Bull Run is classified as a 

cold water fishes (CWF) stream. Based on site reconnaissance, the bottom material of Bull Run, 

in the vicinity of the proposed expansion, is primarily cobbles and boulders. During preliminary 

site reconnaissance by M&E personnel on May 2, 2023, Bull Run was flowing following several 

days and several inches of rainfall. Streamflow was not measured on May 2, 2023, but was 

estimated to be less than 100 gallons per minute (GPM). During well drilling from May 22, 

2023, to June 22, 2023, Bull Run was observed to be dry throughout its entire length in the 

vicinity of the Northeast Expansion area. During this period, no rainfall was observed until June 

12, 2023.  Bull Run was also observed to be dry on July 11 and August 2, 2023, supporting the 

conclusion that Bull Run is likely perched. 

5.0 SUMMARY 

Meiser & Earl, Inc. completed an investigation of a carbonate geology area in the 

northern portion of the Phase V area in the spring and summer of 2023.  The purpose of this 

investigation was to define the geologic contact between the carbonate Leithsville Formation and 
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non-carbonate Hardyston Formation and to address Lower Saucon Township Ordinance 

requirements for carbonate geology areas.  Below is a summary of M&E’s findings applicable to 

the ordinance requirements: 

 The geologic contact between the carbonate Leithsville and non-carbonate Hardyston 

Formations was defined by exploratory drilling as an inferred thrust fault.  Observations 

made during drilling correlate with the geologic interpretation by the USGS. 

 Fracture traces, outcrops, and caves were identified and located during the investigation. 

 Fissures (i.e., fractures in rock) were mainly observed by M&E to be filled with quartz. 

 No lineaments were found within the Bethlehem Landfill property boundary. 

 Depressions were evaluated using LiDAR mapping and were field verified. Depressions 

identified in the area investigated were mainly found to be related to former manmade 

structures/excavations or historic exploratory pits/surface mining activities.  There were 

no sinkholes identified in the Phase V carbonate area investigation.  Previous surface 

mines/quarries pertain to historic operations for iron-flux smelting material. 

 Ghost lakes, disappearing lakes, disappearing streams, calcareous fens, surface and 

subsurface pinnacles, soil mottling, and springs were not identified in the carbonate 

geology area.  

 Surface drainage infiltrating into the ground was observed on July 11, 2023, in the water 

course for the flow from the spring box located approximately 600 feet south of the 

contact between the Liethsville and Hardyston Formations.  The extent of flow observed 

was influenced by variability in flow from the spring box. 

 Groundwater elevation contours show a groundwater flow direction toward the Lehigh 

River and indicate that Bull Run is likely a perched stream. 

 The depth to water in the carbonate area is deeper than the depth to water south of the 

contact between the Leithsville and Hardyston Formations and similar in elevation to the 

Lehigh River.  Given the relatively flat gradient observed in the wells in the carbonate 

area, the seasonal groundwater fluctuation is expected to be minimal.  Water levels in the 

area investigated will continue to be monitored monthly through May 2024. 
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encountered during drilling for 
carbonate area investigation.

Constant, hard hammering and 
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TABLES 



Well Date Drilled Surface Elevation 
(feet AMSL)

Top of Casing 
Elevation

(feet AMSL)
BOLD=surveyed

Measured 
Steel Casing 

Stickup
(feet)

Total Drilled 
Depth

(feet BGL)

Hole Diameter
(inches : feet 

BGL)

Plumbed Depth
(feet TOSC, 

plumbed 
7/11/23)

Steel Casing 
Diameter/Depth

(inches : feet BGL)

Bentonite Seal 
Outside Steel 

Casing (feet BGL)

PVC Below 
Steel Casing

(feet)

Screened 
Interval 

(feet BGL)

Sandpack Interval
(feet BGL)

Bentonite 
Interval

(feet BGL)

CA-1 5/23/2023 362.59 363.95 1.36 100 10 : 0-100 71.3 NA NA NA NA NA

CA-2 5/23/2023-5/24/2023 355.23 357.14 1.91 160 10 : 0-38 161.3 6 : 38 ~29-38 0.35 155-165 140-165 0-140
Constructed 5/25/2023 6 : 38-160

CA-2A 5/24/2023 364.73 366.72 1.99 178 6 : 0-178 162.6 NA NA NA NA NA

CA-3 5/24/2023 332.15 334.54 2.39 78 6 : 0-78 62.7 NA NA NA NA NA

CA-3A 5/25/2023 342.71 345.41 2.70 101 6 : 0-101 90.4 NA NA NA NA NA

CA-3B 5/25/2023 354.21 356.71 2.50 103 6 : 0-103 77.9 NA NA NA NA NA

CA-4 5/24/2023 329.72 332.25 2.53 78 6 : 0-78 77.7 NA NA NA NA NA

CA-5 5/26/2023 323.84 325.37 1.53 70 6 : 0-70 68.3 NA NA NA NA NA

CA-5B 5/31/2023 336.87 339.68 2.81 103 6 : 0-103 19.6 NA NA NA NA NA

CA-5C 5/31/2023-6/1/2023 342.82 345.75 2.93 153 6 : 0-153 120.4 NA NA NA NA NA

CA-6 6/2/2023 296.81 298.25 1.44 125 10 : 0-98 126.9 6 : 98 ~89-98 NA NA NA NA
6 : 98-125

CA-7 6/5/2023 253.3 255.66 2.36 78 10 : 0-57 78.8 6 : 57 ~48-57 0.20 56-76 47-76 NA
Constructed 6/8/2023 6 : 57-78

CA-8 5/26/2023 288.62 290.67 2.05 100 10 : 0-32 100.4 6 : 32 ~23-32 NA NA NA NA
 6 : 32-100

CA-9 5/30/2023 327.12 328.59 1.47 145 10 : 0-38 146.8 6 : 38 ~29-38 NA NA NA NA
6 : 38-145

CA-11 5/31/2023 361.06 362.40 1.34 50 6 : 0-50 35.8 NA NA NA NA NA

CA-11B 6/1/2023 368.25 369.73 1.48 78 6 : 0-78 23.9 NA NA NA NA NA

CA-11C 6/1/2023 371.02 373.63 2.61 129 6 : 0-129 117.6 NA NA NA NA NA

CA-12 6/22/2023 259.12 260.93 1.81 78 10 : 0-57 75.7 6 : 57 ~48-57 0.43 58-78 NA NA
6 : 57-78

CA-13 5/30/2023-5/31/2023 317.48 319.56 2.08 135 10 : 0-44 137.3 6 : 44 ~33-44 0.37 95-135 NA NA
6 : 44-135

CA-14 6/8/2023 283.77 284.87 1.10 78.5 10 : 0-18 72.1 6 : 18 ~9-18 NA NA NA NA
6 : 18-78.5

CA-14A 6/8/2023 268.52 271.20 2.68 50 10 : 0-18 50.7 6 : 18 ~9-18 NA NA NA NA
6 : 18-50

CA-15 6/7/2023 313.72 315.23 1.51 128.5 10 : 0-18 76.9 6 : 74 (pushed to 74) 17-18* NA NA NA NA
6 : 18-128.5

CA-15A 6/6/2023 320.47 322.82 2.35 179 6 : 0-179 14.2 NA NA NA NA NA

CA-15B 6/7/2023 293.15 295.53 2.38 108 10 : 0-107.5 110.2 8: 61.5 0.39 68-108 66-108 ~64-66
Constructed 6/21/2023 8 : 107.5-108

NE-1 (D) 6/9/2023, 6-12-14/2023 428.15 430.74 2.59 150 10: 0-16 108.1 10 : 16 0.36 101-106 100-106 74-88
8: 16-72 8 : 72 88-100 Collapse

NE-1A (M) 6/19/23-6/20/23 429.22 431.58 2.36 58 6: 0-58 58.3 6:15 NA 0.36 48-53 46.3-53 28-46.3

NE-1A (S) 6/19/23-6/20/23 429.22 431.58 2.36 27 6: 0-58 29.9 6:15 NA 0.41 22-27 17-28 14-17

TABLE 1
Bethlehem Landfill - Phase V Carbonate Area Investigation

Well Construction Summary

https://meiserearl.sharepoint.com/sites/BethlehemLandfill/Shared Documents/Northeast Expansion/Report/Table 1 Well Construction Summary9/11/20238:28 AM Page 1 of 1



Well
Total Drilled 

Depth
(feet BGL)

Soil + Gneiss Colluvium
(Approximate)

Silt/Clay, Shale, Sandstone, 
Claystone 

(Hardyston Fmn.)

Dolomite/Sericite Shale 
(Leithsville Fmn.)

CA-1 100 0-4 4-100 --

CA-2 160 -- 0-24 24-160

CA-2A 178 0-2 2-178 --

CA-3 78 0-4 4-44 44-78

CA-3A 101 0-~4 -- ~4-101

CA-3B 103 -- 0-78 78-103

CA-4 78 0-15 15-49 49-78

CA-5 70 0-29 29-46.5 46.5-70

CA-5B 103 0-29 29-53.5 53.5-103

CA-5C 153 0-26 26-122 122-153

CA-6 125 0-4 4-91 91-125

CA-7 78 0-4 -- 4-78

CA-8 100 0-7 -- 7-100

CA-9 145 0-16 -- 16-145

CA-11 50 0-4 4-24 24-50

CA-11B 78 0-7 7-59 59-78

CA-11C 129 0-4 4-122 122-129

CA-12 78

CA-13 135 * 0-29 29-135
*Gneiss collivum and Hardyston Fmn. undifferentiable during drilling due to gneiss boulders

CA-14 78.5 0-27 27-70 70-78.5

CA-14A 50 * 0-22 22-50
*Gneiss collivum and Hardyston Fmn. undifferentiable during drilling due to gneiss boulders

CA-15 128.5 0-46 46-128.5 --

CA-15A 179 0-10 10-179 --

CA-15B 108 0-27 27-82 82-107.5**
**Zone non-calcareous. Gray sericite shales noted most likely correlate with Leithsville Fmn. 

NE-1 (D)

NE-1A (M)

NE-1A (S)

(1) All depths are feet below ground level. 
(2) Contact between colluvium and Hardyston Formation difficult to discern in most wells. 

Drilling Summary

TABLE 2
Bethlehem Landfill - Phase V Carbonate Area Investigation

(3) Hardyston Formation was deteremined based on the presence of rounded jasper grains, brittle arkosic sandstone fragments, 
rounded quartz grains, white chert, and an abundance of silt and clay when drilled.  

C:\Users\Todd Lowery\Documents\Bethlehem Expansion\Northeast Expansion\Carbonate Area Investigation Report\Table 2 Carbonate Investigation Summary9/5/20234:00 PM Page 1 of 1



Well Total Drilled Depth
(feet BGL)

Plumbed Depth
(feet TOSC, 

plumbed 
7/11/23)

Depth to 
Competent 

Bedrock
(feet BGL)

Surface Elevation 
(feet AMSL)

Top of Casing 
Elevation

(feet AMSL)
BOLD=surveyed

Measured 
Steel Casing 

Stickup
(feet)

Depth to Water
Water-Level 

Elevation
(feet MSL)

Depth to Water
Water-Level 

Elevation
(feet MSL)

Depth to Water
Water-Level 

Elevation
(feet MSL)

6/22/2023 7/11/2023 08/02/23
CA-1 100 71.3 >100 362.59 363.95 1.36 -- 58.66 --

305.29 <292.65
CA-2 160 161.3 34 355.23 357.14 1.91 157.10 151.39 154.12

200.04 205.75 203.02
CA-2A 178 162.6 >178 364.73 366.72 1.99 160.53 158.31 --

206.19 208.41 <204.12
CA-3 78 62.7 44 332.15 334.54 2.39 NM 62.09 --

272.45 <271.84
CA-3A 101 90.4 4 342.71 345.41 2.70 -- -- --

<255.01 <255.01
CA-3B 103 77.9 78 354.21 356.71 2.50 -- -- --

<278.81 <278.81
CA-4 78 77.7 49 329.72 332.25 2.53 NM -- --

<254.59 <254.59
CA-5 70 68.3 46.5 323.84 325.37 1.53 -- -- --

<257.07 <257.07
CA-5B 103 19.6 53.5 336.87 339.68 2.81 ~97 BGL -- --

~240 <320.05 <320.05
CA-5C 153 120.4 122 342.82 345.75 2.93 -- -- 117.56

<225.35 228.19
CA-6 125 126.9 91 296.81 298.25 1.44 92.95 90.54 88.23

205.30 207.71 210.02
CA-7 78 78.8 12.5 (?) 253.3 255.66 2.36 58.79 54.75 56.50

196.87 200.91 199.16
CA-8 100 100.4 19 288.62 290.67 2.05 92.83 85.15 90.68

197.84 205.52 199.99
CA-9 145 146.8 16 327.12 328.59 1.47 91.70 87.63 77.72

236.89 240.96 250.87
CA-11 50 35.8 24 361.06 362.40 1.34 NM -- --

<326.62 <326.62
CA-11B 78 23.9 59 368.25 369.73 1.48 -- -- --

<345.83 <345.83
CA-11C 129 117.6 122 371.02 373.63 2.61 -- -- --

<256.03 <256.03
CA-12 78 75.7 34 259.12 260.93 1.81 43.98 30.31 34.02

216.95 230.62 226.91
CA-13 135 137.3 29 317.48 319.56 2.08 87.65 79.25 80.22

231.91 240.31 239.34
CA-14 78.5 72.1 32 283.77 284.87 1.10 53.85 45.95 46.55

231.02 238.92 238.32
CA-14A 50 50.7 22 268.52 271.20 2.68 38.80 31.02 32.00

232.40 240.18 239.20
CA-15 128.5 76.9 >128.5 313.72 315.23 1.51 87.72 74.30 --

227.51 240.93 <238.33
CA-15A 179 14.2 >179 320.47 322.82 2.35 88.07 5.12 10.22

234.75 317.70 312.60
CA-15B 107.5 110.2 92 293.15 295.53 2.38 64.30 56.16 57.09

231.23 239.37 238.44
NE-1 (D) 108.1 428.15 430.74 2.59 69.80 69.31 68.70

360.94 361.43 362.04
NE-1A (M) 58.3 429.22 431.58 2.36 26.52 27.05 24.96

405.06 404.53 406.62
NE-1A (S) 29.9 429.22 431.58 2.36 20.73 22.26 21.68

410.85 409.32 409.90

Note:
July 11, 2023 water levels for CA-1, CA-3, and CA-15B, and the August 2, 2023 water level from CA-15A are situated on top of collapse are not representative.

TABLE 3
Bethlehem Landfill - Phase V Carbonate Area Investigation

Water Level Summary

https://meiserearl.sharepoint.com/sites/BethlehemLandfill/Shared Documents/Northeast Expansion/Report/Table 3 Water Level Summary9/11/20238:32 AM Page 1 of 1
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ADDITIONAL INFORMATION PER LOWER SAUCON TOWNSHIP ORDINANCE

§ 180-95 (17) (C) [10] (A) FOR CARBONATE GEOLOGY AREAS:

[i] DEPRESSIONS - INCLUDED ON SITE PLAN.
[ii] FISSURES, LINEAMENT, FAULTS, OR FRACTURES TRACES: FISSURES (I.E., FRACTURES) ARE

ADDRESSED IN PHASE V CARBONATE AREA INVESTIGATION REPORT. THERE ARE NO
LINEAMENTS WITHIN THE LANDFILL PROPERTY BOUNDARY. REFER TO FIGURE 3 FOR
LOCATIONS OF LINEAMENTS NOT WITHIN THE LANDFILL PROPERTY. FAULTS AND FRACTURE
TRACES ARE INCLUDED ON SITE PLAN.

[iii] GHOST LAKES - NONE IDENTIFIED IN PHASE V CARBONATE AREA INVESTIGATION.
[iv] OUTCROPS OF BEDROCK - INCLUDED ON SITE PLAN.
[v] SEASONAL HIGH WATER TABLES - INCLUDED ON SITE PLAN.
[vi] SINKHOLES AND PREVIOUSLY FILLED SINKHOLES - NONE IDENTIFIED IN PHASE V CARBONATE

AREA INVESTIGATION.
[vii] SOIL MOTTLING, ON AERIAL PHOTOGRAPHS, AS AN INDICATION OF SHALLOW WEATHERED

PINNACLES - NOT APPLICABLE OR DISCERNABLE ON AERIAL PHOTOGRAPHS DUE TO AREA
BEING HEAVILY WOODED.

[viii] SPRINGS - INCLUDED ON SITE PLAN, NONE IDENTIFIED IN CARBONATE GEOLOGY AREA.
[ix] SURFACE DRAINAGE ENTERING THE GROUND - THERE WAS NO SURFACE DRAINAGE

OBSERVED ENTERING THE GROUND IN THE CARBONATE GEOLOGY AREA DURING THE
INVESTIGATION, THAT WOULD SUGGEST THE PRESENCE OF A SINKHOLE OR CAVERN. 
WATER WAS OBSERVED ON JULY 11, 2023, FLOWING IN THE PORTION OF THE
WATERCOURSE THAT EXTENDS NORTH OF THE CARBONATE GEOLOGY BOUNDARY.  THE
WATERCOURSE LOSSES WATER TO THE UNDERLYING MATERIAL DUE TO CHANGES IN
LITHOLOGY, HYDRAULIC CONDUCTIVITY, AND VARIABILITY OF FLOW FROM THE SPRING
BOX.  ON JUNE 5, 2023, AND AUGUST 2, 2023, THE TERMINATION OF FLOW WAS SOUTH OF
THE CARBONATE GEOLOGY BOUNDARY.

[x] CAVERNS - INCLUDED ON SITE PLAN AND INCLUDED ON FIGURE 4 OF PHASE V CARBONATE
AREA INVESTIGATION REPORT.

[xi] DISAPPEARING LAKES - NONE IDENTIFIED IN PHASE V CARBONATE AREA INVESTIGATION.
[xii] DISAPPEARING STREAMS - NONE IDENTIFIED IN PHASE V CARBONATE AREA INVESTIGATION.
[xiii] SURFACE OR SUBSURFACE PINNACLES - NONE IDENTIFIED IN PHASE V CARBONATE AREA

INVESTIGATION.
[xiv] CALCAREOUS FENS - NON IDENTIFIED IN PHASE V CARBONATE AREA INVESTIGATION.

· Closed depressions identified using PAMAP LIDAR
(3.2ft. grid resolution).  Depressions classified
based on field observation.

· Fracture traces mapped by Meiser & Earl, Inc.
using black and white aerial photograph
AVO-10-171, dated June 5, 1947.

· Bedrock outcrops and Spring box identified in the
field by Meiser & Earl, Inc. in May 2023.
Additional outcrops identified north of Bull Run.

· Reddington Cave No.1 location from
Mid-Appalachian Region of the National
Speleological Society.  Not field verified due to
restricted access.  No additional caverns
identified.

LIDAR-IDENTIFIED DEPRESSION IN BOULDER FIELD NOT UNDERLAIN BY CARBONATE GEOLOGY
LIDAR-IDENTIFIED DEPRESSION ALONG RAILROAD GRADE NORTHWEST OF LANDFILL PROPERTY
LIDAR-IDENTIFIED DEPRESSION WITHIN FORMER MANMADE STRUCTURE/EXCAVATION
LIDAR-IDENTIFIED DEPRESSION RELATED TO HISTORIC EXPLORATORY PITS/SURFACE MINING ACTIVITIES
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Copy of 1162.6MAIL23-01.xlsx

NAME SITE ADDRESS MAILING ADDRESS PARCEL NO.

1 Patrick Hauze 4273 Madison Avenue
4273 Madison Avenue
Bethlehem, PA  18015

N7SE4 40 4 0719

2 Cecilio Gonzalez 2647 QUINCY AVE 629 Faith Drive
Catasauqua, PA  18032

P7NE1 7 1 0719

3 Saucon Grove LLC 2420 APPLEBUTTER RD
756 Main Street #178

Tatamy, PA  18085
P8 4 8 0719

4 Louis Didomenico 2452 APPLEBUTTER RD
2458 Applebutter Road
Hellertown, PA  18055

P8 4 11 0719

5 Thomas Conley 2470 Applebutter Road
2470 Applebutter Road
Hellertown, PA  18055

P8 4 14 0719

6 Greg Boardman 2472 APPLEBUTTER RD
101 Spruce Street

Hellertown, PA  18055
 P8 4 14A 0719

7 Michael Swint 2490 APPLEBUTTER RD
842 Folk Street

Easton, PA  18042
P8 4 14B 0719

8 Joseph Severn APPLEBUTTER RD
1612 Gail Lane

Hellertown, PA  18055
P8 4 15 0719

9 Manufacturer’s Light & Heat Co. 2517 APPLEBUTTER RD RR 1
Hellertown, PA  18055

 P8 1 6 0719E

10 Elizabeth Larsen 2533 Applebutter Road
2533 Applebutter Road
Hellertown, PA  18055

P8 1 7A 0719

11 Iglesia Evangelica Apostoles 2550 Applebutter Road
2550 Applebutter Road
Hellertown, PA  18055

P8 4 18A 0719E

12 Michele Affatoto 2400 Applebutter Road 714 Linden Street, Apt. 14
Bethlehem, PA  18018

P8 4 7 0719

13 Lisa M. Walters Trust
2557 Applebutter Road
Hellertown, PA  18055

2557 Applebutter Road
Hellertown, PA  18055

 N8 14 14B-1A 0719

14 Bruce Petrie
2626 Redington Road
2600 Redington Road

2626 Redington Road
Hellertown, PA  18055

N8 14 10 0719F
N8 14 9H 0719F

15 Angela Malik 2563 APPLEBUTTER RD
2563 APPLEBUTTER RD

HELLERTOWN, PA, 18055-3304
N8 14 12 0719

16 Christine Drakos 720 REDINGTON RD NO
1009 Blair Road

Bethlehem, PA  18017
N8 14 11 0719

17 RZB LLC 2476 Riverside Drive 1009 Blair Road
Bethlehem, PA  18017

N8 14 3 0719

18 Salvatore Gagliano 2530 Wolf Pack Run
2530 Wolf Pack Run

Hellertown, PA  18055
N8 14 3A-1 0719

19 Robert Blasko 2510 Redington Road
2510 Redington Road
Hellertown, PA  18055

N8 14 3A 0719

20 PP&L Co RIVERSIDE DR 2 N. 9th Street
Allentown, PA  18101

N7 18 2 0719

21 Pennsylvania Lines, LLC RIVERSIDE DR 650 W. Peachtree Street NW
Atlanta, GA  30308

N8 11 1 0719E

22 John Kelley
2238 Riverside Drive

SCHWAB AVE
2238 Riverside Drive

Bethlehem, PA  18015
N7SE4 9 1 0719

N7SE4 19 2 0719

23 Dorothy Kelley SCHWAB AVE 2338 Riverside Drive
Bethlehem, PA  18015

N7SE4 19 1 0719

24 Kyle Cambiotti
JOHNSTON AVE

ERNY AVE
4284 Matthews Avenue
Bethlehem, PA  18015

N7SE4 26 1 0719
N7SE4 29 4A 0719

25 Peter & Linda Danubio ERNY AVE

C/O County Tax Claim Division 669 
Washington St

Easton, Pa, 18042
N7SE4 29 4 0719C

26 George Steckel 2230 MIXSELL AVE 4275 Jefferson Avenue
Bethlehem, PA  18015

N7SE4 40 3 0719

27 Bethlehem Landfill Company multiple
2335 Applebutter Road
Bethlehem, PA  18015

multiple

28 Shannon A. Smith, Revocable Trust
2422 Applebutter Road
2426 Applebutter Road

2422 Applebutter Road
Hellertown, PA  18055

P8 4 9 0719
P8 4 10 0719

29 Bushkill Valley Motorcycle Club 2248 RIVERSIDE DR 1312 Tatamy Road
Easton, PA  18042

N7 18 1 0719

30 Jay S. Pichel
2391 Applebutter Road
2559 Applebutter Road

2561 Applebutter Road
Hellertown, PA  18055

 P8 1 2 0719
N8 14 14B-1 0719

31 Andrew & Tina Krasnansky
Applebutter Road

2430 Applebutter Road
2442 Applebutter Road

2430 Applebutter Road
Hellertown, PA  18055

P8 4 11A 0719
P8 4 11B 0719
P8 4 11C 0719

32 Joseph Severn ET AL Applebutter Road
C O Joseph Severn 1612 Gail Ln

Hellertown, Pa, 18055-3005
P8 4 15 0719

33 Robert G. Raidline
2384 Applebutter Road
Bethlehem, PA  18015

2384 Applebutter Road
Bethlehem, PA  18015

P8 4 5 0719

34 Conectiv Bethlehem, LLC
2254 Applebutter Road

Applebutter Road

c/o Calpine Bethlehem, LLC
717 Texas Ave., Suite 1000

Houston, TX 77002

P7 15 2 0719
P7 15 3A 0719

35 UGI BETHLEHEM LNG LLC
f/ Lehigh Valley Industrial Park

Applebutter Road
   300 WOODCLIFF DR STE 102

CANONSBURG, PA, 15317-
P7 22 53-56 0719

List of surrounding properties to receive notification as per 145-33E (12). Verification to be provided within 15 days of submission.
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