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Expert Report of Dr. Jay B. Parrish, PG 

Substantive Validity Challenge to Ordinance 127 

 

 

Introduction 

The Middlesex Township Ordinance 127 implicates concerns with respect to:  

1. Farmland productivity loss as evidenced in CIR imagery 

2. Fracture traces as conduits for fluid migration 

3. Lineaments as structural controls on production and providing a pathway for migration 

4. Pad size inappropriate for farm use 

5. What is found when drilling into the Marcellus Formation  

 

The opinions stated here are stated to a reasonable degree of professional certainty.  

 

1. Farmland productivity   

 

Compacting the subsoil, disturbing the topsoil and introducing an impermeable object at depth 

will negatively affect farmland productivity. That is to say, the introduction of pipelines and well 

pads will decrease the productivity of a farm. 

Disturbing the topsoil layer will decrease crop production (Culley and Dow, 1988). When 

pipelines are installed there is generally an acknowledgment by industry that productivity will 

decrease, but also an assertion that productivity will return to normal within 3-5 years (e.g., 

Gruber, 2014). While productivity recovers some, it does not necessarily return to previous 

levels, due to compaction of the subsoil and effects of an impermeable object—the pipeline 

itself.  

It is possible to measure indicators of vigor, or biomass, using Normalized Difference Vegetation 

Index (NDVI), which is a measure of the relationship between the red visible reflectance band 

(VIS) (0.7 micrometers) and near infrared reflectance band (NIR) (0.8 micrometers).  

NDVI = (NIR-VIS)/(NIR+VIS) 

NDVI can distinguish subtle spectral differences that are not visible to the naked eye. It 

represents the portion of the spectrum just beyond the visible—the same wavelengths as used by 

a remote control for a television, for example. The NIR beam is invisible to the human eye. 
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A pixel representing a crop with high NIR reflectance and low VIS reflectance will result in a 

high NDVI, while a stressed plant will have high VIS and low NIR, resulting in a low NDVI. 

Thus, high NDVI values suggest the subject crops are healthy, while low values are indicators of 

crop stress.  

 

 

Figure 1. Healthy leaf reflectance. Light is reflected at different wavelengths. The small high in 

TM Band 2 corresponds to green wavelengths. Since plants absorb energy in the blue and red 

portion of the spectrum and reflect green light, they appear green to humans. The near infrared 

(NIR) reflectance (TM Bands 4,5 and 6) is very high for a healthy plant and lower for a stressed 

plant. (Image source: JPL, 1984) 

This is illustrated in Figures 2, 3 and 4, which relate to an area of pipeline in Lancaster County, 

Pennsylvania. In 1999, during a time of drought in Lancaster County, crop plants were stressed 

to the point where near infrared (NIR) reflectance was readily apparent so that NDVI 

calculations were unnecessary. Photosynthetic vegetation (green in the visible) was mapped as 

red in the near infrared. Where crops were no longer photosynthetic, they appeared as blue or 

white. Where pipelines crossed relatively healthy crops (red) the trace of the pipeline can be seen 

as a bluish white linear feature, marked by arrows on either end. The alignments of brighter 

pixels—higher reflectance values in the visible with virtually no reflectance in the NIR—can be 

seen as in Figures 2, 3 and 4. Using the NDVI, the drought-stressed red crops have a higher 

NDVI than the blue, which are essentially dead, and along the path of the pipeline the effect is 

accentuated. 
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Figure 2. Pipeline route crossing green crops (left) and dry field (right), showing decreased 

photosynthesis over the pipeline. (Image source: Lancaster County GIS, 1999) 

 

 

Figure 3. Pipeline visible in CIR imagery. (Image source: Lancaster County GIS, 1999) 
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Figure 4. Pipeline visible in CIR imagery. (Image source: Lancaster County GIS, 1999) 

 

The pipelines in the above example were a minimum of 10 or more years old. One can expect the 

same impacts from small gathering lines, but to a lesser extent. Other variables are crop type and 

associated root depth, and lithology. Deep-rooted crops such as corn, persist in photosynthetic 

activity well into a drought while shallower-rooted crops completely burn out, resulting in a 

blue-white spectral signature. Thus, deep-rooted crops are relatively less vulnerable to the effects 

of topsoil disturbance.  

Many of the same mechanisms for crop disturbance are at play in the development of a well pad, 

which involves disturbance of the topsoil layer by bulldozing, and compaction of the subsoil by 

heavy equipment traffic.  

While productivity can rise again after soil disturbance, it does not necessarily reach previous 

levels, as evidenced by the fact that crop plants grown over buried pipelines show greater stress, 

which can be seen in the near infrared. There have not been systematic spectral studies of crop 

productivity after pipeline installations. However, the science of observing crops in general 

spectrally is in common use.. For example, Duiker and Micsky (2014) emphasize the danger of 

compacting the subsoil which lacks the humus found in the topsoil. It does not recover from 

compaction as well as topsoil.  

Development of a five acre Marcellus well pad and associated pipelines will decrease the 

productivity of a field, not just for 3-5 years, but for many years after the activity has ceased. 

This can be seen in crop records (which is how some industry representatives determine 

compensation) as well as spectrally in near infrared reflectance. 
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2. Assessment of Township Zoning Districts for Geological Connectivity 

 

Natural gas development creates risks of contamination to freshwater aquifers. This can occur 

through communication, which involves the mixing of freshwater and contaminated fluids or 

gases. Geologic studies can help determine those areas where it is relatively less safe to drill. 

Excluding from drilling areas of high fracture density and proximity to a major lineament would 

reduce the risk for migration of contaminants, should any enter the fracture system. There are a 

number of techniques available to assess the possibility of communication between subsurface 

and near aquifers. Because fracture traces and lineaments are zones of weakness they constitute 

zones in which communication of fluids and gases with freshwater is more likely. In addition, 

the presence of abandoned wells, many of which are unplugged and unmapped, constitute a risk. 

In providing for the safety, welfare, and environmental protection of its residents, Middlesex 

Township should have conducted an analysis of fracture traces, lineaments, and other water 

contamination risk factors prior to passing Ordinance 127.   

Fracture Traces 

Fracture traces have been used for water exploration for generations. They represent breaks in 

the rock that have not experienced movement (i.e., not a fault), but do allow fluids to flow 

through them. They are usually interpreted from aerial photographs based on tonal or 

topographic lineations where the rocks have selectively eroded at a faster pace due to the fracture 

(Clark, et al., 1996). They are associated with near surface water resources, not gas producing 

zones at depth. However, they do provide a conduit for migration of pollutants if the source (in 

this case, fracing fluids or hydrocarbons) intercepts such a fracture. 

Fractures are usually relatively narrow and shallow in geologic terms. They can be hundreds to 

thousands of feet in length and generally just a few feet wide. Their depth varies but they are 

generally thought to be confined to the near surface. 

In the following example, depicted in Figure 5, a color infrared image shows zones of green corn 

cutting across a dry cornfield. The red areas are manifestations of greater soil moisture 

associated with fracture traces (green in the visible). On the ground, the zones are still green, 

meaning they are able to continue to photosynthesize, as seen in Figure 6. This is because the 

fractures allowed migration of near surface water to the crop and thus kept it alive while plants 

not on a fracture died from drought. 
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Figure 5. 1998 CIR imagery showing fractures in dry cornfield. (Image source: Lancaster County 

GIS, 1998) 

 

Figure 6. Ground view of Figure 5 image showing photosynthetic corn over fracture zone. 

(Image source: Parrish, 1998) 
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Figure 7. Fractures exposed in river bottom. (Image source: Lancaster County GIS, 1998) 

 

The surface expression may not adequately demonstrate the sheer number of fractures, as seen in 

this example (Figure 7) from the dry river bed of the Susquehanna River. The many fractures in 

the bare bedrock (light blue) are seen as zones of lower topography which are filled with water 

(dark blue). The region described in Figures 5 and 6 was very close to the river bed, seen in 

Figure 7, showing a tremendous difference in discernable fracture density. Not all fractures are 

evident at the surface using geomorphic or spectral means (e.g., lidar and CIR imagery). 

Geophysical methods can also be used to define fractures based upon their electrical 

conductivity.  

Fractures provide a conduit for fluids and gases. The most common use of fracture analysis is for 

water exploration, using fractures as sources of higher water availability (Gold, 1997). The 

author has mapped fractures and found associated radon escaping from crystalline rocks. 

Fractures provide conduits for any material that may enter them. Therefore, if a fracture connects 

with a drill hole which pierces an otherwise isolated layer, the entire system is compromised. In 

other words, fractures extend the impact of a failed well (gas or water) and carry contamination 

to a broader region.  

Drilling a well creates a conduit for contamination. This provides an opportunity for brines or 

gases from a capped layer to intrude into water supplies. Natural fractures provide additional 

pathways for migration. While fluids migrate slowly along small discontinuities in natural 

fractures, a drill hole provides large conduit where fluids can flow freely. 
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Prior to allowing drilling it would be prudent to conduct a fracture trace analysis to ascertain the 

risk of migration along naturally occurring pathways. 

Lineaments 

Lineaments are similar in concept to fractures. Unlike fractures, they are on a scale of tens to 

hundreds of miles and penetrate to the basement, or deep crystalline rocks found underneath the 

sedimentary section containing the Marcellus Formation. They can be relatively wide, ranging up 

to several miles, forming a lineament zone rather than a single narrow line. Lineaments are 

associated with increased fracture density and provide additional vertical communication. 

Because of their deep, nearly vertical nature, they may be delineated using tonal anomalies, 

geomorphology, magnetics, gravity and structural features. Magnetic anomalies indicate 

differences in properties of basement rocks. These basement discontinuities are zones of 

weakness over time and their effect can be seen on horizons thousands of feet above them. 

Lineaments can be envisioned as the boundaries of jostling basement blocks. Figure 8, below, 

illustrates some of the well-known lineaments cutting northwest-southeast across Pennsylvania. 

Growth faults, which occur even while sediments are being deposited, trend southwest-northeast. 

Where these two systems intersect, points of particular weakness are found and are where deep-

seated magmatic material can make its way to the surface. The few known examples of mantle 

material of the type containing diamonds (kimberlites) are found at these intersections of 

lineaments and basement growth faults (Parrish, 1978). 
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Figure 8. Diagram by John Harper based upon his presentation at the Field Conference of 

Pennsylvania Geologists, 1989. For our purposes, we will be interested only in the lineament 

labelled “BB,” for Blairsville-Broadtop. 
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Figure 9. Portion of BTGS Open-File Report OFGG 05–01.0 showing the location of Blairsville-

Broadtop lineament in southern Butler County. 

 

McDaniel (2006) suggests that lineaments, such as the Blairsville-Broadtop, controlled sediment 

deposition in the Upper Devonian. Jacobi (2002) has noted a concentration of fractures over 

lineaments. Harper speaks of increased heat flow influenced by fluid migration along lineaments 

being the possible cause for glacial boundaries (Harper and Fleeger, 1989). Figure 9 shows some 

of the western Pennsylvania lineaments and associated structures. Note the Tanoma and 

Dixonville kimberlitic dikes in Indiana County, where molten mantle material came through 

18000 feet of Paleozoic sediments during the Jurassic, illustrating how lineaments can provide a 

conduit from the basement through the entire sedimentary sequence. 

There is concern that lineaments could act as “…a threat to hydrocarbon productivity and 

recovery efficiency due to faults and fractures acting as paths of least resistance for induced 

hydraulic stimulation fluids. These lineaments may represent major transfer faults that serve as 

pathways for hydraulic fluid migration.” (Roberts, 2013). Hydraulic fluid migration can cause 

water contamination. Natural fractures can be associated with increased gas production in the 

Marcellus, however, if they are part of a basement related, heavily fractured area, it can result in 

a low-producing well (Fagan, 2013). It is thought that it could be due to faults absorbing the 

hydraulic fracturing energy through the dispersion of fracing fluids. The high fracture density 

area near a lineament, provides many pathways for fracing fluids to migrate. It is therefore of 
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value to avoid basement fault zones (e.g., lineaments) and drill between basement fault blocks. In 

Figure 10, note how the production (contoured) is bounded by lineaments. 

 

Figure 10.  Portion of map taken from Zagorsky (2013) showing relationship of lineaments and 

the Marcellus play. 

 

While Carter, et al. (2013) rightly point out that joints are controlled by bedding and lithology 

(rock layering and types) and one cannot assume a vertical fault,  basement lineaments by their 

nature are vertical and defined by discontinuities in crystalline rocks at depth. They are not to be 

confused with near surface fractures. Explorationists use the existence of fractures and 

lineaments as conduits for fluid and gas migration, even from depth, and note the influence of 

lineaments on siting a well (Fagan, 2013). And thus, if there is a risk of fluid and gas migration, 

this is a risk of water contamination.  

For example, McGee and Beasley (2013), say that they use aerial methods for: 

Looking for surface lineaments / vertical fracture corridors (bedrock aquifers) for 

avoidance during selection of well surface locations [and] identification of surface 

lineaments / vertical fracture corridors that may be acting as natural methane surface 

seep. 

Note, in Figure 11, that the Blairsville-Broadtop lineament cuts directly through Middlesex 

Township, meaning that one could assume that the areas on and adjacent to the lineament would 

have increased fracture densities, rendering them less productive and more prone to risks of 

communication of contaminated fluids 
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Figure 11. Portion of BTGS Open-File Report OFGG 05–01.0 showing location of the 

Blairsville-Broadtop lineament (purple) in southern Butler County. Note that because of 

differences in scale of the source map and the base map, the location of the lineament is inexact. 

(Depth contours are in blue, with a possible offset along the lineament indicated by the question 

marks.) Since lineament zones can be very wide (on the order of miles), the Blairsville-Broadtop 

lineament could cover a good portion of Middlesex Township. 

 

The Blairsville-Broadtop (BB) lineament cuts through southern Butler County in the vicinity of 

Middlesex Township (Figure 8). The basement of western Pennsylvania is marked by northeast 

trending growth faults and cross-cutting lineaments (Figure 9) that have influenced deposition of 

sediments over time (Figure 10), demonstrating the impact of a basement lineament from depth 

to the surface. Marcellus explorationists caution against drilling along lineaments, and to avoid 

increased risk of aquifer contamination, lineament areas should not be zoned for deep shale gas 

mining. 

Other communication mechanisms of contamination 

There exist several zones which may or may not be connected, except by a drill hole: 1) the near 

surface and the higher formation reservoirs which are penetrated by older wells going down 

about 2000 feet, 2) about 4000 feet of sediments above the Marcellus, 3) the Marcellus at about 

6000 feet and below that the basement at about 15000 feet.  
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Abandoned wells pass through the near surface fracture zone and groundwater region and 

approach, but do not reach, the Marcellus Formation. Abandoned wells that are not capped 

present a particularly acute environmental and human health problem in Pennsylvania. With over 

100 years of oil well drilling and only recent regulatory control, there are estimated to be over 

3000,000 abandoned wells, with many being uncapped or not located (Kang, 2014). Uncapped 

wells provide direct communication to the subsurface, carrying pollution from runoff or spills 

directly into the aquifers below. 

The existence of abandoned wells, which could provide conduits, and proximity to a basement 

lineament, which could provide vertical communication through the entire geologic column, may 

increase the risk of out of formation fractures having communication with higher formations. 

Induced seismicity has been shown to be caused by fracing, which is, of course, the goal of 

fracing. But fracing seismicity is usually small and confined to the horizon of interest. A safety 

concern arises where a fracing operation facilitates movement on an existing fault (Maxwell, 

2013). In such a case, Maxwell says, “if faults become apparent during the course of a hydraulic 

fracturing, planned stages could be skipped over a portion of the well near the fault to avoid 

induced seismicity.” It would therefore be prudent to avoid other known zones of weakness 

when fracing, such as faults and basement lineament zones.  

While it is hoped that there is a seal between the outer casing and the surrounding rock, that is 

not always possible, thereby allowing communication between horizons. Even without a drill 

hole, a basement lineament could connect all horizons from the base of the sedimentary column 

(15,000 feet) to the surface.  

Water wells are rarely more than a few hundred feet in depth. A geologist will attempt to 

increase yield by intersecting a fracture trace so that it would be common for a water well to be 

sited on a fracture trace. If it is properly cased it should not tap any horizon but the desired 

aquifer. But significantly, Pennsylvania does not require that water wells be constructed to a 

specified standard, unlike in other states, creating increased risks of contamination. 

In summary, near surface fracture traces allow communication between a poorly constructed 

water well and a poorly constructed gas well. Lineaments are associated with increased fracture 

density and provide additional vertical communication. Tabular sections of the basement, or 

basement blocks, are defined on either side by major lineaments such as the Blairsville-

Broadtop. It would be more of risk to drill near a lineament and adjacent fractures than between 

major lineaments, within a basement block, because of the increased fracturing and vertical 

communication potential associated with a lineament. 

 

Conclusion 

Simply by drilling a well of any sort you are creating a conduit for contamination. The large 

number of poorly constructed water wells and abandoned gas wells provide opportunities for 
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brines or gases from a confined geologic layer to intrude into water supplies. Natural fractures 

provide additional pathways for migration. While fluids migrate slowly along small 

discontinuities in natural fractures, a drill hole provides a large conduit where fluids can flow 

freely. 

Geology can help determine those areas where it is relatively less safe to drill. The concept of the 

subsurface being a homogenous infinite half space is incorrect. Rock layers are not only folded 

and faulted but they are overprinted by joint and fracture systems. And there are also basement 

lineaments, persistent through geological time, marked by increased fracturing. Excluding areas 

of high fracture density and proximity to a major lineament would reduce risk for migration of 

contaminants should any enter the fracture system. 

In order to protect the health, safety and welfare of the citizens of Middlesex Township and to 

protect the environment of Middlesex Township, there are a number of preliminary studies 

which should have been completed prior to allowing drilling in any particular zoning district. 

The proposed studies would identify the regions of increased risk of contamination or hazard. 

A prudent approach in any particular zoning district would be to determine the location of any 

basement lineament and adjacent fractures, map abandoned wells, and collect baseline data on 

pre-existing seismicity, groundwater composition, and stray gas. 

By not taking fractures and lineaments into account, the ordinance opens landowners to possible 

increase in risk of water contamination. From a geological perspective, it would be prudent to 

study the region before exposing citizens to the disruption of exploration and production. To that 

end, there are a number of studies which should have been conducted. 

1. Fracture trace analysis to delineate near surface conduits and zones of connectivity. This 

would identify zones of relative risk related to fracture density and proximity to the 

Blairsville-Broadtop lineament.  

2. Delineate the lineament using geophysical/remote sensing means and measure soil gas 

for hydrocarbons, radon, CO2. 

3. Conduct a stray gas study to determine natural state of gas migration prior to drilling—

this may also aid in locating abandoned, uncapped wells. 

4. Collect groundwater quality data to determine baseline levels prior to drilling. 

5. Collect seismic baseline data to determine seismicity prior to well drilling and fracing. 

NSF Earthscope and PASEIS collected data statewide for the past 18 months. It is 

available for free. Some oil and gas companies collect broadband seismic data but do not 

make it available. 

6. Low altitude high resolution aeromagnetic survey to locate abandoned wells. This may 

also be useful with respect to mapping the lineament. If the casings of abandoned wells 

have been pulled it will not be effective, however it is the lowest cost/most effective 

means of locating abandoned wells. Other geophysical tools could be employed 

depending upon the nature of the problem. 
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It would be needlessly reckless to allow drilling in a particular zoning district without doing 

preliminary baseline studies. Conducting geological baseline studies is essential to protecting the 

environment and the safety of the citizens of Middlesex. 

 

4. The historic understanding of farm usage 

There is a significant difference between the traditional farm use of shallow gas discovered on 

the farm property and the extraction of high pressure gas found at depth, using multiple wells for 

production. 

With shallow gas fields under low pressure, it is reasonable to siphon off a small amount for 

home use. Such wells occupy a small fraction of the acreage of a farm and cause minimal 

disruption to farm activities. In contrast a deep shale horizontal drilling operation makes use of 

the entire five acre pad.  

As an example, consider Figure 11, which shows a conventional vertical well site near an 

unconventional horizontal well site. Note that the deep shale unconventional horizontal pad takes 

up significant area compared to a single vertical well and that two previously drilled wells on the 

property are no longer visible, illustrating how the property could be returned to farm use after 

drilling a shallow vertical well. 

Shallow gas fields are under low pressure compared to the production from an unconventional 

well. It would be prohibitively dangerous to siphon gas at high pressure into a domestic 

dwelling. 

Unlike a shallow vertical conventional well of several decades ago, a deep unconventional well 

requires huge amounts of toxic chemicals, thousands of gallons of water, extensive truck traffic, 

and vastly more diesel equipment. A deep unconventional well requires much more in the way of 

technology, equipment, chemicals and acreage than a conventional shallow well found on a farm 

in the area a few decades ago. And with that added complexity comes greater risk when 

something goes wrong. 

There is therefore a significant difference between historic shallow gas wells and modern 

unconventional gas wells. 
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Image Source: PAMAP 2006 

Figure 11. Top: 2014 imagery showing horizontal (left) and vertical (right) well pads. Bottom: 

2006 imagery of the same site showing vertical (red) well versus horizontal (purple) drill pad 

footprints. Historic wells in green. 
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5. Marcellus drilling product 

The Marcellus contains a brine (salt water) that is several times the salinity of sea water. It also 

contains naturally occurring radioactive material (NORM) in the form of uranium or radium. As 

a result, the black shale rock chips brought up in a drilling operation must be disposed of 

properly. The Marcellus Formation also contains barium, chromium and zinc, which could be 

leached out from cuttings (EPA, 2014; Bank, 2011). 

The radiation present in Marcellus brine ranges for 10’s of pico Curies/liter to over 10,000 

picoCuries/liter (Rowen, et al., 2011). The U.S. Environmental Protection Agency’s action level 

used for household exposure is 4 picoCuries/liter and the level in outside air is 0.4. In reality, all 

radiation is to be avoided, so while we live with natural radiation, it is beneficial to avoid any 

unnecessary exposure. The 4 picoCurie level was set because the average in-home level was 1.3, 

and it is an order of magnitude higher than outside air. 

 

 

________________________ 

Dr. Jay B. Parrish, PG  

Date: 28 December 2014 

 

 

 

 

 

Sealed: 
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