
Fractured rock environments present unique chal-

lenges for characterizing groundwater flow and con-

taminant transport.  Sites with underlying porous 

media (i.e. gravel, sand, silt, etc.) often enable in-

vestigators to generally presume uniform groundwa-

ter flow and contaminant migration throughout the 

subsurface.  However, fractured rock regimes differ 

in that flow and contaminants often follow preferen-

tial pathways, including natural vertical and hori-

zontal bedrock fractures. 

Figure 1 illustrates a typical sandstone/shale bed-

rock outcrop where vertical and horizontal (bedding 

plane) fractures are present in otherwise competent 

rock.  Their characteristics, including frequency, 

orientation and degree of development all have an 

impact on groundwater flow and contaminant trans-

port.  These factors and others must be considered 

for proper site evaluation in fractured rock settings. 

Appalachia Hydrogeologic & Environmental Con-

sulting, Inc. (Appalachia) has expertise and experi-

ence in dealing with hydrogeologic characterization 

of fractured rock sites, whether it be to assess con-

taminant transport and remediation for regulatory 

compliance or to assess non-hazardous sites, such as 

examining the hydrogeologic consequences of quarry development.  

Some of the tools we use for investigating fractured rock sites in-

clude: 

 Advanced aquifer testing, 

 Groundwater tracer testing, 

 Groundwater flow and contaminant transport modeling, 

 Geophysical borehole logging, 

 GIS spatial analyses, 

 Fracture trace and lineament analysis and 

 Site geologic field assessments. 

Introduction 

A rural residential area was investigated for stray natural gas im-

pacts due to adjacent gas well drilling operations (Fig. 2).  The as-

sessment included the analysis of gas well construction, geochemi-

cal data, specialized natural gas isotopes and physical characteriza-

tion of the site. 

A field assessment of local bedrock outcrops in the site vicinity 

identified a dominant vertical fracture set trending NNW-SSE and a 

less-developed vertical fracture set trending W-E.  A lineament 

analysis of the site vicinity revealed a linear valley alignment of the 

site setting which correlated with the identified NNW-SSE joint 

network and signified valley fracture-controlled development.  A 

low angle thrust fault was also identified beneath the site extending 

towards the north.  In layman terms, geologic data supported sig-

nificant fracture development providing a migration pathway be-

tween the gas wells responsible for the gas release and impacted 

site.   Geochemical and natural gas isotopic data also implicated the 

gas wells as the source of stray natural gas. 
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Fig 1.  Bedrock outcrop illustrating bedding plane and vertical fractures 

which are the principal avenues of groundwater flow and contaminant 

transport in fractured rock aquifers. 

Case Study 1:  Assessment of Fractured Rock Hydrogeologic 

Conditions at a Gas-Drilling Impacted Site 

Fig 2.  Site vicinity and DEM hillshade map. 

Vertical Fracture 

Bedding Plane 



An aquifer test was also conducted to assess the fractured 

rock aquifer characteristics in the site vicinity (Fig. 3).  

Advanced aquifer testing methods revealed  preferential 

groundwater flow aligned with the dominant bedrock 

fractures.  Less permeable rock was also identified to be 

present in the valley slope, whereas the valley itself has 2

-5 times greater permeability. 

The hydrogeologic  investigative techniques and tools 

just described apply to many other environmental sites 

involving characterization and remediation of hazardous 

waste.  Appalachia’s key personnel have experience with 

various contaminants in fractured rock settings, including 

LNAPL, DNAPL, metals and pesticides, among others. 

Overall, a proper understanding of a site’s geology and 

aquifer characteristics are critical in fractured rock set-

tings, where delineation and efficient contaminant recov-

ery and remediation require thoughtful and informed de-

cision making beyond what it generally necessary for 

porous media-impacted sites. 

A bromide (Br) tracer test was conducted in investigate a 

turbidity impacted stream approximately 1 km away from a 

working flagstone quarry.  Br tracer solution was injected 

into open fractures within the quarry, while Br concentra-

tions were monitored through time at the stream in question.  

It was found that Br breakthrough at the stream occurred 

approximately 2 days following tracer injections, while 

peaks occurred 10 days after injections, providing approxi-

mate travel times via. the bedrock fracture network.  Mass 

balance calculations indicate that a total of approximately 

0.25-0.5 percent of the injected tracer mass migrated to the 

stream in question.  In addition, turbidity spikes at the stream 

correlated with significant precipitation events and not with 

tracer breakthrough curves.   

Altogether, the evidence indicated limited hydrologic com-

munication between the quarry and stream via. dominant 

vertical bedrock fractures and horizontal bedding planes and 

not to the extent to substantiate a significant impact by the 

quarry’s operations. 

Similar tracer studies are also useful for assessing con-

taminant transport from hazardous waste sites, aiding in 

the development and calibration of groundwater flow 

models and allocating environmental remedial costs be-

tween multiple responsible parties.  

Appalachia’s Contact Info 

Address:    
477 Garretson Rd   

Bridgewater, NJ  08807  

Ph:  (888) 240-1984   

Fx:  (908) 429-2103 

Email:  info@appalachiaconsulting.com 

Web:    www.appalachiaconsulting.com 
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Fig 3.  Drawdown (meters) at conclusion of aquifer test. 

Case Study 2:  Assessment of Quarrying Impacts via. Natural Gradient     

Tracer Testing Using Bromide 

Fig 4.  3-D hillshade of site and Br tracer breakthrough curve. 

Quarry Investigated      

impacts to stream 


