
 
 

 
 

November 12, 2014 

 

Tim Whitehouse  
Executive Director 
Chesapeake Physicians for Social Responsibility 
325 East 25th Street  
Baltimore, MD 21218 
240-246-4492 
 

Re: Draft Assessment of Risks from Unconventional Gas Well Development in the Marcellus Shale 
of Western Maryland  

 

Thank you for inviting us to review the draft Assessment of Risks from Unconventional Gas Well 
Development in the Marcellus Shale of Western Maryland (MDRA). As a national organization 
comprised of physicians, scientists, and engineers, we appreciate the opportunity to share with you our 
views regarding the MDRA. PSE Healthy Energy is an independent non-profit that provides evidence-
based information on various forms of novel energy development. We maintain formal affiliations and 
relationships with faculty members across a range of disciplines at a number of national institutions, 
including Pennsylvania State University, Cornell University, Duke University, and Stanford University.   

We applaud the relative strength of the proposed best management practices (BMP) and revised 
regulations for unconventional wells in Maryland; however, we feel the current MDRA is incomplete, the 
effect of BMPs in some instances over-estimated,  and  overall,  MDE’s  ability  to  enforce  compliance  of  the  
BMPs questionable. In particular, the absence of any assessment of regional air impacts and climate 
impacts concerns us. We also question the conclusion  of  “low” risk to groundwater due to well-bore 
failure and/or impairment.  Our detailed comments and concerns are provided below. 

 

Air pollutants 

The MDRA assesses ambient air quality impacts from Marcellus shale development in western Maryland 
based on the NYDEC (2011) ambient air quality analysis and concludes that emissions, though high, will 
have only low to moderate impacts on local human populations due to emission controls and the proposed 
setbacks. We agree that the proposed BMPs if effectively and consistently enforced will likely reduce the 
ambient concentrations of criteria pollutants resulting from individual stages of Marcellus shale 
development and the risks posed by these to discrete, local populations to the extent possible given the 
intensity of industrialization required in shale exploitation. However, the MDRA fails to assess 



 
 

 
 

environmental impacts of new emission sources locally and at a distance, specifically if and how 
development emissions might affect on-going efforts to restore the Chesapeake Bay. 

Much of the Chesapeake Bay is impaired due to excessive anthropogenic nitrogen (N) loads, resulting in 
algal blooms and seasonal dead zones, loss of sea grasses, fishery declines, and overall poor water quality. 
Atmospheric deposition of N emissions sourced  within  the  Bay’s  airshed  makes up roughly a third of the 
total N load to the Bay.  

Despite great efforts over the past 25 years, little progress was made in improving the health of the Bay. 
In 2010, the U.S.EPA (2010) established total maximum daily loads (TMDL) to reduce N loading from 
the watershed states (MD, DC DE, PA, NY, VA, and WV) to the Chesapeake Bay by 25% by 2025. 
Maryland has already made great strides in reaching its TMDL goals with a total reduction of 4.4 million 
lbs N from 2009 levels as of 2013. The state has committed to a target load of 45.5 million lbs N by 2017 
with an additional reduction of 4.5 million lbs N by 2025, or annual reductions of roughly 0.5 million lbs 
N between 2017 and 2025.  

Assuming annual well and one-way truck trip counts from the RESI development scenario 2 (RESI 2014, 
Figure 21), peak annual NOx emissions associated with Marcellus development in western MD are 
estimated at 0.44 million lbs N yr-1 (Table 1). Emissions from light-duty and heavy-duty short haul trucks 
assume the median emission factor for all model years from the year of drilling activity to ten years prior 
(Cai et al. 2013), federal pollution controls, and a 50 mile round-trip distance. Well emissions assume 
ALL (2010) upstream emission factors adjusted for 30hr flaring and a 10-stage completion on all wells. 
As per the RESI (2014) analysis, all wells are assumed to be horizontal. Mass of NOx is converted to 
mass of N assuming 100% NO2 (N:NO2 = 14:46.01). Assuming that 25% of N inputs are loaded to the 
Bay (Howarth et al. 2011), these emissions equate to a peak annual load of 0.11 million lbs N yr-1 in 2018, 
or more than 20% of the expected annual load reductions for that year. Percent of MD anticipated annual 
load reductions over the full time period range from 11% to 22%. 

The estimates of additional N loading presented here are only preliminary estimates of atmospheric N 
loads to Chesapeake Bay based on reasonable, though greatly simplified, assumptions. Yet these 
calculations do indicate a potential for substantial environmental risks which are not assessed in the 
MDRA. Drilling and mobile source emissions associated with Marcellus development in Garrett and 
Allegheny Counties may substantially undercut statewide efforts to reduce nitrogen pollution to the 
Chesapeake Bay.  A more complete analysis of new emissions and assessment of the environmental risks 
related to these new inputs (including emission impacts of population/vehicle count growth in the airshed 
over the same time period) at the regional scale is needed. Without this the MDRA is incomplete. 

The MDRA also fails to assess other non-local environmental and community impacts (e.g. acidification, 
photochemical smog) from air emissions, and cumulative impacts of all stages. While the review team 
does discuss the difficulty of assessing the cumulative air quality risks of development in the concluding 
paragraphs of Appendix B, the Executive Summary does a very poor job of highlighting this important 
caveat (see section below on Transparency). 



 
 

 
 

Climate 

The MDRA omits a full assessment of climate impacts stating that,  “the scientific community is still 
divided on whether GHGs emitted during the production and transmission of natural gas outweigh the 
lower GHG emissions of natural gas when it is burned and over what timeframe” and that the level of 
analysis necessary to accurately assess whether development would create an unacceptable risk to global 
warming is outside the scope of the MDRA. We strongly disagree.  

While there was considerable debate regarding the life-cycle climate impacts of natural gas as recently as 
early 2012, a growing number of studies have since clarified the climate impacts of unconventional oil 
and gas development and natural gas substitution in electric power generation. The majority of these 
studies conclude that: 1) emissions from unconventional natural gas are higher than previously thought; 
2) emissions are substantially higher than estimates reported in bottom-up inventories; and 3) that coal-to-
gas-substitution will not bring the previously assumed climate benefits. We’ve attached a climate brief 
which highlights the most recent peer-review literature on climate impacts of unconventional oil and gas, 
including a diverse spatial range of atmospheric measurements and full emissions modeling studies for 
coal-to-gas substitution.  

Several recent studies provide adequate data to qualitatively assess the climate risks of unconventional 
gas development in Maryland. Taken in combination with Maryland’s  vulnerability to climate impacts 
and legal commitment to reducing greenhouse gases and renewable energy portfolio standard, the climate 
aspects of unconventional gas are absolutely within the purview of a state risk assessment for Marcellus 
shale development. We urge the State to reconsider the omission of climate impacts in the MDRA. 

Chemical and waste transport spills  

The MDRA analysis for surface spills resulting from transportation of frac additives, and drilling and 
completion wastes relies on poorly chosen assumptions regarding the likelihood of incidences. Shale gas 
development is associated with a greater truck density over small clustered spatial areas and higher 
incidence  of  traffic  accidents.  This  is  correctly  recognized  in  the  MDRA’s  assessment  of  traffic  risks,  yet  
ignored in the assessment of surface spills resulting from traffic accidents, which uses 10 year summary 
data averaged over the entire U.S. The problem with using this level of PHSMA data is that it does not 
take higher incident rates locally and over a time frame relevant to modern (i.e. unconventional) well 
development. A better estimate of incident rate specific to Marcellus development is estimated from state 
statistics averaged over  the  ‘boom’  time  of  development. 

The Marcellus boom in Pennsylvania started in 2008 with 332 wells drilled statewide. Assuming 365 trips 
per well for chemical and waste hauling (MDRA, Appendix C), these wells are associated with a little 
over 12,000 trips. The PHMSA records 869 highway incidents (PHMSA, 2014), or an incident rate of 
0.72%, which is two orders of magnitude higher than the 0.005% incident rate reported in the MDRA, 
Appendix E and I. Incident rates in Pennsylvania drop in years after 2008 to an average of 0.16%, but this 
is orders of magnitude higher than the incident rate estimated at the national scale over the last 10 years.  



 
 

 
 

Revised annual incident rates based on Pennsylvania data (Table 2) and applied to the proposed 
development scenarios for Maryland increases the total number of surface spill incidents from truck 
hauling of frac chemicals and off-site hauling of wastes to 92 and 277 under Scenario 1 and Scenario 2, 
respectively. 

Wellbore integrity and groundwater risks 

The MDRA asserts  that  “The high standards set for casing and cementing practices, management of 
materials and wastes on and off the site and careful siting resulting from location restrictions, setbacks 
and geologic studies, yield a low risk that ground and surface water supplies will be impacted either 
through surface spills or subsurface releases during the drilling and waste transport process.” This over-
confidence in the BMPs to mitigate risks to water supplies ignores the complexities inherent in deep-well 
planning, construction, and successful casing/cementing for the life of a well. Integrity hazards for 
unconventional wells, which are often deeper, rely on horizontal well configurations, and frequently 
penetrate high temperature and pressure formations, are particularly problematic (Ingraffea et al. 2014 
and references cited therein).  

As an example of the limits of regulating subsurface physics, Pennsylvania (PA) greatly strengthened 
well construction regulations in February of 2011 after several widely publicized gas migration events 
and surface blowouts. The revised regulatory text provides detailed requirements for cement and casing 
characteristics and construction best practices, as well as mandates quarterly reporting of well integrity 
measurements carried out by the operator. Analysis of inspections on 6,000+ wells spudded prior to and 
since the strengthening of state regulations (Table 3) reveal a substantial decrease in well integrity 
problems. However, the rate of impairment in wells spudded since the regulatory revisions is still 
alarmingly high (7.7%).  

It should be noted, however, that inspection records provide a lower bound of actual impairment rates. 
Not all wells are regularly inspected and not all inspections provide sufficient information to determine 
impairment status, thus actual impairment rates may be substantially higher. Data collected from regularly 
scheduled and reported well integrity monitoring will greatly improve rate estimates and understanding of 
spatial heterogeneity in well integrity risk factors. 

While not every well impairment will contaminate a private water supply, a single leaking well can and 
has been known to contaminate more than one drinking supply. The Pennsylvania DEP recently released 
a listing of 243 water supplies impacted by oil and gas development between 2008 and August 2014.  
Determinations are often made when a complaint coincides with drilling or stimulation activity of a near-
by well, so many of the determinations should relate temporally with spuds. However, of the 200+ 
impacted water supplies reported by PADEP, 35% were determined more than a year after the revised 
well construction regulations took effect. This implies only a minor change in the rate of positive 
determinations for water supply contamination since enacting stronger well construction and monitoring 
regulations.   



 
 

 
 

It must be recognized that even with pre-drill assessments, strong well construction guidelines, and 
ongoing monitoring – such as enacted in Pennsylvania – wellbore integrity problems and water well 
contamination events persist. The full wellbore integrity hazards posed by high temperature and pressure 
downhole environments, horizontal drilling, and spatial intensity of development (multi-well pads and 
clustered drilling) are still poorly understood. Based on the Pennsylvania experience, we see no evidence 
to support the MDRA assessment of low risk to ground waters from loss of wellbore integrity.  

Additional Concerns 

Enforcement of new regulations and BMPs. The assessment places a high-level of confidence in the 
updated regulations and proposed BMPs to effectively mitigate several potential risks, yet neither the 
MDRA nor economic impact report (RESI, 2014) discuss in any depth the staffing and training required 
to effectively enforce such measures. MDE responses to public comments in the appendix of the MSSDI 
Study II mention the availability of permitting fees to help with the cost of hiring additional regulatory 
staff, but, as far as we can tell, no analysis of the expected staffing levels and training requirements has 
yet been completed. This is worrisome.  

Numerous states in active unconventional gas development show inadequate regulatory staff to handle the 
influx of permits and ongoing regulatory responsibilities associated with unconventional oil and gas 
development (Lustgarten, 2013). Pennsylvania increased staffing levels in 2011 – more than three years 
after the start of development and only after highly publicized clusters of serious drilling impacts in 
densely drilled counties. Strong regulatory codes and BMPs are useless without state capacity to enforce 
them. That capacity needs to be assessed prior to development, not after the fact, so that inadequacies can 
be identified and properly planned for.  

Even well-staffed regulatory agencies often still lack the resources to oversee all oil and gas activity, thus 
the efficacy of the proposed regulatory changes relies heavily on the State’s  capacity to assess penalties 
for infractions in an amount that provides sufficient incentive for compliance. MDE Subtitle 19.01 
provides a penalty limit of $50,000. With the value of the gas produced from a single Marcellus well 
estimated at $2.9 million (Earthworks, 2012), the potential loss of $50,000 if an inspector happens upon 
an infraction is hardly incentive to comply with the BMPs. The relative risk is further reduced when 
compliance costs (e.g. the costs associated with waste disposal, long-term monitoring, wellbore 
remediation, etc.) are factored in. Thus, the financial incentive to avoid penalties must be substantially 
greater than the compliance costs borne by operators.   

Given these limitations, the ability for the BMPs to effectively mitigate the risks assessed in the MDRA is 
questionable within the current regulatory and enforcement framework.  The individual risk assessments 
need to account for this in order to provide an accurate picture of risk to policy-makers and citizens. 
Moreover, the proposed BMPs must be supported by higher penalties and the penalty cap removed. 

Transparency. Several of the MDRA teams made important qualifications in the concluding remarks of 
their reports regarding their ability to assess phase-specific consequences and cumulative risks with the 
data available. Unfortunately, the Executive Summary of the MDRA makes no mention of the concluding 



 
 

 
 

remarks and critical caveats discussed by any of the assessment teams. It is critical that policy-makers and 
citizens understand the limits of the individual risk assessments, as well as the potentially larger, but not 
yet assessed, cumulative impacts to specific human and the environment receptors.  

 

Maryland has proposed strong BMPs for shale gas development, which may reduce the risk of the local-
scale impacts to the extent possible given the large-scale industrialization associated with shale-gas 
development. However, there are important caveats:  

1.  The  efficacy  of  the  BMPs  rely  heavily  on  the  state’s  enforcement  capacity;;   

2. Unconventional gas and oil well construction is a complex task and each well will have 
somewhat unique challenges. Despite best intentions, accidents and downhole surprises occur 
often. Though strong regulations can aim to minimize the impacts of such occurrences, it is 
difficult to estimate the mitigating effect of such regulations. 

3. Cumulative impacts are not assessed, and may be more significant than the sum of the parts. 

Some of these caveats are discussed in concluding remarks of the individual reports, but are ignored in the 
Executive Summary.  This should be corrected with the team conclusions & recommendations compiled 
in the conclusion of the Executive Summary. Moreover, while the draft MDRA is a good start at a 
difficult task, in its current version, it is incomplete and in some aspects relies on inappropriate 
assumptions. Further analysis of off-site air quality impacts (N pollution to the Bay, photochemical smog, 
etc.) and climate impacts are needed. Additionally, transport of hazardous chemicals and waste needs to 
be re-assessed with data specific to active development areas.  

 

Sincerely,  

 

Renee Santoro  

Director | Environment Program | PSE Healthy Energy  

 

Anthony Ingraffea, PhD, PE 

President| PSE Healthy Energy 

Dwight C. Baum Professor of Engineering Emeritus 

Cornell University 
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Table 1. Estimated N loading to Chesapeake Bay as a result of drilling, stimulation, and mobile NOx 
emissions associated with Marcellus shale development in Maryland. 

 2017 2018 2019 2020 2021 2022 2023 2024 2025 
Sum Marcellus 
emissions (lbs N per y) 2.18E+05 4.37E+05 3.82E+05 3.27E+05 3.82E+05 2.55E+05 2.18E+05 2.18E+05 2.18E+05 
Marcellus load (25% 
inputs; lb N per y) 5.46E+04 1.09E+05 9.55E+04 8.19E+04 9.55E+04 6.37E+04 5.46E+04 5.46E+04 5.46E+04 
MD total N load 
reduction (lbs N per y) 5.00E+05 5.00E+05 5.00E+05 5.00E+05 5.00E+05 5.00E+05 5.00E+05 5.00E+05 5.00E+05 
New NOx as a percent 
of MD total N load 
annual reduction target 10.92% 21.83% 19.10% 16.37% 19.10% 12.73% 10.91% 10.91% 10.91% 

See Emissions_N.xlsx (attached) for detailed calculations and data 

 

 

Table 2.  Recalculated PHMSA incident rate based on data for Pennsylvania 

PA Year 

PA 
Incidence 
Count‡ 

PA Spuds 
(unconv)† 

Estimated 
Trips* 

Incident 
rate 

2008 869 332 121180 0.72% 

2009 739 818 298570 0.25% 

2010 695 1602 584730 0.12% 

2011 670 1959 715035 0.09% 

2012 745 1351 493115 0.15% 

2013 758 1207 440555 0.17% 

2008-2013 746 1211.5 442197.5 0.17% 
‡Annual Incident Counts: PHMSA (2014) 

†PA Spuds: reflect unconventional wells spudded statewide as reported in PADEP Wells Drilled by 
County report, http://www.portal.state.pa.us/portal/server.pt/community/oil_and_gas_reports/20297 

*Estimated trips: assume 45 trips per well for drilling fluids + 20 trips per well for completion chemicals 
+ 300 trips per well for waste disposal = 365 loaded trips per well, as per MDRA, Appendix C 

  



 
 

 
 

Table 3. Regression tree analysis of wellbore impairment prevalence in unconventional oil and gas wells 
found in PADEP inspection records (Source: PADEP Compliance Reports, 2000-2014).  Regulatory 
changes show the greatest impact on wellbore integrity statistics for the northernmost regions of the state 
which are dominated by shallow gas-bearing sand formations. Impairment rates in these areas have 
dropped more than 50% since the regulatory changes were enacted; however, the post revision 
impairment rate for these areas is still exceedingly high (7%). Note that the impact of the Chapter 78 
revisions is limited to only the wells located in area overlying Devonian and Mississippian sandstones 
(35% of the wells modeled); no significant impact of regulatory changes could be found in the remaining 
wells.  

PA unconventional wells, n= 6166  

* denotes terminal node 

Node split     n  deviance fraction impair    

  1)  root     6166  396.56  0.069   

    2)  bedrock= other   3956  135.04   0.035   

      >  region= SWDO   2429   38.37   0.016* 

      >  region= NCDO,NWDO  1527   94.31  0.066 * 

    3)  bedrock = DevSS, MissSS  2210  248.98  0.129   

      >  post Chap78 rev  1341   95.93   0.077 * 

      >  pre Chap78 rev      869  143.88   0.209   

 

 


