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Abstract

Produced water is the largest waste stream from oil and natural gas production. The large
volume (15 to 20 billion barrels generated annually in the U.S.) and high salinity (5,000 to
270,000 mg/L TDS) of produced water could pose severe environmental impacts upon
inadequate disposal. Treatment of produced water through wastewater treatment facilities
1s a commonly used disposal method in Pennsylvania. This study is based on direct field
sampling of effluents released into the streams of the Conemaugh, Alleghany and
Monongahela Rivers in Western Pennsylvania. Major and trace element analyses show
facility effluent concentrations three times higher than seawater (100,000 mg/L TDS),
bromide and trace element levels up to 4,000 times higher than values upstream of
facilities. The study reveals a zone up to 500 meters downstream from the facility outfall in
which the contamination largely exceeds values upstream of the outfall. High levels of
naturally occurring radioactive material NORM) is retained to stream sediments.
Dissolved salts, metals and NORM are potentially contributing to long-term ecological
effects on aquatic life. This study provides a systematic assessment of: (1) contaminant
releases to the environment from oil and natural gas produced wastewater; (2) the fate of
contaminants in surface water; (3) and the concerns regarding the long-term environmental
impacts on waterways in Western Pennsylvania.
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Introduction

The U.S. Energy Information Administration projects that by 2035 shale gas will
account for 47% of natural gas production in the United States (EIA 2011). Close attention
is being paid to the Appalachian basin (approximately 300 miles wide and 600 miles long)
(US DOE 2010) in the eastern United States, where shale and sandstone are major source
rocks and reservoirs for hydrocarbons. Oil and gas production in the Appalachian Basin
began in the mid-1800s (Osborn 2010), but recently oil and natural gas drilling activity has
increased due to the technological innovations of combined hydraulic fracturing and
horizontal drilling techniques. Hydraulic fracturing is a well stimulation process which
injects a high volume mixture of water, sand and chemical additives into a geologic
formation at high pressures, thereby opening or enlarging fractures in the rock (US EPA
2010). These advances have made unconventional hydrocarbon resources economically
viable, particularly in the Marcellus Shale, a Devonian-age (geologic time) organic-rich
shale formation in the Appalachian Basin that occurs beneath much of New York,
Pennsylvania, and West Virginia (US DOE 2010). The recent increase in drilling and
production has been accompanied by heightened environmental and public health concerns
because of possible contamination of drinking water resources, air quality, and surface
water.

During the hydraulic fracturing process large volumes of a mixture of water and
chemicals are pumped under high pressure into the target rock formation. The high
pressure breaks apart the rock increasing recovery of the hydrocarbons. The injected fluid
mixes with water that was trapped in the formation. A portion of this mixture flows back to
the surface via. the well bore, termed produced water, and is the largest waste stream in
the exploration and production process (Ray et al. 1992). Since a portion of produced water
is from the target formation, it is geochemically related to the natural interaction of
formation rocks and water over geologic time. In the Appalachian Basin these formation
fluids are brines which are believed to be derived from the evaporation of ancient seawater
beds (Rowan et al. 2010). The resulting produced waters are therefore also high in salinity,
usually defined by the total dissolved solids content (TDS, mg L-1) in water (Vengosh 2003),
organic compounds from hydrocarbons in the formation, inorganic metals, and, in the

Marcellus formation naturally occurring radioactive material (NORM). The chemical



composition and volume (15 to 20 billion barrels generated annually in the U.S.; Clark and
Veil 2009) of produced water are what makes it a major challenge to dispose of.

A common treatment and disposal method of produced waters in PA is through
wastewater treatment plants. However, some current treatment methods may be incapable
of effectively removing many constituents and subsequently release water into
Pennsylvania’s major river basins which could be high in TDS, NORM and organic
compounds. Many of these chemical components can be toxic to freshwater biota at elevated
concentrations in receiving waters (Boelter 1991).

Currently, dilution of the wastewater in the receiving stream 1s relied upon to
reduce potentially harmful concentrations of contaminants (Urbina 2011). Disposal of
produced waters from off-shore drilling has been well studied for marine ecosystems (Neff
et al. 2011; Payne et al. 2011; Balaam et al. 2009; Azetsu-Scott et al. 2006), but little is
understood regarding the release of brine effluent from treatment facilities into fresh
surface water systems. This research provides a quantification of the contaminant loading
resulting from the disposal of oil and gas produced water and raises concerns regarding the

long-term environmental and ecological impacts on waterways in Western Pennsylvania.

Background

Produced Water Disposal Methods and Regulations in Pennsylvania

Large volumes of water, typically 2 to 4 million gallons of water per well (US DOE
2009) with an average of 3.8 million gallons per well in the Marcellus Shale (US DOE 2009)
are required for drilling and fracturing. Inorganic and organic chemicals are added to the
water to create fracture fluids which are injected into the ground to improve drilling and
production operations (Clark and Veil 2009). A portion of this fluid is recovered from the
well in addition to the natural formation produced water, thereby producing large volumes
of wastewater. The volume of produced water may account for less than 30% to more than
70% of the original fracture fluid volume (US DOE 2009) and recovery time of the produced

water varies from several hours to several weeks.

There are several options for disposing of flowback and produced waters. Some

options include injection into an underground disposal well, discharge to a nearby surface



water body, treatment by a publicly owned treatment works (POTW) design for sewage
treatment, treatment by a commercial treatment facility!, or reuse for future fracturing
(Veil 2010). Many commercial wastewater treatment facilities in the region were originally
constructed to treat acid mine drainage (Veil 2010). As a result, many of the processes used
removes some metals but does not remove total dissolved solid (TDS) (Veil 2010). The
constituents of TDS are inorganic salts, organic matter and other dissolved solids in water.
When present at certain levels TDS can provide beneficial nutrients from minerals,
however high concentrations of TDS in produced water contains contaminants that are
potentially hazardous to freshwater ecosystems.

Other challenges are associated with certain disposal options. The development of
treatment infrastructure lags behind the exploration and extraction of natural gas from
unconventional shale (Kargbo et. al 2010). The volume of produced water has increased in
recent years as exploration of the Marcellus Shale has generated wastewater in addition to
conventional (non-Marcellus Shale) exploration, presenting an even greater challenge for
wastewater treatment plant operators. The expanding Marcellus Shale gas industry has
compromised the capacity of POTWs to manage the increased volume of flowback and
produced water, which has occasionally resulted in elevated levels of TDS in some of
Pennsylvania’s rivers and streams (Veil 2010). Although the practice of recycling and reuse
of produced and flowback water is increasing, residual waste from these methods will still
require disposal (Urbina 2011). Additionally, the practice of underground injection disposal
is associated with inducing seismic activity and waste capacity is limited in the Marcellus
region (Johnson 2011). Therefore, the ultimate disposal method for the foreseeable future
1s treatment and release to surface waters.

The Pennsylvania Department of Environmental Protection (PA DEP)
Environmental Quality Board amended 25 PA Code CH 95 relating to wastewater
treatment requirements. In 2010, new effluent standards were set in Pennsylvania to 500
mg/L of TDS as a monthly average threshold for new facilities, and facilities expanding
their volume capacity (PA DEP 2010). The many existing facilities that discharge loads of
TDS prior to the effective date of this regulation are exempt from the new effluent

standards (PA DEP 2010).

1 Also referred to a centralized waste treatment (CWT) facility.
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These authorized or “grandfathered” facilities can continue to operate under their
existing permits and are not required to install new treatment nor will the new rulemaking
apply when their current National Pollutant Discharge Elimination System (NPDES)
permit expires (PA DEP 2010). “Grandfathered” facilities are a substantial source of
contaminant loading in streams. Currently, dilution of the wastewater by the flow of the
receiving stream is relied upon to reduce potentially harmful concentrations of

contaminants (Urbina 2011).

Salinit

’ Produced water or brine has moderate to high salinities that can vary from 5,000 to
270,000 mg/L of TDS (Dresel 2010), water with high TDS concentrations can be over 7
times more saline than seawater. Figure 1 shows the median salinity of the Appalachian
Basin, 250,000 mg/L (USGS 2011) which encompasses the Marcellus Shale. TDS in
produced waters from the Appalachian Basin are distinctly higher than produced waters

from almost all other oil and gas producing regions of the United States (USGS 2012).
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Figure 1 - Boxplots depicting the median Total Dissolved Solids (TDS) concentrations for four different geologic
basins in the United States.

While generally not thought of as “toxics,” the ions comprising TDS can cause
toxicity to freshwater organisms if present in sufficiently high concentrations (Mount et al.
1993). An example of this is the 2009 fish kill on Dunkard Creek, bordering West Virginia
and Pennsylvania, as a result of high pH and TDS concentrations above 23,000mg/L

(Vengosh in press). Produced water can be a contributor to toxicity and impacts of this
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magnitude caused by major ions, such as chloride, irrespective of the presence of
hydrocarbons, metals or other potentially toxic materials (Mount et al 1993). The most
abundant inorganic ions in high-salinity produced water are sodium (Na), chloride (Cl),
calcium (Ca), magnesium (Mg), potassium (K), sulfate (SO4), bromide (Br) bicarbonate
(HCO3) and iodide (I). The ratios of these different ions are different in produced waters
from different geologic formations, possibly contributing to the aquatic toxicity of produced
water (Pillard et al. 1996).

In 2008, elevated bromide levels in the Monongahela River, PA gave rise to the
formation of disinfection by-products (DBP) at the intakes of public water supply stations.
DBPs are a known carcinogen (Renner 2009), specifically trihalomethane (THM) which
forms as a product from a reaction of using a disinfectant, such as chlorine (used in
municipal water systems) with natural organic matter and bromide present in the water
(Handke 2008). Historical THM data for the Monongahela, Allegheny and Ohio rivers were
collected from drinking water systems to determine the bromide sources, but without
source water bromide sample results a direct correlation could not be made as to why
elevated brominated THM species occurred (Handke 2008; Renner 2009). This study looks
at overall TDS levels with a specific focus on bromide and chloride, as chloride is able to

contribute to THM formation as well.

Heavy Metals
The quantities of heavy metals in produced water can vary from different

formations, and they vary depending on the age and geology of the formation from which
the o1l and gas are produced. The most commonly studied metals are barium (Ba),
cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), silver (Ag)
and zinc (Zn) (Table 1) (Ray et al. 1992). Produced waters contain other trace metals
including aluminum (Al), boron (B), iron (Fe), lithium (1), manganese (Mn), Selenium (Se),
and strontium (Sr). A few metals are of particular environmental concern because their

concentrations may be high enough to cause bioaccumulation and toxicity (Ray et al. 1992).



Table 1 - Common heavy metals in produced water (ug/L) and comparative concentrations in sea water (Ray et
al. 1992).

Metal Avg. Sid. Dev, Max. Min. Sea Waler
Cd 27 12 98 0 Trace
Cr 186 68 390 0 Trace
Cu 104 180 1455 0 45
Pb 315 670 5700 2 5
Ni 192 307 1674 0 0.5
Ag 63 17 152 12 0.3
Zn 170 253 1600 17 14

Naturally Occurring Radioactive Material (NORM)

The environmental release of effluent containing NORM can have major
implications for receiving streams. A great deal of tension between the energy industry,
federal and state governments, advocacy and lobbyist groups, and the media has been
around radioactivity in treatment facility effluents and the potential risk of it migrating to
public water supply intakes in Western Pennsylvania (Urbina 2011).

Soluble radionuclides are found in produced water depending on the geologic
formation from which the water is produced (Ray et al. 1992). Radioactive elements such
as uranium, radium and radon are dissolved in high concentrations from long periods of
water-rock contact. Radioactive isotopes are generally quantified in terms of activity.
Activity units of picocuries per gram (pCi/g) are used to define the activity of radium in soils
and sediments, and picocuries per liter (pCi/L) for radium in produced water. Isotopes of
radium (226Ra and 228Ra) can be measured individually and in sum represent the total
radium concentration. The activity of 226Ra is usually three times that of 228Ra, therefore
226Ra 1s the primary isotope of concern in relation to long-term radiological issues (Smith
1992).

Radium has been documented in formation waters in many sedimentary basins
(USGS 2011), and in the Northern Appalachian Basin radium has been measured in the
water co-produced with gas and oil from Devonian (Marcellus) age rocks. Produced water
from the Marcellus Shale contains statistically more radium than non-Marcellus Shale
produced water (USGS 2011). Radium activity in produced water from the Marcellus Shale

ranges from under the detection limit to 18,000 pCi/L, and overlaps the range for non-



Marcellus reservoirs, which ranges from less than the detection to 6,700 pCi/L (USGS
2011). This range in concentration could apply to the produced water accepted at
wastewater treatment facilities. These radium values are high enough that a possible
radiation hazard exists, especially where radium could be adsorbed on iron oxides and
accumulate in brine tanks (Dresel 2010), or potential accumulation in facility equipment.

Radioactivity can accumulate on sediment, adsorb onto clay particles or onto oxide
grain coatings (Vengosh et al 2009; Krishnaswami et al. 1982; Ames et al. 1983; Sturchio et
al. 2001), and it is largely a function of the amount of produced water that has come in
contact with the sediment over time (USGS 1999). The potential release of NORM into the
environment is another reason why further studies must be conducted, because state
regulators in PA have claimed that dilution in streams is effectively removing the risks
posed by the discharged wastewater.

Radium is capable of bioaccumulation in plants, and fish, (Vengosh et al. 2009)
which could pose significant risks of cancer for people who eat fish from certain waters
regularly (Urbina 2011). Few investigations have been conducted for oil and gas produced
water sources of radium (USGS 2011) and there is insufficient knowledge and data
regarding the releases of produced water NORM to freshwater systems. These factors
highlight the importance and need to measure the activity levels at and nearby treatment

facility outfalls and quantify NORM levels in the environment.

Objectives

Produced waters can vary significantly in composition and salinity, depending on
the type of production operation, the geologic source of the water, and the treatment of the
water once it is brought to the surface (Pillard et al. 1996). Since no two produced waters
are alike, region-specific studies need to be conducted to address the potential
environmental risks from disposal. The combination of dissolved and particulate inorganic
metals, radioactive material and salinity pose unresolved questions regarding the fate and
potential effects of the wastewater’s disposal on an ecosystem. This study aims to (1) assess
the concentrations of contaminants released into the environment, (2) determine the
contaminants’ persistence in streams and (3) deduce the ecological implications of the
release of treated produced water effluent into freshwater systems based on results and a

literature review. The assessment will provide a snapshot of water quality by comparing
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upstream water quality to treatment facility effluents and downstream areas to quantify

potential impacts from brine contamination seen in fresh surface water.

Methods

Sample locations
A qualitative selection strategy was used for choosing wastewater treatment

facilities (referred to as Sites) to sample from and their respective streams. A list of oil and
gas wastewater treatment facilities provided by the PA DEP and spatial data retrieved
from the Pennsylvania Spatial Data Access (PASDA) Clearinghouse is used to identify
facilities for the site selection (see Appendix A). A map displaying the locations of CWT
facilities in Western Pennsylvania are shown in Appendix A and a list of the final seven
sites where samples were collected is shown in Table 2. The site selection process was non-
random and based upon the following criteria:
1. Geographic location — Allegheny and Monongahela River Watersheds, Western
PA.
2. Facility type (Existing CWT — Commercial Wastewater Treatment Facility.
POTW — Publically-Owned Treatment Works) with no TDS treatment.
3. Facility designation (MSW — currently accept Marcellus Shale Wastewater; O&G
— Accepts oil and gas wastewater from formations other than the Marcellus
Shale).
4. Does not receive Coal Bed Methane (CBM) wastewater.
The final site selections were based on the availability of public access to the Site outfalls
determined by the Center for Healthy Environments and Communities (CHEC) at the
University of Pittsburgh.

Sample Collection
Field sampling was conducted August 22 — 23, 2011 at seven facilities located in the

Allegheny, Monongahela and Conemaugh watersheds (Table 2) (Figure 2). At each facility
sampling site, one grab sample of water and sediments were taken at three locations in the
stream: upstream from the treatment facility; at the facility outfall; and downstream of

each facility (varying distances 30 — 600 meters). A total of 22 samples were collected: 6
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upstream, 8 discharge, and 8 downstream. As mentioned, the ability to sample at certain
locations nearby and at the facility outfall was dependent on accessibility. This applies to
Site 6 for which the outfall point and upstream of the outfall were inaccessible for collecting

samples. Site 7 required two additional samples due to three facility outfall pipes.

Table 2 - Sample locations and treatment facility information used in the selection process.

Sample Facility County Type Designed 0&G Facility Sample
ID Name Flow Wastewater Designation Location
(MGD%*) Flow
(MGD)
Site 1 McKeesport Alleghany POTW! 6 0.035 0&G3, MSW4 Monangahela
Municipal River
Authority
Site 2 Franklin Venango CWT?2 0.205 0.144 0&G, PMSW Allegheny
PA Brine River
Treatment
Site 3 Rouseville  Venango Proposed 0.08 0.08 PO&G 0Oil Creek
Brine CWT
Facility
Site4  Alleghany Warren CWT 0.213 0.199 0&G, PMSW Allegheny
River River
Waste
Treatment
Site 5 Josephine Indiana CWT 0.12 0.12 0&G, MSW Blacklick
Brine Creek
Treatment
Facility
Site 6 Hart Indiana CWT 0.045 0.045 0&G, MSW McKee Run
Resource
Facility
Site 7 Tunnelton Indiana CWT 1 1 0&G, MSW Conemaugh
Liquids River

TPOTW Publically Owned Treatment Works

2CWT - Centralized Waste Treatment Facility

3 0&G — Accepts oil and gas wastewater from formations other than Marcellus Shale
4+ MSW — Marcellus Shale Wastewater

*MGD — Million Gallons per Day

A second sampling at Site 5 was conducted on December 1, 2011 by the CHEC. An
acid mine drainage (AMD) release was found approximately 400 meters downstream of the
Site 5 facility outfall. Coal mining activity has caused AMD releases into many of
Pennsylvania’s waterways (Argent & Kimmel 2008), and this is relevant for understanding
the surface water quality with and without AMD influence. The December sampling event

provided an additional 16 grab samples for Site 5: 3-upstream, 5-discharge, 3-directly
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downstream of discharge, 2-downstream before AMD influence, 3-downstream after AMD

influence. Figure 3 shows the four target sites that will be discussed for the surface water

analysis. Figure 4 shows each of the four target sites (2, 5, 6 and 7) and the sampling

location in the stream during the August sampling event.

Commercial Waste Treatment Facility Locations
& Target Watersheds Western, PA
S ——

Map Fropcoen GCSNAD 1933 UTM Zene 178

40 Mbes

Figure 2 - Location of Sites (facilities)in the Allegheny,
Monongahela and Conemaugh Watersheds.
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Commercial Waste Treatment Facility Locations
& Target Walheds Western, PA

Figure 3 Site locations for surface water analysis.
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Figure 4 - Zoom-in of sample sites 2, 5, 6 7 to show sampling location in the stream relative to the facility outfall.

Chemistry Analysis
Measurements of dissolved oxygen (DO), pH, temperature, and electrical

conductivity (EC) were collected directly from the stream using YSI meters. Also,
one 60 ml high-density polyethylene (HDPE) bottle was filled for alkalinity and a second
was filtered for anion analysis. A 60 ml high purity acid washed and acidified? bottle was

filled for cation analysis using a syringe with a 0.45 mm filter.

For the surface water samples, major element (cation) chemistry was determined by
Direct Current Plasma-Optical Emission Spectrometry Analysis (DCP-OES) and anion
chemistry was determined by Ion Chromatography (IC). The second set of Site 5 samples
(December 2011) underwent further chemical analysis for trace metals using Inductively
Coupled Plasma Mass Spectrometry (ICP-MS). Some samples required dilution ranging

from 5-500 times its original concentration in order to be processed.

2 A small quantity of high-purity HNO3 is added to 60 ml HDPE bottle prior to sampling.
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Sediments were collected in 125 mL polypropylene Nalgene sediment jars.
Sediments samples were then transferred to 3oz aluminum cans and dried down at a
temperature of 55°C to measure the dry weight. Sediments were then analyzed using
gamma-spectrometry, which compares gamma-ray wavelengths emitted by radioactive
material with the emission spectra/range of known radioactive elements. The sediments for

each sample were then classified by grain-size using sieves (Appendix B Table 5).

DEP Supplementary Data
Water quality data available online from PA DEP is used to supplement this

analysis. Water quality data retrieved from voluntary sampling reports provided to the PA
DEP from oil and gas wastewater treatment facilities are added to the results for Sites 2, 5,
6 and 7. The retrieved data provides varying bi-monthly composite sample water quality
data from year 2011. The voluntary reports include data from April to December; however

the month and number of sampling events are not consistent for each site (See Appendix
B).

Results

Surface Water

The overall findings for the TDS, CI and Br concentrations in surface waters at sites
2, 5, 6 and 7 are presented below. This is followed by results specific to Site 5’s for TDS, Cl,
Br and trace metals. The statistical chemistry data pertaining to all samples can be found
in Appendix Tables 3 and 4. The DEP (Pennsylvania Department of Environmental

Protection) results are also shown below for comparison to the results.

Total Dissolved Solids
Total Dissolve Solids (TDS) were calculated for the streams shown below (Figure 5).

The red-dotted line is the PA Code 93 water quality standard for aquatic life criteria (1,500
mg/L TDS) and is a reference as to how sample results compare to the criteria. Within 30
meters upstream (background) of the outfall, concentrations are at a median concentration
of 270 mg/LL TDS. This increases at the outfall to a median concentration of 405 mg/L

which reaches a maximum of nearly 100,000 mg/L. A drop in TDS concentration is then
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seen downstream (30-600 meters) to a median TDS concentration near 500mg/L. The

median concentration observed by DEP is above 100,000 mg/L which is much higher than
the study outfall.

Total Dissolved Solids (TDS) Concentration

10 —— ,i rl.Jpsn'eam n=3 3
‘E ] ' ;Ouﬂall.n=5 5
[ 1 : | DEP Outfall, n=20 ]
b : | Downstream, n=4
- 1 {
3 | ——
o | 4
*10':
B | -
2 |
e ‘----'---------.-.--I------.'---.-------------------r..---.---.-.
10' 1
[ P ———— i
i i ]
T S —e
i
Upstream outfal DEPOutfan Downstream

Sample Location

Figure 5 Log-scale boxplot of Total Dissolved Solids (TDS) concentrations at varying distances from the facility
outfall. Red dotted line is the 1,500 mg/L TDS PA Code 93 water quality standard for aquatic life criteria as a
reference.

For Site 5 (Figure 6), the spatial distances from the outfall are broken down with an
additional classification, specifically regarding the samples collected directly downstream
(10 — 30m) and downstream (250 — 600m). The same trend is seen for concentrations
ranging below 100mg/L upstream to outfall median concentrations at 100,000 mg/L.
Directly downstream, the median TDS concentration is above 4,000 mg/L and at greater
distances downstream concentrations are 500 mg/Li or lower. Once again, the median

concentration observed by DEP for Site 5 is above 100,000 mg/L.
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Site 5 TDS Concentration
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Figure 6- Log scale boxplot of TDS concentrations in stream and DEP results specific to Site 5. Upstream n=3;
outfall n=4; DEP outfall n=10; directly downstream n=3; downstream n=5.

Chloride

As seen from the trend in TDS concentration while moving from up to downstream,
chloride follows suit (Figure 7) showing its levels in the stream. The red-dotted line is a
reference value of 400 mg/L. Cl used as an indicator of water quality degradation,
particulary by brine (Morton 1986). The median Cl concentration of 26 mg/L upstream is
well below the indicator value, but elevates to a median concentration just under 100 mg/L
and maxium of over 60,000 mg/Li Cl. Downstream, chloride concentrations range from 30 —
over 1,000 mg/LL depending on the sample distance away from the outfall. The DEP

recorded median concentration at the outfall is above 60,000 mg/L.
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Chiloride (Ci) Concentration
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Figure 7 - Log-scale boxplot of August 2011 chloride concentration in streams at varying distances (30-50m
upstream; downstream 30-400m) from the outfall. Red-dotted is a reference value of 400 mg/L chloride
indicating water quality degradation (Morton 1986).
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Figure 8 Log-scale boxplot of Chloride in stream and DEP results specific to Site 5. Upstream n=3; outfall n=4; DEP
outfall n=10; directly downstream n=3; downstream n=5.

Chloride concentrations for Site 5 (Figure 8) show the same trend in high outfall and

DEP outfall concentrations nearly 4000 times higher than upstream Cl concentrations. The
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concentration drops significantly when reaching distances further downstream of 200
meters, and by 600 meters concentrations are similar to those seen upstream of the facility

outfall.

Bromide
The upstream median concentration for bromide is 0.1 mg/Li (Figure 9), and

generally background concentrations were below the detection limit. At the outfall location
the Br median concentration increases from below 1.0 mg/L to over 100 mg/L.. An indicator
of water quality degradation by brine is when bromide concentrations are 2.0 mg/L or
greater (Morton 1986) which is represented as the red-dotted line. At distances
downstream, bromide concentrations decrease to ranges of below 2 mg/l to above 10 mg/L.

The DEP outfall shows a high median concentration of 935 mg/L.
Bromide (Br) Concentration
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Figure 9 - Log-scale August 2011 chloride concentration in streams at varying distances (30-50m upstream;

downstream 30-400m) from the outfall. Red-dotted line is a reference value of 2 mg/L Br for water quality
degradation in freshwater (Morton 1986).
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Bromide concentrations for Site 5 (Figure 10) show the same concentration
relationship in-stream as the other dissolved salts. The concentration of Br at the outfall is
5,400 times higher than background at a median of 540 mg/L.. Downstream between 200 -
600 meters the concentrations are just above and below the 2 mg/Li indicator for water
quality degradation. The DEP outfall median concentration is 2,160 mg/L, significantly
high compared to the outfall results.

Site 5 Br Concentration
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Figure 10 - Log-scale boxplot of bromide in stream and DEP results specific to Site 5. Upstream n=3; outfall n=4;
DEP outfall n=10; directly downstream n=3; downstream n=>5.

Trace Metals — Site 5
The maps below show the concentrations of barium (Ba), chromium (Cr), and lead

(Pb) dissolved in the surface water at Site 5. A summary of trace metal statistics
pertaining to Site 5 is in the Appendix __ Table 4. Several sample results from the outfall
show dissolved Ba concentrations from 9,500 to over 11,000 ug/L, much higher than
upstream values of 44 ug/L (Figure 11). The concentration drops precipitously 30m from
downstream to just under 1,500ug/L. At approximately 200m downstream, Ba is 74 to
190ug/L from the outer (opposite side of the outfall) to inner (side with outfall) bank of the
stream. When reaching 600 meters downstream after the abandoned mine drainage (AMD)

influence, Ba concentrations are below 72 ug/L.
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From the outfall moving downstream to 200 meters Ba concentrations are above the
acute (110 ug/L) and above chronic toxicity reference value (3.9 ug/L) (NOAA 2008). At 600

meters downstream, concentrations are still above the chronic reference value.

Barium (ug/L)
O 43-44
O 45-72
© 73-189
@® 190-1418
[ ]
[ ]

1,419 - 9497

Figure 11 - Concentration of barium dissolved in surface water at varying distances from the facility outfall.

For Cr (Figure 12), the same trend is seen with extremely high concentrations at the
outfall over 2,500 times higher than upstream (background) values, but concentrations fall
much more quickly than Ba (based on the ratio of Ba:Cr) when moving away from the
outfall. EPA aquatic life Criterion Continuous Concentration (CCC) is used to compare
contaminant concentrations of a material in surface water to concentrations which an
aquatic community can be exposed indefinitely without resulting in an undesirable effect
(EPA 2005). For Cr, there are two CCC’s related to the types of Cr species, chromium (III)
— T4ug/L and chromium (VI) — 11ug/L. Both are exceeded 50-300 times over the CCC for Cr
III and VI at the outfall, then concentrations drop precipitously to near or under the CCC

limit up to 200 meters away.
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Figure 22 - Concentration of chromium dissolved in surface water at varying distances from the facility outfall.

Figure 13 - Concentration of lead dissolved in surface water at varying distances from the facility outfall.

Finally, lead (Pb) follows suit (Figure 13) with high concentrations up to 140 ug/L
from the outfall relative to upstream. At 200 meters Pb concentrations are below 0.29 ug/L

and remains constant after the AMD influence at 600m. The CCC for Pb dissolved in the
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water column 1s 2.5ug/L. Pb concentrations and persistence in surface water is dependent
on the hardness of the water. Up to 200m downstream Pb is still at a concentration above

the 2.5ug/L limit.

Hydrological Conditions for Site 5
Applying hydrological boundaries to the concentration conditions seen at Site 5 will

help to understand the levels of dilution occurring in the stream. Figure 14 shows the
location of a USGS stream flow gage approximately 2 km downstream of Site 5 on Blacklick
Creek at Josephine, PA. The bar chart in Figure 15 depicts the long-term mean monthly
stream discharge for a drainage area of 193mi2 based on historical conditions from 1952
t02010, and compares it to current stream flow conditions by water year (12-month period
designated by the calendar year in which it ends; e.g. 2011 water year is October 2010 to
September 2011).

Site 5 Location Relative to USGS Stream Gauge

Map Propction GCSNAD 1993 UTM Zome 17N

Figure 14 - Site 5 location of facility outfall and collected samples relative to the USGS stream gage location
measuring stream flow in Blacklick Creek, Conemaugh Watershed PA.
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Figure 15 -Monthly average stream flow for Blacklick Creek showing historical flow and comparing it to the
Water Year 2011 (Oct 2010-Sep 2011) and 2012 (Oct 2011- Dec 2011). It is important to note the difference in
low stream flow (Aug) conditions to moderate/higher stream flow (Dec).

As mentioned, Site 5 sampling occurred in August 2011 (red bar Figure 15). This
was during a low stream flow condition under 100 ft3/s, which was lower than the historical
average. The second sampling event in December 2011 (green bar) occurred during a
moderate stream flow condition of 550 ft3/s that was higher than the historical average.
Stream flow conditions directly influence the level of dilution occurring, thereby effecting

the concentration of dissolved constituents in the stream.

Sediment

The statistical 226Ra data pertaining to all samples can be found in Appendix _ Table

3 and the respective sediment grain-size classifications in Table 4.
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Radioactivity of Stream Sediments
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Figure 15 - Log scale concentration of Ra-226 of sediment in streams at varying distances from the outfall.

Figure 15 shows the results for 226Ra activity in sediment. The red-dotted line represents
the 5pCi/g EPA continuous criterion for surface soil cleanup (EPA 2000). Soil is the closest
reference available as there is no standard for sediment. All sites show 2%Ra
concentrations below 2pCi/g upstream of the outfall. There is a great deal of variation seen
at the outfall (0 meters) for all of the sites, with 226Ra concentrations below the 5 pCi/g limit
for 3 sites, and above the limit for the remaining 3 sites, with 226Ra concentrations below
90pCi/g on the log scale. At varying distances downstream there is a drop in NORM
activity for Sites 2, 4, and 5, but see an increase in NORM activity moving downstream for
Sites 1, 3 and 7. Site 6 is the furthest sample downstream from the facility outfall with a
concentration near 2pCi/g. Site 5 shows the highest radioactivity concentration at the

outfall near 70 pCi/g, and drops to just under 9pCi/g 30 meters downstream of the outfall.

Discussion

The results show there are high levels of contaminants being released into the
environment from facility outfalls. Salts and metals dissolved in the treatment facility
effluents are extremely high relative to upstream concentrations. Sediments in the stream
also demonstrate levels of radioactivity above background concentrations. In general,
concentrations of salts, metals and NORM in sediment decrease moving downstream 500 —

600 meters away from the facility outfall, to concentrations similar to the observed
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background concentrations. However this distance is shorter in some cases, where between
200-500 meters downstream, the concentration of dissolved salts and metals are either at or
below their respective indicators for impacting aquatic life or degrading water quality. The
level of NORM at outfalls is above the 5 pCi/g criterion for soil clean-up in three out of
seven sites. These findings are relevant because the water quality of the receiving streams
is essentially degraded at and nearby (within 500 meters) facility outfalls, and in turn

presents potential ecological harm to aquatic life and the environment.

When taking a closer look at the outfall results and how they compare to their
respective criteria, we see the following: TDS concentrations nearly 60 times over the
standard for aquatic life, Cl ranging from below to over 25 times the water quality
degradation indicator, and Br ranging from below to over 50 times the water quality
degradation indicator. The three constituents and their respective indicators mean that
salinity is degrading the water quality at the outfall due to the brine effluent, which is toxic
to aquatic life in elevated concentrations such as these.

The DEP outfall results for dissolved constituents are significantly higher than the
concentrations observed in this study’s outfall results. Given that the DEP outfall results
represent data collected as frequently as two times per month over a 6-month period, the
DEP results provide a more accurate picture for what the level of effluent concentrations
can be when released from the outfall over time. For example, when looking at the DEP
median concentration for bromide (2,100 mg/L), the concentration is nearly at the level of
what is generally seen in produced water (2,240 mg/L) from the Pennsylvania region
(Pillard et al. 1996). This observation indicates that the DEP effluent concentrations are
distinctly higher than what this study observed at facility outfalls. Seeing the level of
disparity between DEP’s results and this study’s results implies that the level of
contaminant loading found in this study’s results are conservative compared to other

observations.

There is some variability in the abundance of TDS, Br and Cl depending on the
sample location from 30 to 600 meters downstream when observing the fate of salinity
contaminants in-stream. Looking more specifically at the results for Site 5, it shows that
after 200 meters downstream all salt contaminants are above their respective reference

criteria/indicators, and by 600 meters downstream these concentrations have fallen below
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the reference criteria/indicators. The concentration falls regardless of the AMD (abandoned
mine drainage) influence on the stream at approximately 450 meters. Given the constraint
of AMD influence, concentrations are seen to persist above reference criteria/indicators

until reaching an estimated 500 meters downstream of the outfall for Site 5.

Overall the metal concentrations of barium, chromium, and lead that are considered
at harmful levels for aquatic life at the outfall persist up to 600 meters downstream where
concentrations fall below the reference criteria/indicators with the exception of barium. The
concentration of barium remains above its chronic toxicity reference value, which poses
potential ecological risks to aquatic life. What proves interesting in studying the results is
that higher concentrations of trace metals are found in-stream on the side of the facility
outfall than in the middle or opposite side of the stream, implying that there may be a
density plume carrying constituents downstream as dilution and metal precipitation occurs.
Dilution within this 500 meter zone is rapid, thereby diluting the concentrations of metals
fairly quickly.

Stream flow plays a significant role in the level of dilution occurring in the stream.
Contaminant concentrations are largely a function of the level of dilution in-stream, which
is based on hydrological conditions at the given time. The moderate-flow condition in
December directly influences the level of dilution occurring in the streams. This is why
very high concentrations of salts drop to moderate concentrations near the reference limits
at about 500 meters, which then falls below recommended limits at approximately 600
meters. Furthermore, dilution influences the amount of precipitation occurring for metals,
for which concentrations generally drop to within acceptable limits by approximately 200-
300 meters. Other concentrations of metals (e.g. Cu, Zn, Ar, Cd) and their relative
abundance in streams are dependent on dilution and other parameters such as
temperature, pH and hardness in the water column. The significant drop in high
concentrations could mean that heavy metals are settling out of the water column and
accumulating to elevated concentrations in sediments around these impact zones (Neff,
1987; Neff 2002; Lee et al. 2005).

However, the low-flow conditions observed at Site 5 from June to August, the level of
dilution described above (moderate-flow) would not be as effective in mitigating Site 5

concentrations. Alternatively, if downstream measurements were taken at the same time
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DEP outfall concentrations were measured; low-flow conditions would likely be less
effective, as all DEP results had higher concentrations than this study’s outfall results.
This is especially true if the facility is discharging high volumes of effluent frequently, and
the same sampling pattern is conducted during low-flow conditions. Higher concentrations
of metals and salts would likely be further downstream, away from the outfall.

Stream sediments found at the facility outfalls have elevated concentrations of 226Ra
above the above EPA recommended limit for radioactivity clean-up of surface soils. Site 5
showed the highest concentration of 226Ra which indicates that there is adsorption of
NORM from water to the sediment which was built up over time. The accumulation of
radioactivity in the sediment is largely a function of the amount and length of contact time
of NORM with the sediment, meaning this accumulation of radioactivity has occurred over
a long time period. With a half-life of about 1,600 years, 226Ra (EPA 2012) can remain in the

environment almost indefinitely.

Potential Ecological and Environmental Impacts
Understanding the potential ecological impacts of produced water disposal on a

broad scale can assist in region-specific needs. While peer-reviewed literature is the
preferential source of reliable information in the scientific community, there is limited
primary literature on produced water effects on freshwater ecosystems. Grey literature
from government agencies and research groups used aquatic toxicity tests, models and
biological indicators for assessing ecological impacts.

Given the high level of salinity contamination in freshwater, specifically the heavy
TDS loading, concentrations are well above the threshold for fish impairment (2,000 to
2,300 mg/LL TDS) (Milavec 2009). TDS is of critical importance because at sufficient
concentrations(above 3,000mg/l), such as those seen from facility effluent and within 200
meters downstream of the outflow , TDS can result in low oxygen levels and be toxic to
freshwater biota in receiving waters (Boelter et al. 1991) implying that aquatic life could be
threatened. TDS has been shown to have a lethal effect on 50% of an exposed population of
flathead minnows at 5,600 mg/l based on 96 hour exposure (Milavec 2009). Based on this
information it is reasonable to speculate that surface water cannot sustain fish at in-stream
TDS concentrations.

A study conducted on Tenmile Creek, Green County Pennsylvania looked further

into the impacts of salinity on macro-invertebrates downstream of two sewage treatment
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plants that accept Marcellus Shale wastewater. General water analysis results showed
total sulfate around 300mg/L, Chloride 230 mg/L, Calcium 60 mg/L, Iron 270 mg/L, Sodium
300 mg/LL and TDS 1100 mg/LL (Argent and Kimmel 2008). The study found high
concentrations of salt-loving plankton and rotifers that were normally found in high
salinity water. Using these organisms as biological indicators showed a high quantity of
salts present in-stream and a shift from freshwater to brackish water aquatic life. The
stream could not maintain freshwater aquatic life and was essentially impaired. When
comparing the Tenmile creek study to this study’s results (see Appendix Table 2 and 3), a
similar issue could hold true. This study’s results are indicative of salinity stress on
streams at the discharges and downstream of facility outfalls. Essentially, there is
potential for salinity stress to provide an environment for these salt-loving organisms to
thrive and fresh to brackish water organisms to decline.

Boelter et al. (1992) conducted a similar study on the effects of saline oil-field
discharges from facilities to surface waters in Wyoming. The study discovered that water
collected above a facility discharge was not toxic, but found immediately below the
discharge to be toxic to fathead minnows and C. dubia (freshwater organism). The study
also found that toxicity increased as stream flow decreased, and at low flows no C. dubia
survived in ambient stream waters. The effect low-flow conditions had on C.dubia survival
emphasizes the role of hydrological conditions in controlling dilution in streams, and that
low-flow conditions pose a greater threat to aquatic life than higher flow conditions.

Downstream of saline oil-field discharges have been shown to be toxic, as noted in a
study where Boelter et al. (1992) found salinity to be toxic, but did not show that trace
elements contributed to the toxicity of the stream waters as they were lower than detection
limits and not present at toxic concentrations. In contrast, Woodward and Riley (1983)
reported petroleum hydrocarbons and Cd, Cr, Cu, Pb, and Zn found in the water and
sediments caused a reduction in macrobenthos (organisms living at the bottom of the water
column) species diversity in locations downstream of oil-field outfalls. Gathering from
these findings, the types of biological indicators used, whether it is organisms suspended in
the water column or living at the bottom of the water column, can dictate where metal
toxicity is found in streams. Metals that are dissolved in the water column or particulate at

the bottom of streams will likely impact different types of aquatic life.
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Study Limitations
The most significant limitation to this research is that, no effluent was discharging

from the outfalls at the time of sampling for certain sites. There is no specific “schedule” as
to when facilities will discharge effluent. Discharge depends on the volume of waste the
facility accepts at a given time (e.g. high volume accepted short time period of 1 day and
subsequent treatment). At certain sites, the spatial distribution of sampling was limited by
lack of public access or unclear pathways to reaching the targeted stream to sample.
Another limitation is the number of samples collected at each Site and the temporal
distribution of sampling. Improving the robustness of sample collection by increasing
sample frequency and number, could strengthen our findings. Lastly, the high salt content
in the samples required heavy dilution for DCP and ICP-MS analysis, which in turn
resulted in interferences in the true concentration of certain trace metals not discussed in

the analysis.

Conclusions & Further Research

This study provides a first time systematic approach of measuring contaminant
concentrations in effluent, contaminant fate in streams, and a first look at concentration of
oil and gas produced NORM in stream sediments. Based on the literature review and its
application to this study’s findings, salinity stress to freshwater systems appears to be the
most significant threat to the ecological welfare of streams. However, there is a need for
multidisciplinary scientific studies under an ecosystem-based management approach to
give information on the environmental fates and effects of chronic, low-level exposures of
the different chemicals in produced water (Neff et al 2011).

The accumulation of radioactivity in the sediment represents a long-term legacy of
NORM in the environment. Applying these findings in a broader sense, the activity of oil
and gas produced NORM has yet to be quantified in fresh water sediments. Further
studies at other treatment facilities in Pennsylvania should be conducted to measure
NORM levels in sediment. Additionally, the impact of oil and gas produced NORM is not
well known from an ecological perspective. Therefore further research should also
investigate the long-term ecological effects of NORM bioavailability. The chronic impacts
associated with long-term exposure must be quantified to assess the long-term ecological

impacts of produced water discharges (Holdway 2002). The continual chronic exposure may
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cause sub-lethal changes in populations and communities, including decreased community
and genetic diversity, lower reproductive success, decreased developmental success and
endocrine disruption among other issues (Holdway 2002). This proposal can also be applied
to wastewater treatment facilities as concentrations of certain constituents are similar to
the concentrations found in untreated produced waters. Using biological indicators (Argent
and Kimmel 2009) as metrics to calculate stream integrity would assist in this effort.
Natural gas activity will continue to develop in the Marcellus Shale region, and
shale gas production will continue for decades through the enhanced production technique
of hydraulic fracturing (NPS 2009). Therefore, the long-term consequences from extraction
must be acknowledged. The continued expansion and production means more waste will be
generated and subsequently require disposal. For the foreseeable future, wastewater
treatment facilities will continue to play a major role in disposal practices until more

effective and less costly treatment methods are widely adopted.
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Appendix A
Pennsylvania facilities permitted to accept Oil & Gas Wastewaters, and Additional Facilities that have pending permit applications to accept oil &
gas wastewaters. Source: (Veil 2010)

Design Oil & Gas
Permit Fow Wastewater Facility
Facility Name Number Receiving Stream (MGD) Flow (MGD) County TYPE" Status / NOTES Des'guﬁua'
Clairton PAD026824 | Peters Creek 6.0 0.035 Allegheny POTW O&G waste flow limited to 1% of | O&G, MSW
Municipal Avg Daily flow at POTW by DEP
Authority order.
Municipal PA0026913 | Monongahela 115 0.102 Allegheny POTW 0&G waste flow limited 10 1% of | O&G, MSW
Authority City of River Avg Dally flow at POTW by DEP
McKeesport order.
Allegheny Valley | PAD026255 | Allegheny River 5.5 0.025 Allegheny POTW Umiting O&G waste flow to 0&G, Msw
Joint SanRtary 25,000 gpd and chiorides to
Authority 24,000 mg/
CNX Gas Co LLC PA0253588 | Crooked Creek 0.15 0.15 Armstrong owT n/a aMm
Somerset PA0233901 | North Branch 0.5 0.5 Bradford Proposed Metals pracipitation, filtration PMSW
Regional Water Susquehanna cwT (reverse osmosis), and thermal
Resources evaporation for RO concentrate.
Vaveo LLC Approval uttle 0.0009 0.0009 Butler Proposed Proposed facllity to treat only oil | SW, PO&G
1005001 Connoquenessing cwT well production fluids from own
under GP Creek stripper oil wells. Approval issued
PAG310001 7/1/2005. Part il WOM
application received 3/31/2010.
Technical deficiency letter sent
May 27, 2010.
Johnstown PA0026034 | Conemaugh River 120 0.076 Cambria POTW Limiting O&G waste flow to 1% of | O&G, MSW
Redevelopment Avg Daily flow.
Authority -
Dornick Point STP
Great Lakes PA0253103 | Clearfield Creek 0.2 0.2 Cambria owT nfa caMm
Energy Partners,
e
Keystone PA0233951 | Moshannon Creek | 0.504 0.504 Centre Proposed Metals precipitation and filtration | PMSW
Clearwater owT treatment (nanofiltration and
Solutions, LLC RO). Had some land use issuss
that are now resolved. This
application was returned, but has
been resubmitted with
appropriate treatment proposal
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Design Oil & Gas
Permit Flow Wastewater Facility
Facility Name Number Receiving Stream (MGD) Flow (MGD) County TYPE" Status / NOTES Deslpadon'
Clearfield PA0026310 | West Branch 4.5 0.01 Clearfield POTW This facility has claimed to have 0&6G
Municipal Susquehanna River historically taken O&G
Authority wastewater, Submitted an
amended NPDES application to
take wastewater until December
31, 2010.
Dannic Energy PA0233730 | Hawk Run 0.25 0.25 Clearfield Proposed Metals precipitation and vacuum | PMSW
Corp. CWT evaporator for treatment.
Keystone PAD233960 | West Branch 0.504 0.504 Clinton Proposed Metals precipitation and filtration | PMSW
Clearwater Susquehanna River CWT treatment (nanofiltration and
Solutions, LLC RO). This application was
returned, but has been
resubmitted with appropriate
treatment proposal.
Dannic Energy PA0233781 | Waest Branch 0.25 0.25 Clinton Proposed Hyner Drilling Auld Recyding PMSW
Corp. Susquehanna River cwT Facility. Metals precipitation and
vacuum evaporator for
treatment.
Central PA PA0233706 | Unnamed tributary | 0.4 0.4 Clinton Proposed Discharge is proposed to PMSW
Wastewater, Inc, to West Branch CWT intermittent stream less than 0.5
Susquehanna River miles from the river.
Metals precipitation is the
proposed treatment technology.
Application needs to be updated
to show advanced treatment to
meet stringent TDS limits.
Ridgway Borough | PA0023213 | Clarion River 2.2 0.02 Elk POTW n/a 08&G, MSW
ProChemTech PAD268305 | Unnamed tributary | 0.0125 0.3 Elk Proposed Proposed permit to accept PMSW
International-Blue to Brandy Camp CWT 300,000 gallons per day of
Valley Hydrofrac Creek Marcellus Shale wastewater for
Recycle Facility treatment and recycle. Proposing

to discharge 3 maximum of
12,500 gallons per day of distilled
water,
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Water Management in the Marcellus Shale Page 47
Design 0il & Gas
Permit Flow Wastewater Facility
Facility Name Mumber Stream {MGD) Flow [MGD) County TYPE" Status / NOTES Designation”
Veolia ES PAD103446 | Little Toby Creek 0.25 0.04308 Elk CWT Facility treats 48,000 gallons of 0&G
Greentree Landfill natural gas well brine water per
LLC year from American Refining and
Exploration, Inc. and 60-30
gallons of natural gas well brine
water per year from Destiny, Inc.
- both non Marcellus natural gas
wells.
Shallenberger PAD253665 | Rankin Run 0.125 0.125 Fayette Proposed Facility not constructed. PMSW, PORG
Construction— CWT shallenberger Construction
[Rankin Run proposes to construct the facility
Facility to treat 125,000 gpd of tophale

water, The proposed method of
treating the wastewater |s a
series of two detention ponds.
The NPDES permit for this facility
was tssued by the Oil and Gas
Program on September 12, 2008.
The NPDES permit does not
contain effluent limitations for
TDS5. The Water Quality
Management Part Il permit
application was administratively
deficient and revisions were
received. The Part Il permit has
not been reviewed, pending
resolution of TDS effluent
limitations.
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Fadility Name

Receiving Stream

(MGD)

Oil & Gas
Wastewater
Flow (MGD)

County

Status / NOTES

Facility
Designation®

Construction -
Ronco Facility

PAD253723

Monongahela

0.5

0.5

Fayette

Part Il permit issued for Phase | of
the treatment plant. Consent
Order and Agreement (COA)
includes compliance schedule,
Water Quality Management Part
Il permit was issued on August
28, 2009 for the construction of
Phase | of this treatment facility,
which does not include treatment
units for TDS. An appeal of the
Issuance of the Part |l permit and
the COA was filed on behalf of
Clean Water Action, The draft
NPDES permit amendment,
Incorporating TDS and other
effluent imitations was sent for
publication, Facility is currently in
operation, with treated
wastewater being hauled to the
next drill site,

MSW, 0&G

Construction

PAD253863

Youghiogheny
River

1.0

1.0

Fayette

Proposed

Oll and Gas wastewaters-CWT—
Proposed Facility

PMSW, PO&G

Authority of Belle
Vermon

PAD092355

PA0092355
-Al

0.5

0.0

Fayette

POTW

O&G waste flow limited to 1% of
Avg Daily flow at POTW by DEP
order. This facility no longer
accepts large volumes of O&G
wastewater.

O&G, MSW

PAD022306

Dunlap Creek

0.96

0.0

Fayette

POTW

0&G waste flow limited to 1% of
Avg Daily flow at POTW by DEP
order. This facility no longer
accepts large volumes of 0&G
wastewater,

0&G, MSW

Green Earth
Wastewater

PA0253821

Dunkard Creek

0.25

0.25

Greene

Proposed

0&G wastewaters-CWT—
Proposed Facility

PMSW, PO&G

Waynesburg

PAD020613

South Fork
Tenmile Creek

08

0.0

Greene

POTW

O&G waste flow limited to 1% of
Avg Dally flow at POTW by DEP
order. This facility no longer
accepts large volumes of O&G

0&G, MSW
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Design Oil & Gas
Permit Flow Wastewater Facility
Facility Name Niusmiber Recelving Stream [MGD) Flow (MGID) Couinty TYPE" Status / NOTES Desl;nati-nn'
wastewater.
Franklin PAODAGA26 | South Fork 1.25 0.05 Greene POTW O&G waste flow will be limited to | O&G, M3W
Township Sewer Tenmile Creek receiving 50,000 gpd by DEP order. Waste
Authority/Tri- indiract is pretreated but not for TDS or
County Wastes discharge Chlorides.
[CWT) from CWT
CNX Gas Co LLC PAD252611 | Blockhouse Run 0.007 0.007 Greene OWT nfa CEBM
CMNX Gas Co LLC PAD252832 | Pennsylvania Fork | 0L0111 0.0111 Greene oWT nfa CEM
Fish Cresk
CMX Gas ColLC- | PAO253286 | Sowth Fork 0.202 0.202 Greene Proposed CHNX proposes to construct the PMEW, POBG
Rogersville Tenmile Creek CWT Rogersville Treatment Facility to
Treatment Facility treat waters associated with
natural gas production at its
Greanhill Production Area. The
proposad plant will be able to
treat 201,600 gpd. The site will
have two mobile reverse osmosis
treatment plants on site along
with 12 concentrate storage
tanks and one clean water
impoundment. This is a recyde
and reuse plant. The applicant
has not submitted an NPDES
permit application for the
overflows from the
impoundment. The application
does not mest the residual waste
regulations. A technical
deficiency letter will be sent to
the applicant.
PA Brine PAODS5273 | Blacklick Creek 0.12 0.12 Indiana CWT O&G wastewaters, Currently O8&G, MW
Josephine under detailed compliance
(Franklin Brine) Feview,
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Design 0il & Gas
Permit How Wastewater Facility
Facility Name Number | Receiving Stream | (MGD) | Flow (MGD) County TYPE" Status / NOTES Designation”
Hart Resourca PADD5443 | McKee Run 0.045 0.045 Indiana OWT O&G wastewaters. Currently D&G, M3W
under detailed compliance
Feview.
Tunnelton Liquids | PADD91472 | Conemaugh River | 1.0 10 Indiana OWT nfa O&G, M5W
Frontier Energy PAD254207 | Yellow Creek 0.9 0.9 Indiana Proposed Proposed 0.9 mgd CWT for PMSW, POEG
Services CWT drilling wastes, Applicant
proposed to treat wastes through
reverse osmosis and evaporation.
Belden and Blake | PAD219339 | Blacklick Creek 0.6 0.6 Indiana CWT nfa CBM
CNX Gas Co LLC PAD253596 | Blacklegs Creek 0.035 0,035 Indiana owT nfa CEM
Canton Oil & Gas | PAD206075 | Blacklick Creek 0.48 0.48 Indiana CWT nfa CBM
Company
CNX Gas Co LLC PAD253995 | Kiskiminetas River | 0.21 on Indiana Froposed Application currently under PMSW, POEG
CWT review process.
Punxsutawney PADO20346 | Mahoning Creek 22 0,02 Jefferson POTW 0&G
Borough
Brockway Area PADOZB428 | Toby Creek 15 0.014 Jefferson POTW Currently 14,000 GPD to POTW. Q&G
Sewage Authority Request to increase brine volume
withdrawn. NMPDES renewal
drafted 6/19/09. EPAissued a
general objection latter and 30-
day time extension on July 17,
2008.
Reynoldsville PADOZ8207 | Sandy Lick Creek 0.8 0.011 Jefferson POTW Have taken in approx. 14,000 gpd | O&G
Boro of brine to POTW for a long tima.
Dominion PADLO1656 | Stump Creek 0.01008 0.0077 Jefferson CWT Facility only treats Dominion's O&G
Transmission own wastewater. Most likely no
Corp - Divv Marcellus Shale water.
Mew Castle City / | PADD27511 | Mahoning River 17 055 Lawrance POTW The CWT, Advanced Waste O&G, MSW
Advanced Waste receiving Services discharges O&G
Services discharge wastewater to New Castle POTW.
from ONT Possible expansion plans from 0.2

MGD to 2.2 MGD
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Design Oil & Gas
Permit Flow Wastewater Facility
Fadility Name Number Receiving Stream (MGD) Flow (MGD) County TYPE" Status / NOTES Des‘gnation'
Williamsport PADO27057 | West Branch 84 0.12 Lycoming POTW Town has an EPA approved MSW
Sanitary Authority Susquehanna River receiving pretreatment program.
/ Eureka discharge Installing mechanical vapor
Resources from CWT recompression evaporation for
treatment summer 2010.
Is already pretreating for metals
prior to discharge to WSA. WSA
submitted application to take
limits in November 2009.
Water Treatment | PA0233838 | Daugherty’s Run 0.05 0.05 Lycoming Proposed Metal precipitation and thermal PMSW
Solutions CWT distillation/crystallizer treatment;
limited information submitted.
Dannic Energy PAD233765 | Pine Run 0.25 0.25 Lycoming Proposed Pine Run discharges to W. Branch | PMSW
Corp. owT Susquehanna. Metals
precipitation and vacuum
evaporator for treatment.
TerrAgua A0233650 | West Branch 0.4 0.4 Lycoming Proposed Metals precipitation and thermal | PMSW
Resource Susquehanna River CWT distillation is the proposed
Management treatment technology. Part|
NPDES permit issued; awaiting
Part Il WQM application
TerrAqua WMGR121 | None 04 04 Lycoming RW Batch chemical processing - MSW
Resource Processing treated wastewater returned to
Management LLC well sites for reuse
Minard Run Ol PAD105295 | Lewis Run 0.016 0.004 McKean CwWT Existing facility which treatsonly | O&G
Company oil well production fluids from
own wells. NPDES renewal issued
10/28/2008.
Sunbury PADOO8451 | Susquehanna River | 3.7 0.08 Snyder CWT Taking 80,000 gpd, approved by MSW
Generation letter. Application submitted in

10/03 to accept up to 250,000
gpd. Proposing to cease taking
wastewater by 12/31/2010. The
NPDES amendment application
was withdrawn 5/10 and may be
resubmitted.
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Design Oil & Gas
Permit Fow Wastewater Facility
Facility Name Number Receiving Stream {(MGD) Flow (MGD) County TYPE® Status / NOTES tion®
Somerset PA0253987 | EastBranchCoxes | 1.0 1.0 Somerset Proposed The NPDES permit for this facility | PMSW, PO&G
Regional Water Cresk CWT with was issued on December 17,
Resources, LLC 500 mg/L 2009. The Water Quality
(SRWR) DS Management Part Il permit
limitationin | application was deficient. The
the permit applicant supplied additional
information, and the Part Il
permit is currently under review.
SRWR plans to treat for TDS. RO
and evaporators are proposed to
treat O&G and mine drainage.
Penn Woods PA0254037 | Casseiman River 0.5 0.5 Somerset Proposed This application is for issuance of | PO&G, PMSW
Enterprises, LLC CWT an NPDES permit to discharge
treated process water from the
Casselman Waterworks Water
Treatment Plant in Summit
Township, Somerset County.
Dannic Energy PA0233773 | Tioga River 0.25 0.25 Tioga Proposed Metals precipitation and vacuum | PMSW
Corp. CWT evaporator for treatment,
Big Sandy PAD222011 | Allegheny River 0.006 0.004 Venango cwT Existing facility which treats only | O&G
Company oil well production fluids from
own wells,
Titusville Oil and | Approval Allegheny River 0.002 0.002 Venango Proposed Proposed facility to treat only il | SW, PO&G
Gas Assodiates, 6106001 CwWT well production fluids from own
Inc. - Hilton under GP wells. Approval under general
Hedley Lease PAG310001 NPDES issued 1/16/2007, no Part
Il issued and facility not built,
PA Brine PA0101508 | Allegheny River 0.205 0.144 Venango w1 Renewed permit issued 0&G, PMSW
Treatment - 2/27/2009 authorizing increased
Franklin Fadility discharge rate to 300,000 gpd
while maintaining same load
limits for chlorides. WQM Permit
amendment to reflect
modifications necessary to
increase discharge rate to

300,000 gpd issued 10/23/2009.
The 10/09 Amendment No. 1 to
Water Quality Management
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Design Oil & Gas
Permit Flow Wastewater Facility
Facility Name Number Receiving Stream (MGD) Flow (MGD) County TYPE" Status / NOTES Desgnaﬂon'
Permit No. 6182201-13
authorized the modification and
operation of the O&G wastewater
treatment facility.
PA Brine PA0263516 | Oil Creak 0.08 0.08 Venango Proposed Second draft of permit published | PO&G
Treatment - CWT in PA Bulletin 3/13/2010, EPA
Rouseville Facility withdrew general objection
3/17/2010 based on redraft.
Water quality protection report
(WQPR) currently being redrafted
to reflect proposed TDS
regulation changes.
ARMAC Approval Brokenstraw Creek | 0.001 0.001 Warren CWT Existing facility which treats only | SW, O&G
Resources 6295001 oil well production fluids from
under GP own wells,
PAG310001
Waste Treatment | PA0102784 | Allegheny River 0.213 0.199 Warren owT Renewal application received 0&G, PMSW
Corporation 10/14/08. Request to increase
discharge rate to 400,000 gpd
withdrawn. Draft permit
published for 30 day comment
1/30/2010.
Mon Valley Brine | PA0253782 | Monongahela 0.2 0.2 Washington Proposed O&G wastewaters-CWT PMSW, POEG
River CWT
Borough of PA0022241 | Monongahela 1.0 0.0 Washington POTW O&G waste flow limited to 1% of | O&G, MSW
California River Avg Daily flow at POTW by DEP
order. This faclity no longer
accepts large volumes of 0&G
wastewater,
Authority of the PA0026891 | Monongahela 1.6 0.0 Washington POTW O8&G waste flow limited to 1% of | O&G, MSW
Borough of River Avg Daily flow at POTW by DEP
Charlerol order. This facility no longer
accepts large volumes of oil and
gas wastewater,
The Washington- | PA0026212 | Chartiers Creek 9.77 0.0977 Washington POTW Limiting O&G waste flow to 1% of | O&G, MSW
East Washington Avg Daily fiow.
Joint Authority
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Design Oil & Gas
Permit Flow Wastewater Facility
Facility Name Number Stream (MGD) Flow (MGD) County TYPE® Status / NOTES tion®
Resarved PAD254185 | Sewickley Creek Phasel - 1.0 Westmoreland | CWT CWT using municipal drinking MSW, 0&G
Environmental and Belson Run No water as dilution with recycle
Services, LLC Discharge. back to well sites, RES has a
(RES) All water contract with the Westmoreland
will be Water Authority to purchase up
recycled to three million gallons of potable
to well water per day to be used as
site. “make-up” water to adjust the
Phase Il - concentration of chlorides in the
1.0 MGD recycled water. RES intends, In
Phase |, to treat drilling fluids at
the facility and produce an
“engineered” controlled
fluld/water for recycle to the
drilling sites,
CB Energy PA0252646 | Conemaugh River | 0.2 0.2 Westmoreland | CWT n/a (a:17}
CNX Gas Co LLC PAD252867 | Youghiogheny 0.08 0.08 Westmoreland | CWT n/a CBM
River
CNX Gas Co LLC PAD253045 | Crawford Run/ 0.08 0.08 Westmoreland | CWT n/a C8M
Youghiogheny
River
CB Energy Inc PA0219312 | Sewickley Creek 0.2 0.2 Westmoreland | CWT n/a [:17]
Belden and Blake | PA0218898 | Conemaugh River | 0.6 0.6 Westmoreland | CWT n/a CBM
CB Energy Inc PA0219452 | Crabtree Creek 0.2 0.2 Westmoreland | CWT n/a M
Belden and Blake | PAD218073 | Jacobs Creek 0.6 0.6 Westmoreland | CWT n/a [e:17)
Kiski Valley PAD027626 | Kiskiminetas River | 7 0.09 Westmoreland | POTW Existing CWT facility (McCutcheon | PO&G, PMSW
WPCA/McCutche receiving Enterprises, which is treating
on Enterprises discharge O&G wastewater for discharge to
(cwT) from CWT the Kiski Valley WPCA.
Reserved WMGR121 | Sewickley Creek 1.0 0.25 Westmoreland | RW Batch physical & chemical MSW
Environmental SWO001 Processing processing — treated wastewater
Services LLC returned to well sites for reuse.
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Design Oil & Gas
Permit Flow Wastewater Facility
Facility Name Number Receiving Stream (MGD) Flow (MGD) County TYPE® Status / NOTES Wﬁm‘
North Branch PADD65269 | SusquehannaRiver | 0.5 0.50 Wyoming Proposed NPDES draft permit mailed PMSW
Processing, LLC CWT 8/4/09. Public hearing held
(NBP) 10/6/0S. Working on comment
response document. NBP
antidpates redrafting and
republishing the NPDES permit
upon completion of the comment
response document.
Wyoming- PA0D65293 | Meshoppen Creek | 0.38 0.38 Wyoming Proposed NPDES draft permit mailed PMSW
Somerset at the SR 29 Bridge CWT 8/4/03. Public hearing held
Regional Water 10/20/0S. Working on comment
Resources LLC response document. W-SRWR
(W-SRWR) antidpates redrafting and
republishing the NPDES permit
upon completion of the comment
response document.

a POTW = publically-owned treatment works; CWT - commercial wastewater treatment fadlity; RW - residual waste,

® MSW — Currently accepts Marcellus Shale wastewater; O&G - Currently accepts oil and gas wastewater from formations other than Marcellus Shale; P — proposed facility;

CBM - coal bed methane wastewater; SW — water from stripper wells.

43




Appendix A continued: Map of commercial waste treatment facilities in Western Pennsylvania.

Commercial Waste Treatment Facility Locations
& Target Watersheds Western, PA

Conemaugh
 Lower Monongahela

Map Projection: GCS NAD 1983 UTM Zone 17N

1
0 10 20 40 Miles
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Appendix B

Voluntary Sampling report for Site 6. For complete list visit Voluntary Sampling Data for Oil & Gas
Wastewater Treatment Facilities http: //www.epa.gov/region3 /marcellus shale/

m:n Fhlauau-as hdcrn PA mm
(724) S53-TEST (T24) 4654200
Report of Analysis
Name: Hart Resource Technologies, Inc. Sample ID#: 11 14906
Po Box 232 Sample Type: Waste Water
Rt 110 West Sample Source: Composite
Creekside, PA 15732 Sampler: CLIENT (Client)
Sampie Start Date:  4/192011 5:00 AM Client Sample 1D:  Outfall 501 Composite
Sample End Date:  4/192011 1:00 PM
Receipt Date: 4/19/2011 1:56 PM
Report Date: 5/572011
Analyte | Analyst| Analysis! Aulysh | Sample = Units Data | Method | RPL |
fe m ) - Date Result Qualifier o
Acidity to pH=8.3 CLM | 0425 n/g ~_ND myl as CaCo03 n/a SM23108 2
Alkalinity topH=45 | CLM | 0428 | na 258 mg/l as CaCO3 na SM2320B 20
Bmtnldg . : AJD | 04725 na 2040.00 mg/l D D1246-99 IO(_).OO
Chloride CLM | 0429 na 79770 2 mg/l na SM4500CIC 5.0
l Sulfate ASTM ZTR | 0502 na 1250 mg/l D D516-02 250
| Barium - ICP GIT | 05/04 na 2.116 mg/l na 200.7/6010 0.005
fron - ICP GIT | 0503 na 0244 mg/l n/a 200.7/6010 0.010
Osmotic Pressure LL | 04726 | nfa ) }740 m()s«'k} | na Osp 1000
| Total Dissolved Solids (TDS) | LMB | 04720 n'a 172900 mg/l n'a SM2540C 25
| Total Suspended Solids | LMB | 04720 n'a 11 mg'l na SM2540D 5
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GEL LABORATORIES LLC
2040 Savage Rosd Chareston SC 29407 - (843) 556-8171 - www.gel com

Certificate of Analysis
Report Date:  May 19, 2011

Company : Hart Resource Technologies, lnc.
Address © PO Box 232
Creekside, Peonsylvania 15732

Contact: Ms. Becky Snyder

Project: Creckside Facility ey s - e

Clicat Ssmple 1D Outfall 501 Project: HTRTOOLIO

Sample 1D: 276567002 Cliem ID. HIRTOO!

Matrix: Water

Collect Dase: 19-APR-11 1200

Receive Dase: 21-APR-11

Collector: Client
Parameter Qualifier  Result _ DL RL Unsts DF Amiys Date Time Baich Method
Metals Analysis-ICP-MS
SWE46 IOSABI20A Liqud "As Received”
Uratium v NO 00e7 a2 wl I ORAU GSOMIL 0128 1095087 ]
The following Prep Methods were perf d =T B
Method Description Analyst Date Time  Prep Baich
SWHR6 S005A 1CPAMIS 300SA PREP - TTUEXAl ealsmi WO esoss

Amnalyst Coemments
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Table 3 - Chemical Composition of Major elements (mg/L) of water samples in the area of Western Pennsylvania

Table - Chemical Composition of Major elements (mg/L) of water samples in the area of Western Pennsylvania

zzr:::e EC(uS)  pH T(‘f,?)p (,3;21) ca'CT‘I‘)':ted a Br NO3 SO4 HCO3 Ca Mg Sr Na Fe Ba Mn Si (sé‘;::")

Upstream, n =6

Min 0.5 71 218 4.9 90.6 12.9 0.1 0.1 87 220 13.0 2.6 0.1 7.9 00 01 02 07 1.0

Max 633.0 93 268 8.2 402.9 36.7 0.2 1.0 2442 930 58.8 17.3 0.3 42.8 01 01 04 26 1.8

Median 270.0 82 244 6.6 272.3 26.0 0.1 07 777 515 38.5 8.1 0.3 22.3 01 01 03 17 1.3

Std dev. 243.8 1.0 1.6 1.6 126.5 8.2 0.0 04 957 236 18.3 55 0.1 14.0 00 00 01 07 0.4
Discharge, n=8

Min 0.6 73 192 4.3 134.3 27.7 0.0 01 108 0.0 17.4 3.0 0.1 17.4 01 01 01 15 0.4

Max 1124000 9.8  26.0 7.4 94077.7 61259.8 521.6 43.7 9245 2410 16837.3 6527 2230.0 117025 83 13 571 65 70.3

Median 1340.0 8.9 24.0 6.1 406.3 83.0 0.3 1.0 133.8 56.0 60.3 15.3 0.3 48.5 0.2 0.1 0.4 2.3 2.5

Std dev. 384617 10 2.8 1.1 30789.9 20064.6 170.8 14.0 3103 727 5497.6 2212 7340 39549 32 05 226 1.7 22.5
Downstream, n=8

Min 0.5 55 186 3.9 127.1 22.4 0.0 01 101 1.0 16.7 2.9 0.1 16.2 01 01 01 14 1.1

Max 4881.0 9.0 26.9 11.8 4408.8 2403.2 17.8 1.0 283.6 94.0 554.6 38.6 49.4 1048.1 17.4 0.6 1.2 5.8 18.2

Median 389.0 80 240 4.7 313.6 37.1 0.2 08 1123 53.0 44.5 10.4 0.3 32.9 01 01 04 21 2.2

Std dev. 1726.0 13 3.1 3.0 1458.0 828.1 6.2 0.4 113.1  31.0 181.9 11.9 17.3 357.4 8.7 0.2 0.5 1.4 6.3
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Table 4 - Site 5 Chemistry Statistics of anions (mg/L) and trace metals (ug/L).

Calculated

Sample TDS d Br NO3 S04 Li B Mg Al Ca Cr Mn Ni Cu Zn As Se Sr Ba Pb
(mg/L) (mg/L) (mg/L) (mg/L)
(mg/L)
Upstream, n=3

Min

136 17 0 4 115 19 4 9 21 30 1 416 17 1 32 - 0 156 43 -
Max

141 17 0 4 119 19 7 9 30 31 1 422 18 1 35 0 1 157 45 0
Median 49 17 0 4 118 19 7 9 24 30 1 418 18 1 34 0 1 156 44 .
StdDev 5 0 0 0 2 0 2 0 4 1 0 3 0 0 1 0 1 1 1 0

DISCHARGE, n=5
Min - 55,077 474 15 200 52,280 12,216 800 783 13,991 3,814 - - - - 135 815 2,230,060 9,497 60
Max 75,969 74,309 605 149 1,118 57,234 13,570 854 1,048 14,529 4,094 85 113 28 103,360 168 1,094 2,278,796 10,999 140
Median 62,492 67,389 540 43 880 53,734 13,225 821 814 14,055 3,986 25 59 17 - 146 1,038 2,250,131 10,487 88
Std
Dev. 31,355 9,666 74 59 410 2,396 513 23 133 283 125 36 51 11 46,224 14 121 19,447 572 33
DIRECTLY DOWNSTREAM, n=3

Min 2,440 2,411 17 6 0 1,972 187 36 1,098 524 207 12 29 29 14 2 - 77,903 957 -
Max 76,137 75,085 650 21 397 52,929 12,150 783 1,290 13,532 3,765 362 122 331 247 156 900 2,101,287 11,066 44
Median

4,447 4,191 36 12 199 3,043 361 52 1,185 773 363 351 66 31 54 9 138 115,567 1,419 35
Std Dev 41,982 41,454 360 7 198 29,116 6,857 427 97 7,439 2,010 199 47 174 124 87 485 1,157,482 5,708 23

DOWNSTREAM, n=5

Min 126.7 16.3 0.0 3.5 105.3 18.4 75 8.6 13.5 29.4 0.5 4137 171 0.9 27.9 - 0.3 155.3 43.9 -
Max 520.4 400.9 33 4.5 1184 2885 77.4 127 317 1012  23.0 4220 185 16 33.8 08 82 11,6183  189.7 0.3
Median

139.2 17.9 0.0 3.7 1124 215 7.9 8.9 28.3 30.4 1.9 4163 173 1.2 31.6 - 1.3 229.2 45.1 -
Std Dev

168.1 166.7 1.4 0.4 4.8 116.7  30.2 1.7 7.5 30.9 9.4 3.1 06 03 2.5 04 33 4,966.2 63.0 0.1
EPA CCC Aquatic Life 230,000 87 11;74 52 9 120 150 5 2.5
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Table 5 - Grain-size classification of sediments and their respective location in-stream.

Classification of Sediment Grain Size

Grain Size
Sample (mm) Classification Range Location from Outfall
Site 1A .07-.15 coarse silt - fine sand downstream
Site 1B .075-.25 very fine sand - find sand outfall
Site 1C  .075-1 very fine sand - coarse sand  upstream
Site 2A  .075-15 very fine sand - pebble downstream
Site 2B .08 - 20 very fine sand - pebble outfall
Site 2C  .115-7 fine sand - pebble upstream
Site 3A .075-10 very fine sand - pebble downstream
Site 3B .075-12 very fine sand - pebble outfall
Site3C .075-5 very fine sand - pebble upstream
Site 4A  .075-.2 very fine sand - fine sand downstream
Site4B .15-15 fine sand - pebble outfall
Sited4C .25-1 medium sand - coarse sand  upstream
Site 5A  .25-10 fine sand - pebble downstream
Site 5B .15-6 fine sand - pebble outfall
Site 5C  .25-9 medium sand - pebble upstream
Site 5D .10-6 very fine sand - pebble downstream AMD
Site 6A  .25-10 medium sand - pebble downstream
Site 6B .25-8 medium sand - pebble downstream
Site 7A  .15-12 fine sand - pebble upstream
Site 7B .05-1 coarse silt - coarse sand upstream
Site 7C  .05-8 coarse silt - pebble outfall
Site 7D .04 -.250 coarse silt - fine sand outfall
Site 7E .008 - .02 fine - medium silt downstream
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