


The Ideal Engineered Reuse
Solution Should Be...

4% + Able to Reduce
Environmental Risk

e Effective for Fracturing
* Practical & Economic

* Able to Provide
microbiological Control
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at is needed for reuse?
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Flowback and Frac Waters Data Set

* 235 Frac Water Sources
* 524 Flowback Samples
* 25 Sequential Flowback Studies



Chloride Content vs Total Dissolved Solids
In Marcellus Formation
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Barium & Sulfate Trend
In Marcellus Formation
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Distribution of Marcellus
Sequentlal Flowback Studies
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TDS Content vs. Marcellus Flowback
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Hardness vs Marcellus Flowback Volume by Region
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Barium Content vs Marcellus Flowback
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Calcium Content of Flowback @ 7,500bbl
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Marcellus Well Sites — Load Recovery(%)
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TDS Content
Haynesville vs Marcellus Flowback

—e—Susquehanna —m—Jefferson —a— Armstrong —o— Fayette —=—Texas(1) ~o—Texas(2)
150,000 -

= 125,000

o0 R

£ 100,000 /

= i

(7, !

o, il \
SUPERIOR

WELL SERVICES

N 4



What is needed for reuse?
Geochemical Controls

e Sophisticated Geochemical Scale Modeling Simulator
e Specific to Downhole Conditions
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Geologic Hypotheses for Flowback Chemistry
Marcellus Paleogeography
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Ref: SPE 125740, Blauch, et.al. 2009



Ref: SPE 125740, Blauch, et.al. 2009

Deep Basinal Hypersaline Fluids
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Hypothesis Testing — Drilled
Cuttlngs Analy5|s




Hypothesis Testing —
Core Analysis
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EXPLANATION

® Marcellus Flowback Water
®  Dead Sea Geochemistry

4 Oriskany Geochemistry
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Conclusions

Shale Frac Sequential Flowback Analysis have become
important to HVHR fracturing in the Marcellus shale

Variations in flowback geochemistry are observed
both spatially and volumetrically

Understanding the origin of dissolved salts is
important to future water reuse and water
management strategies

Predictive analysis tools such as Piper analysis and
geochemical simulation play an important role in
water reuse and treatment design

Functional performance testing of flowback water for
reuse is recommended
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Shale Frac Sequential Flowback Analysis and Reuse Implications

Matt Blauch
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The statements made during the workshop do not represent the views or opinions of EPA. The
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Water re-use challenges and solutions have direct and indirect influences in the design of
hydraulic fracturing fluid systems and products used in High Volume, High Rate (HVHR)
hydraulic fracturing of shale wells (1,2). In general, effectively engineered water reuse solutions
should: provide effective fracture development, allow practical application and economic
performance, be non-damaging to well production, extend microbiological control, minimize
environmental impact and reduce environmental risk.

Until relatively recently, HVHR fracturing required the use of fresh water as the base fluid due
to the sensitivity of polymeric friction reducers to high TDS waters and concerns that the
interaction of the frac fluid constituents with the formation would result in adverse
precipitation of geochemical mineral species often referred to as “scale”(3).

Significant lessons learned from early HVHR fracturing and flowback analysis from the Marcellus
shale has led to the development of products that have a higher degree of compatibility with
the inorganic constituents in flowback waters as well as better understanding of the impacts of
recycled flowback water on well performance (1). In general, much higher salinity fluids are
now used than during initial development. However, much still remains to be learned from
geospatial variations both within the Marcellus and other shale plays (2).

Exploration into the geochemical variations and implications of high TDS flowback fluids for
recycling and re-use in closed system fracturing applications is provided through ongoing
flowback water analysis. To date, over 500 flowback samples obtained following HVHR
fracturing operations have been catalogued. Sequential flowback studies involve time and
volume dependent analysis of the flowback samples. The study presented includes results
obtained from 25 sequential flowback studies representing discrete well site locations
throughout the Marcellus shale play.

In this case study, flowback analysis locations trend from the northeast to the southwest. A
number of significant trends are observed.

TDS and Chloride Content

There is an exceptionally good correlation between chlorides and total dissolved solids (TDS)
(i.e., R = 0.995). This would be expected since chlorides are the predominant anion in flowback
waters. TDS levels range from approximately 200 mg/L to nearly 145,000 mg/L and
concentration increases with time and flowback volume. Regional distribution of the TDS levels
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appear to vary significantly. Well sites representing a cross section of Marcellus region were
from the following counties; 1) Susquehanna; 2) Jefferson; 3) Armstrong and 4) Fayette. The
highest salinity (TDS) content appears in the Jefferson data with TDS approaching 145,000
mg/L. The lowest TDS levels were observed in Armstrong County with values reaching
approximately 30,000 mg/L.

Hardness vs. Marcellus Flowback Volume by Region

Total hardness, represented as CaCO3; shows a similar trend to the TDS on a distribution basis
for each of the four regions. The significance of total hardness relates to both compatibility of
the fracturing fluid chemical package and the geochemical propensity to precipitate potential
production impairing minerals (3). The highest level of total hardness is represented in the
Jefferson data set with values exceeding 30,000 mg/L in the late stage flowback.

Barium Content vs. Marcellus Flowback Volume by Region

Barium content is of particular interest during reuse due to the susceptibility of barium to form
barium scales such as barium sulfate. Barium trends in the sequential flowback data show three
primary geospatial signatures. In the Fayette and Armstrong signatures, very little barium is
observed. In the Jefferson trend, barium levels are relatively low (approximately 50 to 400
mg/L) up to approximately 7,000 bbls recovered after which the levels rise to approximately
1,700 mg/L. The Susquehanna trend curve shows a relatively constant linear trend showing
higher early uptake.

Geospatial Variation of Flowback Geochemistry

Correlation of water geochemistry to physical location (both latitude and longitude) provides
insight into the potential to predict key water chemistry values for geochemical simulation
purposes. One example is illustrated in the calcium trend versus longitude and latitude. With
the exception of one anomalous point, when compared on a fixed volume basis, it appears that
calcium content increases from west to east. However, there appears to be some very high
brine content wells in the mid-state region. Such information can be utilized as a predictive tool
in planning development of future well sites, with improved water management strategies,
better scale prediction and more convergent reuse strategy.

Post-Frac Water Load Recovery

Load recovery following fracturing operations is a key aspect of any water reuse program since
the load recovery volumes may vary across operating locations and the amount of water that
can be recycled is dependent upon the final water chemistry. In many cases, significant dilution
of flowback water with fresh water is applied to new completions. However, reuse consisting of
100% flowback water with no fresh water dilution is possible when augmented with treatment”
to remove all or a portion of the detrimental constituents. The load recovery from selected well
sites indicates a range from less than 10% to nearly 60%. The dataset includes both vertical and
horizontal wells. Geospatial variation shows weak, but positive correlation to latitude and
longitude with the higher load recovery percentages occurring in the southern operating
regions.
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Geochemistry and Source of Salts

Interaction between shale and fracturing fluids has been the subject of a number of studies (1,
3,5, 6). Providing both a predictive method and preventative measure to controlling
geochemical precipitates, scale, microbially induced deposits and other rock/fluid interactions
is important for enabling sustained reuse of flowback waters and for optimization of production
performance. A geochemical simulation method has been developed to help predict potential
mineral species that have a tendency to form insitu based on inputs from flowback water
analyses>. Based on a study conducted to address the question of the origin of salts observed in
the Marcellus shale flowbacks, the authors present hypotheses regarding the origin of dissolved
salts observed in the flowback waters (1). Geologic interpretation of the genesis of shale basins
such as the Marcellus provides insights into the origin of the salts. Potential mechanisms for the
observed salinity in the flowbacks include:

Primary dissolution of Autochthonous salt
Primary dissolution of Allochthonous salt
Encroachment of Basinal brines
Mobilization of Hypersaline connate fluids
A combination of the above

uhwWwnN e

Experiments using drilled cuttings and cores show some evidence for the Autochthonous origin.
In summary, it cannot be assumed that observed flowback geochemistry is simply due to
“fracturing” into brine water within subjacent wet formations, as previously assumed. Piper
analysis appears to be a potentially useful tool for characterizing the water “genetics” and
determining pathways for mixing with various compositions of water types. Additional work is
suggested in this area including “water fingerprinting”.

Comparison of Marcellus flowback geochemical results with limited studies from other shale
plays such as the Haynesville appears to show similar trends regarding soluble salts. In one
study, Haynesville flowback waters show higher levels of TDS than observed in the Marcellus
study with values exceeding 120,000 mg/L after 7,500 bbls flowback volume. These flowback
waters also show higher initial salt uptake.

Reuse Implications

Water reuse has been enabled and is now a reality for HVHR shale fracturing operationsin a
wide range of geologic settings. Insights obtained from analysis of flowback waters provide a
basis for chemical additive package design, treatment options, geochemical implication and
environmental risk assessment. Inherent variations in downhole geochemistry and the
equilibration of injected frac water with the subsurface rock environment provide a technical
need for continued analysis of flowback waters. Analysis and interpretation of the geospatial
variation of inorganic dissolved species can provide a basis for future prediction of geochemical
composition anticipated in new development areas. Such prediction could enable better
planning, development of water management strategies and hydraulic fracturing fluid design.
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