Water Quality Associated with
Hydraulic Fracturing in
Shale Formations

Presented by Dave Yoxtheimer, P.G.
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Non-damaging
* Minimal leak-off
* High fluid efficiency
*  Noscaling
*  Minimal skin effect

Adequate scale and Fe control

Sufficient viscosity to carry proppant
Brine tolerant friction reducer (for reuse)
Rapid clean-up

Develop extensive fracture network

Cost-effective

Shale fracturing options:
» Slickwater
* Liquified propane
* Carbon dioxide
* Nitrogen/foam
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Hydraulic Fracturing Fluid Product Component Information Disclosure

Fracture Date Br252011
State: Pennsyhvania T I k 1 f 1 h h 1 I
— T O 1I0OK Up INn ormation on what chemicals
AP Number: IT02T-61681 . .
Operator Mame: Williams b g d I I g
hell Mo o M| 55557 ey are being used at a well site go to
3-2H
L itude: K
ong noessl  \WWWW.fracfocus.org
Latitude: 41020439
LongfLat Projection: NADE3
Production Type: Gas
True Vertical Depth {TVD): 8,57
Taotal Water Vodurme (gal)*: 5,663, 806
Hydraulic Fracturing Fluid Composition:
Trade Name Supplier Purpose Ingredients Chemical Abstract Maximum M axim um Comments
Service Num ber Ingredient Ingredient
(CAS Z) Concentration | Concentration
in Additive im HF Fluid
(¥ by mass)*™* | (% by mass)*™
Wiater ARM - Camien/Base Fluid Water 100.00% BE. 850 %
Moshannon
Cresk SRE3
Sand- Silica Sand | Halliburton Proppant Crystalline Silica Chartz 14808-50-7 100.00% 12.9850%
LP-85 Halliburton Sicale Inhibitor Ammonium Chlonds 12125-02-8 100G U4 %
WiG-38 Gelling Halliburton Ged
Agent
Guar Gum BO00-30-0 100.00% DNI4%
BE-9m Halliburton Baocade
Tributyl Tetradecyl Phosphonium 81741-23-8 100007% DRI %
Chioride
Methanaol &7-56-1 30.00°% DUDOTE%:
FR-56 Halliburton Friction Rleducar Hydrotreated Petroleum Distillate B4LT42-47-8 300G L0187
5P Breaker Halliburton Breaker Sodum Persulfate TI75-27-1 100.00% UDD14%
HCl Halliburton Acad Hiydrochloric Acid TE47-010 30.00%% o1111%
ZEW-20 Breaker Halliburton Breaker
Carbohydrates Trade Ingredient 25.00R% OUD13%
Hemicelulase Enzyme BO12-54-5 15.00°% OUD02%
BA-20L Halliburton Buffer Potasswum Carbonate SE4-08-7 [T o0158%

* Total Water Voleme sources may include fresh water, produced water, andlor recycied water
** Informaation is based on the maximum potential for concentration and thus the total may be ower 1000

All component nformaion Isted was obtaned from the supplier's Matenal Safety Data Sheets (M3D5). As such. the Operator is not responsible for maccwrate and’or incomplete information.
Any questions reganding the content of the MSDS should be directed to the supplier who provided it. The Occupational Safety and Health Administration's (25HA) regulations gowern the criteria
for the disclosure of this nformation. Please note that Federal Law protects “proprietany”. “wade secret”, and “confidential business information™ and the criteria for how this information is reported



http://www.fracfocus.org/

Marcellus Shale Fracturing Fl

Hydraulic Fracturing Fluid Composition:

Trade Name | Supplier Purpose Ingredients Chemical Abstract| Maximum Maximum

Service Number Ingredient Ingredient

(CAS Z) Concentration | Concentration
in Additive in HF Fluid
(% by mass)** | (% by mass)**

35% HCL Weatherford |Cleans Perforation HCL TE47401-0 35.00% 0.04210%
WFR-B1LA Weatherford |Friction Reducer Sodium Chionde TE47-14-5 10.00% 0.00320%
WFR-G1LA Weatherford |Friction Reducer Arrmoniurmn Chionide 12125-02-8 7.00% 0.00230%
WFR-G1LA Weatherford |Friction Reducer Petroleumn Distilates 4T42-48-8 40.00% 0.01290%
WFR-81LA Weatherford |Friction Reducer Alcohols, C-12-16, Ethosylated 88551-12-2 7.00% 0.00230%
WAIZ51 LC Weatherford |Protects Casing Tar Bases, Qumnaline Cerivs, Benzyl T2480-70-7 12.00% 0.00020%
WALZ51 LC Weatherford |Protects Casing Ethowylated Momylphenol Ae412-044 10.00% 0.00010%
WALZE1 LC Weatherford |Protects Casing Cinnamaldhyde 104-55-2 10.00% 0.00010%
WALZE1 LC Weatherford |Protects Casing Ettyiens Giycaol 107-21-1 60.00% 0.00080%
WAl-251 LC Weatherford |Protects Casing Z2-Butoxyethanod 111-78-2 7.00% 0.00010%
WAl-251 LC Weatherford |Protects Casing Isopropyl Alcchol ar63-0 7.00% 0.00010%
WALZE1 LC Weatherford |Protects Casing Triethyl Phosphate TE-40-0 7.00% 0.00010%
WALZE LC Weatherford |Protects Casing M. N-Dimethloxazolidne gg-12-2 40.00% 0.00050%
WIC-B41L Weatherford |Prevents Precpitation | Citric Acid a4 70.00% 0.00520%
MX538-2 Multi-Chem |Scale Inhibitor MX5E3-2 MA 0.00% 0.01900%
BMC B-852] Multi-Chem  |Antibacterial Agent 4 4-Dimethyoxazofidine 51200-374 78.00% 0.01350%
BMC B-8520 Mult-Chem  |Antibactenal Agent 34 2-Trimefwioxazolodine THET343-T 5.00% 0.00080%
BMC B-8520 Mult-Chem  |Antibactenal Agent Z-Aming-2-methyl- 1-propanol 124-63-5 1.00% 0.00020%
BMC B-8520 Multi-Chem |Antibacterial Agent Formaldehyde Amine S6652-26-7 0.50% 0.00010%
BMC B-8850 Multi-Chem |Antibacterial Agent Gutaraldehyde 111-20-3 50.00% 0.00380%
BMC B-8850 Multi-Chem |Antibacterial Agent Methano a7-56-1 0.50% 000004 %
Water Operator Camier Water TT32-18-5 100.00% 83.81200%
Sand Weatherford |Fracture Proppant Crystaline Slica 14808-80-7 100.00% 5 295800%




Hydraulic Fracturing Fluid Composition:

Trade Name

Fresh ¥Water
SAND - COMMOM

CERAMIC PROP

CL-21
CROSSLINKER

CL-Z2UCw

LeeSurf-3000

FR-66

WG-36 GELLING
AGENT

OPTIFLO-N
DELAYED
RELEASE
BREAKER

Optikleen-WF™

Supplier

Cperator
Hallicurton

Halliburton

Halliburton

Halliburton

Halliburion

Halliburton

Halliburion

Purpose

Proppant

Proppant

pH Controd Additive
Crosshnker

Crosshinker

Mon-ionic Surfactank

Friction Reducer
>=lling Agent

Brealer

Concentate

Ingredients

Crystaline silica, quarz
Crystalline silica, cristobalite
Mullite

Silica, amorphous - furmed
Sodium hydroxide
Potassium hydrode

Potassium metaborate
Maodified akane

1,24 Trimefhylbenzens

Ethanol

Heawy ansmiatic petrolewm naphtha
Maphthalene

Foly(owxy-1.2-ethanediyl),
alpha-{4-nonyiphenyl Fomega-hydroxy-,
branched

Hydrotreated light petrodeum distillate
Guar gum

Ammoniem persulfate

Crystaline silica, gquarz
Sodium pertorats tetrahydrate

Chemical Abstract

Service Number
(CAS &)

14808-60-F

14464-46-1
1302-83-8
7631-30-0
1310-73-2
1310-53-2

1370040

Confdential Business
Information

95624
B4-17-5
B474.2-04-5
81-20-3
127087-87-0

A r42-27-8
2000-30-0

Trar-a4n

14808-60-F
10486-00-7

Maximum Maximum
Ingredient Ingredient
Concentration | Concentration
in Additive im HF Fluid
(% by mass)** | (% by mass)**
100 . 00% BE.T7o42at
100. 00% 4 _173E0%
30.00% 2.03744%
100. 00% &.79145%
0. 00% 2.03744%
0. 00% 0.009c4%
C.00% 0.00047%
&0.00% 0.005EER
&0.00% 0.01453%
1.00% 0.000B4%
&0.00% 0.05061%
30.00% 0.02531%
L.00% 0.00422%
C.00% 0.00422%

0. 00% 0.009B1%
100. 00% 0.08350%
100. 00% 0.00746%
0. 00% 0.00224%
100. 00% 0.00200%
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Parameter Concentration Range
Total dissolved solids: 10,000 - >300,000 mg/L

- Chloride: 5,000 - >150,000 mg/L

- Sodium: 2,500 - >75,000

. VOCs (primarily BTEX):  ND — 2 mg/L
Radium 226: 100 pCi/L — 16,000 pCi/L
Barium: 2,000 - 5,000 mg/L

Strontium: 1,000 - 7,000 mg/L

snsie . Marcellus Center

ﬁ for Outreach and Research
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Average Flowback TDS Concentration and Discharge Rate vs. Time
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FIowback Scall
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available metals such as Ba,
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Correlatlon of Radlum 226"wl’t\t\|~
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Local well or spring number
@, and concentration less
than 4.0
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4.0and 10.0
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than 10.0

MNote: The county abbreviation (TI)
that should precede the displayed
local well or spring numbers was
omitted.

@ Unconsolidated
@ Catskill Formation
< Lock Haven Formation

o

e e ,

100

200

300

WELL DEPTH, IN FEET BELOW LAND SURFACE

Figure 6. Distribution of total-arsenic concentration and well depth by geologi:
units, northern-tier counties of Pennsylvania.
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Landfill

aphic from Pittsburgh Area Geologic Society, Gas Migration in W. Pa.
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Dissolved methane concentrations, in milligrams per liter
Non-datact {<0.001), Spring
Non-datect {<0.001), Badrock
Non-detect {<0.001), Unconsolidated
0.001 to 1, Bedrock
0.001 to 1, Unconsolidated
1.01 to 10, Bedrock
1.01 to 10, Unconsolidated
10.1 to 28, Unknown
10.1 to 28, Bedrock

Badrock geoclogy TE"00 14700 700
Marcallus and Utica shale outcrops [ [ [ —
Other black and gray shale outcrops

Geologic age

Cretaceous and Canozoic unconsolidatad
B Tiiassic
I  Davonizn
[ Silurian
I  Upper and Middle Ordovician ]

Loweer Ordovician and Uppear Cambrian

10.1 to 28, Unconsolidated .
»28, Badrock Precambrian
Unconsolidated
43700 |
47700 —
4700 [—
0 ] ] o0 MILES
| 1 1 |
[ T T T
0 20 ] 90 KILOMETERS
|

OFR - 2012-1162
ethane in NY Groundwater

Easza from LL5. Goological Survey digital data

Geologic agas modifiad from Schruban
and others, 1994 1:2 500,00

Shale rock outerops modified from Fishar
and others, 1970: 1:250,000

Onondaga

County area Ulster County area

Tompkins County area




Number of wells by methane concentration (in milligrams per liter)

Geologic age of water-baaring formation Mon- Number  Percent

Methane dapet <1000 TUHERD SBO e gl
e PO Dleistocene & Upper Cretsceous (glacial) deposits 75 T 5 3 1 1o 54
co n c -rj 5 Devonian 14 1% 10 ) 3 53 2
I \ Y ilrisn 2 i 1 2 0 13 5
[ANINAY o : ,
Upper and Middle Ordovician 3 5 1 3 1 13 5
groun e\ /z) vl ¢ LowerOrdovicisn & Upper Camibrian 7 6 1 0 (I T
. Precambrian g 4 0 0 ] 13 5
Unknown & other (springs) 3 0 0 1 0 § .
45 g T T T T Mumberof wells and springs 113 87 18 16 5 1
Percent of wells and springs 47 k1 § T 2 100
% 40 -
E »28.0 mg/L - b samples (2 parcent)
5 h 1
=1 i
e |[<—
- -
E = 10.1 to 280 mg/L - 16 samples {7 percent) -
B
= 15 -
E 0 -
£ 1.0 to 10.0 mgfL- 18 samples |8 percent)
=
T »0.0 but <1.0mg/L - 87 samples - Non-detect - 113 samples "
o LT TTR Y W— |I35F|FmE I'II:I 1 1 hd 1 1 1 1 [di-'r F:'Elrll:Elm:ll 1 1 1 *
10 1 &0 ™ a0 110 130 158 I8 190 210 230

From USGS OFR - 2012-1162 Dissolved Methane in NY Groundwater Number o1 samples



“Methane in WV Groundwatel. .+ .

EXPLANATION

Methane Concentration
O <100 mg/L
O 1.00-10.0 ma/L
O 10.1-28 mgiL

@ =z3mgL
s Hinge Line

50 100 Miles

1} 25 50 100 Kilometars

snsie . Marcellus Center

USGS Fact sheet 2006_3011-Methane in WV groundwater @  forOutreach and Research
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EXPLANATION

Alluvium, outwash, and glaciofiuvial deposits (undifferentiated)
of Quatemary age

S —
4—.‘._ Anticline - Showing trace of axal surface and directon of plunge ' 4
—A » Thrust fault - Saw eeth on upper plate . ‘
TI603 ¥ .
— © Water well in outwash aquifer and well number in table 2 a |
bl Water well in bedrock aquifer and well number in table 2 \ 0 1 2 MILES
| —L ! ] |
@ Indicates presence of microbial methane in ground I I
water based on delta’C_,,, dd ) 0 1 2 KILOMETERS
T I = 1 ) _BE -

Surficial deposits from Commonwealth of Pennsylvania, 1989
Streams from U.S. Geological Survey, 2000
Township boundary and U.S. Routes from Commonwealth of Pennsylvania, 2006

Shaded relief prepared from U.S. Geological Survey National Blevation Datasst, 2004 U.S-G-S. SI R 2007_5085

Base from U.S. Department of Commerce digital data, 1993,

1:100,000 Albers Equal-Area Conic projection: Standard Parallels 29°30 Nand 45°30° N,

Central Meridian 77 45" W, Laftude of Origin 2300 N



Distribution.of Thermogenic Me¢th ne
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( of Quaternary age \
4—-1-— Anficline - Showing trace of axial surface and direction of plunge . A
=hd  Thrust fault - Saw teeth on upper plate
— >
o 6"”. Water wall in outwash aquifer and well number in table 2 <
= T4
a ] Water wall in bedrock aquifer and well number in table 2 -
| 'l 0 1 2 MILES
T1 577
S Indicates presence of hemmogenic methane in ground waler based ! \ | | | | |
ondelta ‘3CCM and ethane at 0.01 volume percent or more. | | " | T I T |
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Surficial deposits from Commonwealth of Pennsylvania, 1989 Base from U.S. Depariment of Commerce digital data, 1993,
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Township boundary and U.S. Routes from Commonwealth of Pennsylvania, 2006 Central Meridian 77°45 W, Latitude of Origin 23"00°'N
Shaded relief prepared from U.S. Geological Survey National Elevation Dataset, 2004 U .S.G ,S, SI R 2007_5085
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Study of Groundwater QUalmy
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 PSU Researchers received funding from The
Center for Rural PA to collect pre- and post-
drilling water sample from private wells

* Collected and analyzed nearly 230 samples
within 1,000 feet and within 1 mile of Marcellus
wells

* No significant before/after changes in water
quality
— ~40% of wells fail at least one drinking water standard and
background methane found in ~24% of the wells.
 Recommends sufficient setbacks from private
wells and pre-drilling water sampling

PENNSTATE Marcellu@ Cenler
ﬁ for Outreach and Research




- Groundwater Quallty m_PA \

Table 1. Water quality parameters measured in Phase 1 water wells in comparison

12 o

to Pennsylvania drinking water standards and to typical concentrations in Penn-
sylvania water wells and Marcellus wastewaters. All concentrations are reported in

~ units of mg/L except pH.

Approximate Median | Approximate Median
Concentration in Concentration in
Parameter Drinking Water | Typical Pennsylvania Typical Marcellus
Standard’ Groundwater’ Wastewater’
pH 6.5 to 8.5 7.50 6.60
Total Dissolved Solids <500 163.0 67,300
Total Suspended Solids - 1.0 99.0
Barium <2.0 0.070 686
Iron < (.30 0.20 39
Manganese < (.05 0.01 2.63
Sodium - 6.87 18,000
Hardness - 86.1 17,700
Strontium - 0.26 1,080
Chloride < 250 5.3 41,850
Sulfate < 250 18.0 2.4 t0 106
Nitrate-Nitrogen <10 0.50 0.1to1.2
Bromide - 0.016 445
Dissolved Organic Carbon - <1.0 62.8
Dissolved Methane No data available No data available
Oil & Grease - <5.0 6.3

! Pennsylvania Department of Environmental Protection, 2006. * Pennsylvania State University, 2011; Davis
et al., 2004; and Thurman, 1985. * Hayes, 20009.

The Impact of Marcellus Gas Drilling on Rural Drinking Water

Supplies, Center for Rural PA, October 2011

masie . Marcellus Center

for Outreach and Research



« Phase 2 Wells
mPhase 1 Wells

The Impact of Marcellus Gas Drilling on Rural Drinking Water
Supplies, Center for Rural PA, October 2011

0 100 200 300 400 500 600 700 800 900 100011001200130014001500
Pre-Drilling Total Dissolved Solids (mg/L)

masie . Marcellus Center

for Outreach and Research



‘WaterQuallty Proteé’ﬁon Mea;“u \" B~ ¥

Geologic characterlzatlon to determlne depth of
aquifer and shallower gas-bearing sandstones

Installation of casing with adequate grout to ensure
groundwater is isolated and hydrocarbons sealed off

Geophysical borehole log surveys to characterize
gas-bearing zones and cement seal integrity

Conduct pre-drilling groundwater sampling on
private wells to verify baseline groundwater quality

Characterizing methane found in water wells

— |Isotopic characterization of methane in water wells vs. in gas
wells

— Comparing ratio of methane and C2+ hydrocarbons

Where stray gas Is problematic well needs to be
remediated or abandoned

Careful fluids storage and handling at surface

SATt Marcellu@ Cenler
ﬁ for Outreach and Research






Questions??
Thank you!!

David Yoxtheimer, P.G.
Extension Associate

PSU MCOR

320 EES Building

University Park, PA 16802
814-865-1587 (office)
dayl22@psu.edu
www.marcellus.psu.edu

masie . Marcellus Center
ﬁ for Outreach and Research



