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Slickwaterfrac is dominant
type of treatment

Frac sizes for most
horizontal wells range from
4 million to 6 million
gallons(up to 10 stages)
using as muclas 250 tons

of sand/stage

Vertical wellfracsare
similar in size to a single
horizontal well stage,
about500,000+ gallons
usually in a single stage,
with a totalof 250 to 500
tons of sand
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Frac return water is ~10 to

20% of the amount i S Gas Wil 2

injected. After 7- 10 days , . &2 ¥ w
flow back is greatly ] ¥ GasWell3
reduced and is considered ' g .
produced water , Gas Well 4

& Gas Well 5

Flow-back rates during first p St 5 - b
77 14 days may average i SERCIIT L e -
3,000- 5,000 barrels/day, - i Gas Well
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declining rapidly to a few o . " & . Gaswells
100 bbl/day. Further R i B

decline is gradual, 10 to 20 . . e
b/day, after a few months
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better economics.
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Target formation between 6,000 and

8,000 ft. below surface

Land surface i‘ii

Well is turned
\/ horizontal
Marcellus Shale

y

Hydraulic fracture zone
(fractures every 500 feet)
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Average of six wells in

Western Pennsylvania

These data are
available on the

Range Resources web Average Units
site:

www.rangeresources.com

Six wells were chosen :
at random and the _ _ﬂu'd_ 63.4 bpm
averages indicate that ~ Injection 2,664  gpm
a typical frac injection rate 3,836,44 gpd
takes place over a
gerlod of about one injection 1.1 days

ay. _

period 20 hours



http://www.rangeresources.com/

Typical returned frac water
(RFW)

Chlorides < 70,000 mg/L
TDS <120,000 mg/L

Recycle requirements: < 50,000
mg/L TDS

5:1 makeup that would
yield about 25,000 mg/L

TSS requirement
undefined

pH from 5.5 to 8.0

Multivalent ionsz Should

be limited but no specific
cutoffs cited, except for Fe
(<500 mg/L) and SO4 (<50
mg/L)

Bacteria < 10,000 counts
(coloniesmlL)




ALined ponds are
constructed to:

Astore drill
cuttings/mud

Astore returned frac
water

Astore fresh water/
frac makeup water




Between 2 and 6
million gallons of
water are needed for
each frac

Major sources:
/surface water

Amunicipalities
Arecycled frac water




Reclaimed Well Site
showing
access/service road ,
well head and
condensate tank
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Water Withdrawals
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Most of the components
that make up frac fluid are
safe, commonly used
chemicals. Two
compounds on this list

(in red)warrant care in
handling, however.

*Also known as
polyacrylamidat has
been reported to contain
small concentrations of
acrylamidewhich is toxic.

Component

Notes

Acrylamidecopolymer*
Ammonium sulfate
Amphoteric alkyl amine
Boric acid

Calcium chloride

Ca Mg, Na phosphate
Dimethylsiloxanesand silicones
Guar gum
Hemicellulase enzyme
Magnesium chloride
Noncrystalline silica
Potassium chloride
Propan2-ol

Sodium chloride
Sodium hydroxide
Sodium sulfate

Urea

Normally safe

nitrogen fertilizer

detergent

weak acid

roadsalt, dust control

mineral supplement

sealant, contact lenses

plant derived gum

enzyme, breaks down cellulose
deicer, mineral supplement
sand

Potash, fertilizer

Irritant: inhalation, skin absorption
table salt

base, pH control

sulfate salt

nitrogen fertilizer



RFW is predominantly Na, Ca, ClI

Returned frac water
chemistry from five
Marcellus wells
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Cored interval 70857180 ft. 66346856 ft. % TDS
PAwell (mg/L) WV well (mg/L) PA WA

Cl 149,00( 125,20( 61% 51%
Ca 23,60( 36,80( 10% 15%
Na 63,40( 34,20( 26% 14Y%

K 3,90C 6,90C 2% 3%
Mg 1,95C 3,04C 1% 1%
Sr 5,00C 2,20C 2% 1%
Fe 1,30C 580 1% 0%
Br 273 480 0% 0%
Ba 840 200 0% 0%

I 26 0% 0%
SO4 22 0% 0%
Pb 9 0% 0%
TDS 244,00( 247,30( 102% 85%
pH 4.2 4.9

Water Research Institute

West Virginia University
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Salt concentrations Increase

as flow decreases

The flow back from an
horizontal Marcellus 180,000 4,500
well greatest initially

160,000 4,000
(~ 5,000 barrels per day
or 150ypm) 140,000 3,500

=< 120,000 3,000 ~
It slows to about 500 2 g
gpm after the first & 100,000 2,500 2
couple of weeks. 8 50,000 2000 8
The initial flow back 60,000 1,500
reflects injected water P o

more while later flow

back is more 20,000 < 500
influenced by salts in 0 ; e C
the formation.

Day 1 Day5 Dayl1l0 Day?20 Day30

e Ca = Na C| ====TDS ==-<Flow



TCLP Testing-OK

TCLP test for solid
residuals after

electro- coagulation mg/L
and filtration (RFW _
#5). As Ba Cd Cr Pb Se Ag Hg solids

o nd 308 nd nd nd nd nd nd 100%
The results indicate

that the residuals nd 533 nd nd nd nd nd nd 100%
would not be

classified as nd 332 nd nd nd nd nd nd 100%
hazardous under nd 161 nd nd nd nd nd nd 100%

RCRA subtitle C.
nd 1.72 nd nd nd nd nd nd 100%



Radioactivity

: Beta Counts per minute
Five returned frac -
radiation Sample A Sample B Sample C
water samples were
analyzed at WVU for background - > i
di yzed: background 51 32 72
radioactivity. REW 1 46 27 54
RFW 2 47 53 53
All were at or below REW 3 54 32 51
background levels. RFW avg 49 38 53
Data from three of
those samples e Gamma Counts per minute
shown. radiation Sample A Sample B Sample C
background 424 43t 44¢
RFW 1 40€ 41¢ 427
RFW 2 403 394 40%
RFW 3 40€ 39E 42¢€

RFW avg 40¢€ 403 42C
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The Alkaline
Earth
elements:
Sulfate
solubllity
decreases as
the elements
get heavier

Solubllity
Compound (mag/L)
A MgSO4 357,000
A CaS04 2,050
A SrS0O4 135
A BaSO4 3.1
A RaS0O4 0.02



Relative TDS loads

This analysis compares
the TDS loadings from
large, treated coal mine
discharges and
Marcellus wells.

The results indicate that
one large mine
discharge generates as
much TDS as 44
Marcellus wells.

Relative Loadings

1 frac job
6 million gal* 1 UG mine
discharge 2.3 3,000 gpm
TDS 150,00( 5,000 mg/L
TDS 753 33,000 tpy
ratio Frac/mine 44 1
# units 613 14
TDS 462,00( 462,000 tpy

*assumes 20% RF




A Underground injection

A Pre-treat then send to sewage treatment
nlant

A Evaporation/crystallization

A Recycle

21



Class | wellsinject hazardous and nehazardous wastes below the lowermost underground
source of drinking water (USDW). Injection occurs into deep, isolated rock formations that are
separated from the lowermost USDW by layers of impermeable clay and rock.

Class Il wellsinject fluids associated with oil and natural ga®duction operations. Most of
the injected fluid is brine that is produced when oil and gas are extracted from the earth.

Class Ill wellsinject superheated steam, water, or other fluids into formations to extract
minerals. The injected fluids are then pumped to the surface and the minerals in solution are
extracted. Generally, the fluid is treated andirgected into the same formation.

Class IV wellsinject hazardous or radioactive wastes into underground sources of drinking
water. These wells are banned under the Underground Injection Control (UIC) program
because they directly threaten public health.

Class V wellsare injection wells that are not included in the other 4 classes. Some Class V
wells are wastewater disposal wells used by the geothermal industry, but most are wells such
as septic systems and cesspools. Generally, they are shallow and depend upon gravity to drai
or "inject"” liquid waste into the ground.
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A Class | wellsinject hazardous and nehazardous
wastes below the lowermost underground source of
drinking water (USDW). Injection occurs into deep,
Isolated rock formations that are separated from the

lowermost USDW by layers of impermeable clay and
rock.

A Class Il wellsinject fluids associated with oil and
natural gagoroduction operations. Most of the
Injected fluid is brine that is produced when oil and
gas are extracted from the earth.
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Class | waste water injection well

Class | wells must inject
hazardous and non
hazardous wastes below
the lowermost
underground source of
drinking water (USDW).

Injection occurs into deep,
isolated rock formations
that are separated from the
lowermost USDW by layers
of impermeable clay and
rock.




Sewage Treatment Plant

Pre-treatment normally
required to remove
barium and strontium

Sulfate is normally
added to precipitate
insoluble

BaS0O4 and SrSO4

That leaves substantial
sulfate plus sodium and
AEI T OEAA EI
effluent.

OEA

340060
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