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f\l Team Performing the Independent
Scientific Review of Well Stimulation

« The California Council on Science and Technology
— Provided oversight, scientific guidance and input for the project

« Lawrence Berkeley National Laboratory
— Performed the majority of the analyses

« Subcontractors:
— The Pacific Institute
— Physicians, Scientists and Engineers for Healthy Energy
— Stanford University
— Dan Gautier (USGS retired)
— Scripps Institute of Oceanography
— CSU Stanislaus Endangered Species Recovery Program
— University of the Pacific
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BERKELEY LAB

CCST

CALIFORNIA COUNCIL ON
SCIENCE & TECHNOLOGY

« CCST Is a nonpartisan, impartial, not-for-profit
501(c)(3) corporation established via Assembly
Concurrent Resolution (ACR 162) in 1988 by a
unanimous vote of the California Legislature

 Itis designed to offer expert advice to the state
government and to recommend solutions to science
and technology-related policy issues.

« CCST is governed by a Board of Directors composed
of representatives from its sponsoring academic
Institutions, from the corporate and business
community, and from the philanthropic community
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cecer | Lawrence Berkeley National Laboratory

BERKELEY LAB

= Discovery science, energy innovation and environmental solutions

= ~$800 Million Budget; 4,200 Employees; 1,000 Students

= 13 Nobel Prizes — most recent in 2011 for the discovery of dark energy

= 70 members of the National Academy of Sciences (~3% of the Academy)

= 10,000 researchers from industry/universities annually use the Lab’s unique
research facilities.

Earth Sciences at Berkeley Lab

MISSION

...1o create new knowledge and capabilities
needed to enable sustainable stewardship
of critical environmental systems and
judicious use of the Earth’s natural
energy resources.
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@l Partial List of Researchers

e Jens Birkholzer? e« Matthew Heberger3
e Heather Cooley3 e James HOuseWOrth2
« Kristina Donnelly? * Matthew Reagan?
. Jeremy Doment * Whitney Sandelint
. Laura Feinstein?  Will Stringfellow?-
» Jeremy Hanlon?? * Charuleka
. Jane Long? Varadharajan?
lUniversity of the Pacific, 2Lawrence Berkeley National
Laboratory, 3Pacific Institute, 4California Council on Science
& Technology
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D e O U tI I n e

o Data utilized

o California versus elsewhere

o \Water use per operation

 Number of operations

* Geographic distribution

 Water use by area

 Number of constituents

e Constituent properties

 Produced water disposal release mechanisms
e Subsurface release mechanisms
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) Data Sources Utilized

© (e

— =)
; :

O o

(<)) (@)

o 1
D.OGGR 2014 X X X X X X X X X X
disclosures
DOGGR 2014 X X X X X X X X X
notices
SCAQMD 2013-2014 X X X X partial x x X X
CVRWQCB 2012-2013 X X X X X X X X TVD
Well d
search
DOGGR GIS MD-

all p X X :

well table partial

HF = hydraulic fracturing; AF = acid fracturing; MA = matrix acidizing
Department of Oil Gas & Geothermal regulation (DOGGR), Central Valley Regional Water Quality Control
Board (CVRWQCB) , South Coast Air Quality Management District (SCAQMD)
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) Data Sources Utilized

D.OGGR 2014
disclosures
DOGGR 2014
notices
SCAQMD 2013-2014
CVRWQCB 2012-2013
Well record 2002-2013
search
DOGGR GIS

all
well table

Required

X

partial

8 April 2015
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X

partial

X

X

X

Location

X

Preston Jordan

X

X X
X X
X
TVD
partial TVD
MD-
partial

Each has its own advantages and disadvantages, but together they
provide an accurate, if not complete and precise, understanding.
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@l  Hydraulic Fracturing Distribution
J >0

.pdf

North Dakota and Montana:

California: various geologic units

http://energy.usgs.gov/Portals/0/Rooms/oil_and_gas/noga/multimedia/2013_Ba

kken ThreeForks Assessment

0 375 75 150 nﬁ@?::.__gv\\\CP—\ ‘-/

Kilometers i }\. f; {L_‘

! = : 0 35 75 150 b, &
through 2013: 110 million m3 oil 2002-2014: 100 million m3 oil
(700 million bbl) (600 million bbl)
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g A\
r;} "" Typical Source Rock Stimulation Typical California (Migrated Oil) Stimulation

BERKELEY LAB .
Lawrence Berkeley National Laboratory P rod u c‘ho n

Well Injection Well Production Well

~ ~1000 m "

ESD14-047
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f\”' CA Hydraulic Fractures: Smaller and Simpler

High Volume — Typical California Vertical
Horizontal Well Application  Well Application

;i‘“féﬁ‘% iﬁ% dﬂp
W ad |

e Larger volumes of water
« Slick-water (detergents)

Smaller volumes of water
Gel-based (Guar gum)

additives additive
 Complex fracture e Simpler fractures with larger
networks aperture

e (Banned in New York)
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will Distribution of water use per hydraulic
fracturing operation in California?

Wateruse peroperation (gallons)
0 100,000 200,000 300,000 400,000 500,000

BERKELEY LAB

- Observations

: CA Average:
1 530 m3

: (140’000 gal) 1,723 operations shown;

59 additional operations

Kernel Density

Frequency i

|i —1 et | 1) e

0 500 1,000
H 3
Wateruse peroperatlon (m ) 1.5 acre feet

Much less than the >4,000 m?3 (3 acre feet) per operation
typical elsewhere (e.g., Eagle Ford, Bakken)
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will Distribution of water use per hydraulic
fracturing operation in California?

Wateruse peroperation (gallons)
0 100,000 200,000 3005000 400,000 500,000

BERKELEY LAB

!
I
I - Observations
I

- i : | CA Average: Kernel Density
S g 1 530 m? | New York State’s
= | (140,000 gal) | Definition of HVHF:
I

| 1,100 m3
: | (300,000 gallons)

0 50§ 1,000 | 1,500
Wateruse peroperation (m3) 1.5 acre feet

Much less than the >4,000 m?3 (3 acre feet) per operation
typical elsewhere (e.g., Eagle Ford, Bakken)
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f\" How Many Operations?

150

Estimated operations per month

________________ 200
0.2 12 0 0.2 0.01
hydraulic matrix acid hydraulic matrix hydraulic matrix
fracturing & | acidizing fracturing | fracturing & | acidizing fracturing & | acidizing
frac packing frac packing frac packing
Onshore State waters Federal waters
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Estimated annual - A Gie
hydraulic fracturin Annual Fetimated 2Antel | water use
. y : supply for Watehas in
Planning Area :
_ Water enabled ‘ _ | Planning
O t (l.
perations demand | N
[
L N\
Semitropic (Kern) 1,600 850,000 000 2,700,000

Kern Delta (Kern) 4 o7 2,100 1.7 0.00011%

Kern Valley Floor %
4 1 1 .0017%
(Kern, Tulare) 3& 000 8,000 5 0.0017%

Uplands (F
PEMES (FEse; @18 9,500 9500 7.7 0.015%
Tulare, Kern)

Western Uplands (San
Benito, Fresne, Kirgs, 6 2,900 2,900 2.4 0.1%

San Luis West Side
(Fresno, Kings)

1 270 270 0.22 0.000017%
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1 * The median&rﬁ&r of
s

Frequency in database
S
o
I

How Many Stimulation Constitug@?
R\Z

constituent@d In each
hydrauk @acturing operation
is les$'than 30
& :
-@mber of constituents each
%©vm North and South Belridge,
o©”  Elk Hills, and Lost Hills fields
ranged from 70 to 196

0 10 20 30 40 50 60 70 80 90 100
Number fracturing fluid components in each fracturing operation
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800 —

600 —

400 —

Frequency in database

200 —

How Many Stimulation Constitu&g@?

R\Z
e 300 unigue co

2 ents and
constituen Q’f‘ ures

voluntg ‘4?0 Isclosed

o Hag used in less than

% of operations
%WSome entries indicate there

@g@ are more constituents
undisclosed

30 40 50 60 70 80 90 100
Number fracturing fluid components in each fracturing operation
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@l How Acutely Toxic Are Constituent

BERKELEY LAB

Acute Oral Toxicity
(g. Rattus)

Non-Toxic
21,

\\ Insufficient Data

b,
Y
\'u
|
Z |
GHS 5 | % GHS2 ||
16% f,rf @ :
2! 7
3% 5 Insufficient Data
3 63%
% 7%
207
The loweN lobally Harmonized System category number (GHS), the more

\ . ) :
of 1, which is the most toxic, and few GHS 2. Some constituents had an
@v» te aquatic toxicity of 1. Acute toxicity was not available for many constituents.
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il Other Relevant Properties? \@@@
Biodegradability of
Organic Chemicals AvallabllltOW

Not Biodegradable
10%

5

Biodegradable
24%

— Unknown
45%

66%

' ;.I'nnm

ow IS relevant to the bioaccumulation potential of a constituent.

@i&ﬁ%@damlity IS relevant to a constituents persistence in the environment.
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=] \Wastewater Ch aracterlstlc%@@

“Recovered fluid” (water captured pr é@t@@

production, also defined as “flow
characteristics in stimulation c &lon reports

— Fluids can represent a mixt formatlon water,
returned stimulation fImds%% well cleanout fluids

— Volumes are smaII r@%ve to stimulation fluid volume

— Chemical anal some samples show high levels
of total car rates (guar gum), TDS, trace
ORMSs and organics.

8 April 2015 Preston Jordan
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B How Is Produced Water from @

Hydraulically Fractured Wells Dispo
Not
reported _ Q@Budy of
@ water
@ <1%

3%

% Evaporation
Subsurface "

injection

N\ percolation
25% 570

Flrst %after hydraulic fracturing from 2011 to late 2014,
t‘@g er some operators have indicated they submitted data
@ ndlcatlng disposal in ponds that is actually by injection
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N Produced Water Release Mechani

Lawrence Berkeley National Laboratory

Features

1. Well pad for stimulation of a new well
with surface casing

2. Hydraulically fractured well (shallow)

3. Hydraulically fractured well (dee ‘

4. Abandoned well

5. Disposal well

6. Wastewater treatme|

7. Underground pi

Release Mechanisms

A. Spills, leaks, and accidents

B. Percolation from unlined pit

C. Inadequately treated wastewater
for reuse or disposal

D. Siting of disposal well into aquifer

near oil fields (water wells)
abitat

ESD14-059
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N Produced Water Release Mechani

Lawrence Berkeley National Laboratory

Features
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with surface casing

2. Hydraulically fractured well (shallow)

3. Hydraulically fractured well (dee ‘

4. Abandoned well

5. Disposal well

6. Wastewater treatme|

7. Underground pi

Release Mechanisms

A. Spills, leaks, and accidents

B. Percolation from unlined pit

C. Inadequately treated wastewater
for reuse or disposal

D. Siting of disposal well into aquifer

near oil fields (water wells)
abitat

ESD14-059

8 April 2015 Preston Jordan 28



A
|||‘

N Produced Water Release Mechani

Lawrence Berkeley National Laboratory

Features
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C. Inadequately treated wastewater
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D. Siting of disposal well into aquifer

near oil fields (water wells)
abitat

ESD14-059
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N Produced Water Release Mechani

Lawrence Berkeley National Laboratory

Features
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f\" Produced Water Release Mechani

e.; f 3 < :
g mchﬁ(MﬁM NS tle

\/ http //blogs kged.org/science/audio/california-farmers-look-to-oil-industry-for-water/

I@uced water used for irrigation in the Cawelo Water District
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N Produced Water Release Mechani

Lawrence Berkeley National Laboratory

Features

1. Well pad for stimulation of a new well
with surface casing

2. Hydraulically fractured well (shallow)

3. Hydraulically fractured well (dee ‘

4. Abandoned well

5. Disposal well

6. Wastewater treatme|

7. Underground pi

Release Mechanisms

A. Spills, leaks, and accidents

B. Percolation from unlined pit

C. Inadequately treated wastewater
for reuse or disposal

D. Siting of disposal well into aquifer

near oil fields (water wells)
abitat
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T
% to 5:&5

=50% to 90%
=90% to 100%

Hydraulic fracturing

D Yes

Water Disposal Well Review by DO@R
o @®
!

g Santa Barbara

Mo - Santa

San Joaquin Basin 7 Bimi Valle

? |

s
M i 35 70 140
Kilometers
0 20 40 a0
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Lawrence Berkeley National Laboratory

Well

Production -l

Older Abandoned
Well

Potential
Subsurface Release
Mechanisms

E

Hydraulically
Induced
Fractures

Release Mechanisms

E. Failure of production or

disposal (not shown) wells Q
F. Deteriorated abando
G. Fractured pathwa Sg?fﬂ’}
H. Fault pathwa

i

| and/or Voids
<«

e T — —— — — — —— _—

ndwater
Aquifer

Imperfect }
Cement-
Fractures

Overburden

d .Gcmpromi sed!

Tubing/
Casing

o

Oil Reservoir

Y
To Deeper Reservoir

Underburden

ESD14-070
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Well

Production
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Well E. Failure of production
1 disposal (not shown)
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@l Depth to Top of Fractured Inter%iv%
R\%

BERKELEY LAB
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) Potential Leakage Via Wells

e On the order of 1 out of 20 wells would¢h
detectable gas leak if gas were pre&er

might be released would %e&p ctically undetectable

8 April 2015 Preston Jordan
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 Well records indicate about an hour to fracture
at an average flow rate of about 1,000 gall Inute

tage

(Watson and
Bachu, 2009), but the volume timulation fluid that

e On the order of 1 ou ,000 steam injection wells
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@41  Conclusions and Needs Ry
« Little water use @%\@

Tens of constituents per operati couple

hundred in regular use statewjde

Basic, environmentally r@@%nt parameters
needed for many CO@tfi‘tuents

» Produced water{g\the main concern currently,
noth what it ains and how it Is disposed

. ?esear@@% needed regarding propagation of
shalidW fractures and fault response to fracture
rsection (dedicated field site?)
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