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OUTLINE

Technical Status

— Active Reservoir Management (ARM)
— Brine Treatment Test Bed
Accomplishments

Lessons Learned

Synergy Opportunities

Summary
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UNIQUE CONSIDERATIONS OF COMMERCIAL
GEOLOGIC CO, STORAGE SITES

e Buoyant fluid
 Large volumes = large footprint
e Regulatory compliance, liability, and
associated costs
e Conformance and utilization efficiency
e Access to pore space
— Leasing, unitization, trespass
e Assuring permanence and credits

Because of a host of technical, social, regulatory, environmental, and economic factors,
brine disposal tends to be more accessible and generally quicker, easier, and less
costly to implement compared to dedicated CO, storage.
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CONSIDERATIONS OF EMPLOYING BRINE EXTRACTION AS A
MEANS OF ENGINEERED PRESSURE MANAGEMENT AT
DEDICATED CO, STORAGE SITES

* Incremental cost

— Wells and infrastructure

— Operating and energy

Requires disposal of extracted brine

— Treatment and discharge

— Reinjected into a different suitable geologic formation
Efficiency losses

— bbbl > incremental bbl,

Complicates project

Additional health, safety, and environmental risk

|
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Brine extraction can enable dedicated CO,
storage and improve the geologic CO,
storage potential of a site.




TWO COMPLEMENTARY COMPONENTS

Foolprint ol Foolptint ol
COy, pluma alevaled pressure

ARM Test

* Reduce stress on sealing formation
Geosteer fluid plume

Divert pressure from leakage pathways
Reduce area of review (AOR) _
Improve injectivity, capacity, and storage efficiency Do

Validate monitoring techniques, and forecast
model capabilities —

Brine Treatment Test Bed PInisi parteton an

* Alternate source of water

e Reduced disposa| volumes lllustration modified from Lawrence Livermore National
.. Laboratory https:/str.linl.gov/Dec10/aines.html

« Salable products for beneficial use

(I
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https://str.llnl.gov/Dec10/aines.html

FIELD IMPLEMENTATION

IncustRal

» Evaluate ARM strategies o
« Validate ARM performance against forecasts o
* Evaluate ARM economics Water Disposal

Test monitoring technigues

Brine treatment technology test bed and technology
testing
Field test ARM implementation and operations

CCS
Synergies




Phase | — Complete

Regional
characterization
Site screening and
feasibility study

Site selection
Geologic modeling
Reservoir simulation
resulting in ARM
schema

Site infrastructure
design and field
iImplementation plan

TECHNICAL STATUS

Phase Il — Under Way

* ARM site preparation
— Permitting
— Well drilling
— Surface infrastructure installation
— Site characterization/model
updates

o Test site preparation
— Permitting
— Test bed facility installation
— Solicitation of treatment
technologies

 ARM operations
— Injection/extraction testing
— Monitoring, verification, and
accounting (MVA) implementation
— Model updates/history matching

Test bed treatment operations

— Facility shakedown/training

— Long-term performance
evaluations

ARM site closeout

— ARM site decommissioning

— Finalization of ARM test results/
data

Brine treatment test bed site

closeout

— Treatment test bed
decommissioning

— Finalization of test bed results/
data



PHASE 2 TIME LINE

 Contracting « BSEM survey « Contracting
 Public outreach « Well interference testing « Decommissioning
« Site survey « ARM demonstration and transfer

* Permitting and bonding . Tracer survey operations to

* Install brine handling « Brine treatment technology testing Nuverra

 Drill BEST-E1 well  Brine treatment technology assessment  Project reporting
e Drill BEST-11 well « Repeat BSEM survey

« Utility installation
» |nstall pipeline
* Brine treatment facility installation,

testing, and training

* Brine treatment technology selection e Critical Challenges. rmmm Solutions.



ACTIVE WATER DISPOSAL SITES AS A PROXY

FOR DEDICATED CO, STORAGE




THE SITE
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SITE GEOLOGY

Inyan Kara Formation

* Nearshore/shallow marine sandstone
e 1568-m depth (5145 ft)

o ~120 m thick (400 ft)

Broom Creek Formation

» Eolian/nearshore marine sandstone
o 2277-m depth (7470 ft)

e ~20 m thick (65 ft)

Both formations have thick sealing units and
are potential CO, storage targets in the
Williston Basin.

EERC WP53220.A1
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Pressure, psi

2017-4

THE DESIGN (BALANCE)

Pressure (psi) Change from Brine Extraction K Layer: 21

EERC RK51253 COR

Well Bottomhole Pressure E1
Water Rate SC - Daily E1
Well Bottomhole Pressure Rink SWD 2
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MVA PROGRAM g g
CP
% ]
Reservoir Surveillance l I l
* Well evaluation e
— Logging, coring, testing ’ I
» Borehole to surface electromagnetic ik Sty ksl i
(BSEM) BSEM Survey
» Active reservoir surveillance - .
— Pres;ure, temperature, flow rates, fluid o o 1 lor
d e n Slty = = Perforations
* Tracer survey 4
e Fluid sampling - - -
Gauge Types
P =Pressure >
S
Safety and Performance D =Fuid Densty
* Tank and pipeline monitoring and response
p | a n S Broam Creek Formation 3 § & :E% 1
« Dual containment pipeline N | o
* Flow and density meters I | I5.4 :
4.9
* Power and chemicals R
« « . . 3.7
* Pipeline monitoring
* High-level/low-level shutdown B
— 2.0
* Remote sensing 14
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BRINE TREATMENT TEST BED

Inyan Kara Extracted Water

S Produced Water
(oil and gas)

Rural Water

Blending e

Suspended Solids Removal

Enable development, pilot testing, and Dissolved Organics Removal
advancement of extracted and produced : , -
water treatment technologies that can Ta#"re‘: B"’][eDcompof't't?"S 12
meaningfully reduce brine disposal o m?g_%e ;1::,3 —
volumes and provide an alternate source (4500 to 300,000 mg/L TDS)

of water and/or salable products for
beneficial use.

Technology Demonstration
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BRINE TREATMENT TEST BED

BEST‘I‘I EERC RK51316.COR

Y

« Permanently installed heated enclosure with a N S || e | )
concrete floor integrated with ARM-related ' !
infrastructure

— 30-60*-day extended-duration tests || esmoom
— 24/7/365 operations-capable o v
— Monitoring of energy, flow, chemical usage, etc. ] “%’:LT&EE#E—?S::&"“
— Waste management
» Pilot treatment rates ranging from 5 to 25 gpm | ¢ \
e Pretreatment 4‘_

— Blending of water to target TDS level of
180,000 mg/L or tailored blends to suit
capabilities and/or limitations of selected
technologies

— Suspended solids removal (dissolved air
flotation [DAF])

— Dissolved organics removal (granular activated @"
carbon [GAC]) ]

» Technology demonstration bay
— Accommodates standard semitractor trailer (53

ft long) inside the building [: : ks k )
— 300 kW eleCtI'IC power RINK FACILTIES [® FLMP | ,60. p 1L

— Propane (5000-gal tank) L
— Noncontact cooling water (30 gpm) paliciali

P
D
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BRINE TREATMENT TEST BED OPERATIONS

« Shakedown testing of all pretreatment equipment prior to pilot tests.

« Selected technologies connected to the test bed facility — electric, propane, cooling
water (EERC assistance to ensure safety requirements are satisfied).

» Technology vendors to provide operations staff, with assistance by EERC staff.

e During steady-state operation, EERC staff will conduct energy and material balances
(power consumption, process flows, influent and effluent quality analyses).

o Extended operating periods (60+ days) to identify maintenance requirements and
any operational issues.

e Operations will be scheduled to coincide with preferable operational windows
(weather, ARM test program, etc.) where possible.

Top-ranked technologies may receive operating cost offsets.

{Ill!!l
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SOLICITING BRINE TREATMENT

[ECHNOLOGIES

 NETL, EPRI, and the EERC are coordinating
efforts to define water treatment goals and
solicit technologies for pilot testing.

« The North Dakota and Florida facilities will
provide unique water treatment scenarios but
will have similar operational capabilities.

— Both facilities will provide opportunity for
extended-duration testing.

 The EERC test bed is anticipated to be
operational in the fall of 2017.

* Site access agreements will be negotiated
between host site operator, EERC, and brine
treatment technology provider.

WILLISTON BASIN

WATER TREATMENT
TECHNOLOGY TEST BED

FHE TREATMENT AND HANDLING of high-TDS
(total dissolved solids) waters associated with energy
production (extracted water management for carbon
slorage, eleciric en eneration, and oil and gas
produclion and refini g am! nol remwl
or t‘l onorr mall» accorr

n quJHE d
uids. )‘D\-'\'L‘V[h an improved

tﬂnc treatment pcr’rrr‘anr_c through

elopment and a on Pfror"mnrru\\)
viable technologies capable c‘naa[mrthece challenging
r beneficial use

WE ARE SEEKING TO IDENTIFY AND PILOT-TEST
BRINE TREATMENT TECHNOLOGIES
THAT HAVE THE POTENTIAL TO SUCCESSFULLY

TREAT HIGH-TDS EXTRACTED WATER.

The Energy & Ervironmental Research Center (EERC),

in collaboration with Nuverra Environmental Selutions
{Nuverra} and the U.S. Department of Energy (DOE)
Mational Energy Technology Laboratory (NETL), is
conducting a field demonstration to investigate formation
waler exlraclion and lrealmenl as a means ol managing
reservair pressure, minimizing Lhe feolprint of injecled
Nuiels, and improving overall injeclion performance.

The project incorporales lw mercial oil and gas
produced water dis, new brine extraction
well, and a new extracted water disposal well. As

part of the demonstration, an extracted water
treatment test bed facility is being constructed to
enable technology providers to further develop,
demonstrate, and advance extracted and produced
water treatment technologies thal can meaningully
reduce brine disposal volurmes, provide an allernale scurce
ol waler, and/or produce salable products.

Produced Water
(oil and gas)

Dissalved Organics Removal

Technology Demonstration
Conceptual extracted water pretreatment flow diggram.

verra

UNDNORTH BAKOTA

U.5. DEPARTMENT OF |

ENERGY

T gl |

{ 5 D Ehece oz

The extracted water treatment test bed facility is located
approximately 13 miles eost of Watford City, North Dokoto,
immediately adjacent to ND State Highway 23 on the johnsons
Corner site, @ Nuverra-operated commercial saftwater dispasal
{SWD) facility.
The test bed facility is currently scheduled to be
mmer 2017 thro ugh spring 202
mpanies inte strating
Le,(,lmr)l( s.lwe,w pable of Lreating high TDS extracled
waters at the facility.

The test bed ture the ability to blend extracted
and pi 1 waters in order to generate tailored brine
compositions ranging from ~4500 to ~300,000 mg/L TDS.

T will be on sile during all

to assist with connections to

q d to monitor and gather process
performance data. Technology developers are expected
to provide their own operations with assistance
pravided by the LERC where appropriate

demonstration
the test bed

steady slale operalion, EERC engineering slall
duct energy and material balances {power
Mows, influent and efMuent

mmarizing demonstration
ata and technology

capabilities will be |iré!:-.1l(-‘[1 and J| milled lo DOE

Nondisclosure and site access
Lhe FFRC, Nuverra, and lechno
negotiated pricr ta demanstration

21

) EERC

(1N
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OUREACH AND INFORMATION

IMPLEMENTING AND VALIDATING RESERVOIR PRESSURE
MANAGEMENT STRATEGIES IN THE WILLISTON BASIN

John A Hamiing. Ryan . Kspparich, Dariel . Stspan. Loy L jacobson
Erergy & Emvironmental Resaarch Center - 15 Nosth Z3rd Street, Stop 5018 - Grand Forks, ND SEX2-901E - s usdearc.org

WATER TREATMENT TEST BED FACILITY

Treatment of high total dissolved solids (TS waters
(extracted vate

OVERVIEW

‘The Energy & Environmental Research Center (EERC)is eonducting a multiyear

[—

extraction and Horh Dakota
mf-uj-ummm
‘operational by mid 2017, with testing schecuied through bste 2075, P

BEST wil consist of two complementary comy an ARM test and a brine

Proccrs. s il a8 mesrirguly reducecsposal

The s e fcky s deigned o poners perfmance aca o i demoraracon for
apable of resting these challenging waters for benefial use and
wmmmemmmmmmdmymmmw

T R

ACTIVE RESERVOIR MANAGEMENT

480 e e pteril o mprovethe commercl it of gecoge CO,sorag. in ko, AR s appications TEorriEEL
Jogic mociated with encrey procucton and a broas e S
SRR i o st e s e sl e e e

Stress an sealing formatiors, control the foctprint of the injected Flud wihin  formation, and improve overall njection

pecformance. The scaleof the test wil apgraximatz 250000 tonnesfyr o CO, ijection.

Forecast modsing suggests that the fluid injection and extraction
progam s eqecd o

formation pressure within
e S

and effuent quality andlyses).

TEST BED FACILITY FEATURES

T facitywillconsi o a hested il
integrated with the ARM brine extraction
will acco i

- UpIo 300 ot secric poer
« Propane (5000
mnmmrmmmw

WATER PRETREATMENT

- Accommodiate blencing of Bakken procuced and Inyan Kara

msrmmmrmm\:nmm: e

P e

FIELD IMPLEMENTATION PLAN - Suspended s«

L e
Ime gEnerated by tWo existing commercial

vt it vl et n e o o

* Aty o prnce Exkien p pr(xh(ed ancor flosback water ol
demonstrations

DEMONSTRATION TEST TRIALS
- Pl retrert rates rarging from 1 o 25 g
- 30-60+ day extended duration tests (desired minirmum of tw|
maincenance

cycies)
- Mo e e
- Waste management

perameters, and i fihe

verted o the water trestment es: bed fagity.

e e
= necessary

nyan Kara Formation. Ar.(rrp
emvronmental manitori
=t ot an eaneive sk miGgaton peogram.

WILLISTON BASIN
WATER TREATMENT

TECHNOLOGY TEST BED

WE SEEK TO PILOT-TEST

TECHNOLOGIES CAPABLE OF
TREATING HIGH-TDS WATER.

TREATMENT AND HANDLING of high-TDS {total
dissolved solids) waters assodiated with energy
production are challenging and not readily or
econemically accomplished using corventional water
treatment techniques. Geclogic injection is often
required to effectively manage fluids associated with
electrical power generation, cil and gas production, and
active reservoir management for geologic CO, storage.

As part of a public—private collaboration, & facllity is
being constructed in western North Dakota to pilot-test
high-TDS water treatment technolegies that can:
* Produce slternate sources of water for industrial or
domestic use.
* Produce salable preducts.
* Meaningfully reduce brine disposal volumes.

Pilot testing provides critical understanding of technology
performance under field operating conditions.

This understanding enables the advancement and
commercial adoption of viable technologies capable of
treating these challenging waters for benefidal use.

The Energy & Enwironmental Research Center (EERC)
is seeking companies interested in pilot-testing

water treatment technclogies at the fadlity. Thisis

a collaborative effort with Muverra Environmental
Selutions (Nuverra) and the US. Department of Energy
(DOE) Mational Energy Technolegy Laboratory.

Suspended Solids Removal

Dissoived Organics Removal

Technology Demonsiration
Conceptual extracted water treatment flow diagram.

wcoumia - conduct energy and material bal

for beneficial use.

'WHERE IS THE PROJECT HAPPENING?

The project will be conducted at the
MNuverra-operated Johnsons Corner
‘—‘ site, which was established in 2008 as a

commercial saltwater dispasal (SWD) facility.

Nuverra operates two existing saltwater
injection wells at its facility. These wells,
regulated by the North Dakota Industrial
Commission, inject into the thick Inyan

Jiliaton

K B T toe Kara sandstone at a depth of 5400 ft

f S Although most project activity will be

" ey conducted exclusively at the Nuverra site,
Jofinsons Cd

some nonintrusive monitoring activities,
such as the layout and retrieval of a surface
monitoring array, would require temporary
(@ few weeks) access to surrounding private
land. This monitoring survey is necessary to
gather performance data from the injection
zone. The monitoring activity will occur twice
during the project. We will be contacting
individual landowners to discuss our request
for access.

The extrocted water treatment test by
13 miles east of Watford City, North

to North Dakota Hi 23 onthe
operated comme: Immm‘!rd.is‘c-

'WHEN WILL THE PROJECT OCCUR?

The project is anticipated to last 4 years (July
2016 - July 2020), with field activities at the site
The test bed will feature the abil planned between March 2017 and June 2020.

&nd produced waters in order t

«compositiens ranging from ~45!
facility is anticipated to be operg WHAT DO WE PLAN TO DO?
spring 2020. The project will include five main activities.

First, two new wells will be drilled on the site

of Muverra's existing SWD operation: one
extractor well into the Inyan Kara Formation

and one injection well into the Broom Creek
Formation. Second, subsurface monitoring
instruments will be installed in all four wells. Third,
shallow probes and other monitoring equipment will
be installed to monitor the project site. Fourth, a
low-impact (small equipment and minimal intrusion

EERC engineering staff will be or|
activities to assist with connectig
to moniter and gather process g
developers are expected to proy
During steady-state operation, g

process flows, and influent and

A report summarizing demonstr|
performance data and technclg)
and submitted to DOE. Nondiscl
sgreements between the EERC,
developers will be negotiated pr|

Currently, no guarantee is offerq

The Energy & Environmental Research Center (EERC)
and Nuverra Environmental Solutions (Nuverra) have

partnered on a multiyear project to demonstrate new
strategies and methods of injection well operation. These
strategies could reduce the number of injection wells
needed for fluid disposal and increase availability of water

R nuverra

Site map showing proposed site layout.

for landowners) survey will be conducted to map
the injection formation. Fifth, a brine treatment
facility will be built to test emerging water treatment
technologies.

will be available to assist interested treatment technology
developers. However, the field site and fadlities for water
treatment demonstrations, induding potential cost offsets
for power, cocling water, and effluent disposal, may be made
available at no or reduced cost to selected demonstrations.

Critical Challenges. ' Practical Solutions.




ACCOMPLISHMENTS

e Design and preparation work largely accomplished.

— Contracts and teaming arrangement between project partners and many vendors
are in place.

— Most site access agreements are in place.
— Site survey work completed.
— Site electrical design and engineering complete.

— Project permits and bonds have been filed and received (including drilling,
Injection, and brine-handling facilities).

— Brine treatment test bed facility engineering design is 99% complete.
— Scouting trip for BSEM survey has been completed.

— Pipeline design has been completed.

— Procurement and assembly of unit processes are in progress.

e Next step is infrastructure and well installation and testing, with ARM and brine
treatment technology tests to follow.

(111N
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LESSONS LEARNED

« A small induced change in pressure can e« Extensive site characterization program

Impact a large area surrounding the will substantially improve forward
well in highly permeable systems. modeling accuracy.

e Monitoring brine on brine plume « Operational flexibility allows project to
development is more challenging than be adaptive to geologic uncertainty.
CO,, but the density and salinity « Treatment of high-TDS water remains
contrast should be sufficient. Cha”enging; no “magic bullet.”

* Brine plume migration is not an exact « Market drivers are still limited for driving
proxy for CO,, but experience with treatment technology advances.

other injection/production studies
suggests appropriate corrections can
be made.

(111N
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SYNERGY

IncustRal

 Produced water treatment and use Water

SUpgly
« Wastewater and produced water
disposal Water Disposal

e Crosscutting water treatment
applications and technology
development

 North Dakota Carbon Safe Phase 2

— Core and characterization
 EPRI-led Florida BEST Phase 2 project CCS
— e.g., technology vetting, Synergies

complementary ARM test program,
knowledge-sharing workshop, etc.




SUMMARY

 BEST field test projects are designed to Next Steps
field-test ARM strategies. v'Receive well permits
— North Dakota and Florida QProcure remaining material and
» Both will operate brine treatment technology vendors
test bed facilities. QdBrine treatment facility construction
» Program likely to have benefits for CO, QDrill and complete BEST-E1 and BEST-
storage and broad range of industries by: 11
— Reducing stress on sealing formations. QConduct characterization program, and
— Providing mechanism for controlling update ARM test schema
pressure and injected fluid plume. QComplete infrastructure installation
— Reducing AOR. dBrine treatment technology vetting and
— Increasing storage capacity/efficiency. selection

(111N
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CONTACT INFORMATION

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, ND 58202-9018

www.undeerc.org
701.777.5472 (phone)
701.777.5181 (fax)

John A. Hamling
Principal Engineer, Qilfield Operations
jhamling@undeerc.org
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' CONFIDENTIAL APPENDIX

|
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BENEFIT TO THE PROGRAM

This project is expected to result in the development of engineering strategies/approaches to
guantitatively affect changes in differential formation pressure and to monitor, predict, and
manage differential pressure plume movement in the subsurface for future CO, saline storage
projects. Additionally, the brine treatment technology evaluation is expected to provide valuable
Information on the ability to produce water for beneficial use. The results derived from
Implementation of the project will provide a significant contribution to the U.S. Department of
Energy’s (DOE’s) Carbon Storage Program goals. Specifically, this project will support Goals 1
and 2 by validating technologies that will improve reservoir storage efficiency, ensure
containment effectiveness, and/or ensure storage permanence by controlling injected fluid
plumes in a representative CO, storage target. Geologic characterization of the target horizons
will provide fundamental data to improve storage coefficients related to the respective
depositional environments investigated, directly contributing to Goal 3. In addition, this project
will support Goal 4 by producing information that will be useful for inclusion in DOE best
practices manuals.

|
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PROJECT OVERVIEW — GOALS AND OBJECTIVES

o Confirm efficacy of the ARM approaches developed during Phase |
— Formation pressure
— Predicting and monitoring plume movement
— Validating pressure and brine plume model predictions

* Implement and operate a test bed facility for the evaluation of selected brine
treatment technologies

 Three development stages over 48 months
1. Site preparation and construction

2. Site operations including ARM and extracted brine treatment technology testing
and demonstration

3. Project closeout/decommissioning and data processing/reporting

{Ill!!l
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S)EERC

Senior Oversight
Ed Steadman
John Harju

ORGANIZATION CHART

Charles Gorecki

Project Advisors
Jim Sorensen
Wes Peck

Host Site Operator

Lead Organization
Energy & Environmental Research Center

(EERC)

Project Partners

Nuverra Environmental Solutions

Principal Investigator (PI)
John Hamling
Assistant Pl

Ryan Klapperich

Schlumberger Carbon Services
Computer Modelling Group Ltd.

Nuverra Environmental Solutions

Task 1 Task 2
Project ARM Site
Management, Preparation
Planning,
and Reporting
Lead Lead
John Hamling Lonny Jacobson

Task 3
Test Bed Site
Preparation
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CO, PROXY JUSTIFICATION

e CO, volume predictions can be made injection and production data.
— EERC has experience with this.
* Workflows have been developed to account for differences between.

e Practically speaking, using brine is generally quicker, easier, and less costly to
Implement compared to CO.,.

* Injection formation and AOR will have similar response to ARM
* Volumes of water being handled mimic commercial-scale volumes of CO.,.

» For large-scale CO, storage (million+ tons/yr) pressure plume likely to exceed fluid
plume; small changes in pressure can result in large changes to the extent of the
pressure plume.

— Field pressure interactions will be examined by the BEST experiment.
— Field monitoring for pressure interactions will be tested by BEST.

(111N
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Facies

~Inyan Kara Sand
Inyan Kara Silty Sand
Inyan Kara Shale
Interburden

~Broom Creek Sand
Broom Creek Shale
Amsden Reservoir
Amsden Nonreservoir

MODELING AND SIMULATION
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Pressure (psi) Plume at 2020 (no brine extraction) K Layer: 21
EERC RK51292. COR

Pressure (psi) Change from Brine Extraction K Layer: 21
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Salinity (molar) Plume at 2020 (no brine extraction) K Layer: 21

Business as Usual

020 600011000 e
0.00 170.00 240.00 meters
m i

EERC RK51294.C
[EERC

User: fjiang
Scale: 1:16859
YIx: 1.00:1

\Axis Units: ft

6.1
56
5.1
4.6
|4,1
3.6
3.1
26
2.1

1.6
1.1

0.6
0.1

Salinity (molar) Plume after Brine Extraction K Layer: 21
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