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Project Workflow

Phase II:

" Phase llI:

* Project Workflow * Access esri
* Gantt Chart . Pre[iminary * Collect data
* Creation of SACAN Screening * Public databases
Corporation *  Filling in Data * Re-index fields
« Fall Semester « Indexing method « Recommendation
Symposium creation
* |dentify top
fields
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Alkali Flooding

24 °API Crude Oil

R

0 005 02 04 06 038
Alkali concentration (%)

Indicative of spontaneous
emulsification and IFT reduction




Surfactants

Charged or
water soluble
head group

Non-polar

hydrocarbon
tail (R -)

Anionic
R - 0S0O5; Na* (i.e., Sodium sulfonates)

Nonionic (Does not ionize)

R —@—O(CHECHQO),HH

(i.e.: Ethoxylated Octylphenol, m =2 - 100)

Cationic

CH;
I o

R-N*—CH, X (e, Alkyl trimethyl ammonium
I b

halide - alkyl “quat”)

- Corporation
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Polymer Flooding

ter flood ~ Polymer flood




Injector

II >

WET T Y (37 TEY SWR PET AT ET OED @ e

L L LT L T L T T LT LT
mmlmmmrr:mmn—:nmu
R e R D

luumrmmmuumnru-m-a
P R as 2k sl A e 2 A

3 =1 e et sm3 tew e il ]
b

. - v

Surface Facilities
(Tanks, mixers, water
treatment, etc.)
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Data Review: ~5,000 fields

* Location * Pay thickness —ac

« WOGCC Remarks « Temperature |
~» Sulfur content

e Lithology = SN oGGeres ' « Salt content

* K

MAJOR CHALLENGE:
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Methods

Oil Saturation
>202557

AP| Gravity
>22721367

Data Filter:

Viscosity [cp]
<10N1.5N

Location: Production:
i 2008 Oil AP| Gravity:
Powder River .
Basin Production > 22
> 10,000

Results:

Lithology
SS or Carbonate

Viscosity:
<10 cp

Depth [ft]

>2500

Depth:

>2500

@Omcf@@ﬁ@w

Temperature
Not Critical

Temperature:
No screening
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Methods: Missing Data

i
Or —%—  Wyoming Oiland Gas —%—
) Conservation Commission

Well logs / |
Core analysis (if available) . _
Independent Statistics & Analysis
e ’ HS Energy Information
dmuusttanon

General production values
Lithology
Infrastructure (from maps)

Software for pulling up



Overcoming Challenges

Huge number of fields to go through

Few results
d, Scope reduced

RESEARCH SHOWED THAT C






CO, to Chemical Flooding

CO, Flooding

CHANGES REQUIRED RE-




Updated Workflov

Task 17: Fully
understand
screening
method

PHASE Il START

\__/

Task 18: Create
Excel files for
organized data

/ Task 19: Access

the WOGCC
website for well
data and logs

Task 21: Use Archie’s
equations to back solve
necessary quantities

Task 22: Fill in blanks in the
information if it’s needed for
the screening

Which Chemical
technique?

Task 24: |dentify top 20
candidates via screening

Task 23: Develop ranking
method (index method) to
determine the top 20 fields
for chemical flooding.

GHASE I END

To Phase Il



Gantt Chart - Updated

Gantt Chart: Phase Il

Task # Task Name Team Member Duration Start Finish Predecessors
16 Update Workflow and Gantt Chart T 6 days 32 38
17 Screening method All 4 days 39 43

18 Excel files T 2 days 44 46
19 Public Data 4 days 47 51

20 Progress Report | 4 days 52 56

21 Archie’s Equation 7 days 57 64

22 Blanks in data 5 days 65 70
23 Indexing Method 2 days 71 73

24 Top 20 fields 4 days 74 /8




Research and Screening

e Literature Review

* Polymer Injection

 Surfactant Injection

1ly used or tested)
* SP (Micellar-Pol ,
on chemical injection method)

» Several lookup tabl
multiple blanks



Recluse 17
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Lack of tangible results il ¢
emporarily neglected

e

come: Non-compatible fields

Changing of EOR method
Solution: Indexing of fields
Outcome: Possible incorrect top fields






Data Review Analysis

* Depth (logs)

« Permeability (logs) ers ”/ embership

* Viscosity -EORI(Esri) * EORI wecbesi(giel Recovery

» Oil Saturation-(Unknown)



COMPLETED

Frac. Pressure , 107

Permeability, 7

Missing Data, 710 Temperature, 114

£l Sarunation, O




Screening Method - Follow the Arrows OA N
Corporation

AP| Viscosity
Oil Saturation Depth
Permeability Temperature

Field Value — Lower Limit Upper Limit — Field Value

Median Value — Lower Limit Upper Limit — Median Value

e [fnodata setas0
FV-20 150—FV FV-35 FV—-10 9000—-FV  200—FV

35—20 " 150-13’ 53-35’ 450—10’ 9000-3250’ 200—140)

Average(



'-

Methods yana)

 Field Ranking Indexing

Median Median Median
Low High Low
Field Median Field Median Field Median
Index Index Index

Median Median Median
Low 10 High High
Field Median 50 Field Median Field Median
Index 0.09091 Index Index



Methods QA Q | N
Corporation

Field Ranking Indexing:

Current Field: Thompson Creek

Current Field:

St [Flesan: Compatible Chemical Flooding? Not Compatible

Average Field Index: 0.63247 Average Field Index: 0




Problems with Method

- If a field does not have any parameters (or
field index suffers because of it



Results GA@N

Corporati

THOMSON CREEK 0.63247 OTTIE DRAW 0.45849
THOMSON CREEK 0.61263 TUIT DRAW 0.44767
GREASEWOOD 0.60025 TRIANGLE U EAST 0.43768
THOMSON CREEK 0.54913 BEAVER HOLE 0.43548
TAYLOR 0.54913 FISH 0.42343
CRAWFORD DRAW 0.49175 COLLINS 0.40121
SCOTT 0.49037 KICKEN DRAW 0.39524
TWENTY-ONE MILE 0.47643 MALMQUIST 0.38534
BUTTE SIDNER DRAW 0.38534

HIGH ROAD 0.47530 GREASEWOOD 0.37000
SCHOOL CREEK 0.47289

1
2
3
4
5
6
7/
8




Results

THOMPSON CREEK

GREASEWOOD

TAYLOR

CRAWFORD DRAW

SCOTT

MUDDY

MORRISON

MINNELUSA

FRONTIER

TEAPOT-PARKMAN

Corporat

0.63247

0.60025

0.54913

0.49175

0.49037

N

on




FIELD HISTORY




Top Five Fields -

Corporation

System @ West PRB East PRB
Maa(stri::tr)\tian Fox Hms Formation Fox Hills Formation
pa

Tca lSs Mbr
Campanian
N —
n
8 Niobrara Fm

Coniacian m— VIIIIIIIIIIIA
==
Turonian m 3

Greenhorn Fm

Mesaverde
Fm

T
W
|

2) Crawford Draw Field in the
Frontier Formation

E%

4) Thompson Creek Field in the
Muddy Formation

Frontier
sandstones

Belle Fourche Mbr

Cenomanian Belle Fourche Sh

Albian Mowry Shale Mowry Shale
(part)

%)
=
o
3
=
w
v
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Methods for Finding Permeability and Oil
Saturatio

« Analogous fields (same formation an
information; nearby fields

« Permeability: Porosity and Der

Porosity vs Permeability G



Recommended:

Formations: Frontier
and Mesaverde

Production: Oil
(primary) and Gas

Porosity (%)
Permeability (mD)
APl Gravity (°)
Depth (feet)

Temperature (°F)

Viscosity (cP)
Oil Saturation (%)

11972.62
208

1.75

15




Scott Field: (New Field Index: 0.58)

P orosity (%) 10

Primary Production: Permeability (mD) 2
Parkman API Gravity (°) 40

Depth (feet) 8753

= . M Field Status: Injecting Temperature (°F) 169

Water (idle) Viscosity (cP) 6.7
Oil Saturation (%) 5

Recommended:
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Corpokation

Scott Field Maps: Infrastructure
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Greasewood Field: (New Field Index: 0.73)

Recommended:

No EOR Projects
Field Status:

| Injecting Water

Porosity (%) 16
Permeability (mD) 40
API Gravity (°) 34

Depth (feet) 5913
Temperature (°F) 134

Viscosity (cP) 8.71
Oil Saturation (%) ?
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GREASEWOOD Field Production Data
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Corpokation

|

Greasewood Field: Infrastructure




|

Thompson Creek Field: (New Field Index: 0.78)

No Current EOR Porosity (%)

Projects Permeability (mD)
API Gravity (°)

Depth (feet)

Production: QOil Temperature (°F)
(Primary) and some RV Ny,

Gas . :
Oil Saturation (%)
ASP flooding (dependent on saturation); viscosity + APl = Alkali
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Corporation

Thompson Creek Maps

4




Taylor Field: (New Field Index: 0.95)

Recommended:

Field Status:
Primary Recovery

Porosity (%)
Permeability (mD)
API Gravity (°)

Depth (feet)
Temperature (°F)

Viscosity (cP)
Oil Saturation (%)
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Taylor Field Maps

Corporation







Project Overview

Location:
Powder River
Basin

Viscosity:
<10¢p

Field Median

Field Median Field Median
Index Index

Production:
2008 Oil APl Gravity:
Production >22
> 10,000
Temperature:
Depth:
2500 No screening

+ APl Gravity = 15

« Wiscosity < 35,150 cp
« K> 10mD

+ Depth = 9000 ft

» Temperature < 200




Major Challenges




5 fields:

* Greasewood - ASP fl
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Phase I: Planni

Task 2: DropBox
PROJECT START

Task 5: Acquire
data from EOR
Institute

Task 10: Screen Data for: Task 14: Review and revise

Powder River Basin, year First Draft Final Design
discovered, production data,

and CO2 candidacy

To Phase |l Task 12: Create Consulting
Corporation: SACAN




Phase Il: Screening, Filling in ¢

PHASE Il START \

Task 17: Fully
understand
screening
method

Task 18: Create
Excel files for
organized data

/ Task 19: Access

the WOGCC
website for well
data and logs

Task 21: Use Archie’s Task 22: Fill in blanks in the
equations to back solve information if it’s needed for
necessary quantities the screening

Which Chemical
technique?

Task 24: |dentify top 20
candidates via indexing

Task 23: Develop ranking
method (index method) to
determine the top 20 fields
for chemical flooding.

GHASE Il END

To Phase Il



GHASE msm@ Phase lll: Field Histories

~

/Task 29: Organize information
into graphic representations
of our results, and begin «

and their formations

\_

(Task 25: Identify top 5 field?

(I'ask: 26: Access UW’s EORI

database software program

J

(I'ask 28: Compile

information and integrate

development of final report
and presentation

J
!

Task 30: Create final report and
presentation, practice for

to perform preliminary
chemical flooding plans

Undergraduate research day =

\/_

\_

(ESRI)

Task 27: Record well locations,
production histories, injector

wells, producing wells, current
EOR methods, water cut

Project Success



Chemical
Additive

Function(s)

EOR Mechanisms

Increase pH to extract natural
surfactants (if oil has acid number
> 0.5 mg KOH/g crude) @

Increase ionic strength, which
alters emulsification pH profile and
partition coefficient

Increase negative charge density
on rock surface

Decrease IFT

Decrease IFT and
regulates phase behavior

Decrease the adsorption of
anionic chemicals and
makes rock more water wet

Surfactant

Adsorb at oil-water interface

Forms mixed micelles with in-situ
generated natural surfactants®®

Decrease IFT

Broadens alkali
concentration range for
minimum IFT

Polymer

Increase water viscosity

Adsorb onto rock decrease
effective water permeability

Modified from SPE-78711

Decrease water mobility




TABLE 3—SUMMARY OF SCREENING CRITERIA FOR EOR METHODS
Ol Properiios Reservolr Claracionsics

Aucago
cainy Visoosiny Thilckmess
FAPY) (e " ety

<0402

=35

<1016%

<1 503500 | = 1007155

B0 135-e7

Surkace: imining Tl :-B“H.'I’]'#

MIC = nol critical.

Underined valuss: represent the approdmale mean of average for current fekd projects.
S5ea Table 3 of Heal. 16

. Amd froen some carbonale reseovols (e nlent b ke swosp only e rEciune system.

mmi%ﬁm




TABLE 4—MICELLAR/POLYMER, ASP, AND ALKALINE FLOODING

m@a mer flooding consists of infecting a ahﬁlmi mmﬁmm. polyrmer, alactrolyle (sall)

Description

hal), and possi rion {ofl). The size of the slug is oflen 510 15% PV tor a high-surfaclant -concantration

concenirations. The surlaciani slughsfﬂhﬂﬂsdg wmmﬂ waler, The polymer concentration often ranges
OF Mare.

. somelimes a cosolvent (alco-
m and 15 1o 50% PV for low
500 1o 2,000 mag/l, and the

volume of '].'marmll.mn ecled ma
ASP Moo 5 similar & lhal m ﬂMﬂﬂﬂﬂMlﬁWWhﬂmmhdlmmmmmnmmm but overall cosl s lower and
polymer is usually in the larger, dilute slug. For ne flooding much of the injection water was with low concentrations of the
%ﬂmﬂaﬂﬂmmﬁaﬁanﬁmw@aﬂn by interaction with oll and rock. At this time (May 1997) we ara not aware of any active alkali-
Machanisms
All sufactant and alkaline flooding methods mnruihyii}mmghnﬂnﬂadﬂlhﬂsmmhmm:ilamm; (2) solubilization of oil in soma
micellar systems; (3) amulsification of oil and waler, in the: alkaline mathods; (4) wettability alteration (in the alkaline methods); and (5) mobil-
ity enhancament.
Technical Screeming Guides
Recommended

Crude Ol

Gravity, *API =20

Viscosity, cp <35

Composition Light infermediates are desirable for micellar/polymer. Organic acids needed to achieve lower

intaracial lensions with alkaline mathods.

Resarvoir

Qil saturation, % PV =35

Type of lormation Sandslonas prefemed

Met thickness Mot catical

Avearage permeability, md =10

Depth, ft <about 9,000 ft (sae Temperature)

Temperatura, *F =200
Timitat

An areal sweep of more than 50% on watarflood is desired. Ralatively homoogeneous formation is preferred. High amounts of anhydrite, gypsum, or
clays are undesirable, Available systems mﬁm behavior over a narmow set of conditions, With commercially available surfactants, forma-

fion-water chlorides should be <20 000 ppm

ions (Ca*t and Mg**) <500 ppm.
Problams

and I . Possibility of ' fion of chemecals i ir. on of sudactant. Interactions ba-
mﬁm:wmm ity mﬂm::ﬂpam in resarvoir. High adsormption

polymer. Degradation of lemparabure.
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Corpokation

Crawford Draw Field Details

F-i eld StatUS: Pr-im ary Recovery 1000000 CRAWFORD DRAW Field Production Data
Production: Oil (Primary) and

Gas 100000 ::\\/\
: 1000000

10000000

olume in Cubic Feet (MCEF)
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Carbon Dioxide Flooding in Wyoming

Requires Carbon Dioxide Pipeline
Yotk stone (permit required for storage)

Nationa
Park | ABSAROKARANGE

Current Only 5 active CO2 Floods

(Light Blue)

1) Salt Creek

2) Lost Soldier
) Wertz
)
)

® 7 “WYOMING

Beaver Creek

3
4
5) Patrick Draw

Other Gas Floodings:
Immiscible Conditions (Purple)

Miscible Conditions (Red)
Mixed Conditions (Yellow)
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