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Workshop Summaries

The West Coast PTTC conducted three Problem Identification Workshops during
November 1996. List of participants for all three workshops are provided in the
corresponding sections.

The first workshop was held in Bakersfield, California on November 20" and was
attended by 66 professionals from operating, service companies and various regulatory
and private agencies. The format of this workshop consisted of seven presentations, two
luncheon talks followed by four breakout sessions in the afternoon.

The bulk of the discussions centered among the selected topics, directional drilling,
detection of hydorcarbons behind pipe, development of hydrocarbon resources in
diatomites, and sand consolidation techniques.

Furthermore, issues related to idle well and well abandonment were reviewed by
representatives from the California Division of Qil, Gas and Geothermal Resources.
Additionally, the capabilities of an on-line oil and gas database were presented by the
developers of the system from the Lawrence Berkeley National Laboratories. F inally a
review of DOE sponsored projects for the oil and gas industry was made to familiarize
the audience with the opportunities for cooperative work.

The workshop was repeated, with some minor modification in the technical presentations,
in Long Beach and Ventura on November 25" and 26% respectively. The Long Beach
meeting had 52 and the Ventura meeting had 51 attendees.

From the discussions generated at the break-out sessions, the moderators prepared
summary reports which were presented at the meeting. Based on the comments from the
participants, the workshops were successful to initiate discussion on some critical issues
of interest to oil and gas producers and in particular to the independents.

The problem identification workshops are a stepping stone to the more focused forums on
individual technical subject addressing the advances in technologies and their
applicability to marginal wells and fields.
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Agenda
Moderator: Les Clark, IOPA

Presentations:

9:30 Case Studies of Successful Horizontal and Multilateral Drilling
Dr. George Cooper, UC Berkeley and LBL

9:50 Recent Advances in Estimation of Porosity and Detection of Hydrocarbons in
Cased Holes Dr. Dan Moos, Stanford University

10:10 Problems and Opportunities in the Development of Hydrocarbon Resources in
The Diatomites Dr. Tad Patzek, UC Berkeley and LBL

10:30 Break

10:45 Novel Sand Consolidation Completion Technique Using Alkaline-Steam
Injection in The Tar Zone, Wilmington Field Scott Hara, Tidelands Oil
Production Co.

11:05 Idle Well and Well Abandonment Issues Mike Glinzak, CADOGGR

11:25 New Interfaces for the On-Line Oil and Gas Database
Jeff Wagoner, LLNL, and Shahed Meshkati, USC/PTTC

11:50 - DOE’s Oil Technology RD&D Program in California Norman Goldstein
12:00 Luncheon

PTTC and Oil & Gas Producers Chris Hall, PAG Chairman

Producers Point of View Dan Kramer, Executive Director, CIPA
1:30 p.m.-3:00 p.m. Workshop Sessions

Multimedia and Petroleum Tech Transfer Mark Kapelke, Vice President of
Tidelands Oil Production Co., and The PAG Vice Chairman

Q & A on Environmental Regulations - Well Abandonment
Discussion Leaders: Mike Glinzak, CADOGGR, Patty Gradek and
Jim Haerter, BLM Moderator: Kent McBride

Point/Counter Point on Horizontal/Multilateral Drilling
Discussion Leaders: Dr. George Cooper, UC Berkeley/LBL and Eric Upchurch,
THUMS Long Beach Co.

Point/Counter Point on Estimation of Oil Behind Pipe
Discussion Leader: Dr. Dan Moos, Stanford University and Scott Walker,
Tidelands Oil Production Co. Moderator: Buz Delano

Point/Counter Point on Diatomite
Dicsussion Leader: Dr. Tad Patzek, UC Berkeley
Moderator: Kyle Koerner

3:00 p.m.-3:30 p.m. Summary and Wrap-Up Dr. Iraj Ershaghi, USC/PTTC
Reports from workshops/Upcoming Events




Bakersfield Attendees List

Attendee Name Company Name

Adams, Randy CDOGGR

Akkutul, Yucel University of Southern Califor
Aube, Karl Pacific Gas & Electric
Bilodean, Bruce Chevron USA Production Co.
Bopp, Hal CDOGGR

Brannon, Ed CDOGGR

Bronson, Jon University of Southern Califor
Cales, Genry Chevron USA

Chaudry, Vic Bechtel Petroleum

Clark, Dave CDOGGR

Clark, Les IOPA

Clifford, Jim Geo Drilling Fiuids

Cooper, George University of California Berke
Crawford, Tim Arco Western Energy

Dean, Greg B. J. Services

Degenhardt, Kalon Texaco

DeRose, Bill Bechtel

Dunbar, Watt

Duncan, James Griffin & Carrick

Duncan, Paul
Ershaghi, Iraj
Ganong, Dick
Glinzak, Mike
Glinzak, Mike

Goldstein, Norman E.

Grader, Patty
Haerter, James
Haerter, Jim
Hall, Chris
Handlin, John
Hara, Scott
Holcomb, Silvet

Horace, Charles

Tuesday, April 01, 1997

M. H. Whittier Energy LLC
University of California
Ganong Oil & Gas Operation
CADOGGR

CDOGGR

Lawrence National Lab Berke
Bureau of Land Management
Bureau of Land Management
Bureau of Land Management
Drilling Production Co./PAG
Arco Westemn Energy
Tidelands Oil Production Co
Bureau of Land Management

Trio Petroteum



Attendee Name

Company Name

Kapelke, Mark
Katragadda, Dave
Kharabaf, Hooshang
Knauer, Larry
Koemer, Kyle
Kramer, Dan
Marino, Tony
Martin, Mike
Mayer, David F.
Meshkati, Shahed
Moore, David
Moos, Dan
O'Brein, Freda
O'Bryan, Patrick L.
Palermo, Robert
Patzek, Tad
Pierson, Raymond
Prude, Jeff

Ryall, Phil

Ryan, Kevin
Schwalm, Jeffrey
Seymour, Bradley
Shaudery, Vic
Snow, Lysle
Starcher, Mark
Thomsen, Mark
Upchurch, Eric
Urdaneta, Alfredo
Verrier, Carol
Wagoner, Jeff
Waldo, Lyndon
Walker, Scott
Weyland, Ginny

Tuesday, April 01, 1997

Tidelands Oil Production Co
Bechtel
University of Southern Califor

Bechtel Petroleum

CIPA

Arco Western Energy
P.G.&E.

System Tech.

USC/PTTC

Bechtel

Stanford University

oYy

Arco Westem Energy
System Technology
University of California Berke
Epoch Well Logging Inc.
Bureau of Land Management
Stockdale Energy

Berry Petroleum

Dynamic Graphics, Inc.
Williams Tool Company/Ener
Bechtel Petroleum Operation
Commander Oil Company, O
Bechtel Petroleum

Mobil Oil

THUMS Long Beach Compa
CalResources

Bureau of Land Management
LLNL

Texaco

Tidelands Oil Production Co
Elk Hiils



PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company? 8@0\031,3{

2. Where is your main production or the production you are associated with?

Ol

3. How did you find out about this workshop? su_pgx\n:)o(‘

4. What particular topic(s) did you find relevant and beneficial in this
workshop?  Worizeatal wells , hawrence. ViNedmor® )
Froctues . AlKeOiu) Smam

5. How can this problem identification workshop be improved? L_'] E&d I‘Jc
Lro -

6. What additional topics should be included in future workshops? uD
doonhole  chem ‘01::5 +Chouges

7. What would you suggest as alternative methods for problem

identification?

8. Additional comments:



PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your comp %’ :
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2. Where is your main production or the production you are associated with?

EK Hik

3. How d1 you find qutfabout this wo ;
g,.e % 1? mz:w( ﬁy/u«@f News/ellet

4. What p cular topic(s) did you find relevant and bene/iZZﬁJ
workshop? ( ﬂdjw (;wu_é‘/,y CLM I/ )

5 7—7 eane &l a./ U@
Z i

5. How can thl problem identtification workshop be inTproved‘7 o
/455/5/ J Yoliems — ML s s wqu,&(

/&q‘kclmqa-’ ﬂlauaﬁzw %&? M
6. What additional téi’ncsﬁmx d i ; future workshoi?')
Wile ecmigped o
‘JA% ; Pm/f;m(w_ﬁ 0’1.710'&5] ulglipns .

at would you suggest as alternative methods for problem
1dent1ﬁcat10n‘7

8. Additional comments:

l — JdC o e i s @.4/2, o) e
| %,%Wyﬁfmw%ﬂu deurue
hsally gpuchrs. ¢



PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?
2. Where is your main production or the productioﬁ you are associated with?

3. How did you find out about this workshop?

l/)(xé q&xxi(& }‘D q‘if‘}\c-.ﬂo‘\t S & pa,\cf 4 S.H oy d -jt:el’c" .
a@?ﬁdc N orhers - Ahiy Wag Hhe FEFU

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

5. How can this problem identification workshop be improved?

mo(\‘\lr\c ‘B)f FW)’(C:();—)‘ gurs Hony {}cdéac&-

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem

identification? O& )l\c(b )\( % gcpou:'r \,;55 1~ Yo Y chneedd "
| JCSMU’U Lo ‘\’Lﬁ{éfs n\DSL ‘}1/&5 ‘9}/‘ WYerec™?

8. Additional comments:



PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Region Technicd Manage

2. Where is your main production or the production you are associated with?

Mot CA ard AK

3. How did you find out about this workshop?

/’(aT{er

4. What particular topic(s) did you find relevant and beneficial in this
workshop? el s ad=

!
L N
[-L L :rJllC: -r\ﬂ,f{"'o}a}l'a a5 e

5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops?

I PR Fpeee @,

~-

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
. L '

-
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Haff Regervoir Binggr

2. Where is your main production or the production you are associated with?

Whhare. £ Cpals Califorii ~[irbyitile - lTfnt
3. How did you find out about this workshop?
Maid e
4. What particular topic(s) did you find relevant and beneficial in this

WOROP? Cond Comprlichion paiin] Steam ot hyilningtn

5. How can this problem 1dent1ﬁcat10n workshop be 1mproved‘7

\ytth mwere. Ao Retn farA dircugsion ~
Good ot !

6. What additional topics should be included in future workshops"

Wﬂ‘wf Conferrn? iy Jloodls/ S Yorto

7. What would you suggest as alternative methods for problem
identification?

Milrle. choce Survey Favedacas .. drgn V2
5«/»»«@5,, U*’?"-”’P/nm m*f‘b maﬁmmmwm'
Pacgdl Mlapiagh-et chats- € G -

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

— ! . ! =
Tehn ftalerm  (faim' Lrips ienl >

-

2. Where is your main production or the production you are associated with?

Erg #-0

~

3. How did you find out about this workshop?

4. What particular topic(s) did you find relevant and beneficial in this
workshop?
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l
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?
it Gotarst

2. Where is your main production or the production you are associated with?

% mwxy E0i0d [t PRI

3. How did you find out about this workshop?

RO

4. What particular topic(s) did you find relevant and beneficial in this ',,J
workshop? ¢ /o 1eon S L S0 (Ors0LlDATIY)

4 SVem —

5. How can this problem identification workshop be impr \}ed? ,
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6. What additional topics should be included in future workshops?
MecidhicS oF b153, LUrp STsem LBRIETIES
& e ARSI

7. What would you suggest as alternative methods for problem

. . . ?
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8. Additional comments:
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PTTC West Coast Resource Center

-Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

ﬂ\m\wg"

2. Where is your main production or the production you are associated with?

. &Dﬂ'\ {SBCAT W~ od\?/

3. How did you find out about this workshop? A e nde M\—}L o3 hers .
Wi akedd o serde 0~ ﬁcme\ 3T Shaf ) 1o e
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4.

at particular topic(s) did you find relevant and beneficial in this
WorkshOP{?’,Id{c Bell js5ues”

— i )
T o decne t Lafo S6¢ e

5. How can this problem identification workshop be improveck“? heo Sewer
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6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem

e o ds:
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PTTC West Coast Resource Center

-Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

.. 03 Aw kLQ&(’

2. Where is your main production or the productioh you are associated with?

}(ﬁ (&Y @iueﬂ,

3. How did you find out about this workshop?
| DM—A«.Q Ol s bas Sheu

4. What particular topic(s) did you find relevant and beneficial in this
workshop?
AL

5. How can this problem identification workshop be improved?
Gw* wWoeRe, pr\q ‘ ~vc|JuL

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?
Geaunjst

2. Where is your main production or the production you are associated with?

- SVt ZLone
3. How did you find out about this workshop?

4. What particular topic(s) did you find relevant and beneficial in this

workshop? \\hV \W ch“\\\ma , )—‘-?M&Mi/:) Cb

5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops?
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7. What would you suggest as alternative methods for problem
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?
" PRooucnon / Rece Lok Ene gk,

2. Where is your main production or the production you are associated with?

. _
MiDwory - Sudgp~ ,

H

3. How did you find out about this workshop?
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\
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4. What particular topic(s) did you find relevant and beneficial in this

UDINS  Sen™ O wvw}

workshop?
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LA

Tl \WNFo,

5. How can this problem identification workshop Be improved?
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6. What additional topics should be included in future workshops?
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PTTC West Coast Resource Center

- Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Decomn? #%o.

2. Where is your main production or the production you are associated with?

MZ%

3. How did you find out about this workshop?

Feldoer 2rgalases

4. What particular topic(s) did you find relevant and beneficial in this

workshop?

-

et

Byt

5. How can this problem identification Workshop be 1mproved‘7

W

6. What additional topics should be included in future workshops?

Gy g

WW

7. What would you suggest as alternative methods for problem ﬁ

identification?

L gtz

8. Additional comments:

16

%ﬂ”%ﬂ/



PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

2. Where is your main production or the productioh you are associated with?
 Hhllor 1 fot (502) @ S Fi,

3. How did you find out about this workshop?

4. What particular topic(s) did you find relevant and beneficial in this

WP Lo 4 il ol

51l W & VY Bl donrrin Sssinin

5. How can this problem identification workshop be improved?
6. What additional topics should be included in future workshops?

Reconsplilon malecks

7. What would you suggest as alternative methods for problem
identification?

/M

8. Additional comments:

17



PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

. e i

2. Where is your main production or the productioil you are associated with?

3. How did you find out about this workshop?
wML

4. What particular topic(s) did you find relevant and beneficial in this
workshop?
DigToH ITE AMD TOUND INTOUSTING |
— IDE] ABHDDNBLE  LoBUS
PR 0O LATDDD “ond le  oRARASE

5. How can this problem identification workshop be improved?
TONES  UAITED TO A UKo AR
e Yo, IS, 680y

6. What additional topics should be included in future workshops?
Could Fod A WRKE AY od DAADH (TE

ISSUES .

7. What would you suggest as alternative methods for problem
identification?

é
8. Additional comments:

s EED 0 LA AT ?m’/ﬂzﬁ O MUE

zeaw@aumrso — SNCL_1O (DA
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?
Frbineeit s S

2. Where is your main production or the productioh you are associated with?
5-J044 L€y — 057 HicS

3. How did you find out about this Workshop?
/7 ﬁ/ ' f/ﬂ/

4. What particular topic(s) did you find relevant and beneficial in this

workshop? P
A EprovT 55 33007

5. How can this problem identification workshop be improved?
SorE Ldy Jo Ber ponkE fEolr TO /5’/\7‘;"/'

6. What additional topics should be included in future workshops?

%"ﬂf JIBrRE bmmsn T — Gprirretis SIS 137
LARLgt TroEP /97 JfrRess5 &

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
[ oop STEP foo 7 REFT A LEE P
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PTTC West Coast Resource Center

‘Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company? (jf/t// e M sy

2. Where is your main production or the productioh you are associated with?

E H15, teen Lo, CF

3. How did you find out abouf this workshop? Conzaeres 57 /&/Z
T8 BEP jrtB peruprey (90 gigpg e o1 F
\7%35 Grd A= fend Sepploc o fres i /] V4

4. What particular topic(s) did you find relevant and beneficial in this 7:4#/&

kshop? -
N e A L ,
Hoclp dpebeon edstfecr 72 e P
5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops?
Aty Femg Fo b 1Y Mol Sty

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments: £} 777 aleealp 2 FE o )
4 %/%ﬁ,map Secuty CAvwreatiors

b E £ PSP Lorrer B
g 20 Ao Eld Sy ZT.



PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company? ~ (Ji/a/é<

2. Where is your main production or the production you are associated with?

L Am A QNSGry |, THERRFRE 7 Wil il Reduesnc
wELS  fic vER g guss GINiA.

3. How did you fmd out about this workshop?
Thwasd IR ERSUgsT

4. What particular topic(s) did you find relevant and beneficial in this
workshop? @ JIATOM T  PRoBL I /4 S8 100 TS Q CALED fg2lF

VETET g o7 WS dRpcA B r @ MAZL /<3 PEL LE Y 798 ABNT
59y CORISOCAD AT o . =

5. How can this problem identification workshop be improved?

Acrivéey  <ol<rr  fARTIPTON  Bam L7 Ay
MATER SERuvIE  coMPNES 7

6. What addmonal tOplCS should be included in future workshops?
3§ FRP<TURE  #dvr, 5rca7 ol

7. What would you suggest as alternative methods for problem
T e _
identification? ¢ REY oy P VICF  <onndagns <[

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

S BN St ok fps FIniEe R

2. Where is your main production or the production you are associated with?

Lo ey — Shprecow Ore Zpg

3. How did you find out about this workshop?

S 73/

4. What particular topic(s) did you find relevant and beneficial in this
workshop? /%_ At 10 WIFC % cll
L ordens TS

5. How can this problem identification workshop be improved?

S Tom . Zoitormnrs _Laypst r7a =

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem

identification? -
S ror Om Lo szt gy —

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

/4’996; //r-\@ﬁw\ L&%o(}v/

2. Where is your main production or the production you are associated with?

ﬂ/f[’/ %64// C@%yz-:é——-

3. How did you find out about this workshop?
CPS flenns / e/#&/

4. What particular topic(s) did you find relevant and beneficial in this

workshop? W /4 4 .y M

J Méw&// /SSues

5. How can this problem identification workshop be improved?

& A /wm@éuﬁ{ 7!,&:' _— ’

6. What additional topics should be mcluded in future workshops?

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company? %""ﬂrf\

2. Where is your main production or the production you are associated with?

e Coo.

3. How did you find out about this workshop?

g& Ll Jzt(h‘bat( s Column L \H\&.g\lﬁf 5\;1\9(4/0 Cé) l, 7,;" TN

4. What particular topic(s) did you find relevant and beneficial in this

workshop? g@Q M& L)ﬁ é 9 é + oa lm& qcees §

5. How can this problem identification workshop be improved?
6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Wnnide ¢ L\‘A\-\SAT\'!'I Cf)ﬂ YertAan T

2. Where is your main production or the production you are associated with?
Mwss

3. How did you find out about this workshop?

L c\\ \tt\ FALS

4. What particular topic(s) did you find relevant and beneficial in this
WOl‘kShOp? H‘Uﬂ 1 6?\“(&3 +(‘wt) \ ) d{ &\'ﬁm‘) )et , lnhﬁwg’ﬂ" ‘!'U'—C) .
o aa's

5. How can this problem identification workshop be improved?
Fowsa) Nscussions as cpad.f; . \VSfues

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company? Sale. propvictor

2. Where is your main production or the production you are associated with?

San dczuea,in \/a) l@z

3. How did you find out about this workshop? SPE wausleter

4. What particular topic(s) did you find relevant and beneficial in this

kshop? :
B Hociprdal wells & sand consohidation

5. How can this problem identification workshop be improved?

Lonaxo_(" plamne& pmsenjtaha‘v‘s—concurren'l' Wwﬂ'\‘c

6. What additional topics should be included in future workshops?
Wasgle d\sposal uducd ok S(3e

Driling muds Necdem \(\‘erocarbmn logs

7. What would you suggest as alternative methods for problem
identification?

No allenatwe to falng To people

8. Additional comments:

Ths wos a OJOD& Maz{‘wq
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?
7~
c:;:ﬁ ‘neer

2. Where is your main production or the production you are associated with?

M"doday -S(:zn 567/

3. How did you find out about this workshop?
SPE

4. What particular topic(s) did you find relevant and beneficial in this

workshop? \
P -D ’AaWéhv fe

Cased—tole ?/ro carbo~ ITD
%ﬁ“ZOM A lots*/ &'/orv«(

5. How can this problem identification workshop be improved?
Tornt Ve AFte %/o res wrth 4///5//-:'&.;#6 bl

Suck as AAPG/ a4nbE / werl log Ssciety cte.
6. What additional topics should be included in future workshops?

— Water A 'Sp osal

_& lna e l}amen)f //‘K‘IQ\.S?“M e,ﬁéfre

j oﬁjcj:b/m‘cs

7. What would you'suggest as alternative methods for problem
identification?

Ihol«g-ﬁ’7 Surye Y <

8. Additional comments:
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PTTC West Coast Resource Center
Bakersfield Problem Identification Workshop Evaluation Form
1. What is your position at your company?
- ‘ Fovmakion  Eveluotion 61’0[@‘5)#
- 2. Where is your main production or the productlon you are associated with?
. S iceows s/w«le/ Anformte—
- 3. How did you find out about this workshop?
/ '
/
i Mailya
4. What particular topic(s) did you find relevant and beneficial in this
™ workshop?
b/"n}c\u[ple_.
™
5. How can this problem identification workshop be improved?
Botfe Woderhme M bresicout session — s Fbta hae
- process anel 3041 A e "'M[M par *"'/‘”‘"}5 fo Mm wpll
6. What additional topics should be included in future workshops? 3
- .

7. What would you suggest as alternative methods for problem
identification? yw, Wt 7o do meve S leadtR fm  1Cun

. Fhrygh, Frmally publisbad ses  for ,Prch/cm Solving ) deersim
wwtw«j mm?)f:wvtﬁfeg -/‘AB sa 557

8. Additional comments:
Tvair Peop&, wb T Bcu&sm« SesB/msy N ue drsussine
‘!’ eol«myu.&& ( Teblona SO/vi Aecsrsion 'W“’a M'm wal Grap /ee/myuc_)

a meeticg Beiltm, efe. ) o ust /om@ss,m/ facil Afws



PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Se SN

2. Where is your main production or the production you are associated with?

SM Aop.c.\um{ \/lﬂk\-c.«.\

3. How did you find out about this workshop?
C O~~~ ?mv\ -\ Q- AR, PQ\‘\ J—l—a.r(..{_

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

TRhL L ppe o\ e L

5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops? \,ﬂ
. L

.‘ VN, e \\m—v..\,s O V- A\kl—\m&\.«_ Vel

-\'ﬁ A.-A-go.u\.‘.m ‘;.-—\\:..L ‘P'.\;a.. ?t&-ﬂ--un\.

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?
?(/egz'féa 7‘/ Co2t se [P

2. Where is your main production or the production you are associated with?

/6(&41»7 0‘44(, "’pa/d :V'M.o\a.’ A’/d’:/('a , & JMfea_r.
3. How did you find out about this workshop?

155/ /hnc’/.f.

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

é'J(/ v LT _f‘uu/glgcv/:r.
5. How can this problem identification workshop be improved?

fve Case Fhudies
6. What additional topics should be included in future workshops?
i’,és’x-«w-:,,; a(ua,\/, AN ’ awet!/ pmé (s aa‘qu 405X

7. What would you suggest as alternative methods for problem
identification?

}74.“/9 pow Loy

8. Additional comments:
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company? Dnof L. C. R ERKELEN

2. Where is your main production or the production you are associated with?
Newe SPecAFic .

3. How did you find out about this workshop?
TPOUWTED By PRrovV CRSHAT:.

4. What particular topic(s) did you find relevant and beneficial in this
workshop?
e Dawcing , DoE /Doac,._rt. INEO . XM
I FHROT ,;, At PRAELEMOTATIONS WRRE INTERESTIVG .
TOST HELTIVL + AAKIVG  CondTHUT 10 REAUITUTS WAL YRRY VAWWABLE
5. How can this problem identification workshop be improved?
St # €.

6. What additional topics should be included in future workshops?
TRAIVILVE  METHEDS / NEEDS
- TEOTIAL SR S#ORT  CoURSES |, SELWARS - - — - -

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:

D, MAME  TIME 10 TUE  PRIGRAM  £gr  STARTIOG 2 STovPIaG

TE MEETING — "1 TAMPULTIAg REMARKS " ETc, ) OTHERLISE THE
ScertpULE SRS

2) . GET A LIST 0F WNAME§, ARFILIATINS, Prene mox /E€-rmL
AODRELSES ot A PARTICAPANTS | TS GULWD RBE AS SimPLE AL
WO BIRG REUNDD A CUP ZOARD 10 TIrl roauivG & RANDING CUT XRRIXES



PTTC West Coast Resource Center
” Bakersfield Problem Identification Workshop Evaluation Form
o

1. What is your position at your company?

T Teolly o U0 Bukeliy; Resancday ok LRHL

- 2. Where is your main production or the production you are associated with?
Sen éadqcm . D{GJ(CM |'§{>, ‘Q“wa Y ) Mid Wf‘a 3’\’)&9}(

- 3. How did you find out about this workshop?
- Yo ca# UscC

4. What particular topic(s) did you find relevant and beneficial in this
workshop?
- Imaguf\c.@'.'mx . .

A” N ene m{mo{: v’B)

5. How can this problem identification workshop be improved?

H ’B\A ‘\(M o '}l./‘ﬁ‘e- ~ Tm)\,\ CO\JG}:'\ UW\‘)G)“(-/
"————e

6. What additional topics should be included in future workshops?
= 7. What would you suggest as alternative methods for problem

identification?
(1]

8. Additional comments:
} .
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PTTC West Coast Resource Center

‘Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

2. Where is your main production or the production you are associated with?

3. How did you find out about this workshop?

4. What particular topic(s) did you find relevant and beneficial in this
worksho% 0 [ el @75&@«,. Wizd"‘/ = Linet o
- O getiald. D proceclon Jpud Ts fprpe .
5. How can this problem identification workshop be improved? —
codod Loy p Al ) Moo, — Aot @;ﬂ 7z

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:

- bias Vory tufofonalle bk
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PTTC West Coast Resource Center

Bakersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company?

VeapueTionf EnsinEER.

2. Where is your main production or the production you are associated with?

Lowe ek

3. How did you find out about this workshop?
FEre O LeloriES_

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

~ NOVEC. S48 LD confie D ons
— focssTETee) PERIVEE Feros:77

5. How can this problem identification workshop be improved?

%M‘/ VIOEE. ol PErdoplss R ronS

6. What additional topics should be included in future workshops?
FRopeT 70 Equuon P EnlT - TEAMRUES

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
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PTTC West Coast Resource Center

-BakKersfield Problem Identification Workshop Evaluation Form

1. What is your position at your company? S wpv. Jotr d"j ~

2. Where is your main production or the production you are associated with?
Z). oM - rg. ?,@r\?
3. How did you find out about this workshop? vl‘/yw Sn The mail
4. What particular topic(s) did you find relevant and beneficial in this
workshop? S,/ consolideadin Yo Bani e, Jdfe ue(/.r/wcﬂ
abondon st Z uo.rz)z/‘%s

5. How can this problem identification workshop be improved? b meeded

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification?

8. Additional comments:
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Long Beach



Agenda
]
Moderator: Ed Mayer
Presentations:
9:30 Case Studies of Successful Horizontal and Multilateral Drilling
Dr. George Cooper, UC Berkeley/LBL
= 9:55 Recent Advances in Estimation of Porosity and Detection of Hydrocarbons in
Cased Holes Dr. Dan Moos, Stanford University
™ 10:20 Novel Sand Consolidation Completion Technique Using Alkaline-Steam
Injection in The Tar Zone, Wilmington Field Scott Hara, Tidelands Qil
Production Co.
10:30 Break
11:00 Development and Operations Under Environmental Constraints
™ Paul Mount, Chief of Mineral Resources Management Division, State Lands
Commission
m 11:25 Multimedia and Petroleum Tech Transfer Mark Kapelke, Vice President
Tidelands Oil Production Co., and PAG Vice Chairman
= 11:30 DOE -Industry Partnership Projects in California Normarn Goldstein
12:00 Luncheon
P PTTC and Oil & Gas Producers Chris Hall, PAG Chairman
Producers Point of View Dan Kramer, Executive Director, CIPA

1:30 p.m.-3:00 p.m. Workshop Sessions

Q & A on Environmental Regulations
= Discussion Leaders: Bruce Hesson, CADOGGR and Paul Mount, SLC
Moderator: Allan Spivak

Point/Counter Point on Horizontal/Multilateral Drilling

- Discussion Leaders: Dr. George Cooper, UC Berkeley/LBL and Eric Upchurch,
THUMS Long Beach Co.
™ Point/Counter Point on Estimation of Oil Behind Pipe
Discussion Leader: Dr. Dan Moos, Stanford University and Scott Walker,
- Tidelands Oil Production Co. Moderator: Mike Bruno
New Interfaces for the On-Line Calif. Oil and Gas Database
Discussion Leaders: Jeff Wagoner, LLNL Shahed Meshkati, USC/PTTC
e Moderator: Dexter Yuen ‘
3:00 p.m.-3:30 p.m. Summary and Wrap-Up Dr. Iraj Ershaghi, USC/PTTC
™ Reports from workshops/Upcoming Events
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Long Beach Attendees List

Attendee Name Company Name
Anderson, Russ Suma Qil & Gas

Barto, Craig Signal Hill Petroleum
Breitenbach, Randy BreitBumn Energy Corp.
Bruno, Mike Terralog Technolgoies
Clifford, Jim GEO Drilling Fluids

Cooper, George University of Berkeley
Crosby, Fredric C. Crosby Construction

Delano, Buz

Du, Chang-An Petroleum Engineering Progr
Duda, Cecilia California State Lands
Emanuel, Alan Consultant

Ershaghi, lraj University of Southem Califor
Graham, Patrick

Graner, J. B. Graner Oil Co.

Gunkel, Fritz Thums Long Beach Compan
Hall, Chris Drilling & Production Compa

Handy, Lyman L.
Hara, Scott
Hassibi, Mahnaz
Hesson, Bruce
Jepson, John
Johnson, Eric
Kapelke, Mark
Kharabaf, Hooshang
Koerner, Kyle
Koerner, Roy
Kramer, Dan
Lanson, Tony
Long, Robert
Mayer, Ed
McGurk, Scott
Meshkati, Shahed

Moos, Dan

Tuesday, April 01, 1997

usc

Tidelands Oil Production Co.
usc

CADOGGR

D.0.G.GR

Victory Oil Co.

Tidelands Oil Company
University of Southern Califor

City of Long Beach Dept. of
CIPA

CalResources LLC

Pan Westemn Petroleum Co.
Consultant

Consultant

University of Southern Califor
Stanford University



Attendee Name Company Name

Mount, Paul State Lands

Riva, Steve ASIOCO

Scott, James Pacific Energy Resources
Shah, Dharmen

Smith, Linda Texokan Exploration Service
Spivak, Allan Intera

Sullivan, Dennis
Swanson, Glenn
Torabzadeh, Jalal
Voelker, Ronald
Voskanian, Marian
Wagoner, Jeff
Walker, Scott
Washburn, Halbert
Webster, Mark
Yang, Zhengming
Yoelin, Sherwin
Young, Richard
Yuen, Dexter

Tuesday, April 01, 1997
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City of Long Beach Dept. of
Intera

Califomia State University Lo
Keystone Oil Co.

Califomia State Lands Comm
LLNL

Tidelands Oil Production Co
BreitBumm Energy Corp.
Signal Hill Petroleum

usc

Consulting Engineer

Pacific Energy Resource

State Land Commission



PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?
2. Where is your main production or the production you are associated with?
3. How did you find out about this workshop?

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

5. How can this problem identification workshop be improved?
6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification?

/

8. Addltlonal co W
7 ey »/zazz A
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PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Proderca

2. Where is your main production or the production you are associated with?

Ewyu\-‘

3. How did you find out about this workshop?

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

all

5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops?

- R"“-KWJ“ C—kavn—clh-nz.ﬂhﬁ_ (
— G-erp (.,,—.,'cwe S'?’.._,(,&,,

7. What would you suggest as alternative methods for problem
identification?

8. Additional ;omments:
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PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

O o EL

2. Where is your main production or the production you are associated with?

Sea, LBegct Frrecp

3. How did you find out about this workshop?
CZr/A

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

/-710 21 = WA iDﬂ&'é“

SHNTD co ANTAG

L NTERZIZET
5. How can this problem identification workshop be improved?

thrave moze o=T#71 [

6. What additional topics should be included in future workshops?
DoV HOHE JHopex1on) [ RoBCEMS

7. What would you suggest as alternative methods for problem
identification?

8. Additional éomments:
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PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?
2. Where is your main production or the production you are associated with?
p / 5 W
3. How did you find out about this workshop?
< 2o

4. What partlcular tOplC(S) did you find relevant and beneficjal in this_

5. How can this problem identification workshop be improved? MWZ

6. What additional topics should be mclumture workshops? P 7 7

e  aiav e , Z
Scapn (A Tag
7. What would you suggest as alternative methods for problem P
identification? 2L S

8. Addmonal comments: / 7. / C = e P M
A2 M

MWWW



PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

. 1. What is your position at your company?

Tof &vy

2. Where is your main production or the production you are associated with?

No  Propvenad — et

3. How did you find out about this workshop?
DR2. OsUNS "7

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

SPesnes @l SAI I, MR AN }Q&éu (A/'('\‘LV
Q LOLQ_/-s;\/‘LpP’ak/ At St VI/VJKIA—’!L
5. How can this problem identification workshop be improved?

Mue eXarpleS Mot et R
™ ProdDico~ Nep 5.

6. What additional topics should be included in future workshops?
SvccesSs SpenaesS AR A &3_,;:,- O

AHIPU CaaN]  OF T G=ulNo COG Sy tenzttes
B I £ Se SSten S .
7. What would yoﬁr;{l_ggest as aéftqgmative methods for problem

identification?
T Prue. SwveysS
@Rl -aN T Akl
8. Additional ;:omments:

Gope0 S,

'S. w/w,fV&oUW/j

r



PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Céﬁf o/ 72 wsy,

\)

2. Where is your main production or the production you are associated with?

L/ Basrs

3. How did you find out about this workshop?
SPE Woys WTVP

4. What particular topic(s) did you find relevant and beneficial in this

0
workshop? /%y/;wq " / O/y,/ 417/
L\/(// /477¢//? /(
5. How can this problem identification workshop be improved?
ooy 7o V. Fowr Kafts

/7{0/(( /5‘/4/[0671'5//(/// C
6. What additional topics should be included in future workshops?

W &bonronmpnTs
We e ,0:/004(/170/7

7. What would you suggest as alternative methods for problem
identification?

Srn y/(o b/‘¢-/ﬂ5,ér)n/ 9 ¥ SP3S/0.

&/f”/ ‘;’3/(’4,/5 ©v o bl s.
8. Additional comments:
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PTTC West Coast Resource Center
[lai]
Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form
L)
- 1. What is your position at your company?
Ocenrer—
2. Where is your main production or the production you are associated with?
i .
CoiSadl7q07 — pp,lﬂ., ,,'7? 7539 . Efaeﬂ)
- . %47/47//%74 E=We 7
3. How did you find out about this workshop?
- SLPE AEAS cc7re
= 4. What particular topic(s) did you find relevant and beneficial in this
workshop? ) . =
= 5. How can this problem identification workshop be improved?
i Jes? Crne 2ollidivs Zimivg
- 6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
. identification?

8. Additional éomments:

Col ok e, oy T g



PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

erhewl- (msu(;l-(v\cz( CN«th\ny

2. Where is your main production or the production you are associated with?

Tlerraince / ) Lm(;«a('FM

3. How did you find out about this workshop?
P Pza: C(V\c( 1/184"

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

UNL  computes  (ntevrace
lase hidies- haigmbal = mulhlalecal  woelle

5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops?

[ﬁmPu-le’w%aﬁm ce DO& Hardcopy Fi les ¢ wrh pon- epevatonal

MicRe Filim madhm&Si Viowd W“'“d’\ .+?‘- FRAN \'m'—‘{(cf" cies Oiu

be pur ambe crmpuked Fc-mvuxi"') will v be achual paces ;u€+—

7. What would you suggest as alternative methods for problem <Seciected clat=_

identification? euteved ite
SEVLE. K{'ma( =
Table [Tie is

; vepese o T tw

8. Additional comments: ™ FV!CLL:' y et

Anethez ‘é&P*tC % ('c_"'“["'“‘t_em‘%a.\—(c'\'\ C(CZ&,ID‘table.)

ce OC& P‘V‘(‘cLCin‘lCVL aatnl \'D\‘te‘-s a7

NEW o G Fichie T n Wexes at

C::—{-t(l-(f Arz_c;\,nves v S[((Vﬂl'hc*‘m%'



PTTC West Coast Resource Center
Long Beach, Nov. 25, 1996

- Problem Identification Workshop Evaluation Form
- 1. What is your position at your company?  &eneva/ Pir tuo

2. Where is your main production or the production you are associated with?
m Dear Creels F:‘a[ﬂ/ Talewe Co

3. How did you find out about this workshop?
- CIPA
™ 4. What particular topic(s) did you find relevant and beneficial in this

| workshop? Wer\ Abandsuma - < @c):u(c_)la% 4
™ 5. How can this problem identification workshop be improved?
Moge M?L.\:x)pw Ls

- 6. What additional topics should be included in future workshops?
(e}

7. What would you suggest as alternative methods for problem
e identification?

) Py Lu«b "u&%ﬂ
8. Additional comments: =xcel(ext” — eveon Fou ? «l( 4 s

- =

48



PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

. 1. What is your position at your company?

Presided™

2. Where is your main production or the production you are associated with?

52*"‘\({?-& Co.

3. How did you find out about this workshop?
N—@\ga (.2"(“'6/

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

H‘bn%\Jﬂ/Mw""\ :.Aw..o m\l»w]

5. How can this problem identification workshop be improved?

5“\6 o %QLLJM—\Q--

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification?

8. Additional éomments:

49
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PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

S sertor, Emmr.

2. Where is your main production or the production you are associated with?

AleaTma iz /et Frael

3. How did you find out about this workshop?

L 1//? .

4. What particular topic(s) did you find relevant and beneficial in this

workshop?
A oAf Pee

5. How can this problem identification workshop be improved?
/'%{ M/éf’f%{ (Af:a /Juf) 7//»’/4:'/ /k’ o iter é/ 7 7/2:;:’// %ﬁ’/fr: Zy/—c

S AT trveetcd Sforars I AISEEED, Loy i /(7/ P ”’”?f/ Seesrr NGz
At 'Sw?'m ey a crZlr /L’/w/ 27 (séawj St /ﬂt{) e 74 D124/ 1227
“What addtion4l toﬁp%éfs‘ﬁﬁgb’e included in future workshops?
Cethler Skt sf¥ Tociime sy

7. What would you suggest as alternative methods for problem / 3
identification? /SZe wesb@rrs szeerc /Q/z'tz'(Z/m/kc'// o ror<

m/qé%) P so Lo Bl a/ﬂrdé//ws' /(.4( [%Wkéf/%
pori gt T Ey ST prntslmag

8. Additional éomments:
7 .
\ Z)’r(aém'/ Sttt 2?7/ €S Lol o /ps‘/(?/ 27 z PT7C cles 5;/«*/%
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PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
- Problem Identification Workshop Evaluation Form
- L What is your position at your company?

2. Where is your main production or the production you are associated with?
(i) %

Stleerwede O‘Z//.‘/h\a.. Fuletw

3. How did you find out about this workshop?
™ 4. What particular topic(s) did you find relevant and beneficial in this

workshop? .
- Sond i deton—
(i}

5. How can this problem identification workshop be improved?
= Vel e pedaplion | paeelesdy e

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
oy identification?

8. Additional ;:omments:
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PTTC West Coast Resource Center

Long Beach, Nov. 25, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

C 01 ( (’¥ {)ﬂj if’)ee/*/'y
2. Where is your main production or the production you are associated with?
( 6ng Reacl Unit
3. How did you find out about this workshop?
D r Efs A‘-‘jﬁ;

4. What particular topic(s) did you find relevant and beneficial in this
workshop?

/Uoue/ SﬁnJ Co./tso/,'c/qu/\

5. How can this problem identification workshop be improved?

2~ ~ Sdé (/‘ .
/70th j(:l(ffcc,(g S AN y’/té/p/‘f' //}

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification?

, oA /nfera eq“/ G
/}6/ U('O /‘ZO/J

8. Additional éomments:
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Agenda

Moderators: Rod Eson, Veneco and Arlie Skov, Consultant
Presentations:

9:30 Case Studies of Successful Horizontal and Multilateral Drilling
Dr. George Cooper, UC Berkeley/LBL

9:55 Recent Advances in Estimation of Porosity and Detection of Hydrocarbons in
Cased Holes Dr. Dan Moos, Stanford University

10:20 Break

10:30 Idle Well and Abandonment Issues Ed Brannon and Pat Kinnear, CADOGGR

11:00 Problems and A Potential Solution to Excess Water Production From the
Turbidite Sands, The Carpinteria Field Steve Coombs, Pacific Operators
Offshore, Inc.

11:30 Multimedia and Petroleum Tech Transfer and Novel Sand Consolidation
Completion Technique Using Alkaline-Steam Injection in The Tar Zone,

Wilmington Field Mark Kapelke, Vice President Tidelands Qil Production Co.
and PAG Vice Chairman

12:00 DOE-Industry Partnership Projects in California Norman Goldstein
12:15 Luncheon
PTTC and Oil & Gas Producers Chris Hall, PAG Chairman

?

Producers Point of View Dan Kramer, Executive Director, CIPA
1:30 p.m.-3:00 p.m. Workshop Sessions

Q & A on Environmental Regulations
Discussion Leaders: Ed Brannon and Pat Kinnear, CADOGGR
Moderator: Fariba Niece

Point/Counter Point on Horizontal/Multilateral Drilling
Discussion Leaders: Dr. George Cooper, UC Berkeley/LBL and
Moderator: Steve Coombs

Point/Counter Point on Estimation of Oil Behind Pipe
Discussion Leader: Dr. Dan Moos, Stanford University and Scott Walker,
Tidelands Oil Production Co. Moderator: Mike Bruno

New Interfaces for the On-Line Calif. Oil and Gas Database
Discussion Leaders: Jeff Wagoner, LLNL Shahed Meshkati, USC/PTTC
Moderator: Harold Syms

3:00 p.m.-3:30 p.m. Summary and Wrap-Up Dr. Iraj Ershaghi, USC/PTTC
Reports from workshops/Upcoming Events
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Ventura Attendees List

Attendee Name

Company Name

Andersen, Eric
Basenberg, Cecil
Basenberg, Jeff
Benton, John
Benton, John H.
Bernstein, Carl
Brannon, Ed
Brierley, Gary
Clawson, Floyd
Compton, Robert
Coombs, Steve
Cooper, George
Delano, Buz
Downs, Clelland
Ershaghi, Iraj
Eson, Rod

Estill, Wayne
Frame, Tim
Giddens, Kermit
Gillette, Chip
Hall, Chris

Hara, Scott
Herrera, Pat

Hull, Harry
Hunter, lil, Kenneth
Hunter, Jr., Kenneth
Janes, Debbie
Kems, Jeff
Keyes, Keven
Kharabaf, Hooshang
Kinnear, Pat
Lyons, Ed
Meshkati, Shahed
Miller, Dave

Moos, Dan

Tuesday, April 01, 1997

GRC International, Inc.
Cbase Corportion

Cbase Corporation

Benton Engineering
Consultant

CADOGGR

Stockdale Oil & Gas, Inc
Clawson Petroleum Consuita
Nordman, Cormany, Hair & C
Pacific Operators Offshore, |
University of California Berke

GRC International, Inc.
University of California/PTTC
Venoco, Inc.

Drilling, Exploration & Operat
B J Services Co.

West Montalvo Corp.

Venoco, Inc.

Tidelands Qil Production Co
Cal Energy Resources
Cbase Corporation

The Hunter Living Trust

The Hunter Living Trust
Silicon Graphics

Venoco, Inc

Environmental Drilling & Clea
University of Southem Califor
CDOGGR

GMS

University of Southern Califor
CalResources

Stanford University



Attendee Name

Company Name

Neese, Fariba
Reeves, Mark
Regeber, Wolf
Romming, Petter
Rothaupt, Gunther
Schrage, Greg
Shah, Dharmen
Sickles, Kurt
Skov, Arlie
Syms, Harold
Tuttle, John D.
Wagoner, Jeff
Walker, Scott
Warren, Phil
Warren, Phillip
Whittaker, Jeff

Tuesday, April 01, 1997
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Seneca Resources

Cal Resources LLC

R & R Resources, LLC
United Energy Inc.

R & R Resources, LLC
Unocal

University of Southern Callifo
Stockdale Oil & Gas, Inc.
Artie M. Skov, Inc

MMS

Enterprise Drilling Fluids Inc.
LLNL

Tidelands Oil Co.

Cal Resources

Cal Resources

Consultant



- PTTC West Coast Resource Center

Ventura, Nov. 26, 1996 :
Problem Identification Workshop Evaluation Form

1. What is your position at your company?
Distriet Emgineer
JendvtA CA  B3Serviees

2. Where is your main production or the production you are associated with?

Serice o, hadling Savtaaria, Vewturs, ¢
CASCS basns

3. How did you find out about this workshop? ,
Through SPE anvd Kevin williams

A\

4. What particular topic(s) did you find relevant and beneficial in this
workshop?  Pp, | " |

LLNL 3«%5&5& Aceeso

5. How can this 'problem identification workshop be improved? dve
Hme service companies show thelr experienee. This cou)
done withawt maXig A vg,les piieh  meching .

6. What additional topics should be included in future workshops?
- Sesmic,

- 7. What would you suggest as alternative methods for problem

identification? quey 0T aPero:\'ow; Needs betore vext

workohop-

8. Additional ;:omments:
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a : ' PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

- ‘ 1. What is your position at your compapy?
MANAGES
2. Where is your main production or the production you are associated with?
I Vgatueh o . / L2l (D.
- 3. How did you find out about this workshop?
- | CI1Cn  mALeC LsST
™ 4. What particular topic(s) did you find relevant and beneficial in this
workshop? ‘ |
- - HeRwN TR
™ 5. How can this problem identification workshop be improved?
SPeatens ~ -
- 6. What additional topics should be included in future workshops?
VPG 10 SOFT [Lock

7. What would you suggest as alternative methods for problem
™ identification? B S
~ UNIVERGT TYPES NG e F 1 LIS B
o TP& (> B SPs AL BREALITT

: LZeormt
8. Additional comments: ;
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PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

T

, _/-:‘ ’y - . H
Py R A "‘Pd#?jf;:hé‘#'f'

2. Where is your main production or the production you are associated with?
Yo ovn Foundy  Bamonzg Fi< i

3. How did you find out about this workshop?
Apg?ci S sy /7/.-',2:"/

4. What particular topic(s) did you find relevant and beneficial in this
workshop? ni

Vil ?9/7;65 Gre T iawgres ™~

5. How can this .problem identification workshop be improved?

6. What additional topics should be included in future workshops?

i ‘o guigrce produciion jn  S¥rgpl 7R

- 7. What would you suggest as alternative methods for problem

identification?

8. Additional ;:o‘mments:

€ @’0{.@/ Vg gt IAY, v R 27 AN S S P
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PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?
2. Where is your main production or the production you are associated with?
A/ﬂ;i;//a%t/ﬂ/’ Z sgrraan Pz
3. How did you j;d out about this workshop?
| 27T e ke e
4. What particular topic(s) did you find relevant and beneficial in this

workshop? -7 P -72=221 /S / 4’4%49/ m

5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops?

7. What would you suggest as alternative methods for problem
identification? |

8. Additional ;:omments:
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'PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

2. Where is your main production or the production you are associated with?

3. How did you find out gbout this workshop?
M Gy /’T"T c, Usc.

4. What particular topic(s) did you find relevant and beneficial in this
rkshop? <., -
WOrSIOP? 1) O u~lirne Gvaﬁw( d o0 b boze
29@ ? AR o WM{ lé‘?“’&bza C

5. How can this'problem identification workshop be improved?

6. What #dditio topxc should e included in ﬁ.:‘;ur;ﬂgrkshops?

7. Wh‘act)would you suggest as alternative ée ods for Eroble

identification? Y mﬂ /f’w
W ’ﬂwv\ W/W"/'&W" NP -

8. Additional comments:

WW%WW




PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at youi' company?

%;1’ e, *

2. Where is your main production or the production you are associated with?

uz,f ?-o 6794’5 '/b:} 7)./%/':7

3. How did you find out about this workshop?
Cz#4

4. What particular topic(s) did you find relevant and beneficial in this
workshop? '
- STem fe antns Sonet Poodiotr..

5. How can this problem identification workshop be improved?
Z < (M/c é:‘.ao,_.,," o575y [y '/{ 4/‘5&/:-. ey //e ST wt

St | 45 Were 5%50n [, /& A//tc S f Ponm Jong Contis /
6. What additional topics should be included in future workshops?
offer Fteonfny fodormetion =~ GElic - Fhhod
' /I)'a.’jaoﬂcf f'/l‘m '{/och"

Sessmie i 20 130 ¥ poclelis z T
(-4 (] - plLd C Vs sy oy
7. What would you suggest as alternative methods for pro?:le‘;ﬁ” Pensr >

identification?

8. Additional ;:omments:
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- PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

]

EncinvEE R

2. Where is your thain production or the production you are associated with?

KAN'SA.S, Uo&"r(-t VAKoTA

3. How did you find out about this workshop?

F&n‘r\ PT‘Tc. MNeus LETTER

4. What particular topic(s) did you find relevant and beneficial in this
workshop? L
SAne CopsowinATior

IvLe /ORPHAN wELL ISEUES

5. How can this problem identification workshop be improved?
CASE sTudles fAESkN TED pEEp To SHog
(ST EFFECTIVENESS of ARPLIcAT/onS of TEMHNOLIGIES

6. What additional topics should be included in future workshops?
ST/MULATIONYK TECHpMQUES
NOVEL (sTR TREATMENT /0/sSPOsAL PECHNIQUES

RESEAVaIA MCMT,

- 7. What would you suggest as alternative methods for problem

identification? ENCQQMGE; @PERATORS 7o pPu7 ToGETHER
[0- in Spmm ARIES of IASBLEMS, IRESENT Yan

$ /NITALLY AS P/SCUSSION Poprcs Fork KESTIF
DAY
8. Additional comments: A
(DECL A uN, LOELL RYN WoRKSHoP
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PTTC West Coast Resource Center

Ventura, Nov. 26, 1996 :
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Vice Prescdent and LNB'»‘, Wed Gat 0fm“>w

)

2. Where is your main production or the production you are associated with?

Nk an o) on P pwtlm)w; Compan).

3. How did you find out about this workshop? .
Trom a a.m.lh,} ‘with -Le.‘; ‘)-o :—aéfm&»)" O-fc; prwr.r

4. What particular topic(s) did you find relevant and beneficial in this
workshop? ' '

. Efbdy A snhancd rezowon) .
. /-)-,.,lm;ofu mC I::Dm',\';n Jt‘AnoIg;:u

5. How can this problem identification workshop be improved?

Mo Jqut mink? 70".‘

6. What add'.i\tional toiics should be included in future workshops?
) pl»m'v 7-& ' |

7. What would you suggest as alternative methods for problem
identification? |

No opimiens yot=

8. Additional ;omments: Al ﬂowl "u;c omﬁr ! athmf/ ,mfjlu‘}

1 §
Sconomic, °0
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'PTTC West Coast Resource Center

'Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?
OpNZ M7

2. Where is your main production or the production you are associated with?

OFFsifdve. <A~

3. How did you find out about this workshop?

4. What particular topic(s) did you find relevant and beneficial in this
workshop?
- PROBLEHS INVogD waTH M(,WWM Vo Z- Y
tHor.. B 7’ ML TTeaT  DRLG—

5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops?
METHNS éﬁ-fﬂt%w:u / TEtapocy  OF- 7
/. PA<kinie— OR  PrE —hcll INNER. LINGEZES TO EATEAD éxzsmf;; oy
;L, Pcr’ ﬂw—ms /@5%5 u/nvf RoTATION Foisme Rops WKL &

1724 G
Woul you suggestcas altematlve e‘t’ﬁog for proll;f)% CAsSNES STRINGS
1dent1ﬁcat10n‘7

8. Additional comments: _ ,

. AT BURE THAT AfE- APE TEEHNCAL ErdIoH-
BUTARE VBRY fpt PROBLEMS THAT ENFERIENMCE/Hipspmic—
OF OPERATIRS courD BE sS4 Fictht



PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Preducnion enCiveg

2. Where is your main production or the production you are associated with?

WHITTIEA Fur—/up/ RBEVEKLY preld F1eep, SANGY Ce4nAd AVE,
. FELD

3. How did you find out about this workshop?
- MHAILEK

4. What particular topic(s) did you find relevant and beneficial in this
'7 . .
W?rkShOP' SHAND <onSeLibATIcAS
Hotizent Dt Lesns (—

5. How can this problem identification workshop be improved?

DON'T cerT Too TR UL

6. What additional topics should be included in future workshops?
- PRODUCTION PRroBiemS
— COST- COTMIN G MEASUAES

7. What would you suggest as alternative methods for problem
identification? |

8. Additional ;:omments:

66



- PTTC West Coast Resource Center

Ventura, Nov. 26, 1996 :
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

]
) g- 'glerl/mr gj/ﬁl.a r~

2. Where is your main production or the production you are associated with?

Voo foo Fetd

3. How did you find out about this workshop?

V2

4. What particular topic(s) did you find relevant and beneficial in this
workshop? Korrz Ll

AA pé. 4.@41(
0,7 futntn Bdd Flpe

5. How can this problem identification workshop be improved?

é,//[la\u
PN (Co:.q.a.uo//

6. What addmonal topics should be included in future workshops?
é/a-%f 0[’-/ Sa/'/oo p" PO-.‘ALUs,,

-~

S sapecdent .

7. What would you suggest as alternative methods for problem
identification?

8. Additional ;:omments:
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' PTTC West Coast Resource Center

Ventura, Nov. 26, 1996

Problem Identification Workshop Evaluation Form

1. What is your position at your company?

Je hw 0/6%&»

2. Where is your main production or the production you are associated with?

Zibantie Y.

3. How did you find out about this workshop?

/l{w/aAm. P '/‘,-— luccté /}é‘\ S/"[/fdzfei 7

4. What particular toplc(s) did you find relevant and beneficial in this

workshop?

,%uzdﬂ ‘V&Z(J ‘««/g 8‘['?% //a/.a(,(' :

5. How can this ‘problem identification workshop be improved?

Hice ?xogﬁw,_ cud 25(00(, secHoe

6. What additional topics should be included in ﬁJture workshops?

St :a/eoéh., /m&’w@ ez@u%&;;

Envejon. thadaf  iSs0n .

uﬂ% /aéj/_, aéva

/4¢ Sot / wé&kx

7. What would you suggest as alternative methods for problem

identification?

?éot«.e, /.oa/vé, Wé a«}»é..

8. Addmonal comments

Good hasd o / / /
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 PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company?

2. Where is your main production or the production you are associated with?

S. Glifomin

3. How did you find out about this workshop?

4. What particular topic(s) did you find relevant and beneficial in this
workshop? |

ooy well opplicali s gad conosbditit

5. How can this problem identification workshop be improved?v

6. What additional topics should be included in future workshops?
Watng ociclinrg s 3D Admie

7. What would you suggest as alternative methods for problem
identification? ‘

8. Additional;:omments: He Ypit. .fud‘cg dh Prre ﬂé MW ,&m
g Sl . o Lty prodiucosut forced 25 solas T Lepumess wrlthy
e My it so 5 ol R grups wuchoe e 5PE 8L this mead X 2o

e S A s dda o ean. 1. s e Bl A main W —D



'PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluatlon Form

l What is your position at your company"

V.P O‘O.dem

2. Where is your main production or the production you are associated with?"

3. How did you find out about this workshop?

C&J\u L"’L '-Dg\ gril\ﬂ-ﬂk:.

4, What particular tOplC(S) did you find relevant and beneﬁclal in this
workshop"

The duks [cpts f wsrk boix conpoded

5. How can this problem identification workshop be improved?

6. What additional topics should be included in future workshops?
X Ll System in Navedsns '
Ho

w MV'LW\"l'I\/W"'ﬁ"] W/ A‘QM’DE‘ Sam‘l'ﬁ-‘lo-snd&cjj-&

- 7. What would you suggest as alternative methods for problem
identification?

Cegueit l»»(&f fom VaC1ou LNAM‘\'.-] tL&»o o o
T A fone monbes
8. Additional comments: .
. l
E’/u)"oyul Thu novkshep ver much
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PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company? =
FPRESIDEOT— '

2. Where is your main production or the production you are associated with?

TEION-GRAPEYINE. €  MidwAy Qs &T— .
Lo T L '\ L OWNGRE THReuGH-oVW
AL cg/o‘;g)\: TR LAND/mInERe ,

3. How did you find out about this workshop?
PTTC mMAILING, CIPA MMIR, CIfA RROANCAST FAY

4. What particular topic(s) did you find relevant and beneficial in this

workshop?
) P DoGG- AL PRESEVTATIDN.

CLLAL BATARASEL.
oo D Rom .

5. How can this.problem identification workshop be improved?
RE MoRrL SOLLVTION / xam P SPECI R

6. What additional topics should be inclgded in future wszshops?
WATRR ceao'r-veg&‘:& Y HQ%S‘:;:)OUN .
mPRovIN 6~ wtltllkeRe | .
IRTING  BOHred PIPL & RLITRVOIR
LD Téonn\—t K'L_ N otAER Fy el |

7. What would you suggest as alternative methods for problem

identiﬁcation?soev eys /
) o ERAEN W TN ]2 M
TENNIA Ceioo” O OHERE 20 we 68

s,

, rRom. H ERE "
8. Additional comments:
G-REAT—

Ol WL
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- PTTC West Coast Resource Center

Ventura, Nov. 26, 1996
Problem Identification Workshop Evaluation Form

1. What is your position at your company"

é(@ﬂ VS D/ /éer_/r@&

2. Where is your main production or the production you are ‘associated with?

NO FPevuc Tre

3. How did you find out about this WOrkshop?
. (J.S.C. —Csts HAvw

4. What particular tOplC(S) did you find relevant and beneficial in tlus
workshop‘7

[y E W P/‘&ﬂm—ﬂm

5. How can this problem identification workshop be improved?

ﬁw’s (N afn(/cc, OAJ PW'7CU%

( SYETEAS rzoﬁ-od-c«(-f SESS N
6. What additional topics should be included in future workshops?

NG L UGBS (NDOSSUNOER A

WO 0 T8 A0V C O g .
- 7. What would you suggest as alternative methods for problem

identification?
/)S'V/‘u z,) D/anZT Atz 3) Fhave CHS
7)'@0; EvoPS () (S rp e mres wf
8. Additional comments: [Zodcs AT T A

2 [ | TFACES - INTEAUEE S S
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Petroleum Technology Transfer Council Mission

The Petroleum Technology Transfer Council (PTTC) was formed in 1994 by
the U.S. oil and natural gas exploration and production (E&P) industry. The
PTTC mission is to identify and transfer technology for the benefit of the
domestic oil and natural gas industry.

PTTC also transfers upstream E&P technologies to help domestic producers
reduce costs, improve operating efficiency, increase ultimate recovery, enhance
environmental compliance, and add new oil and gas reserves. The Program
identifies producers' priority technical problems and communicates them to the
R&D community. PTTC serves as an integrated clearinghouse for E&P
technology information but it does nrot perform or fund R&D.

Partial start-up funding has been provided by the U.S. Department of Energy.
Additional funds come from several state governments, industry, in-kind
contributions from Regional Lead Organizations, and PTTC regional and
national activities. The Board of Directors is comprised of producers from ten
PTTC regions, with a representative from the Independent Petroleum
Association of America, Gas Research Institute, the Interstate Oil and Gas
Compact Commission, a major oil or natural gas producing company, a major
service/supply company, and one representative each from the three main
professional societies. The PTTC Board is supported by a beadquarters staff.
In each PTTC region, there is a Producer Advisory Group (PAG) and a
Regional Lead Organization (RLO), operating under contract.

Building on the new paradigm in technology transfer, the PTTC's approach is
customer-driven. Problem Identification Workshops have been held in all
regions to allow producers to identify problems, and set regional technology
transfer priorities. Focused Technology Workshops are being held around the
country to provide producers with cost effective solutions to priority problems.

PTTC Resource Centers in each region provide inter-disciplinary technical
assistance and referrals. The centers have computer equipped facilities with
access to data, analytical software, and technology information. PTTC also has
many other outreach efforts in the form of Newsletters, information systems,
technical forums, on-line surveys, feedback mechanisms, and regional user
groups.
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West Coast PTTC- Staff Contacts

Prof. Iraj Ershaghi — Regional Director
ershaghi@archie.usc.edu

Telephone: (213) 740-0321

Fax: (213) 740-0324

Dr. Hooshang Kharabaf — Manager
hooshang@archie.usc.edu
Telephone: (213) 740-8076

Fax: (213) 740-7982

Ed Mayer — Consultant
Telephone: (818) 796-4437
Fax: (818) 683-3047

Herman Schaller -- Consultant
Telephone: (619)721-8033
Fax: (619)721-8033

Shahed Meshkati — Consultant
smeshkat@bcf.usc.edu
Telephone: (213)740-0016

Fax: (213)740-7982

Eva Tam - Administrative Budget Assistant
evatam@archie.usc.edu

Telephone: (213) 740-0322

Fax: (213) 740-0324

Maria Valenzuela — Secretary
Telephone: (213) 740-8076
Fax: (213) 740-7982

Yusuf Ansari — Web Master
shiekans@scf.usc.edu

Dharmen Shah — Graduate Student Assistant
dharmens@scf.usc.edu

76



i

LL

TSmOt TuY LU ASVHVMAYY WLtV £AMY IOVLD

3 11 |

PTTC West Coast Resource Center Advisors

Brown, Susan

California Energy Commission

Telephone: (916) 654-4873
Fax: (916) 654-4559

i
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Clarke, Don

City of Long Beach
Telephone: (310) 570-3915
Fax: (310) 970-3922

Gilbert, David

CIPA

Telephone: (805) 633-3119
Fax: (805) 633-3191

email: dgcipa@aol.com

Hara, Scott

Tidelands Oil Production Co.
Telephone: (310) 436-9918
Fax: (310) 495-1950

Hesson, Bruce

CDOGGR

Telephone: (310) 590-5311
Fax: (310) 590-5301

Kennedy, Jeff
MMS

1171896 7:59 PM
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Telephone: (805) 389-7700
Fax: (805) 389-7737
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Fude " Fuglad Tl

Kramer, Dan

CIPA

Telephone: (916) 447-1185
Fax: (916) 447-1144
email: dak @cipa.org

Mayer, Ed

Consultatnt

Telephone: (818) 796-4437
Fax: (818) 683-3047

McBride, Kent

CCCoGP

Telephone: (805) 635-0556

Fax: (805) 635-0558

email: concom@bak2.lightspeed

Paul, Robert

MMS

Telephone: (805) 389-7702
Fax: (805) 389-7637

Santiago, Ed
CDOGGR

Phone: (310) 590-5301
Fax: (310) 590-5301

Schaller, Herm

1171806 7:59 PM
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Consultatnt
Telephone: (619) 721-8033
Fax: (619) 721-8033
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Syms, Harold

MMS

Telephone: (805) 389-7710
Fax: (805) 389-7737

Voskanian, Armen

MMS

Telephone: (805) 389-7710
Fax: (805) 389-7737

Voskanian, Marina

SLC

Telephone: (310) 590-5291
Fax: (310) 590-5295

email: vosskanm@slc.ca.gov

Willard, Al

SLC

Telephone: (310) 590-5207
Fax: (310) 590-5210

Yuen, Dexter

SLC

Telephone: (310) 590-5419
Fax: (310) 590-5295

email: ynend@slc.ca.gov

1171886 7:59 PM
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PTTC West Coast Resource Center

Mr. John Benton - Ex Officio

Technical Manager
PTTC

1801 Broadway

Suite 1120

Denver, CO 80202
Phone: (303) 293-9933
Fax: (303) 295-0065
E-matl: jbenton@pttc.org

i 3 3 3 1 3 3

Producer Advisory Group
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Mr. Charles A. Champion

Tower Petroleum Corporation
1556 E. Victoria St.

P.O.Box 4505

Carson, CA 90749

Phone: (310) 638-4588

Fax: (310) 638-1345

E-mail:

Mr. James C. Hall - Chairman

President
Drilling & Production Company
P.0.Box 4120

2323 Border Ave
Tavwanca A QNRAT

11/18/86 7:59 PM
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Phone: (310) 328-2405
Fax: (310) 328-2407
E-malil:

"'Ezllww

Jedud gengT  Fnt

Mr. Mark S. Kapelke - Vice Chairman

Vice President of Engineering
Tidelands Oil Production Company
301 E. Ocean Blvd, Suite 300
P.O.Box 1330

Long Beach, CA 90801

Phone: (310) 436-9918

Fax: (310) 495-1950

E-mail:

Ms. Deborah Rowell - Ex Officio

Executive Director
PTTC

1101 16th Street, N.W,
Suite 1-C

Washington, DC 20036
Phone: (202) 785-2225
Fax: (202) 785-2240
E-malil:

Mr. Philip L. Ryall

Chairman

Stockdale Oil & Gas, Inc.
1400 Easton Drive

Suite 135A

Bakersfield, CA 93309
Phone: (805) 327-5505

11/18/96 7:59 M
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Fax: (805) 327-8016
E-mail:

bt se pduldentinegeng/Pan b

Mr. James R. Weddle

San Joaquin Energy Consultants
1400 Easton Drive

Suite 133

Bakersfield, CA 93309

Phone: (805) 395-3029

Fax: (805) 395-0724

E-mail:

Mr. Kevin G. Williams

Corporate Accounts Manager

BJ Services Company

11927 Greenstone Ave.

Santa Fe Springs, CA 90670-4724
Phone: (310) 903-7892

Fax: (310) 903-7895

E-mail:

11/18/96 7:59 PM
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Report from Previous Problem ID Workshops

(The following is a report of information prepared by the Petroleum Technology Transfer
Council (PTTC) and submitted to the U.S. Department of Energy through its management
and operating contractor, BDM-Oklahoma Inc., as part of PTTC's partnership in oil and
gas technology transfer with DOE)

Executive Summary

The Petroleum Technology Transfer Council (PTTC) is a national non-profit
organization that serves as the technology clearinghouse for the oil and natural
gas exploration and production industry -- mainly indeperdents. Its mission is
to accelerate the flow of technology information to producers and to provide
input to the technology and research and development (R&D) community
about the technical problems, needs, and priorities of petroleum producers.

To help focus future technology transfer efforts on the industry's highest
priority national and regional needs, PTTC -- together with its regional lead
organizations, the Texas Independent Producers and Royalty Owners
Association (TIPRO), and the Kansas University Energy Research Center
(KUERC) -- has conducted 32 "problem identification workshops" in ten oil
and gas producing regions of the United States. The results of these
workshops, held between 1991 and 1995, are being made available to the
industry technology and service companies, and the R&D community. This
should help accelerate public and private research and

technology transfer efforts toward the highest-priority areas.

The results of these workshops identify a broad array of technical barriers,
technology needs, and related concerns in all categories of petroleum
exploration and production (E&P) operations in all producing regions of the
nation. In many of these areas, technologies and solutions already exist that can
be brought to bear to address the problems under current economic conditions.
In some cases these technologies need to be improved to increase their
efficiency or reduce their costs.

These findings underscore a clear and fundamental message previously voiced
by technology transfer studies of the Interstate Oil and Gas Compact
Commission (IOGCC), the National Petroleum Council (NPC), and numerous
other organizations. That message is that current technology transfer
mechanisms have not been able to increase the awareness, use and adaptation
of cost-effective technologies by vast segments of the oil and gas producing
industry, and especially independent producers.
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The results of PTTC's regional problem identification workshops indicate
technology marketing efforts of service and supply companies should take into
account specific regional needs. The PTTC, NPC and IOGCC studies reveal
significant problems yet to be addressed by private-sector technology
providers, especially in the area of providing education for the application of
the technologies. The value of outreach programs similar to PTTC's regional
resource centers (combining private sector, state and federal government, and
university efforts) is clearly demonstrated.

These findings make it clear that investments must continue to be made in
public, private and collaborative R&D for the technologies of tomorrow.
Perhaps even more strongly, these findings demand that the industry, public
and private funders of research, and commercial providers of technology need
to invest in a more targeted and aggressive course of technology transfer. The
mission of technology transfer efforts must be to accelerate and expand
producers’ awareness, understanding, access to, and acceptance of current and
emerging technologies that are cost-effective. With technology transfer,
industry can apply technologies to improve exploration successes, detect
bypassed and unswept resources, replace and add new reserves, extend the
economic life of marginal wells, defer abandonments, and enable the maximum
economic production of America's oil and natural gas resources while
protecting the environment. Without effective technology transfer, the full
value of our public and private sector investments in R&D may never be
realized.

In this report, the results of the PTTC workshops have been categorized and
presented according to major areas of industry oil and gas E&P operations.
These include exploration, reservoir management, drilling and completion,
production, and environmental protection and compliance. The results also
address specific producers’ needs for cost-effective environmental regulation
and improved technology transfer functions.

In summary, the findings of the PTTC workshops identify several broad
problems and needs, including:

Inadequate well and reservoir level geologic and production data, case studies,
and analogs to enable effective analysis and implementation of existing and
emerging technologies. (Example: Significant lack of production histories,
completion data and well records in Appalachian Basin.)

Insufficient producer access to or awareness of regulations and requirements
for environmental compliance and associated financial liabilities. (Example:
Operators in Pennsylvania were not provided adequate information and
training in preparing operating permits for the new air quality compliance
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regulations. In addition, the EPA bonding requirements for underground
injection permits are onerous and inflexible.)

Insufficient availability of or awareness of tools, technologies, and approaches
for cost effective environmental protection and regulatory compliance.
(Example: Although no specific example exists, the proliferation of various
government rules and regulations from a multitude of agencies makes
compliance a difficult task regardless of locale.)

Inadequate producer awareness, and understanding of and access to advanced
seismic and remote sensing technologies for exploration and reservoir
development. (Example: Operators in the Midcontinent and Rockies have not
been well-informed about applications of advanced seismic techniques. It is
Iikely that these technologies may be more useful and cost-effective than is
currently perceived by smaller regional producers.)

Insufficient awareness of availability, performance, and economics of improved
drilling and completion technologies such as horizontal drilling, coiled tubing,
slimhole, air drilling and extended reach drilling. (Example: Operators in the
Rockies have expressed a desire to know how to determine if their fields might
be candidates for horizontal drilling and if so, what are the most cost-effective
methods.)

Need for cost-effective, environmentally safe technologies to manage water
channeling, reduce water cut, increase recovery, and address related corrosion,
scale, and other problems. (Example: Operators in the LA Basin are not aware
of recent advances in gel technologies that may help reduce the producing
water cut from older, mature waterfloods and water-drive Ieservoirs.)

Inadequate education in and understanding of applications of reservoir
management, logging, simulation, and characterization tools. (Example: A
number of producers in the Midcontinent and other regions have expressed a
desire to learn more about how to make effective use of simulation software
published by the Department of Energy. The documentation that exists is not
easy to understand and can lead to misapplication of the software.)

Inadequate awareness, applications, performance, and economics of currently
available technologies and operating approaches to remediate well, reduce
operating costs, and improve or sustain economic production, including
primary, secondary, and improved oil and natural gas recovery technologies.
(Example: Producers in Wyoming, Kansas, Louisiana and other states where
large numbers of wells are electrified would benefit greatly from improvements
in artificial lift mechanisms that would decrease electricity usage. Operators in
Texas could benefit from additional knowledge in cost-effective fracture-
treatment design.)
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A need for improved technology transfer mechanisms to inform producers
objectively about the availability, application, history, potential costs and
benefits, and potential performance of technologies that address their priority
problems and needs. (Example: This problem is so widespread that a specific
example is not too useful. In general, the initial willingness to accept and utilize
a technology is determined by the number of case studies presented that clearly
demonstrate its usefulness.)

These results, defining needs and regional priorities of producers, have been
compared and correlated with two other recent studies on R&D Needs by the
NPC and the Research Committee of IOGCC. Where these studies overlap, the
findings are mutually supportive. The NPC and IOGCC studies independently
validate the findings of PTTC. The PTTC workshops, however, identified

many specific technology needs and regulatory concerns that were not
identified by either of the other two reports.

The PTTC problem identification process built on regional technology forums
conducted earlier by TIPRO and KUERC, before the PTTC's formation. The
analysis of the PTTC problem identification workshops presents the needs of
producers not only by category, but also by region and regional priorities. This
report provides a highly valuable tool to be used by America's research
institutions and technology providers to target focused technology transfer
efforts to the specific topics and regions where they are needed the most.
PTTC urges them to respond through the PTTC network to meet the urgent
needs of the industry and the nation.
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Table 1

Locations and Dates of PTTC Regional

Problem Identification Workshops
PTTC Region Workshop Location ~ Workshop Date
Appalachia Morgantown, WV May 16, 1995
North Canton, OH September 6, 1995
Ashland, KY September 21, 1995
Central Guif Lafayette, LA November 1, 1994
Shreveport, LA November 29, 1994
Eastern Gulf Jackson, MS August 22, 1995
Midwest Mount Vemon, Il October 14, 1994
Grand Rapids, MI September 21, 1995
North Midcontinent *  Wichita, KS 1992-93
Chanute, KS 1992-93
Liberal, KS 1992-93
Hays, KS 1992-93
Great Bend, KS 1992-93
Recky Mountains Denver, CO June 21, 1995
Casper, WY August 17, 1995
Billings, MT October 3, 1995
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Table 1 Continued

South Midcontinent  Norman, OK January 28, 1995
Okmulgee, OK March 21, 1995
Southwest Farmington, NM August 24, 1994
Roswell, NM August 30, 1994
Hobbs, NM August 31, 1994
Texas ** Wichita Falls, TX 1991
San Antonio, TX 1991
Midland, TX 1991
Longview, TX 1991
Houston, TX 1991
Dallas, TX 1991
Amarillo, TX 1991
Abilene, TX 1991
West Coast Long Beach, CA September 12, 1995
Bakersfield, CA September 13, 1995
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Case Studies of Successful Horizontal and
Multilateral Drilling

Dr. George Cooper
University of California, Berkeley
Lawrence Berkeley National Laboratory
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Abstract

n A course of exercises has been developed that trains the
student in the different steps involved in discovering and
evaluating the economic worth of an oil field. The objective
. 1is for the course to act as a link for several different aspects
of petrolenmn engineering - seismic analysis, drilling and
completion, logging, well testing, reservoir evaluation and
economic analysis - that the student has been taught in detail

' in the specialist courses that he/she has attended during the

course of his/her petroleum engineering education.

To do this, a fictitious oil field has been invented, and its
details incorporated into a simulator that allows drilling,
logging and other operations to be carried out so that the
student gradually leams about the properties of the field
during the course of a series of "hands on" exercises. Once
the investigation is complete, the student has enough
information to make an economic evaluation of the field, and
is in a position to determine the necessary economic criteria -
' investment required. net present value, return on investment
etc. - that will allow the "company” owning the lease to
decide whether to go ahead with developing the field.

~ Introduction

Petroleum Industry Technical Managers have often expressed
" the view that although new engineering graduates entering
the industry from a university have extemsive technical
knowledge it tends to be held in isolated blocks that reflect
™ the disciplines in which it was taught, rather than being
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available as a means for solving:problems that require the
combination of information from several different sources.
For example, although the graduate may have an extensive
knowledge of fluid mechanics, electrical engineering and
materials science, he/she has never been exposed to the
process whereby elements from each of these disciplines are
brought together to make an efficient and effective design for
an electric pump.

With this in mind, we have developed a course for
petroleum engineering students that guides the student
through various steps that are involved in discovering and
evaluating a petroleum reservoir. The course consists of a
series of eleven exercises, each of which deals with a
different engineering topic, and which together lead from the
early discovery of the field through to the decision to develop
it or not. The exercises make extensive use of a computer-
based drilling simulator (1) that allows a "hands on" feel so
that, for example, the costs of drilling a well are partially
determined by the skill of the student in controlling the
drilling process. The simulator also allows wells to be
logged so as to get information on the extent and type of
hydrocarbons in the well, and the porosity and water
saturation of the surrounding formations.

Since each exercise deals with a separate area of
knowledge, but only comprises less than ten percent of the
course, it is not possible to treat each area with the degree of
detail that it might need for the student to understand it fully.
Instead, only the material necessary to solve the immediate
problem is presented, and it is left to the student to research
the necessary background. Indeed, it is hoped that by the
time the student is taught this course, he/she will already
have taken a range of specialty courses in drilling, logging,
reservoir engineering and so on, and the background material
should already be entirely familiar. In this way, the course
will fulfill its intended function, to act as a "capstone"
experience, where knowledge from all the separate specialty
courses is brought together in a logical whole.

In order to make the material transportable between
different instructors, it has been assembled in the form of an
instruction manual with printed versions of the exercises and
their solutions, together with the necessary software.
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Construction of the oil field

The field to be evaluated is loosely based on the Railroad
Gap field in Kemn County, Califomia (2, 3). The field
geology is in the form of an elongated dome. It contains two
reservoirs, one vertically above the other. These are the
“Cameros" and the "Phacoides" reservoirs, that are,
respectively about 6,400 x 2,000 and 6,400 x 1,800 ft. across
at their oil-water contacts. Both have gas caps. The
Carneros reservoir top is at approximately 5,858 ft depth,
while that of the Phacoides is at 7,754 ft. To simplify the

calculations, the strata were made to have the form of an

inverted parabola along the narrow axes of the reservoirs, and
to be straight in the orthogonal direction. To obtain closure,
it was postulated that there is a "fault” that allows one half of
each reservoir to dip down at seven degrees from the fauit in
a north westerly direction, and at ten degrees down from the
fault in the south easterly direction. Fig. 1 shows a
representation of the sealing layer on one half of the
Carneros reservoir.

The device of choosing a field with two reservoirs that are
broadly similar but not identical helps the teaching process,
as in many of the exercises, the student can be shown a
worked example for one reservoir, and then be assigned a
parallel exercise on the second reservoir as homework.

In order to make a meaningful project, all the physical
propetties of the field had to be made self-consistent as far as
possible. This means that, for example, the depths of various
features seen on the seismic sections have to correspond in
depth with those that are encountered while drilling. This
includes the intervals between hard and soft drilling strata,
that can also be "seen" in the seismic sections, the position of
an oil-gas contact that appears both in the logging data and
the seismic sections and so on. It was also essential that the
depths of the various reservoir cap rock strata, and the depths
of the oil-gas and oil-water contacts have to correspond in
each of the wells that the student drills so as to allow the
determination of the extent of each reservoir and its
geometry. More subtle effects had to be included. For
example, the physical chemistry of the oil and gas in each
reservoir had to be consistent with the density, phase

™ behavior and flow characteristics of the fluids as "reported”

in the well tests. and as needed for calculating reservoir
engineering data such as the oil-gas ratio, the oil formation

™ factor and the likely recovery.

™

This need for self-consistency frequently required the
exercises to be constructed in a "first backwards, then
forwards” manner, i.e. to get a self-consistent answer, it was
necessary to start from a desired, physically reasonable
answer. to work back to the geological or other conditions
that would produce that answer, and then develop the
teaching exercise in the "forward" direction, knowing that the
answer to be obtained would be of the correct magnitude.
This applied not only to issues of the physical chemistry of

™ the reservoir fluids mentioned above, but also, for example,
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to the assignment of values for the rock strength and
abrasivity, the properties of drill bits and the drilling rig
rental rates that would allow the finding of “reasonable” lives
for drill bits, and reasonable costs for drilling and logging
each well.

Finally, efforts were made to bring an element of
challenge into the exercises. This was done by introducing a
degree of choice on the part of the student. This could easily
be done, for example, in some of the drilling exercises where
the students are free to choose the drilling parameters. casing
depths and so on in an attempt to minimize the cost of each
well. Unfortunately, there are limits to this process if the set
of possible "solutions to exercises” is not to expand without
limit. '

The Exercises

We now briefly describe each of the exercises in order to
indicate the range of activities that are covered and the
sequence of operations that lead to the economic evaluaiion
of the field.

Intreduction. The first exercise serves as a frame and
introduction to the course. The lease boundaries are set as a
rectangle of sides 12,000 ft in an east-west direction by 8.000
ft north-south. This defines a local coordinate system to
which all field operations subsequently refer. There is a
description of the regional geology that mentions a series of
folds whose dips run approximately NE-SW, and “reports of
oil strikes™ in adjacent leases.

Seismic exercise. Based on the existence of the folding, a
seismic section running approximately NE-SW (i.e. along the
direction of folding) is authorized and obtained (Fig 2). This
shows a clearly defined anticline, and in the center. the
horizontal trace of an oil-gas contact. The students are
expected to recognize this, and then, using some information
on the average speed of sound as a function of depth. to find
its approximate depth. They must also estimate the lateral
extent of the contact, infer which reflector is the sealing
layer, and then estimate the depth to the top of the reservoir.

Having found strong evidence for the presence of
hydrocarbons by virtue of the gas-oil contact, "authorization
is obtained” to make another seismic section, orthogonal to
the first, ranning through the highest point of the anticline.
This reveals that the strata in this direction are unfolded, but
that closure is obtained by a fault that causes the strata to dip
down at seven degrees to the north west of the fault, and at
ten degrees toward the south east of the fault. Again,
evidence for the gas-oil contact is found, consistent with the
data from the first section.

This allows an approximate mapping of the extent of the
gas cap on the Cameros reservoir, and a request for
authorization to drill a wildcat well.
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Planning the Wildcat. Exercise three requires the student to
estimate the cost of drilling the wildcat well. Compiling an
AFE is a difficult exercise to make interesting, as the student
has to be told how much each operation or type of goods
costs, and it is not easy to make the exercise more
challenging than the task of entering data into a spreadsheet.
Nonetheless, there is scope for the instructor to discuss how
rig rates, for example, might vary between different
locations, how many drill bits of each size might be needed,
and how severe the environmental constraints might be.
Alternatively, students may be asked to estimate all values
for themselves by calling local oil companies, although the
scope for variability is very large. These data may be used to
start a useful discussion on the relative costs of operations in
different parts of the world.

Drilling the Wildcat. This exercise uses the drilling
simulator to drill a wildcat at the intersection of the two
seismic lines. A typical depth-time plot generated by the
simulator is shown in Fig. 3. The lithology corresponds to
that "seen” in the seismic sections, and allows a correction to
the speed of sound in the strata as a function of depth. It also
allows an accurate identification of the depth of the Carneros
reservoir. Logging the well allows the discovery of the
Phacoides reservoir, whose existence until now was only
hypothetical.

The exercise also serves to instruct the students in the
choice of casing depths. Initially, the only objective is to
drill the well to as great a depth as possible. To this end,
each casing is set as deep as it can be. However, once the
depth of the Phacoides reservoir is known, and it is decided
to drill no deeper than that. an improved casing design can be
developed. based on a "bottomn up” design that sets each
casing only as deep as it needs to be to reach TD. This
results in the casing costs dropping from $648.000 to
$516.000. .

Once the casing plan is fixed. each section of the well can
be drilled repeatedly while experimenting with different
choices of drill bit. mud and hydraulics parameters, and
operating parameters. With a little perseverance. the student
will see the cost of the well drop from about $ 1.2 million to
$.836.000.

Casing and Drill String Design. This exercise concentrates
on the design of the drill pipe and the casings required in a
typical well in this field. The design could be carried out for
the wildcat well. but by now the project team will have
decided that they must drill some evaluation wells to check
the extent of the reservoir. The simulator is therefore used to

™ drill and log another well. and this is used for the casing and

drill pipe design exercises.
The casing designs follow a simple methodology based on

™ resistance to collapse, burst and tension. Fig. 4 shows the

design diagram for the 13 3/8" casing. The required design
parameters are derived from the well data as it is drilled. In a
similar manner, the strength necessary for the drill pipe is
calculated for each section, based on depth and hole
diameter. The latter, of course, determines bit size and thence
the number and weight of collars required.

In each of these operations, the student is given the
design method and a worked example for one section of the
well, and is then asked to make a design for another section.
There is thus always an example to follow.

Cementing. In a similar manner, the next exercise concerns .
the design of a cementing operation. Another well is chosen -
for this purpose, with the objective of accumulating
additional information concerning the reservoir on the wav.
As in the case of the previous exercise, the cementing
exercise proceeds by giving an example of the calculation for
the 20" casing, and the student is asked to follow that
example to design the 13 3/8" casing cement job (Fig.5).
Again, the student is required to log the well and thereby
gather important information on the reservoir properties.

Logging. The course now turns away from drilling
engineering towards logging and reservoir engineering. The
next exercise requires the student to evaluate the log data
from a new well and combine it with information obtained
during the drilling of the wildcat and other wells. The
student must first examine the logs of. the four wells that were
drilled so far to determine the heights of the reservoir tops
and the oil-gas and oil-water contacts. Next he/she must
interpret the wireline data to determine porosity (obtained
directly from the logs) and hydrocarbon saturation. In the
latter case, a simple method is used employing Archie's law
(4), and assuming that the lower part of each reservoir (the
water zone) has no oil saturation so as to be able to determine
the water salinity. No corrections are applied for changes in
temperature, “shaliness” or other effects that are required in
more sophisticated evaluations. The porosity and
hydrocarbon saturation information gathered from this
exercise will later be used to estimate the gas and oil initially
in place.

The Well Test. The well test is an essential part of the
reservoir evaluation process. The student is told that a well
test has been carried out on the wildcat well, and is given the
pressure-time data (Fig 6). A brief summary of the theory of
the drawdown test is given, although it is assumed that the
student is already familiar with one or more of the classic
texts on this subject.

The student is expected to analyze the test results. and to
derive values for the skin and permeabilities from the early-
time (transient) data, and the drainage area and the Dietz
shape factor (5), from the semi-steady state results. As usual,
the exercise takes the form of a worked example, in this case,
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using the data from the Carneros reservoir, while the student
is expected to solve the equivalent problem for the Phacoides
reservoir. The method employed is very similar to that given
by Dake (6).

Solution of this exercise gives the important results that
for the Cameros reservoir, the permeability, at 25 mbD, is
sufficient to produce an adequate flow if we instail
production wells, and the drawdown area is about 30 acres,
thus indicating that the wells can be spaced a reasonable
distance apart. The comresponding data for the Phacoides
reservoir are 0.25 mD and 9.3 acres, which make a less
attractive prospect.

Oil and Gas in Place. The next essential step is to
determine the overall dimensions of the Cammeros and
Phacoides reservoirs, and to calculate the oil and gas in
place. To do this, the student must drill and log a number of
delineation wells, making a total of thirteen in all, that will
give an adequate view of the geometry of the reservoir. It
would of course be possible to have the student drill each of
the wells using the simulator, but by now it is assumed that
he/she has had enough exercise in drilling, so the positions of
the reservoir tops and gas-oil and oil-water contacts are
simply tabulated. From this information, and the known
positions of the delineation wells on the lease map, the
student must determine the shape of the reservoir and the
volume of hydrocarbons. It would be possible to do this by
drawing a series of contour maps, but since our reservoirs
have a very straightforward geometry, we can make the
simplifving assumption that they can be approximated to
parts of cones on an elliptical base (Fig 1). This allows the
student to carry out an exercise in solid geometry, and to
determine the reservoir volumes analytically.

Having found the volume of the gas and oil parts of each
of the reservoirs, and knowing the porosity of each reservoir,
the student must determine the volume of gas under standard
conditions. and the stock tank oil initially in place (STOIIP).

These calculations use data concemning the known
pressure, temperature and molecular composition of the gas
and oil phases in the reservoir, all of which are given to the
student as "data obtained from lab tests". However, the lab
test data are not fully reduced. so the student must actually
calculate pseudo critical temperatures and pressures, the
solution gas-oil ratio, the oil formation factor and other
values from the lab data.

Economic Analysis. At this point. the student has sufficient
information to make an assessment of the economic worth of
the two reservoirs. This is simply carried out by making a
spreadsheet analysis. Input information includes the number

" of wells that will be needed to drain the reservoir, and the

cost of each well. The total number of wells (13) is based on
the calculated drainage area of each well, (derived from the
" analysis of the drawdown test). However, the student will

103

have to take into account that four of those wells miss the
Cameros formation, and 7 miss the Phacoides formation.

Ultimate recovery is estimated from Arps's correlations
(7), taking into consideration the physical properties of the
oil- and reservoir rocks as well as an assumption that the
reservoir is pressurized by solution gas. a gas cap and an
active water drive from below.

An assumption must be made as to the likely productivity
of each well, and this can again be derived from the well test
data. It is further assumed that after the go-ahead is given.
the necessary. production wells can be drilled in two years.
Finally, the cost of the wells is obtained from the results of
the drilling exercises. These are estimated to cost one .
million dollars each.

Various economic assumptions must now be made.
concerning the rates of interest and inflation, tax rates and so
on. From these data. a spreadsheet can be constructed to
show any of the common economic yardsticks sach as Return
On Investment (ROI), Net Present Value (NPV). Discounted
Profitability Index (DPI) etc. Graphs can also be constructed
to show cash flow as a function of time (Fig 7) and other
data.

Naturally, however, it is a simple matter to change values
in the spreadsheet to investigate the results of changes in the
financial parameters such as the rates of inflation and
interest. It is also instructive to investigate the merits of
making changes to the investments in the field. by, for
example, increasing the number of wells to increase the
production rate. Each of these proposals can be simulated by
making adjustments to the spreadsheet and then discussed by
the class. .

Conclusions

The above notes give a brief overview of a training course
that covers most of the technical elements involved in the
discovery and evaluation of a typical oil field. Since the
course was designed to fit into the time available in a typical
university semester. it has not been possible to enter into as
much detail as may be applied in the evaluation of a real
reservoir in the industry. However. it was not the purpose to
go into exhaustive detail in each technical field. Indeed. it is
hoped that students taking this course will already have
greater knowledge of the basic petroleum engineering
disciplines than are treated here.

Rather, the objective has been to bring together the
components in a way that illustrates the influence that each
brings to the other, and to illustrate the sequence of
operations that is necessary in the rational development of an
oil field. In addition, it is hoped that the use of computer
simulation. the ability to try different scenarios and to learn
by trial and error will prove interesting and challenging to
future students.
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Fig. 3 Typical depth-time simulator screen. showing the drilling control panel and diagnostics windows. the depth-time plot. the
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Fig 4. Casing design diagram for a 9 5/8" casing.
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™ Pressure Drawdown Test Data
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Abstract

An interactive program has been constructed
that allows a student or engineer to simulate
the drilling of an oil well, and to optimize the
drilling process by comparing different drilling
plans.

The program operates in a very user-friendly
way, with emphasis on menu and button-
driven commands. The simulator may be run
either as a training program, with exercises
that illustrate various features of the drilling

process, as a game, in which a student is set a

challenge to drill a well with minimum cost or
time under constraints set by an instructor, or
as a simulator of a real situation to investigate
the merit of different drilling strategies.

It has three main parts, a Lithology Editor, a
Settings Editor and the simulation program
itself. The Lithology Editor allows the student,
instructor or engineer to build a real or
imaginary sequence of rock layers, each

Figures and References at end of paper. 108

characterized by its mineralogy, drilling and
log responses. The Settings Editor allows the
definition of all the operational parameters,
ranging from the drilling and wear rates of
particular bits in specified rocks to the costs of
different procedures. The simulator itself
contains an algorithm that determines rate of
penetration and rate of wear of the bit as
drilling continues. It also determines whether
the well kicks or fractures, and assigns various
other "accident” conditions. During operation,
a depth vs. time curve is displayed, together
with a "mud log" showing the rock layers
penetrated. If desired, the well may be
"logged"”, casings may be set and pore and
fracture pressure gradients may be displayed.
During drilling, the total time and cost are
shown, together with cost per foot in total and
for the current bit run.

A demonstration version of the program is
available on the World Wide Web at the
Berkeley Petroleum Engineering Page. Its
current address is: msel6.mse.berkeley.edu
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Introduction

Various types of equipment have been
developed in recent years to simulate the
drilling of hydrocarbon wells for training,
operational or research purposes. Some
simulators include elements of "real" drilling
hardware, in which the operator controls the
simulator via a realistic brake, throttle and
other controls, and sees the output of the
simulator displayed on gauges and meters that

" . are typical of real drilling equipment (1, 2).

This type of simulator is mainly intended for
the use of rig personnel, often to train drillers
in the techniques of dealing with kicks or
blow-outs. Its principal intention is to give as
real an impression as possible of the situation
on the rig floor.

Other types of simulator have been more
directed towards simulating the drilling of a
particular well, in order to optimize the
drilling process or to predict the effects of
changing the operating parameters (3, 4). In
these simulators, the objective is more to
make an accurate simulation of the drilling
process within the computer, and to examine
the results in terms of numerical output, than
to generate a realistic "real time" response for
the driller. It should, however, be noted that
such simulators have been used to model and
optimize the drilling of specific wells as they
are being drilled, and also in the design of rigs
(5) and rig equipment (6). Probably the greatest

~ use of drilling-related simulators has been to

model well kicks (7 - 10).

. A disadvantage of the first type of simulator is

that, since the intention is to make an accurate
material simulation of the real life situation,
the equipment is necessarily bulky and
expensive, and although portable versions of
such equipment are available, the more
portable they are made, the less "realistic” they
become. Simulators of the second type, that
are intended to make simulations of specific
real wells, are inevitably very complex in the
way that the simulation program is
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constructed, since the main objective in using
them is to make an accurate model of the
entire drilling process. This requires the
specification of a large number of input
parameters, from the properties of the rocks
being drilled to the mechanics of the drilling
process, the properties of the drilling fluid and
many other factors. This complexity has
meant that such simulators are only used
when substantial resources are available to .
determine the set of input parameters that are
required, and skilled personnel are available as
operators.

We have taken a third approach, in which the
objective has been to make a simple simulator
that is above all easy to use, and that conveys a
realistic "feel” to the operator while being
entirely within the computer. This has meant
constructing a drilling model that, while being
adjustable so that many different drilling
situations can be reproduced, gives a physically
reasonable and easily understood response
under almost any conditions that are applied.
It has also required the construction of a
simple, intuitive and largely visual user
interface, with the objective of making the
simulator attractive to the operator.

Overall layout of the simulator

When the simulator is used as a teaching tool,
it reproduces the behavior of a drilling rig
under sets of conditions that allow the trainee
to observe and react to the response as he or
she changes the operating parameters. In this
mode, the simulator calculations start from a
defined compilation of the properties of the
rocks to be drilled (the Lithology), and the
output is their drilling and log responses. It is
therefore different from some field simulators
that work in the opposite sense, whose
purpose is to infer the formation properties
from the measured drilling and log data.
Further, the simulator usually does not
calculate or suggest what should be done to
optimize the drilling operation, since a major
teaching objective is to make a trainee
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engineer learn how to carry out such
optimizations by him- or herself. The
simulator thus differs from some other
simulators that have been developed to help
field engineers calculate answers to particular
engineering problems. Such simulators tend
to be of the type in which once all the
necessary parameters are input, the simulator
outputs a "recommended course of action” or

‘value without necessarily explaining why.

The instructional value of such simulators is
therefore much more limited. -

If the simulator is to be used to optimize a real
field operation, it must first be used to deduce
the properties of the rocks that are being
drilled. This is done essentially by running it
“in reverse" i.e. setting the simulator

‘operating conditions to match field conditions,

and then "tuning" the rock and other
properties so that the simulator response
corresponds to the field results for the known
field conditions. Once the simulator is tuned
to reproduce this response, the operating
conditions may be changed to investigate a
range of "what if" scenarios in order to
optimize the field operation.

User interface

In designing the user interface, we have aimed
for simplicity. We have also tried to prevent
the operator entering unrealistic values of the
operating parameters, and generating
"impossible" results. The operator choice is
therefore limited by various means, for
example, when selecting weight on bit, rotary

.speed or mud flow rate, the value is input via

a slide bar whose upper and lower limits
cannot be exceeded. When the operator has to
choose the bit type and diameter, the nozzle
sizes and similar parameters, the choice is
frequently made via "radio buttons" that allow
a defined choice of options - for example, the
nozzle sizes have to.be in integral 1/32"
increments (see Fig 6, for example). Other
parameters can only be input in selected
ranges. Alternatively, the operator is warned
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that values exceeding certain limits are
unacceptable. In this way, even a novice
operator is more or less guaranteed of
obtaining a physically reasonable response.

Output is largely graphical, with the main
result being a depth-time curve that plots the
progress of the operation. In addition, a "mud
log" is presented, showing the rocks
encountered as a function of depth as they are
penetrated, together with symbols showing
casings that have been set. Further graphs may-
be displayed that show pore fluid pressure
gradient and fracture pressure gradient, and
wireline logs may also be shown. Some data,
however, must be numerical. Thus overall
costs, cost per foot, current depth, pump
pressure and horsepower and other data are
presented numerically. Such figures are
essential for the operator to be able to make
engineering and economic calculations.

The entire operation of the simulator is
accompanied by a simple accounting procedure
that calculates total cost and time, cost per foot
for the current bit run, and cost per foot for the
entire well.

Construction of the simulator

The simulator is programmed in "C", and
runs on Macintosh computers. It is composed
of five linked modules. These are the
Lithology Editor, Settings Editor, Drilling
Simulator, Exercise Editor and "Run An
Exercise”. When the program is launched, a
window appears from which each of the above
modules can be opened by clicking the
appropriate button (Fig 1). "Help" and "Quit"
are also available. When any one of the
modules is opened, further windows appear,
with choices and actions to be taken as
appropriate.

Li Edi

This editor allows the construction of the
sequence of rocks that are to be drilled. When
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the editor is activated, a window appears
listing each of the rock layers in sequence (Fig.
2). Each layer can have its particular properties
changed, or layers can be cut, copied or pasted
as required. Parameters to be specified include
first the thickness of the layer and its
mineralogy (from a choice of five types - shale,
hard or soft sandstone, limestone or chert).
Two parameters govern the drilling response.
These are the "Softness Factor" (S) that
determines the initial rate of penetration, and
the "Wear Factor" (W) that determines the
rate of bit wear. Thus, although the choice of
rock types is limited to five "mineralogies” the
range of possible rates of penetration and wear
is very large. Next, the pore fluid pressure
gradient and the fracture gradient at the
bottom of the layer can be set; these values are
made to change linearly through the layer
from the values set at the bottom of the layer
above. In this way, any desired profile of
pressure with depth can be constructed. The
nature of the pore fluid can be set to be gas, oil,
water or "nothing” and three "wireline log"
parameters can also be set. These are a "Sonic
porosity” the "Natural gamma ray emission
value" and a "Formation resistivity". The
values are plotted against depth when the
command "log well" is activated during
operation of the simulator, and the log and
pressure graphs can be "previewed" while
constructing the Lithology Editor (Fig. 3 shows
the pressure gradient preview). Once a
suitable sequence of layers has been
constructed, it can be saved and called up
subsequently to be drilled by the simulator.

-Settings Editor

The Settings Editor allows all the operating
parameters of the rig and drilling system to be
set. There are two purposes. The first is to
allow the simulator to be tuned to match a
particular type of operation, and the second is
to govern the complexity of the simulation so
that the operator may work selectively with
particular aspects of the drilling process. Thus

11

SPE 30213

a student may start in a simple way and
increase simulation complexity as he or she
learns, or an engineer may limit the
simulation to a restricted set of parameters to
emphasize the effects of a particular set of
variables.

The choices are presented in a suite of six
windows that cover different aspects of the
simulation. One window controls. the drilling
model that lies at the heart of the simulator
(Fig 4). Here one may decide on the
complexity of the simulation by selecting or
not the different factors in the drilling model
itself. Each of these determines the response of
the model to a particular input parameter. If
all of the factors are deactivated, the model
generates a constant rate of penetration for
which changing any of the operating
parameters has no effect, and for which bits
never wear out, and all bits behave identically
in all rocks. As each factor is activated, the
model becomes more complex, with rate of
penetration and wear eventually reacting to
the specific bit, the bit size and bit nozzles
being used, the rock being drilled, weight on
bit, rotary speed, and the mud density and its
flow rate. ’

Another window in the Settings Editor deals
with the characteristics of each of the four bit
types that is available (PDC, Milled Tooth,
Tungsten Carbide Insert and Natural
Diamond). This part of the editor allows the
setting of typical rates of penetration and rates
of wear for each bit in the different rocks, and
the number, cost and size of each bit type that
is available (the latter for "missions” in which
the operator has to do his best under time,
money or materials constraints).

Other windows deal with the costs and
availability of other services, for example,
whether wireline data can be obtained, or
whether it is possible to have information on
pore and fracture pressures. Other adjustable
features concern the introduction or exclusion
of certain "accident” phenomena - for
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example, the well may be allowed to fracture
or kick, the borehole may collapse a certain
time after entering a shale if the correct choice
of mud was not made, or cones may be lost
from roller cone bits after a certain fraction of
the bit life is consumed.

Drilling Simulator

Clicking the Drilling Simulator button
launches the simulation program itself. The
display is composed of a main window, in
which are shown a depth-time plot, the "mud
log" and casing data, and some smaller
windows that allow controls to be set or output
data to be displayed (Fig. 5).

Before commencing drilling, the operator
must choose the rock sequence that is to be
drilled, and then select a drill bit. Bit selection
is made from a control panel that concerns
operations that are to be conducted with the bit
"Out of Hole" (see Fig. 5). These include
selecting or changing the bit (Fig. 6), running
and cementing casing, logging the well,
carrying out a fracture test, fishing junk and of
course "running in hole”, Having selected a
bit, the operator chooses "run in hole", which
closes the "Out of Hole" control panel and
presents the "Drilling Control” panel (Fig 7).
Here the operator sets the operating
parameters and then clicks "Start Drilling".
This starts the simulation, which then
calculates and displays a graph of depth versus
time, displays the "mud log" and calculates
and displays depth, time, cost and cost per foot,
and the mud hydraulic parameters of
standpipe pressure, pump horsepower, and
hydraulic horsepower per square inch of bit
area.

At any time the display may be scaled or
scrolled to allow viewing of specific details of
the display, and the simulation speed may be
adjusted to allow rapid drilling through
straightforward sections or slow drilling when
special attention is required.

112

G.A. COOPER, A.G. COOPER AND G. BIFIN 5

The Drilling Model

As drilling proceeds, the drilling model is
continuously calculating the state of wear of
the bit and its rate of penetration. The wear
algorithm starts by calculating a "wear factor".
The "wear factor" is the result of first
combining the two wear parameters
mentioned above, set in the Settings Editor

and the Lithology Editor respectively, that are

specific to the particular combination of bit and
rock. This result is then combined with two
factors that represent, respectively, the effects
of weight on bit and rotary speed on the rate of
wear of the bit. Both factors cause the rate of
wear to increase more than in proportion to
increases in the weight on bit and rotary speed.
Finally the combined parameter is scaled to
give a value somewhat less than unity.

The state of wear of the bit is associated with a
remaining "Life". All bits, when new, are
assigned 100% "Life". At each time step the
"Life" is multiplied by the "wear factor”, (less
than unity), that reduces the "Life" by a certain
fraction of its current value. This has the
effect of reducing the "Life" asymptotically
towards zero as time increases.

To obtain the current rate of penetration, the
present "Life" is combined with two more
factors that represent the interaction of the
particular bit with the rock being drilled, and
influence the underlying rate of penetration.
The factors are set in the Lithology Editor and
the Settings Editor respectively. The result is
further combined with factors that depend on
the weight on bit, the rotary speed and the
mud density. These operations result in the
calculation of a rate .of penetration that would
be characteristic of a bit for which the cuttings
are removed as soon as they are formed, i.e.
perfect cleaning of the workfront. At this
point, the effect of the mud flow is introduced,
and a final rate of penetration is calculated
based on the effectiveness of the mud flow in
cleaning the cuttings away from the hole

NS
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bottom. This procedure is adopted because it is
believed that the effectiveness of the mud flow
is partially dependent on the quantity of
cuttings that need to be removed, i.e. the
greater the rate of penetration, the greater the
mud flow must be to attain "perfect cleaning".
Thus it is necessary to calculate a theoretical
rate of penetration based on all the other
operating parameters before the effect of the
mud flow can be calculated. Once this is done,

_: however, the final rate of penetration for the

present timestep is known, and the distance
drilled can be calculated and added to the
depth-time plot. :

If the operating parameters are held constant,
the effect of multiplying the present "Life" by
the wear factor at each timestep is to produce
an exponential decrease in rate of penetration
with time. This function appears to be a
reasonable approximation to the behavior of
real bits operating under field conditions,
provided that the wear process is uniform.
Failure by "catastrophic” processes is not well

modeled in this way, but provision is made in

the simulator for at least one such behavior, by
allowing sudden failure by "cone loss" in
roller cone bits at a fraction of "Life"
remaining that can be set in the Settings
Editor.

As drilling proceeds, the drilling model checks
at each timestep to see if the well has kicked or
fractured, or if an uncased shale interval has

- collapsed. If any of these events occur, an

alarm message is sent to the operator. Alarms
also occur if the mud flow rate is inadequate to

lift the cuttings, or if the mud pump

maximum pressure and/or horsepower are
exceeded. If an alarm is triggered, drilling is
stopped until the appropriate remedial action
is taken.

The pore pressure gradient and fracture
gradients to the depth drilled may be displayed
at any time if these facilities have been allowed
in the Settings Editor, and their graph may be
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matched in scale to the depth-time plot, or
printed for later reference.

The drilling assembly may be pulled out of
hole at any time, and various "Out of Hole"
activities carried out. These include setting
casing and logging the well. Log data is
graphed in a similar manner to that used to
present the pressure information, and the
graphs may be matched to the depth-time plot,
and scaled, scrolled or printed as desired. It
should be noted that if the well is "logged”
after a casing has been set, the porosity and
resistivity values will not be displayed over
the cased interval, although the natural
gamma ray data is always available This
behavior is shown in Fig 8.

At any time during operation of the simulator,
a "Note" may be added to the depth-time plot
(three examples are shown on Fig 8), and the
current status of the well may be saved for
future reference or re-drilling.

Exercise Editor

This editor allows an instructor to build
specific exercises for the students or trainees.
Access to the editor is limited by the use of a
password that prevents the students from
obtaining restricted information, or from
changing the exercise parameters. To create an
exercise, the instructor follows a sequence of
operations. These are: 1) Select or create a
lithology in the Lithology Editor, 2) Set the
desired settings in the Settings Editor, 3) Set
the starting conditions for the well (the
exercise may begin in a part-drilled well, for
example), 4) Set module availabilities (e.g. is
the student allowed to examine the Lithology
or change the Settings ?) 5) Set various
exercise options (for example, printing a
"summary sheet" at the end of the exercise), 6)
Write a set of instructions, and finally 7) Save
the exercise.

"Saving" the exercise has the effect of
packaging the entire set of instructions listed

KRS
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above into a single file that the student can
run by clicking "Run an Exercise" in the
Module Chooser window (Fig 1). (see below).

Run _an Exercise

When "Run an Exercise” is selected in the
Module Chooser window, the operator is
given a choice of all available exercise titles.
By selecting a particular exercise, the complete
set of instructions, lithology and operating
parameters that were set in the Exercise Editor
are loaded into the simulator, allowing the
student to commence the exercise without
having to "set up" the simulator beyond
choosing the exercise that is to be run. In
particular, when the exercise is launched, a
window appears that displays the set of
instructions for the exercise. This may be
printed to form a reference text. In many cases,
we have made this text form a self-contained
chapter that not only explains the
requirements of the exercise but includes a
quantity of background information that will
help the student to understand the larger
context of the exercise.

Other features

The program contains various supporting
features, such as the ability to append notes to
the drilling plot, mentioned above, printing
text and graphs, a "Help" section etc. Overall,
the objective has been to make the simulator
easy to use and to understand.

Conclusions

"In this paper, we have reviewed some of the
main features of our drilling simulator
program. The main philosophy underlying
the construction of the simulator has been to
make a program that is simple to understand
and use, and in which the effects of changing
particular operating parameters are obvious.

We believe that these features will make the
simulator not only a useful teaching tool, but
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also a vehicle through which drilling
engineers concerned with field operations can
experiment with the effects of changing the
operating parameters in order to optimize
drilling operations.
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e === payZone ou oog ey raor e
-

[ RunAnExercise |

DN i

Rock Properties Fluid Properties
# Depth TH Tuype F6 S w GA Res Por Type PPE
=== —— = S i
0 080 80 S. Sand 9.70 150 2 25 6.00 35 - 8.50
1 80-2680 200 Shale §.40 110 4 125 4.00 35 - 0.5%5
2 280-290 10 H. Sond 9.35 1S 25 25 10.00 8 Mater B8.850
3 290-320 30 L'Stone 9.33 S0 12 20 8,00 12 Hater B.81
4  320-400 80 S. Sand 9.32 120 2 23 65.00 35 - 8.62
5 400-600 200  Shale 9.31 90 1 8S 6.00 40 Hater .63
6 600615 15 7 H,’Sand 9.31 100 40 30 400 18 Hater B.53:
7 6151315 700 L'Stone 9.20 60 15 20 5.00 12 Hater B8.70
8 1315-1325 10 H.Sand 9.20 10 30 30 4.00 18 Hater 8.70
9 1325-2025 700 S.Sand 9.0 W 3 33 400 2 Hater 8.90
10 2025-2075 %0 H.Sand 9,85 20 8 45  12.00 8 Hater B8.90
11 2075-2325 230 Shale  10.50 100 1 % 2.0 33 - 9.10
12 2325-2625 300 Shale 11.00 99 1 110 1.00 25 - 9.30
13 2023-2695 70 S. Sand 11,10 75 3 30 80.00 12 Gas  9.35
14 2605-2755 60 S. Sand 11,15 S0 1 25 150.00 2 oil 9.3
1S 2755-2055 200 S. Sand 11.30 %0 1 3 3.0 12 uater .38
16 20TS-3455 500 L'Stone 12.30 20 2 18 500 8 uater 9.40

Rock Type: Thickness (TH): E Gamma Rct. (6A):

Fluld Type: Rock Frac. Grad. (FG): Resistivity (Res):
Softness Factor (S): Porosity (Por):
Wear Factor (W): Fluld P.P. Grad. (PPG):

(“setiayer ] [ New Layer ] (Delete Layer )

4

=]
Figure 2: The Lithology Editor, with layer number 6 being edited.

% Pressure Prepisw S A
s opmonie]

" PorePressGrad.
—

Figure 3: Preview of the Lithology and Pressure Gradients.
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maodel settings:
[J Constant ROP [INo 8it Wear H —
: 2;:::::;0::1?::3 ::::::::: Use the following factors to .
: calculate ths drill it wear
tsgal:;reu If Use Constant BOP Is (these ere ignored If either
) No Bit Wear or Constant ROP
Bit/Rock interaction is set):
& Rotary s""': (EPM) {2 Bit/Rack Interaction
gg‘?:::::‘ wos) & Rotary Speed (RPM)
p= n:a Tae § B Weight on Bit (LVOB)
- X Mud Flow Rete
‘(X Full Hydraullcs Madel
l —
T =
|

Figure 4: The Settings Editor, with the ROP and Bit Wear Model window active.

« Fite Edit Modute Simulsticn Window
Cofepthfiime . -

. Chango Bn _ ][ - Run Cesing

Log wep ] ; {  Minifrec

Runinfole ) /(__Fishdunk

Figure 5: Overall view of the simulator layout, showing the depth vs time window and
some of the control and diagnostic windows.
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‘Cost:[$59000

Tlme:fzn_m_m‘ ik

l ODiamond - :

Bit Diameter:
@ 24"
o112t
O121/4"
oB1/2°

Q6"

Figure 6: Drill bit selection window.

[EESSssesss Drilling Control %@

[+0,000 1b

APM [& : [feorpm
6PM (&[T 2] [270 gpm

Bit: [24" PDC ; .

Mud: [9.0 ppg Bentonite/Water

Current AOP:[0.0 ft/hr

sp ]II.O psi Pump HP: IB.II HP

(" startorling ] [ Step

)

(" cnengemMud ] [ Unstick

J

Pull Out of Hole

Figure 7: The Drilling Control Panel.
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3 10,000 71 ;|

Time Scale: | 1.000 hrs v

Depth Scale:
e

Note

6000 14 5 ? 000l 18

Figure 8: The Depth-Time window with the Well Log window superposed.
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Recent Advances in Estimation of Porosity
and Detection of Hydrocarbons in Cased
Holes

Dr. Dan Moos
Stanford University
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Recent Advances in

Estimation of Porosity and
Detection of Hydrocarbons

in Cased Holes’

Daniel Moos
Stanford University

*supported in part by

DOE # DE-FC22-95BC14934
PTTC, November 1996
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® Hydrocarbon Detection

® Porosity Determination
® Acoustic Logging
® Field Results

® Future Trends

PTTC, November 1996
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i Hydrocarbon Detection

w-—;--—v—,_:-_ T

N TR
e P g o 8 N e g 5 2 & L3l
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- ® Resistivity
» Standard open-hole technique
» Uses Archie’s Law

e NMR
" ® Carbon/ Oxygen

e » Pulsed Neutron (Inelastic) Log
» Direct chemical detection
® Capture Cross Section
» Neutron (capture) Log
& » Measures X
® Acoustic Detection
» Vp and Vs (dtP and dtS)

PTTC, November 1996
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Seismic Detection of Pore
) Fluid Properties

e et 2

a5
Agzellet

i
wwwww

Theory (Gassman; low frequency):
- - Moduli: Kis a f" of Kiames Kroske Kituiar D
1 independent of fluid properties

- Density: ~ pisaf"of p qp P rosr D
Example: replacing water with hydrocarbons
™ since:
- Kic < Ky
PHc<Pw
™ V = (Modulus/Density)1/2
- therefore:
Vp lower
~ Vs higher
) Vp/Vs lower for the same Vs
This allows the development of an Acoustic Log
m Hydrocarbon Indicator (ALHI) - Williams, 1990

PTTC, November 1996
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ALHI - Williams, 1990

R R a2

3
Vp/Vs = 1.182 + 0.00422At
w
>
> 2 -
Hydrocarbon
Effect
1 T T T I 1 I 1
50 150 250 350 450
otg, ps/ft

PTTC, November 1996
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" ALHI - Williams, 1990

o ®  Hydrocarbon-bearing sands
= Low-contrast sands

™ w~—— Water-bearing sands

regression line
] 1 1 1 1 ! ' : '

‘ 50 150 250 350 450
- dtg, s/t
PTTC, November 1996
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Pore Fluid Properties
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PTTC, November 1996
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Rock Properties with Pore
Flu1ds (@ model)

gas free N
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PTTC, November 1996
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Porosity Determination

A ] 2y o BRI i e - s e S A sy e
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® Open-hole

» density, neutron, resistivity, sonic, ...
® Cased-hole |

» “near-wellbore effects” critical

» need “deep-reading” method
® Sonic

» Consolidated formations: Wyllie, Raymer/
Hunt/Gardner

» Unconsolidated formations: modified HSLB

PTTC, November 1996
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Porosity /Modulus
Relations - Lab

40 Increasing clay content ; ; :

35 .
- "Critical Porosity"
30 i
©
- o
O 25 _
%)
- =2
B 20 "Wyllie, Raymer/Hunt/Gardner" ]
o
_ €
@
2 157 |
. W
10 - "Cementation” !
Modified HSLB
5 i -
M Increasing clay content?
0 : . . .
" 0 0.1 0.2 0.3 0.4 0.5

Porosity

PTTC, November 1996
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‘ Acoustic Logging

S A

- ® Measure travel-time of refracted
acoustic signal

» dtp, dico - P-wave (compressional)

» dts - S-wave (shear) in “fast” formations

- ® Porosity from Wyllie or Raymer/Hunt/
Gardner (“consolidated formations”)

® Depth of investigation related to
M wavelength, offset

® Through casing “requires good bond”

- ® Lower frequency, higher energy
» longer offset

» |less casing effect
M » deeper penetration
~ PTTC, November 1996
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Di

5 ® Works in “slow” formations
» dt, > dt. = 200 ps/ft

e Low frequency
- » required for penetration
» required to excite the mode

® \Wave mode interference
» tube wave

® Not as sensitive to casing bond

» GBL, USI, ... cannot guarantee good log

PTTC, November 1996
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Acoustlc Loggmg
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PTTC, November 1996
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Log Data, M-499
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Saturation, M-499
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. Log Data, 167-W
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Vp/Vs

PTTC, November 1996

ALHI
167-W vs. M-499

250
delta-t shear, usfft

140

- S
N b LA AR AA
e A

o




- P ‘ty
ORI o < $ Ta et e e

b
IR G R R PN ST 3T 2 T A e e s SN S T s

- ® Shear modulus is related to porosity by
HSLB

e Velocity is related to modulus and
" porosity by:

- G= pV32
™ P =0p;+ (1_¢)pg

® Errors can result from incorrect
densities

» If p; # p,, = 1.00
» if py # Py = 2.65

. @ These are generally smaller than
. effects related to fluid modulus

PTTC, November 1996
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Porosity
from Velocity
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327 1
B From bulk modulus

Apparent Porosity
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From shear modulus
e I

0.3 ‘
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Oil saturation

Porosity 0.3; API°14 oil 5000 ft.

PTTC, November 1996
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Porosity /Modulus
N Relations - M-499
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PTTC, November 1996
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Porosfry M—499
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Porosity, 169-W
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mf*ﬂ""‘i"iﬁ

ST

AT TSR

V499 | 2.8.3.7 43° | 1993 |Prospect | all; CBT; USI; openhole
169-W | 3.5-5.0 1995 | Open-hole | all 1995 Vp & Vs
167-W | 2.5-4.5 30° 1983 | Waterflood | SP,GR,cond,USI 9/95;3/96 Vp & Vs*
FY-67 1.6-3.7 17° 1948 | Waterflood | SP,cond,USI 9/95 Vp only
Y-63 1.6-3.2 17° 1948 | Prospect SP, cond 9/95; 12/96 | No data
X-32 3.0-5.6 1946 | Prospect SP, cond 9/95 Vp only
J-15 1.2-2.9 vertical 1942 | Prospect SP, cond 3/96 No data
7223 2.0-4.1 28° 1952 | Prospect SP, cond, GST (1990) 6/96 Vs*

Z-27 2.0-5.3 2° 1949 | Prospect SP, cond Vs*
*partial Vs

PTTC, November 1996



® Porosity
» from shear modulus (compliance)

e Fluid detection
» from bulk modulus (compliance)

® Quality control
» look at raw data
» demand quality from providers

PTTC, November 1996
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M Future Directions

- ® Since shear modulus is related to
, rock strength

_ » sand control
» production monitoring
» Stress estimation

" @ Resistivity through casing(?)
- » Uuse shear modulus for porosity
" » analyze using Archie’s Law

PTTC, November 1996
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Problems and Opportunities in the Development of
Hydrocarbon Resources in the Diatomites

Dr. Tad Patzek, University of California Berkeley and Lawrence Livermore
National Laboratory
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Problems and Opportunities in the
Development of Hydrocarbon Resources in
the Diatomites

Dr. Tad Patzek
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Passive Imaging of Hydrofractures in the
South Belridge Diatomite

D.C. liderton,® SPE, T.W. Patzek, SPE, and J.W. Rector, U. of Califomia; and H.J. Vinegar, SPE, Shell Development Co.

Reprinted from the March 1996 issue of

SPE Formation Evaluation
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Passive Imaging of Hydrofractures in the
South Belridge Diatomite

D.C. liderton,” SPE, T.W. Patzek, SPE, and J.W. Rector, U. of Califomia; and H.J. Vinegar, SPE, Shell Development Co.

‘ Summary

We present the results of a seismic analysis of two hydrofractures
spanning the entire diatomite column (1110-1910 ft or 338-582 m)
in Shell’s Phase Il steamdrive pilot in South Beiridge, California.
These hydrofractures were induced at two depths (1110-1460 and
1560-1910 ft) and imaged passively using the seismic energy re-
leased during fracturing. The arrivals of shear waves from the crack-
ing rock (“microseismic events™) were recorded at a 1 ms sampling
rate by 56 geophones in three remote observation wells, resulting in
10GB of raw data. These arrival fimes were then inverted for the
event locations, from which the hydrofracture geometry was in-
ferred. A five-dimensional conjugate-gradient algorithm with a
depth-dependent, but otherwise constant shear wave velocity model
(CVM) was developed for the inversions. To validate CVM, we
created a layered shear wave velocity model of the formation and
used it to calculate synthetic arrival times from known locations
chosen at various depths along the estimated fracture plane. These
arrival times were then inverted with CVM and the calculated loca-
tions compared with the known ones, quantifying the systematic er-
ror associated with the assumption of constant shear wave velocity.
We also performed Monte Carlo sensitivity analyses on the synthet-
ic arrival times to account for all other random errors that exist in
field data. After determining the limitations of the inversion algo-
rithm, we hand-picked the shear wave arrival times for both hydro-
fractures and inverted them with CVM. Finally, to correct for the
areal inhomogeneity of the rock, we calculated the distortion of con-
ical waves that were generated by air gun blasts in a remote observa-
tion well. This novel technique improved significantly the accuracy
of the event locations in the shallow hydrofracture. The azimuth of
both hydrofractures was N21° £4°E. In each treatment well, there
were two separate hydrofractures at two different depths that corre-
spond to the diatomite layers with higher permeabilities. Both shal-
low hydrofractures were asymmerrical. Initially, the upper NE wing
was 230 ft long, whereas the lower SW wing was only 30 ft long.
The deep hydrofracture was symmetrical and the wings of its two
parts were initially 130 and 10 ft long, respectively. These conclu-
sions agree well with temperature surveys in the surrounding ob-
servation wells during steam injection.

Introduction

The late and middle Miocene diatomaceous oil fields in the San Joa-
quin Valley, California, are located in Kern County, some forty
miles west of Bakersfield. The largest oil volumes are found in the
South, Middle and North Belridge Diatomite and Brown Shale, Lost
Hills Diatomite and Brown Shale, Antelope Hills, McDonald Anti-
cline, Chico-Martinez Chent, Cymric Diatomite, McKittrick, Rail-
road Gap, Belgian Anticline, Asphalto, Elk Hills, Buena Vista Ante-
lope Shale, and Midway Sunset Reef Ridge and Antelope Shale.
The major producers of diatomite oil are Shell, Mobil, Chevron,
Santa Fe, Crutcher Tufts, Exxon, Texaco, and Unocal. An estimated
original-oil-in-place in the Monterey diatomaceous fields exceeds
10 billion barrels and is comparable to that in Prudoe Bay in Alaska.

The uppermost productive member of the Monterey Formations
is the Diatomite that passes westward into the argillaceous Reef
Ridge Shale. The Diatomite overlies the Brown Shale with the dia
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genetically defined boundary. The Brown Shale in turn overlies the
Antelope Shale member of the Monterey. Cyclic bedding in the sili-
ceous facies is a well documented phenomenon attributed to alter-
nating deposition of detritus beds, clay, and biogenic beds (mostly
diatoms; 75 million of these microscopic plants fill a cubic inch).
The cycles span length-scales that range from a fraction of an inch
to tens of feet, reflecting the duration of depositional phases from
semi-annual to thousands of years.

The mineral composition of diatomaceous rocks can be depicted
as a mixture of biogenic silica, detritus and shale. For example, the
South Belridge diatomite has more biogenic silica, and the Lost
Hills diatomite has more shale and sand. Depending on depth and
temperature, the unstable biogenic or inorganic silica (Opal-A) dis-
solves and reprecipitates to form a metastable compound, Opal-CT
(Brown Shale), that in turn dissolves and reprecipitates as micro-
crystalline quartz (Antelope Shale, Chert and/or Chalcedony).

The diatomaceous rocks are very porous (25-65%), rich in oil
(35-70%), and almost impermeable (0.1-10 md). The high porosity
and oil saturation, together with large thickness (up to 1000 ft) and
area (up to a few square miles per field) translate into the gigantic
oil-in-place estimates. Unfortunately, the low diatomite permeabil-
ity makes efficient oil production very difficult, if not impossible,
with current technology.!

To compensate for the low reservoir permeability, all wells in the
diatomite must be hydrofractured. A typical well has 3-8 fractures
with the wing span of 300 ft tip-to-tip. Wells are usually spaced
along lines following the maximum in-situ stress every 330 ft (2%
acre), 165 ft (1% acre) or even 82 fi (5/; acre). Thousands of hydro-
fractures have already been induced and thousands more may be
created as new recovery processes, such as steamdrive on 5/8 acre
spacing, become commercially viable. With so many hydrofrac-
tures so close to each other, it is crucial that we know their length,
height, azimuth, dip, symmetry, conductivity and dynamics.

The hydrofractures in the diatomite can be imaged passively,>3
using the seismic energy released as the rock cracks and is propped
open, and actively, using shear wave shadowing. In the case of pas-
sive imaging, the microseismic event arrival times are picked and
inverted to find the event locations, which are then used to infer the
hydrofracture geometry as a function of time. As in any arrival time
based inversion, the calculated event locations are very sensitive to
the errors in the picked arrival times and the choice of an “average™
formation velocity.

We present the results of passive imaging of hydrofractures in two
injectors in Shell's Phase II steamdrive pilot in South Belridge. We
developed an inversion algorithm based on a modified conjugate
gradient method with a constant velocity model (CVM). By using
a layered shear velocity model and Monte Carlo simulations, we
have delineated the limitations of CVM. Finally, to correct for the
azimuthal variability of shear wave velocity in the diatomite, we cal-
culated the distortion of conical waves from air gun blasts in 2
nearby logging observation well.

Experiment Description

Fig. 1 depicts a plan view of the Phase II steamdrive pilot in Section
29 of the South Belridge diatomite. Hydraulic fractures were in-
duced in three trearment wells: producer 543P, followed by two
steam injectors IN2U and IN2L. Wells IN2U and IN2L were perfo-
rated from 1110 to 1460 ft and from 1560 to 1910 ft, respectively.
Well 543P was perforated in the lower zone between 1540 and 1890
ft. Results of hydrofracture imaging in 543P have been reported
elsewhere.23 Three dedicated microseismic observation wells,
MO-1, MO-2, and MO-3, were strategically placed about the treat-
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Fig. 1—Plan view of microseismic experiment in the South Bel-
ridge field.

ment wells. In each observation well, an array of three-component
geophones was strapped onto the casing and cemented in place. The
geophone stations were spaced every 20 ft over the entire diatomite
column. A second array in MO-3 had geophones positioned every
5 ft over a 200-ft interval at the bottom of the diatomite. Vinegar ez
al.2 provided a detailed description of the materials used in the
construction of the geophone pods. Fig. 2 is a cross-sectional view
of the experiment site between IN2U and MO-2. Only the active
geophones that span the perforated interval of IN2U are shown. The
diatomite cycles and porosity log are also shown. Note that porosity
jumps from 30 to over 60% across the top of the diatomite at adepth
of about 900 ft.

LO13 is a logging observation well in which an air gun was fired
for the purpose of shear-wave shadowing of the fracture in IN2U.
These blasts also generated tube waves that proved invaluable in our
analysis. A logging observation well LO1S and MO-3 were used to
determine the formation shear velocity log by measuring the inter-
well seismic travel time. The velocity was found to range from about
1800 to 2300 ft/s.

The fracturing of IN2U consisted of a six-stage minifrac and a
seven-stage main frac (Table 1). Only the main fracture was in-
duced in IN2L. Generally, the pumping rate was higher with each
subsequent stage of the minifracs and was significantly increased
during the main frac. All mini frac stages were pumped with 2% KCl
brine except the last one in which cross-linked 40 pound gel was
used. Main fracs were pumped with 2% KCl brine, cross-linked 40
pound gel, and 20/40 Ottawa sand.

Data Acquisition

Fifty-six channels of data were recorded by Western Geophysical
Downhole Seismic Services using a 60-channe] DFS-V system with
dual 9-track magnetic tape drives. Channel limitations restricted re-
cording to approximately 18 geophones from each observation well
during each fracturing stage. Thus, only the geophones spanning the
perforated interval in the treatment well were used. The data were
collected at a 1 ms sample rate in 16-second blocks separated by a
950 ms gap to allow for the DFS-V to reinitialize the recording se-
quence. Also, an LRS-1300 triaxial borehole tool was used to ac-
quire the microseismic data in the treatment well. Over five hours
of continuous recording time was required for each fracture treat-
ment, resulting in almost 10 GB of data.

The data were band-pass filtered to eliminate 60 Hz electronic
noise and low energy frequencies, thus improving the signal to noise
ratio. We also used predictive deconvolution to help reduce any co-
herent noise signal. Despite this processing, we were able to detect
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the arrival of seismic energy only in the form of shear waves, as
shown in Fig. 3. The hyperbolic move out of about 2000 ft/s identi-
fies this shear wave arrival. We did not find any P-wave arrivals
associated with the microseismic events that could be picked with
confidence. Wills et al3 reported that compressional waves are
highly attenuated in diatomite and that shear waves are produced
with amuch larger amplitude. We believe that our inability to detect
P-wave arrivals was also because of their horizontal polarization,
which inhibited P-wave detection by the vertical-component re-
ceivers. Unfortunately, analysis of the few horizontal-component
channels was inconclusive as well.

When a microseismic event was found, the arrival times were
picked by hand for each geophone. We feel that the time-consuming
process of picking by hand resulted in greater accuracy of inversions
for the microseismic event locations.

Inversion Algorithm

The reason for having three observation wells with multiple geo-
phones was to allow for an accurate inversion of event locations by
triangulation. An easy way to view such an inversion in two dimen-
sions is to imagine growing circles at a constant rate about each ob-
servation well. The point where these circles intersect defines the

TABLE 1—FRACTURE DATA FOR IN2U AND IN2L

Starting Volume Rate
Stage Time (bbl) (bpm) Fluid Type
Mini 1 (IN2U) 5:56 85022 9.21 2% KClbrine
Mini 2 6:29 10022 8.37 2% KClbrine
Mini 3 7:01 37551 4.99 2% KClbrine
Mini 4 819 32640 18.20 401 CLG
Mini § 837 76.57 24.05 2% KClbrine
Mini 6 911 11.73 0.80 2% KClbrine
next day
Main 1 (IN2UV) 10:27 76.30 22.12 2% KClbrine
Main 2 10:49 5125 2329 40IbCLG
Main 3 10:51 19343 2626 40Ib CLGand OS
Main 4 10:59 297.39 2628 40Ib CLG and OS
Main 5 11:10 416.07 26.31 40Ib CLG and OS
Main 6 11:26 43249 2629 40!b CLG and OS
Main 7 11:42 4340 2553 400 CLG
Main 1 (IN2L) 5,51 201.75 25.06 2% KCl brine
Main 2 6:10 69.28 2348 CLG
Main 3 6:13 19395 26.21 CLG and OS
Main 4 6:220 295.72 26.13 CLG and OS
Main 5 6:32 460.05 26.14 CLG and OS
Main 6 6:49 499.35 26.12 CLG ard OS
Main 7 7:08 5573 25.72 2% KClbrine
CLG =Cross-linked gel
0S =20/40 Ottawa sand
156 2



\A 4 \oul

V'VAV.‘V~' V"'_

oy W,
~——
_“W.-s_
v\

o\

\

» }L 3.
IRRRERRRRRRY

Fig. 3—Shear wave arrival at MO-2 recorded by the vertical com-
ponent of the geophones (note hyperbolic moveout).

event location. We developed a five-dimensional inversion algo-
rithm that uses a modified conjugate gradient method to minimize
an objective function:

2
> ezl 01— yol @ = 2a)* = vty - r...)]

i=]

for each event, ev. The unknowns here are xpy, Yevs Zew %y and, if de-
sired, v,,,.

The algorithm can be executed in one of two modes. In Mode #1,
the single velocity used for the inversion is picked from the interwell
shear velocity log for the depth of the earliest shear wave arrival at
each observation well. In Mode #2, the single best velocity is calcu-
lated as a part of minimizing Eq. 1, using a separate Golden Section
Search? in the velocity dimension (because time and velocity enter
Eq. (1) as a product). In either case, the chosen velocity is assumed
to be uniform in all directions and constant with depth. Thus, the ai-
gorithm always assumes a homogeneous or constant velocity model
(CVM) during the inversion, regardless of the execution mode.

To test the algorithm, synthetic event locations were selected at
various locations and depths throughout the test site, inside and out-
side of the geophone network. The shear wave travel times to each
geophone were computed for a uniform medium of a specified ve-
locity. The arrival times were then inverted in Mode #2, and the cal-
culated locations compared with the selected ones. Fig. 4 shows the
results of the calculated x-coordinates versus the selected x-coordi-
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Fig. 5—Layers with respective shear velocities for layered mod-
el shown with bulk density log.
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Fig. 4—Each square represents the X-coordinate calculated by
the location algorithm vs. the true X-coordinate of the corre-

sponding synthetic event.

nates. The inversion is accurate to within one foot. Similar plots for
the other calculated parameters (y-coordinate, depth, origin time,
and velocity) reveal the same precision. After thorough testing, we
feel that this algorithm is superior to the standard least square fit
with Gaussian elimination, which suffers from ill conditioning and
round off errors.

Validity Test for Inversion Algorithm. Having established that the
inversion algorithm worked numerically in a homogeneous me-
dium, we needed to test its capacity to invert field data. A depth-de-
pendent, but otherwise constant shear velocity model is rarely a
good representation of a layered and heterogeneous rock. Seismic
waves propagating through such a rock are subject to velocity
changes that result in ray-bending. On the other hand, a constant ve-
locity model assumes straight ray paths. and it is necessary to re-
solve the systematic error incurred when inverting real data with
such a model. )

To find this ervor, we first developed a horizontally layered, shear
wave velocity model, using the interwell velocity and bulk density
logs. The model velocities and layering were chosen to represent the
diatomite formation as accurately as possible and are shown in Fig.
S. Fig. 6 compares two sets of arrival times, one generated with our
layered model and the other from a real microseismic event, The
approximate agreement between these and other arrival times con-

Depth (ft)

1.05 1.10 115 120 1.25
Arrival Time (sec)

Fig. 6~—Arrival times comparison.
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Fig. 7A—Known vs. calculated locations (1200 ft).

vinced us that our layered model was a reasonable representation of
the diatomite. .

Next, we assumed known synthetic event locations at various
depths along the estimated hydrofracture plane in IN2U. The shear
wave travel times to each geophone were then computed from the
layered model. These arrival times were in turn inverted with CVM
in Mode #1, and the calculated locations were compared with the
known ones. Figs. 7A and B show the results of this comparison in
plan view for the events at 1200 and 1400 ft, respectively.

The calculated locations may seem acceptable, but they still result
from inverting ideal, error-free arrival times, which are hardly typi-
cal of field data. The arrival times of real seismic events are subject
tovaﬁousenors.Thereismorbecauseoftherecordingequipmem.
noise in the seismic signal, and the actual picking of the arrival
times. Unfortunately, these errors are difficult to decouple.

To test the validity of inverting real data with CVM, we had to
introduce an element of error into the arrival times computed from
the layered model. Accordingly, we perturbed the arrival time at ev-
ery geophone by a random factor of the order of four milliseconds.
This random factor, which is approximately one third of the average
period for the real shear wavelengths in our data, was to account for
all errors. Inverting the arrival times after each of 500 permurbations
yielded an oriented ellipsoid of uncertainty for the calculated loca-
tions in Figs. 7A and B.

Figs. 8A and B show the uncertainty “clouds” around the calcu-
lated locations, together with the known synthetic locations. These
plots are more significant than those in Figs. 7A and B, because the

Known
-~ 2005
= Event
>~ Uncertsinty i
5 ey Location
w©)
£
& 100f ®MO-1
(-]
g o
a IN2U
o —9
z 0
MO-3
w.
"MO-2
'-100 1 1
-100 0 100
EW Distance From 543P (ft)

Fig. 8A—Known locations vs. uncertainty ellipsoids (1200 ft).
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Fig. 7B—Known vs. calculated locations (1400 ft).

calculated location for a real microseismic event corresponds to any
of the event locations composing the uncertainty ellipsoid. The error
associated with inverting real data using a homogeneous model is
represented by the distance between the uncertainty cloud and the
specified location. If the cloud encompasses the specified location,
then such an inversion is valid for that location, given appreciable
errors induced by well geometry, geophone spacing, and all other
errors discussed above. If the specified location falls outside of the
cloud, then inverting with a homogeneous model is insufficient for
that location, and a vertically variable velocity inversion (a more
difficult task) must be performed.

Conditional Validity. In Fig. 8A, the uncertainty ellipsoids are in
good agreement with the specified locations at all distances from the
treatment well. However, in Fig. 8B they compare favorably near the
treatment well but get progressively worse with distance away from
the borehole. We believe that this diminished accuracy is related to
the vertical location of the synthetic events. At 1400 ft, the shear wave
velocity has a higher gradient than at 1200 ft, which could explain
why our accuracy is poorer at 1400 ft. The variation in shear velocity
is more important than its magnitude. A larger gradient leads to more
seismic ray bending and greater uncertainty. In addition, events far-
ther away from the geophone wells are more prone to ray bending,
explaining why accuracy diminishes with distance.

= 200} | *
% - ‘ Known
meertainty - «g—— Event
& Ellipsoid ‘_"‘ X Location
=3
£ 100} W’le MO1
o
£ -
3 _ IN2U
@ o
z 0 =)
" MO-3
] °
MO-2
-100 ! 1
-100 0 100
EW Distance From 543P (ft)

Fig. 88—Known locations vs. uncertainty ellipsoids (1400 ft).
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Initial Event Locations for IN2U

After determining the accuracy and limitations of our inversion meth-
od, we proceeded to invert the arrival times of real microseismic
events. The search through all the IN2U hydrofracture data resulted
in the detection of about 80 direct arrivals. Unfortunately, half of these
were conical waves caused by the air gun shots that were used for the
shear wave shadowing analysis.2 We picked the arrival times for all
the microseismic events and inverted them using CVM.

Fig. 9 is a plan view showing the calculated event locations for
the microseismic events. The locations are much more dispersed
than we expected, and it is difficult to define any fracture plane at
all. Also, the fracture is asymmetrical, extending almost entirely
northeast of IN2U. These resuits led us to question again the validity
of our inversion routine, but from a different perspective.

The validity tests described above showed that inverting real data
with CVM is acceptable for our purposes. However, for the South
Belridge diatomite, lateral variability of shear velocity may exist
and must be taken into account when inverting for the microseismic
event locations. In fact, with only three geophone wells, azimuthal
variation could be a more significant source of error than vertical
variation. Thus, we devised a method to detect directional changes
in shear velocity in the diatomite. The conical waves from the air
gun blasts in LO13, which had originally been considered an un-
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Fig. 11—Conical wave arrival at MO-2 recorded by the vertical
component of the geophones (note shadow zone).
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Fig. 10—Conical wave generation and propagation.

wanted noise, were now viewed as a potentially useful tool to esti-
mate the shear wave velocity between LO13 and the three observa-
tion wells.

Conical Waves

Generation and Propagation. Conical waves are frequently en-
countered in vertical seismic profiling (VSP). An air gun blast
causes a fluid disturbance within the well that emits tube waves
which travel up and down the borehole, away from the air gun.5
As the tube waves propagate, they diffract into the formation as con-
ical wave fronts if the tube wave velocity exceeds the velocity of the
adjacent formation.2-7 For our test site, the tube wave velocity is
greater than the diatomite’s shear velocity but less than its compres-
sional velocity; hence, we can detect only shear conical waves in our
data.® The conical waves emerge into the formation at an angle 6
with respect to the perpendicular to the borehole, where

V;(2) is the depth-dependent shear velocity of the formation, and
Vi(2) is the tube wave velocity. The angle in our case varies from
about 27° to 45° and is more sensitive to V; than to V. Fig. 10 illus-
trates the ray paths taken by the conical waves from LO13 to the ob-
servation wells. Note the shadow zone, equal to 26, separating the
conical waves generated by the up- and downgoing tube waves.
Consequently, only geophones whose depths are greater or less than
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Fig. 12—Relative shear wave velocities.
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the depth of the air gun by an amount equal to rtanf, where ris the
radial distance from LO13, will record strong conical wave arivals.
The zero frequency approximation of the tube wave velocity is%:

-%
= L1
V{2 = {p,[ B,+ Vi, + B d]} ,

where p,is the well fluid density; Byis the bulk modulus of the well
fluid; Vi(z) is the depth-dependent formation shear velocity; p. is
the bulk density of the formation; and E, h, and d are the Young's
modulus, wall thickness, and inner diameter of the well casing, re-
spectively. The tube wave velocity was computed to be about 4300
ft/s and is most sensitive to o, Because conical waves attenuate as
the square root of the distance from the source well, they can be re-
corded over large distances away from the borehole. Fig. 11 shows
an example of a conical wave arrival in one of the observation wells.
The three earliest arrivals are direct shear waves that are visible only
because they are within the conical wave’s shadow zone. Outside
the shadow zone, strong conical wave arrivals can be seen which
completely scale out the direct shear wave. The linear moveout at
an apparent velocity equal to the tube wave velocity characterizes
the conical wave. Contrast Fig. 11 with the shear wave arrival from
a microseismic event in Fig. 3, which has hyperbolic moveout and
a slower apparent velocity.

...........

Use of Conical Waves to Estimate Relative Shear Velocities. The
relative variation of shear velocity with azimuth was of greater in-
terest than the velocity magnitudes themselves. Therefore, we spe-
cified a shear velocity in one direction as a reference. We chose the
direction from LO13 to MO-2 as our reference direction. Five coni-
cal wave ray paths, each being emitted from LO13 at a different
depﬁ:.we:ethendetemﬁnedinmdlawayastoinmsectMO-Za:
a specific geophone depth while intersecting MO-1 and MO-3 at
depths where a geophone was positioned nearby (cf. Fig. 10). First,
a reference shear velocity was taken from the interwell log and as-
signed to each ray path according to the ray path’s depth. The emer-
gentangles of the conical wave ray paths from LO13 were then cal-
culated using Eqgs. (2) and (3) above. We assumed straight ray paths
for the conical waves. The three geophones for each ray path were
grouped together for the analysis.

The modeled travel time of the conical wave to MO-2 was found
by dividing the straight ray distance, rz, from LO13 to MO-2by the
reference shear velocity, V. The origin time, 2, of the air gun shot
was then calculated by subtracting the modeled travel time from the
picked arrival time, 52, at the geophone in MO-2:
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The arrival times, 1,3, at the geophones in MO-1 and MO-3 were
corrected for the difference in depth, Azy 3, between the intersection
of the chosen conical wave ray path with these observation wells
and the nearest geophone:

Az
tei3 = a3 + —‘7?'3', ..............................
where ¢, 3 is the corrected arrival time in MO-1 or MO-3,and V, is
the tube wave velocity. This correction assumed parallel ray paths
for conical waves emanating at depths that were very close to the
depths of the five chosen ray paths. Subtracting the origin time, 7o,
from the corrected arrival times at MO-1 and MO-3 gave the travel
times of the conical waves to those wells. The relative velocities,
Viel13, were then computed by dividing these travel times into the
straight ray distances, 7, 3, to MO-1 and MO-3

3
Vit = Ty oy creteeeeeeemereesessesseseen ©)

Since the relative velocities were calculated with respect to the
reference velocity in the MO-2 direction, we divided them by the
reference velocity to get shear velocity ratios. Fig. 12 shows the
shear velocity ratios as a function of the depth at which the five cho-
sen ray paths emerged from LO13. Note that the velocity towards
MO-2 is about 10% greater than that towards MO-1 and MO-3 (ra-
tios of 0.9). Failing to account for such adifference in shear velocity
when performing inversions can drastically alter the microseismic
event locations.

Evidence confirming that the shear velocity does indeed vary
with direction can be seen in Fig. 13, which shows the arrival of a
conical wave at each of the fifteen geophones. The three receivers
for each of the five ray paths have been grouped together, and the
arrivals at the geophones in MO-1 and MO-3 have been corrected
for depth using Eq. (5) and distance:

................................

whenet;_;isthetimecorrecﬁonfortheemmdialdistaneetoMO-l
and MO-3. In other words, Fig. 13 shows what the relative arrival
of a conical wave would be at a specific geophone in each observa-
tion well if the three receivers were positioned at exactly the same
depth, and the distances from LOI3 10 MO-1, MO-2, and MO-3
were equal. All five geophone groups are shown. If the shear veloc-
ity in the diatomite was the same in all directions, the three arrival
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Fig. 15—Side view of IN2U fracture zone (N63°W).

times within each group would be synchronous. However, Fig. 13
clearly shows that the arrival time is earlier for the MO-2 geophone
in all five groups. Thus, the shear velocity is faster towards MO-2
than towards MO-1 ard MO-3 for all five depths.

Improved Event Locations for IN2U

The extent of deformation of conical waves allowed us to estimate the
lateral variability of shear velocity in the vicinity of IN2U. Fig. 14is
a plan view of the new locations of the microseismic events, after in-
verting in Mode #1, with the aid of velocity multipliers. We were
pleased to see that these locations have collapsed onto a well-defined
fracture plane. This plane is almost vertical and strikes approximately
N21°+4°E. The azimuth from a tiltmeter survey by Applied Geo-
physics, Inc. was N19.4°+4°E. Contrasting Fig. 14 with Fig. 9 re-
veals the magnitude of improvement in the event locations as a result
of accounting for the azimuthal variation in shear velocity. Fig. 14
also confirms that the hydrofracture extended asymmerrically about
IN2U. Its NE wing was about 230 ft long and its SW wing was no
more than 30 ft long. Another intriguing aspect of the fracture, how-
ever, is shown in Fig. 15. This side view reveals that the asymmetrical
wings occurred at two different depths. There are actually two differ-
ent fractures—a long NE wing at a depth of about 1200 ft and a short
SW wing at about 1400 ft. Both depths correspond to the highest per-
meabilities in the diatomite layers near IN2U. The lack of symmetry
of the fracture wings in IN2U indicates significant reservoir hetero-
geneity or nonuniform pore pressure. This finding differs from those
reported in the literature, e.g. Stewart et al.!0

Event Locations for IN2L

The deep hydrofracture was induced in IN2L, the second steam in-
jector. After picking the arrival times, we inverted for the microseis-
mic event locations in Mode #1, using the relative velocity multipli-
ers of 1.20 for MO-1 and 0.87 for MO-2. The azimuthal variation
in shear wave velocity around IN2L could be large as a resuit of hy-
drofracturing in 543P over the same vertical interval and only 40 ft
east (Fig. 1). As reported in [2], IN2L was next to the disturbed
formation around the hydrofracture in 543P. There were no air gun
shots during fracturing of IN2L, and the velocity multipliers used
above were calculated from the conical wave events in IN2L itself.
Fig. 16 shows the results of the inversion in plan view. Again, we
have a fairly well-defined fracture plane that strikes approximately
N21°E for this particular set of multipliers (without the multipliers
the fracture azimuth was an unacceptable N35°E).

Other conical wave events seem to indicate that the fracture azi-
muth is closer to N25°E—N30°E, and we continue to refine our
analysis. The microseismic analysis of the hydrofracture in 543P
yielded?-3 an azimuth of N26° = 6°E. This time the hydrofracture is
symmetrical about IN2L and both wings are approximately 130 ft

g 100f
-9

-y

@

E

= 0 B Mg
5]

-

a

2 -100}f

-200 -100 0 100
EW Distance From 543P (ft)

Fig. 16—IN2L microseismic event locations with relative veloci-
ties.

long. A side view of the hydrofractre in IN2L is shown in Fig. 17.
We can see that both fracture wings are at a depth of about 1650 ft,
suggesting that there is only one major fracture in IN2L. There is
also a short, symmetrical fracture at about 1850 ft depth, extending
no more than 10 ft in each direction.

Temperature Data

Fig. 18 shows the locations of the Phase I and Phase I steamdrive
pilot injectors, producers and observation wells. Note that the Phase
I hydrofractures have azimuths of about N15°E, in agreement with
other field data. As the upper cycles of the diatomite have lower per-
meabilities than the bottom ones, the drawdown from producer
S543H resulted in a steeper pressure gradient that attracted the new
hydrofracture in IN2U. Similarly, the more significant,! but slowly
occurring lateral extensions of the hydrofracture in IN2U are domi-
nated by the attraction from a full-interval producer 543N, whereas
those in IN2L by producer 543P, compieted only in the lower zone.
In short, both injection hydrofractures are dynamic systems that
evolve with time, depending on the local stress field that in tumn is
influenced by the pore pressure. The early behavior of these hydro-
fractures, however, is closely related to their originat shape and ex-
tent and can be verified by the initial temperature surveys in the ob-
servation wells.
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Fig. 17—Side view of IN2L fracture zone (N69°W).
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Fig. 18—Plan view of the Phase | and Phase i) steam drive pilots.

It is well known that in linear, transient and nonisothermal flow
of steam, the reservoir pressure and temperature are governed by a
nonlinear pressure diffusion equation coupled with a linear heat
conduction equation, and vary approximately as the square root of
time. 11-12 Therefore, if there is no deviation from linear flow of mass
and heat, the temperature profiles in an observation well should be
spaced uniformly when interpolated in equal increments of the
square root of time elapsed on steam injection.

Observation well LO15 is located 23 fi east from both injectors.
Fig. 19 shows a square-root-of-time interpolation of temperature
surveys in this well between 200 and 1400 days of steam injection.
The two thick surveys are at 770 and 1400 days. Well LO15 is domi-
nated by the pulverized formation close to the injectors—not the hy-
drofracture planes far from the injectors—and has responded to
steam injection into both upper hydrofractures at 1200 and 1400 ft
and both lower hydrofractures at 1650 and 1850 ft.

Geophone/observation well MO-2 is located 63 ft SE from IN2U
and 44 ft SE from IN2L. Observation well LO12 is located 53 ft NE
from IN2U and 71 ft NE from IN2L. Both observation wells are
about 20 ft east of the injector hydrofracture planes. Therefore, one
would expect these wells to respond similarly to steam injection. If
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Fig. 19—Square-root-of-time interpolation of temperature sur-
veys in observation well LO1S.
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both wings of the hydrofractures were symmetrical, the response of
well MO-2 to IN2U would be slightly rerarded relative to LO12.
Conversely, the response of MO-2 to IN2L would be accelerated
relative to LO12. However, the magnitude of both responses should
be similar. The temperature increases in MO-2 and LO12 are shown
in Fig. 20. Note that after 770 days of steam injection (the first thick
survey), well MO-2 had shown almost no heating across the upper
injection interval, whereas LO12 heated uniformly up to 60°F. Even
after 1400 days of steam injection and several fracture extensions,
the reservoir heating at MO-2 lagged significantly that at LO12.
Also note that there is no heating in both wells at 1400 ft, suggesting
that the lower hydrofracture in IN2U neverincreased its length. This
is the most direct proof of our conclusions from the microseismic
imaging of the hydrofracture in IN2U. Interestingly, almost no re-
sponse to IN2L was seen at both wells for the first 770 days of steam
injection. Thereafter, the heating accelerated more in MO-2 at 1650
ft. but more in LO12 at 1850 ft. This suggests that (1) new flow chan-
nels, perpendicular to the hydrofracture plane, opened and (2) the
deepest hydrofracture increased its length many-fold. Both heated
depths comespond to the microseismic activity.

Conclusions

Two hydrofractures in the South Belridge Diatomite were imaged pas-

sively using the seismic energy released during fracture ion:
1.The azimuth of both hydrofractures was about N21° +4°E.
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2. In each treatment well, there were initially two separate hydro-
fractures at two different depths that corresponded to the diatomite
layers with highest permeabilities.

3. The IN2U hydrofractures were asymmetrical. Initially, lhe upper
NE wing at 1200 ft was 230 ft long, whereas the lower SW wing at
1400 ft was only 30 ft long. The lower wing never grew significantly.

4. Asymmetry of a new hydrofracture is likely to be caused by the
areal nonuniformity of pore pressure around this hydrofracture.

5. The IN2L hydrofractures were symmetrical and their wings
were initially 130 ft long at 1650 ft and 10 ft long at 1850 ft. The low-
er wings increased their length many-fold during steam injection.

6. The above conclusions agree with temperature surveys in the
surrounding observation wells.

7. Our sensitivity analysis indicates that the lateral uncertainty in
the microseismic event locations is usually =+ 20 ft while the vertical
one is £2-5 ft.

8. The microseismic data are scattered around the most likely
fracture planes within +20-25 ft. This means that the existence of
the disturbed “process zones” around the hydrofractures is neither
supported nor rejected by the data.

The hydrofracture in IN2U was very different than that in IN2L.
Therefore, the diatomite properties can change dramatically with
depth and time, and this has implications for the implementation of
steamdrive on a %/ acre spacing.
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Abstract .
An optimal water injection policy maximizes oil recovery per
mparrel of injected water while minimizing formation damage
md maintaining reservoir pressure. Optimal water injection
into low permeability, fractured oil reservoirs is problematic
because of highly nonlinear and complex reservoir dynamics.
mLikewise, current first principle models of fluid movement in
fractured, low permeability rock systems are insufficient to
design, operate, and predict the performance of large scale
waterfloods. Historically, the conflict between prudent
eservoir management and meeting field injection-production
argets has resulted in reservoir and well damage, injectant
recirculation and irreversibly lost oil production.
m  Here we present the next generation of “intelligent” field
arveillance and prediction software based on neural networks
and implemented on a PC. We demonstrate a new approach to
-field-wise performance prediction and optimization of
aterfloods that recognizes an oil field as a coupled, highly
ionlinear system of injectors and producers. With lease-wide
historical data from a waterflood in the Lost Hills Diatomite
County, CA), we construct several neural networks
vhich recognize that individual well behavior may depend on
«ell history and the injection-production conditions of
surrounding wells. Some of our neural networks accurately
r=redict wellhead pressure as a function of injection rate, and
ice versa, for all injectors. Otlier networks history-match oil
and water production on the well-by-well basis, and predict
r_i‘i'n;ure production on a quarterly or half-year basis. Finally,
ur neural networks recognize and suggest water injection

policies that lead to the minimum injected water and the best
oil recovery. .

Introduction

This paper outlines a new, field-wise approach to managing
large fluid injection projects in tight hydraulically fractured
reservoirs. We use neural metworks to analyze the past
performance of waterflood projects and to predict future oil
recovery, and water injection and production. Neural networks
are useful in that a structural model between injection and
production need not be specified in order to predict
performance. The neural network approach recognizes that
individual well behavior may depend on the well history and
the injection/production conditions of surrounding wells.
Also, lease-wide production is the result of injection and
production at many wells and their interactions. Our approach
discerns injection policies that lead to the minimum injected
water and the best oil recovery.

We focus on water injection in tight reservoirs because
significant quantities of crude oil remain in them, and state-of-
the-art understanding of fluid movement in low permeability
rock systems is not sufficient for design and operation of large
fluid injection projects. Water injection is also important for
mitigating reservoir compaction and surface subsidence. In
tight rocks, project operation is problematic because reservoir
dynamics are highly nonlinear and complex.

An optimal injection policy (i.e., the schedule of
injection rates chosen to produce a field) for tight fields
minimizes formation damage while maximizing oil production
per unit volume of injectant. Fluid injection into low
permeability reservoirs (diatomites, chalks or carbonates),
either for pressure maintenance or secondary oil recovery is
very difficult On one hand, injection rates must be low
enough to prevent reservoir damage from overpressuring and
inducing unwanted fractures. On the other hand, these rates
must be high enough to make the costly fluid injection
process economic. This conflict between prudent reservoir
management and meeting injection targets has resulted in
significant reservoir and well damage, injectant recirculation
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and irreversibly lost oil production. Currently, engineers
™ develop injection policy on the basis of past experience, partial
‘knowledge of the state of reservoir stress, production history,
and limited predictions of future reservoir performance from
numerical simulation. Injectors are usually controlled
™ individually, with constant set points, and without feedback
among neighboring pattems.
The field-wise approach for fluid injection management is
mm applied here to a diatomaceous oil field in California, but it is
‘general and may applied to other deeper, tight reservoirs. The
California Diatomites are shallow, densely populated with
wells, and undergoing massive water injection, thereby
™ allowing an unprecedented glimpse into the inner workings of
‘tight rocks during fluid injection. However, problems faced in
the Diatomites are common to other tight. fields. These
™ problems are (2) imbalance of fluid injection and withdrawal,
'(b) excessive fracturing of the rock by the injected fluids, (¢)
inability to control fluid injection in an optimal fashion to
maximize cumulative injection, while minimizing reservoir
m damage, (d) lack of injection profile control, (¢) thief zones,
and () difficulties in calculating the incremental oil
production.

Neural Networks -
During the last decade, the application of neural networks for
p= identification of nonlinear, time varying, and nonstationary
|systems has increased exponentially [1-8]. Recently, artificial
neural networks have been used to model reservoir behavior
under steam and water injection[9] model oil and water
™ imbibition processes [10], well test analysis [4, 11, 12}, and
' model reservoir properties [13]. This widespread application
resulted from several attractive features of meural networks.
= Unlike regression, neural networks do not require specification
' of a structural relationship between input and output, have the
ability to approximate arbitrary nonlinear fumctions to amy
degree of accuracy [14, 15), can be trained easily using past
™ data records from the system under study [9], have the ability
'to learn, have the capability of performing massive parallel
processing, have significant fault tolerance, and are readily
applicable to multivariable systems.
M In addition to the above attractive feature, new interest
was fueled, in part, by powerful new neural network models
_ such as B-spline Networks, Radial Basis Function Networks,
t~ Elman Network, and new learning methods such as Back-
Propagation [16, 17} and Associative Leamning Rules. The
interest in neural networks is also due to advances in computer
technology which have made it possible to bring together both
™= a very large number of nodes and massive interconnection of
simple neurons, much like the human brain.

Multi-layer perceptron networks with a backpropagation
learning algorithm are perhaps the most widely used neural
networks for process identification. There are typically two
layers with connections to the outside world. These are the
input layer, where data are presented to the network and the
m= output layer, which holds the response of the network to a

given input. Layers distinct from the input and output layers
are called hidden layers. Typically, one hidden layer is used,

[

Limad]

SPE 35721

although there are no restrictions on the number of hidden
layers. The modeling capabilities of these networks have been
demonstrated in numerous publications and successful
industrial applications.

In an artificial neural network, the simple nonlinear
elements called nodes, neurons, or processing elements, are
interconnected and the strength of interconnections is denoted
by parameters called weights. The values of the weights
represent the current state of knowledge of the network. These

weights are adjusted to improve performance, depending on

the task at hand. They are either determined via some

prescribed off-line algorithm and thus remain fixed during
operation, or adjusted on-line via a leaming process {5, 18].
The node weights provide the memory which is necessary in a
learning process. Learmning may require providing many
examples to the network many thousands of times.

Another phase in the operation of a network is recalling.
Recalling refers to the way the neural network processes a
stimulus presented at its input layer and creates a response at
the output layer. Often, recall is an integral part of the leaming

process. v
_An additional important characteristic of a neural network

is its generalization properties. The nature of neural network

‘memory leads to reasonable network response when presented
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with incomplete, noisy, or previously unseen input. This is
generalization. The quality and meaningfulness of
generalization depends on the particular application and the
type and sophistication of the network.

Finally, whereas traditional computing systems suffer
from even a small amount of damage to memory, neural
systems are fault-tolerant. For example, if some processing
elements are destroyed or impaired the behavior of the network
as a whole is only slightly degraded because other neural
pathways through the network remain. Performance suffers, but
the system does not come to an abrupt halt. Neural network
systems are fault tolerant because information is not stored in

one place, but is distributed throughout the system.

Neural Networks and Pattern Recognition. In the 1960s and
1970s, patten recognition techniques were only used by
statisticians and were based on statistical theories. Due to
recent advances in computer systems and technology, artificial
neural networks have been used in many pattemn recognition
applications from simple character recognition, interpolation,
and extrapolation between specific patterns to the most
sophisticated robotic applications. To recognize a pattern, one
can use the standard multi-layer with a back-
propagation leaming algorithm or simpler models such as self-
organizing networks [19]. Self-organizing networks easily
leam to recognize the topology, patterns, and distribution in a
specific set of information. A detailed account of self-
organizing networks and pattern recognition techniques is
beyond the scope of this paper, but we will use a self-
organizing network to divide the waterflooded field into
smaller regions.

Our neural networks are implemented on a PC using
MATLAB, a technical computing environment combining
computation, numerical analysis, and graphics [20].
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Lost Hills Waterflood Project
We examine specifically a waterflood project in Section 2 o
“the Lost Hills Diatomite (Kern County, California) denoted
"Lost Hills I" and operated by Mobil E&P U.S. Across all
leases, the Lost Hills Diatomite contains an estimated 34
remillion bbl of light oil recoverable by primary methods [21],
sut the OOIP is roughly 2 billion barrels [22] and the target
for incremental recovery is huge. In Lost Hills I, the oil-
bearing diatomite lies between depths of 1600 and 2650 ft. It
™s overlain by the Tulare sands and underlain by the Reef
Ridge and Antelope shales. Porosities range from 40 to 75%,
while the average field permeability is around 1 mD. The
mfeservoir is highly Iayered and interbedded with oil-bearing,
iliceous diatomite composed of a very fine-grained mixture of
oiogenic silica interlayered between shaley and silty
diatomites. Diatomite properties also vary diagenetically with
miepth. Opal A is found in the upper diatomite interval and
ransitions to Opal CT as depth and pressure increase. Opal
CT is more dense, less porous, and stronger than Opal A.
Both rocks types are productive. This layered, interbedded,
liatomite/shale geology is a general characteristic of the
diatomites [23, 24]. :
Extensive development of Lost Hills I began in the late
=1970's with the use of hydraulic fracturing to improve injector
md producer efficiency and a second phase of hydraulic
sracturing followed in 1982 [25]. The presence of gas-rich oil
and free gas results in high gas production rates and
Pcceleration of reservoir voidage and compaction. To combat
ompaction and subsequent subsidence and to maintain
reservoir pressure, water injection at Lost Hills I began in
=4991. To date, there are roughly 120 producers and 50
‘njectorsinoperation. Wells are perforated over a total interval
Jf 600 ft, completed in 3 or 4 stages, and hydraulically
fractured. Figure 1 gives a plan view of the injector and
mroducer locations at Lost Hills I. The dark circles are
roducer locations, while the open circles are injectors. Well
configurations yield an incomplete staggered line drive aligned
with the induced fracture direction, and on 1 1/4 acre spacing.
™\1l wells are hydraulically fractured with a field-wide fracture
-zimuth averaging N 50° E [25]. The fractures are quite large
with an average tip to tip length of about 700 ft.
rn Diatomite properties contribute to some additional
perational problems. For instance, diatomite has relatively
sow Young's Modulus (50,000 - 200,000 psi) which causes
induced fractures to be much more elongated than those in
™iffer rocks [25]. Low permeability contributes to high
rellhead pressures and low injection rates. If overpressurized,
hydrofracture extension and linkage occurs [26). -Likewise,
ﬁlaﬁvely low formation permeability and large formation
- rickness make it hard to establish uniform displacement
.-onts in all diatomite layers.

il Production. Production responses of individual wells
ary widely. Figure 2 catalogs the most likely types of
producer behavior during diatomite waterfloods. First, Fig. 2a
demonstrates no oil or water production response. The well
Tntinues to behave as if it were in an infinite medium.
econd, a well may show no waterflood response, but well

it}

productivity decreases due to interference with other producers
as shown in Fig. 2b. Third, as Fig. 2c demonstrates a water
production response may be measured with no oil production
response. Fourth, 2 well may show increased oil production,
but no increase in water production as in Fig. 2d. Fifth, Fig.
2e shows a well with both increased oil and water production.
Lastly, water production might increase and oil production
might show a short-term response and then begin to platean as
in Fig. 2f Table 1 summarizes the current totals for each type
of behavior at Lost Hills E. Each type of response is assigned
the letter illustrating its typical response on Fig. 2. Chiefly,
waterflood response is either a simultaneous water and oil
production response or a water production response with no
corresponding oil production response. Together types (c) and
(e) account for 104 of the 123 producers cataloged.

Cataloging of producer types was aided by a neural
network. The network scans the response of each producer and
indicates the most likely type of behavior illustrated in Fig. 2.
Table 1 shows how this network helps to define more
precisely the pattern in a producer response. Columns 2 and 3 -
give the results from assignment of producer types manually.
We term this process KEE for kmowledge of an expert
engineer. Instead of repeating the Iaborious manual process to
check assignments, the neural metwork (NN) was used to
predict the patterns according to the types of bebavior defined
in Fig. 2. Manual and network assignments (KEENN) were
compared and when the two differed (Column 3 of Table 1),
those individual wells were rechecked manually. Columns 4
and 5 of Table I show the result of final refinement. All
together 17% of the well types were changed resulting from the
network verification of producer behavior. Thus, our
understanding of reservoir behavior improved 17%.

Additionally, the network was adapted based on the
refined producer cataloging. The producer responses were
divided into 3 parts. The first third of the 123 producer
responses was used for network training. The second third was
used for testing and the rest of the data were used for
validation. Table 2 shows the overall performance of the
network. It predicts that 64.2 percent of the producers have
type (¢) behavior, 25.2 have type (c) and 10.6% are the
remaining types. This compares favorably with the manual
assignment of producer types. Finally, Fig. 2g shows the
distribution of producer types after 5 years of waterflood. Note
that the producer behavior tends to be extreme as it follows the
edges of the plot.

Over the last five years, oil production per well in the
Lost Hills I waterflood project has averaged 18.7 BO/day and
water production 32.3 BW/day as shown in Fig. 3. The
average produced water-oil ratio (WOR) is thus 1.7. The
productivity of the wells varies substantially with a maximum
oil rate near 65 bbl/day and a minimum at roughly 2 bbl/day.
Figure 3 also gives graphically the distribution of WOR's by
well for the project. The dark diagonal lines mark water cuts of
1, 2, and 4, respectively. Roughly 43% of the producers make
oil at a WOR of 1 or less and 66% make oil at a WOR of 2 or
less.

To gauge production response to water injection, Fig. 4
plots the fraction of wells showing oil and water production

166



4 NEURAL NETWORKS FOR FIELD-WISE WATERFLOOD MANAGEMENT IN

SPE 35721

LOW PERMEABILITY, FRACTURED OIlL RESERVOIRS

response versus the square root of time on production. A
production response is inferred when cumulative production in
a well deviates from that expected for transient flow in an
infinite medium or transient flow with interference, i.e.,
responses shown in Figs. 2c to 2f. Therefore, we consistently
plot time as a square root because cumulative production
versus the square root of time for a well in an infinite medium
is a straight line if formation and fluid properties do not
evolve. Figure 4 teaches that the number of wells showing a
water production response consistently outpaces the number of
wells showing oil production response. After 1600 days (40
days1/2), each curve plateaus. All production wells show a
waterflood response since the fraction of wells showing water
breakthrough is 1. 72% of the wells show increased oil
production as a resuit of water injection. Often this positive oil
response diminishes with time and becomes negative. The
limited pump capacity of wells, which produce significantly
more water after breakthrough, may contribute to this
behavior. The average time on production for the onset of a
waterflood response is 900 days (30 days1/2) as both oil and
water production response curves on Fig. 4 are at one-hailf of
their maximum at this time.

Water Injection. Water injection per well has averaged 198
bbl/day. Therefore, the average ratio of injected fluid to
produced fluid, per well, is 4.9. This ratio is not unity in
order to make up for the voidage caused by primary production
and becanse outnumber injectors by a ratio of 2.4 to
1. Figure 5 plots the mean injection pressure at the top of the
perforations versus the mean water injection rate for each
injector. Although the data are scattered, it is clear that the
average injection pressure is slightly more than 300 psi.

Because wells differ in the depths and the lengths over
which they are perforated, it is necessary to rescale the
injection pressure and rate for each well in order to make
meaningful comparisons and to characterize injection well
behavior. The dimensional grouping of variables chosen to
represent specific injection pressure is the injection pressure at
the top of the perforations divided by the depth to the top of
the perforations, and the specific injection rate is the water rate
divided by the total height of the perforated intervals. The data
in Fig. 5 are rescaled accordingly and presented in Fig. 6.
This operation significantly reduces the scatter in the injection
data, and suggests that many of the wells behave similarly.
Rescaling will later prove to be a powerful means o
classifying well behavior and subdividing the waterflood
project into groups of wells with analogous behavior.

Field-Wise Waterflood Management

Optimally, waterfloods should be managed to produce oil as
quickly and efficiently as possible without damaging the
reservoir excessively. Limiting damage in the Diatomite is
synonymous with minimizing tip extensions of hydrofractures
and induction of new fractures that may, or may not, link
injectors and producers. However, translating this field-wise
goal into an operating procedure for each well is a difficult
task, especially since tight oil reservoir dynamics are complex,
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nonlinear, and difficult to predict. Before quantitatively
describing field-wise management with neural nétworks and
Hills I, we describe the process

proposed approach to integrating the predicted behavior of
individual wells into an overall waterflood management
scheme. Field-wise management lies at the top of the
schematic because our overall objectives concem the field as a
whole, and not individual wells. Waterflood management
might entail setting monthly, quarterly, and yearly production
goals. As we move down the schematic, information becomes
finer grained. The horizontal line between cumulative injection
and production signifies that these two types of information are
related even though we may not know how to specify the
relationship mathematically.

Immediately below the field-wide cumulative rates lie
cumulative injection and production rates in smaller regions of
the field. These regions might be organized simply as
individual patterns or collections of patterns that behave.
similarly. Ideally, the process of subdivision' should be
automated and the criteria for deciding which wells behave in a
similar manner should be based upon properly scaled injection
and production rates. Other information such as hydrofracture
size and azimuth, the geology around the well, time on
production, and location of the well with respect to lease
boundaries can also be included. Figure 8 displays,
schematically, how a field might be subdivided into regions of
similarly behaving wells. Region boundaries do not have to
be straight, nor do regions have to- cover identical surface
areas. Of course, once the cumulative water injection in each
region is known, the field-wide injection is known. But, Fig.
7 also teaches that the cumulative water injection sets the
production for each region of the field even though we might
not know the structural relationship. At this level, it can be
verified that the production goal set in reservoir management
leads to reasonable quantities of injected water.

The behavior of a region is the sum total of the behaviors
of the wells within it. Since regions were delineated by groups
of wells with similar characteristics and we have neural
networks that can predict well by well behavior [9], we can
predict the injection per region leading to the best oil
recovery. The next lower level is the injection and production
rates per well which are set by optimizing region production.
At the lowest level, the field engineer now has a suggestion as
to how to operate the field in an optimal manner.

Prediction of Daily Oil Production. One of the most
important questions asked in managing a waterflood is "How
much oil will be produced if the current injection-production
policy is continued in the future?” To answer this question, a
neural network model is used to estimate the field-wide
production, given field-wide injection.

Mobii's Lost Hills I waterflood in Fig. 2 includes 123
producers and 48 injectors. The data set also includes 5 years
of historical injection and production rate data collected at 1 to
10-day intervals. Neural network design for predicting the
behavior of the field starts with filtering, smoothing, and
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mterpolatmg values for missing information in the historical
™data set. A first order digital and a simple linear recursive
parameter estimator [27, 28] for interpolating is all that is
needed to filter, smooth, and reconstruct the noisy field data.
ol To model the total daily production in the field, our
network uses 10 input nodes representing the current
measurement and the 9 most recently measured values of field-
wide production rate at 10 day intervals. All rates are scaled

Maccording to the following equation
Scaled Value = Actual Value - Mean )
™ Maximum - Minimum """

and then the scaled value is normalized so that it lies between
.1 and 0.9. The hidden layer contains 10 nodes with a
nonlmw transfer function. The output layer contains 3 nodes
representing the prediction of the total daily production rate at
3 subsequent 10-day intervals. For predicting outputs more
™than 1 month into the fiture, iteration through the neural
networklsmqmred.Forquarteﬂyprechuon of production, the
networks were iterated and thedmly production rate 3 months
'_Fxtotheﬁmrewaspredlcted.
The data were divided into training and test data sets.
The network was then trained using the test data set, the
backpropagation learning algorithm, and an adaptive leaming
resate coefficient . The network was trained until the predxcnon
saffered upon continued training. Figure 9 shows the
performance of the network for the training data set and
illustrates that the network accurately predicts the total daily
"":roducuon,usmgallptoducuonwells,% days into the
future. The dark line represents the smoothed field data and the
lighter, dashed line the network prediction. Figure 9 gives the
ulative water injection. We find in Fig. 9 that the network
:redxcﬂonxsaoanate,andthetotaldmlyproductxonavaagx
2330 BO/day. Note that the network welghts are not adjusted
while predicting cumulative production or injection for the test
rjata set.

Sub('lmdmg the Field into Regions. The information
rovided in Figs. 5 and 6 detailing injection rate as a function
"tfpmmeatthetopoftheperforaﬂonswasusedto divide the
18 injectors into collections of similarly behaving wells. This
task was accomplished with a self-organizing neural network,
r~described below. For brevny though, the creation of only two
such regions is discussed in detail.
The network for grouping wells and well behavior into
regions is a two dimensional, self-organizing network with
™wo input nodes which represent the scaled mean water
njection rate per well and scaled mean injection pressure per
well, respectively. In con_mncuon, 25 neurons are used to
mflassify patterns exxstmg in the injection data. The two-
hmensxonal map is five neurons by five neurons with
Jistances calculated according to the Manhattan distance
neighborhood function [20]. In this case study, it is assumed
mhat no other knowledge exists to divide the field into regions.
Although this methodology has limitations, the usefulness of
the technique is for fast screening and study of different
Hinjection policies with reasonable accuracy. Later, the shapes

of the hydrofractures will be added as amother factor fir
dividing the field into smaller regions.

Figure lOpmentsswledm_;ectxonpmsmeatﬂ:etop o
the perforations versus scaled water injection rate and shows
partial results from the neural network subdivision of the field.
The filled circles in Fig. 10 are the scaled injection rates and
the remaining symbols define the neural network differentiated
regions of injection behavior. For example, it is predicted that
injectors A1, A2, and A3 display similar behavior. In
addition, it is predicted that injectors B1 and B2 will show
the similar behavior. All wells have high specific injection
pressures, but the scaled water injection differs
between these two sets of wells. Fig. 1 shows the location of
these injectors, and, as expected, they are in different parts of
the field.

To demonstrate that the network accurately recognizes
pmmsexlsnngmﬂlemjecuondata,andalsomshow that
the field is correctly divided into smaller regions, the behavior
of the injectors A1, A2, A3, Bl and B2 is shown in Figures -
11-15. Comparing Figs. 11, 12, and 13, one can see that the
genemlb&aviorofﬁrstﬂneeinjecwrsisvety much the same:
the average injection rate is around 780 bbl/day, the average
injection pressure at the top of the well perfo:aﬂons is around
450 psi, and all three wells have nearly the same injectivity.
Likewise, comparing Figs. 14 and 15, one can conclude that
the last two mjectorsbehavesmlarly, but their behavior is
much different from that exhibited by Al to A3. In the latter
case, injection pressure exceeds the injection rate and the
injection rate is quite low. Although the injection pressure at
the top of the well perforations is around 500 psi for both
wells, the injection rate is roughly 150 bbl/day on average.
Hence, the injectivity in the first set of wells is much greater
than the second set. Figure 10 illustrates that we found 21
such regions in Lost Hills I with the self-organizing network.

Total Injection/Production for a Region. At the second
level below reservoir management (Fig. 7), two neural
network models are developed to predict the relationship
between the total water injection and the rotal oil, water and
gas production for a specific region. Here though, we will only
predict oil production. This prediction, however, demonstrates
the typical behavior found also for water and gas production.

The first neural network model developed predicts the
total injection 'based on known total oil production for a
specific region. The second neural network model is developed
to perform the so-called "inverse problem” where the total oil
production is predicted from known or expected total injection
in a specific region. The data here are based on the
current policy followed by Mobil, but we could begin to
screen injection policy scenarios by setting the desired
production and then compute required water injection, and vice
versa.

The first neural network model for estimating water
injection has 3 nodes in the input Iayer representing the
current and two past total oil production rates (scaled) at one-
day intervals. It has 1 node in the hidden layer with nonlinear
transfer function (sigmoid function), and one node in the
output layer predicting the current total water injection rate
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(scaled), with a nonlinear transfer function. Five years of
historical data were used for training the neural network. The
data were divided into 120-day intervals. The network was
trained based on the first 60 days. The next 60 days were used
for testing the network performance. The model was updated
every 60 days to predict the next 60 days over the entire five-
year history. Figure 16 shows the performance of the neural
network model for a training and test data set. The network
predicts well the total injection based on total production in
this region, for the training and test data set in Fig. 16, and for
the entire five years of data.

The inverse problem of the network just discussed is to
predict the oil production from the total injection. There are
two methods for solving the inverse problem: direct and
indirect. In the direct method, the inverse of the first network
model is used to solve the problem. For simple problems and
with a simple network structure, it is possible to calculate the
exact inverse of the neural network [29]. For complex neural
network models, an optimization routine is needed to solve
the inverse problem [29]. In the second approach, a separate
neural network model is developed to solve the imverse
problem. However, in this case the two network models
constrain each other. The output from one network is
considered as input into the second network and the two
networks in series are considered as a unit transfer function. In
this case study, the two approaches were not compared.
However, we recommend the direct method for simple and
well bebaved oil fields and the indirect method for more
complex problems.

The neural network to solve the inverse problem was
developed independently of the first network following the
indirect method. Thus, each of these models can be used as
solution to the other inverse problem. The developed neural
network model has 3 nodes in the input layer representing the
current and two past values of total injection (scaled) at one
day intervals, and one node in the hidden layer with a
nonlinear transfer function with a sigmoid shape. The single
node in the output layer represents the current scaled, total oil
production, with a nonlinear transfer function. Five years of
historical data were used for training the network. A moving
window of 120 days was used for training and testing the
network. Hence, the first 60 days were used to train the
network and the next 60 days was used for testing the network

Without updating the network, the model has the ability
to capture the pattern existing in the oil production behavior
for a given region. However, in some cases, a constant offet
between model prediction and actual data is found. Figure 17
shows the performance of the neural network model for training
and test data set before the metwork has been updated.
Referring to Fig. 17, one can see that the network has a good
performance for prediction of the total oil production based on
total water injection in this region for both the training and
test data set. The offset, if present, is removed by adding the
error from the previous time step to the future prediction. This
is, in effect, a linear corrector.

Once the total injection and production is predicted for a
specific region, the next task is to predict the total injection
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and production in each injector and producer. In the following
section the procedure for doing so is discussed.

Injection in an Individual Well. Another network was
created to predict the speciﬂc injection per well for each
mjecnon well in a given regxon. The network has 3 nodes in
the mput layer representing the current and two past total
water mjectxon rates at one day intervals. The network has one
node in the hidden layer and three nodes in the output layer
with a nonlinear, sngmoxd, transfer function predicting the
current total injection in each well. For example, consider the
region containing the injectors C1, C2, and C3 as shown in
Fig. 1. The available data were divided into 130 day intervals
and the network was trained based on the first 80 days. The
model was trained until the prediction suffered upon continued
leamning. The next 50 days, in each 130 day interval, were
used for testing the metwork performance. To adapt the
network to changes in the field, the model was updated on-lime
every 80 days. The performance of the neural network model
for training and test data set is shown in Figure 18. The
network shows good performance for prediction of the total
water injection in each specific well based: on total water
injection in this region for both training and test data set.

Production in an Individual Well. The specific region in
this case study, includes five producers. The goal is to predict
the total production in each well based on the total production
in the region. The developed neural network model has 3
nodes in the input layer including the current and two past
scaled total oil production at one day intervals. The network
has 3 nodes:;in the hidden layer and 5 nodes in the output
layer with a nonlinear transfer function. The network predicts
the current total production in each well. Five years of
historical data have been used for training the neural network.
The data were divided into 100 day intervals. The network
was trained based on a moving window of 70 days and the
next 30 days were used for testing the network performance.
To capture the changes in the injection policy in the region,
the model was updated every 70 days. The neural network
prediction for total production in each well is in good
agreement with the actual data. The typical performance of the
neural network model over a 100 day interval is shown in
Figure 19. The performance of the network for the rest of the
five years and-for the rest of the producers was the same.

Once the total injection and production is predicted in a
specific injector and producer, the next task is to predict the
daily injection and production rate in other imjectors and
producers.. In the following section, we will discuss this
procedure. It is important to mention that the neural network
models described above emulate the differential operator in
conjunction with a nonlinear filter. In other words, a
differential operator in conjunction with a nonlinear filter can
be used for the next. case study instead of using the neural
network model. However, the following section will show the
usefulness of the neural network models in this application. '

Total Injection Related to Daily Injection. In this study, the
developed neural network model has 3 nodes in the input layer
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representing the current and two past total water injection rates
™\(scaled at one-day intervals) and 3 nodes in the hidden layer
with a nonlinear, sigmoid transfer function. The model has
one node in the output layer with a nonlinear transfer function
mepredicting the current daily water injection rate (scaled). Five
years of historical data, divided into 140 day intervals, have
been used for training and testing the neural network. The
network was trained based on a moving window of 80 days
mand the next moving window of 60 days was used for testing
the network performance. To capture the changes in the
behavior of the injector, the model was updated every 80 days.
|_,getius study, the network was not trained to exactly emulate
the differential operator, but it was trained to approximate the
differential operator in conjunction with a nonlinear filter to
smooth the actual data. If the network is trained to perfectly
meemulate the differential operator, which is very commen in
®ecent applications, updating of network is not necessary.
However, in this case, the network is sensitive to any noise in
the data. Figures 20 and 21 show the performance of the neural
™etwork model for the training and test data sets. As it is
thown, the network has perfect performance for prediction of
the daily injection rate in a specific injector based on total
pjvater injection in this injector for the training and good
serformance for test data set. :
Once the daily injection rate is predicted in a specific
injector, previously developed methodology by Nikravesh et
™. [9] can be used to predict the wellhead pressure as a
inction of injection rate. In addition, it has been shown that
neural’ network models can be used for screening various
r_;njecﬁon policy and strategies and they are able to
-~ redict extensions of injection hydrofracture and provide us
rith a means of preventing unwanted fracturing [9]. Therefore,
they accurately recognize injection policies that lead to the
r-?mnmum injected water and the best oil recovery.

sotal Production Related to Daily Production. Here a
neural network model was developed to predict the daily
™Yroduction rate in a specific producer based on its total
_roduction raté. The network has 3 nodes in the input layer
representing the current and two past total, scaled oil
nroduction rates at one day intervals, 3 nodes in the hidden
iyer with a nonlinear sigmoid transfer finction, and one node
ul the output layer representing the current, scaled daily
production with a nonlinear transfer function. The available
r*ata were divided into a moving window in 100-day intervals.
he network was trained based on a moving widow of 70 days
and the next 30 days in the moving window were used to test
the network performance. Figures 22 and 23 show the
of the neural network model for the training and
st data set. The network prediction for daily production rate
is in good agreement with the actual daily production rate fior
fapth the training and test data set. It is important to mention
at in this case study, the model is also used as a nonlinear
uiter to smooth the actual daily oil production. However, it is
possible to make the network learn all the peaks, and to
serve the exact behavior of the producer (Figure 24).
gures 22, 23, and 24 show typical behavior of network
prediction for a period of 1470-1570, 1540-1580, and 1810-

i)

1940 days. The performance of the network for the rest of the
five years and for the rest of the producers in this case study
was also very good.

Conclusions . .

We have shown that a neural networks can forecast waterflood

performance in low permeability, fractured oil reservoirs even if

all mechanisms affecting injection and production are not

own. In particular, neural networks can be used to:

*  Predict total performance of a large waterflood project.

¢ Divide a waterflooded field into regions of similarly
behaving wells and predict the relationship between
injection and production within a region.

*  Predict the behavior of individual injectors and producers.

* Modify the existing water injection policy to increase oil
production and decrease reservoir damage, and

e  Predict productivity and injectivity of future infill wells
and water breakthrough time. '

The neural networks described here were implemented on the
PC using MATLAB[20].

Acknowledgments

We thank Mobil E&P U.S. for providing the waterflood
data. This work was supported by the Office of
Technology Applications, Office of Energy Research of the
U.S. Department of Energy under contract No. DE-ACO3-
76FS00098 to the Ernest Orlando Lawrence Berkeley National
Laboratory of the University of California.

References

1. Nikravesh, M., Kovscek, A.R, Patzek, T.W., and
Soroush, M., " Identification and Control of Industrial-
Scale Processes via Neural Networks," presented at
Chemical Process Control V, Tahoe City, CA, Jan. 1996.

2. Bomberger, J.D., Seborg, D.E., Lightbody, G., and Irwin,
G.W., " Experimental Evaluation of Neural Nonlinear
Modeling,” presented at Chemical Process Control V,
Tahoe City, CA, Jan 1996.

3. Rogers, LL. and Dowla, F.U., "Optimization o
Groundwater Remediation Using Artificial Neural
Networks with Parallel Solute Transport Modeling,”
Water Res. Res. (1994), 30(2), 457-481.

4. Al-Kaabi, A.U., McVay, D.A., and Lee, W.J., "Using an
Expert System To Identify a Well-Test Interpretation
Model,” J. Pet. Tech. (May 1990), 654-661.

5. Azimi-Sajadi, M. and Liou, R.J., "Fast Learning Process
of Multilayer Neural Networks Using Recursive Least
Squares Method,” IEEE Trans. on Sig. Proc. (1989),
40(2), 446-449.

6. Psichogios, D.C. and Ugar, L.H., "A Hybrid Neural
Network-First Principles Approach to Process Modeling,”
AICheJ (1992), 38(10), 1499-1511.

170



8 NEURAL NETWORKS FOR FIELD-WISE WATERFLOOD MANAGEMENT IN
LOW PERMEABILITY, FRACTURED OIL RESERVOIRS

7. Widrow, B. and Lehr, M.A., "30 Years of Adaptive Neural
Networks: Percepm Madaline, and Backpropagation,”
Proceedings of the IEEE (Sept. 1990), 78(9), 1414-1442.

8. Chen, S., Billings, S.A., and Grant, PM., "Non-linear
System Identification Using Neural Networks,” Int. J. of
Control (1990), 52(6), 1191-1214.

9. Nikravesh, M., Kovscek, A.R., Johnston, R.M., and
Patzek, T.W., " Prediction of Formation Damage During
Fluid Injection into Fractured, Low Permeability
Reservoirs via Neural Networks,” SPE 31103, presented at
SPE Formation Damage Symposium, Lafayette, LA, Feb
1996. .

10.Garg, A., Kovscek, A.R., Nikravesh, M., Castanier, L.M.,
and Patzek, T.W., " CT Scan and Neural Network
Technology for Construction of Detailed Distribution of
Residual Oil During Waterflooding,” SPE 35737,
presented at SPE Western Reglonal Meeting, Anchorage,
AK, May 1996.

11.Juniardi, LR. and Ershaghi, L, ” Complexities of Using
Neural Network in Well Test Analysis of Faulted
Reservoirs,” SPE 26106, presented at SPE Westem
Regional Meeting, Anchorage, AK, May 1993.

12.Allain, OF. and Home, R.N., "Use of Artificial
Intelligence in Well-Test Interpretation,”. J. Pet. Tech.
(March 1990), 342-349.

13.Zkou, C.D,, Wu, X.L., and Cheng, J.A., " Determining
Reservoir ies in Reservoir Studies Using a Fuzzy
Neural Network,” SPE 26430, presented at SPE 68th
Annual Tech. Conf and Exhibition, Houston, TX,
October 1993.

14.Cybenko, G., "Approximation by Superposition of a
Sigmoidal Function,” Math. Control Sig. System (1989),
2,303-314.

15.Hecht-Nielsen, R., " Theory of Backpropagation Neural
Networks," at IEEE Proc., Int. Conf. Neural
Network, Washington, DC, 1989.

16.Rumelhart, D.E., Hinton, G.E., and Williams, R.J.,
"Learning Internal Representations by Error Propagation,”
in Parallel Data Processing D. Rumelhart and J.
‘McClelland, Editor, MIT Press, Cambridge, MA, (1986)
318-362.

17.Charalambous, C., ” Conjugate Gradient Algorithm for
Efficient Training of Artificial Neural Networks,"” presented
at IEEE Proc. G., 1992.

18.Nikravesh, ‘M., Farell, A.E., and Stanford, T.G., "Model
Identification of Nonlinear Time Variant Processes Via
Artificial Neural Networks,” J of Computers and
Chemical Engineering (accepted 1995),

19.Kohonen, T., Self-Organization and Associate Memory,
2nd Ed., Vol., Springer-Verlag, Berlin, (1987)

20.Bemuth, H. and Beal, M., Neural Network Tool Box,
Vol., The Math Works Inc., Natick, MA, (1994)

21.78th Annual Report of the State Oil & Gas Supervisor.
1992, California Department of Conservation Division of
0il, Gas, & Geothermal Resources.

22.Klins, M.A., Stewart, D.W., Pferdehirt, D.J., and Stewart,
M.E., "Fracturing Alliance Allows Economical Production

SPE 35721

of Massive Diatomite Oil Reserves: A Case Study,” JPT
(Jan. 1996), 48(1), 68-74.

23.Schwartz, D.E., “"Characterizing the Lithology,
Petrophysical Properties, and Depositional Setting of the
Belridge Diatomite, South Belridge Field, Kem County,
California,” in Studies of the Geology of the San Joaguin
Basin, S.A. Graham and H.C. Olson, Editor, The Pacific
Section Society of Economic Paleontolog:sts and
Mineralogists, Los Angeles, CA, (1988) 281-301.

24 McGuire, M.D., Bowersox, J.R., and Eamest, L.J.,
"Diagenetically Enhanced Entrapment of Hydrocarbons —
Southeastern Lost Hills Fractured Shale Pool, Kem
County, Californial,” Selected Papers Presented to San
Joaguin Geological Society (Jan 1984), 6,40-50.

25.Wright, C.A., Conant, R.A., Golich, GM., Bondor,
PL., Murer, A.S., and Dobie, C.A., ” Hydraulic Fracture
Orientation and Product;on/lnjectzon Induced Reservoir
Stress Changes in Diatomite Waterfloods,” SPE 29625,
presented at SPE Western Regional Meeting, Bakersfield,
CA, Mar. 1995. ‘

26.Patzek, T.W., " Surveillance of the South Belridge
Diatomite,” SPE 24040, presented at SPE Westem
Regional Meeting, Bakersfield, CA, March 1992.

27.Ljung, L., System Identification — Theory for the User,
Vol,, Prentice Hall, Englewood Cliffs, NJ, (1987)

28.Ljung, L., System Identification Toolbox, Vol., The Math
Works, Inc., Natick, MA, (1995)

29.Nikravesh, M., Dynamic Neural Network Control. 1994,

Thesis, University of South Carolina:

Table 1: Pattern recognition based on the knowlege of and
expert engineer (KEE) in Conjunction with a neural network

KEE | % KEE | Change #KEENN | % KEENN
based on NN
al 5 4.1 +1 6 4.9
bl 5 4.1 -1 4 3.2
cl 34 27.6_ -4 30 244
df 1 0.8 0 1 0.8
el 70 56.9 +6/-2 74 60.2
fl 8 6.5 +3/-3 8 6.5
Table 2: Comparison between neural network (NN) and
_engineering prediction
NN | % NN | KEENN | %KEENN % of Correct
Classifications
al 5 4.1 6 4.9 79
bl 2 1.6 4 3.2 79
cl 31 | 25.2 30 244 83
dl 1 0.8 1 0.8 79
el 79 | 64.2 74 60.2 93
fi 5 4.1 8 6.5 79
Total 109/123 or
89%
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Field-Wise Waterflood Management
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Abstract

Hfhe coupled, nonlinear and dynamic mechanisms that
~ffect fluid injection for pressure maintenance or
displacement, and oil production, are not well
™nderstood in low permeability fractured reservoirs.
hus, it is difficult to select an injection policy which
maximizes oil recovery while minimizing formation
«lamage caused by fluid injection and withdrawal. Here,
e show that neural network models can be developed
and used to predict, on a well-by-well basis, the
amics of low permeability, fractured reservoirs
- 1dergoing fluid injection. The networks are trained

using historical data from field operations.
We present an example from (i) a water and (ii) a
™eam injection project where over-pressurization has
ad to unwanted extensions of fractures. First, using
data from a waterflood project in the South Belridge
™iatomite (Kern County, CA), we have built a neural
- stwork to predict wellhead pressure as a function of
injection rate, and vice versa. The resulting model
vides an excellent correlation between the inputs
. 1d outputs and recognizes major patterns in the input
udta structure, even though the behavior of the
waterflood is complex. Second, using data from a dual
Mjector steamdrive pilot in the same field, we have
« eated neural networks which correlate the injection

)

pressures and rates, and temperature responses in
seven observation wells.” Assuming a future injection
pressure policy, the neural networks predict the
injection rate and growth of heated reservoir volume.
These predictions are then combined with a history-
matching reservoir simulator to demonstrate how
predictive simulation can be achieved even when
mechanisms of steam injection and oil displacement
into a tight fractured rock are not fully understood.

Introduction

Injection of water, CO2, or steam into low
permeability fractured rocks such as diatomite, chalks,
or carbonates for either pressure maintenance or oil
displacement is problematic. On one hand, injection
rates must be low enough to prevent reservoir damage
from over pressuring and inducing unwanted fractures.
On the other hand, these rates must be high enough to
make the costly fluid injection process economic.
Historically, the conflict between prudent reservoir
management and meeting injection targets has resulted
in significant reservoir and well damage, injectant
recirculation and irreversibly lost oil production. Much
effort has been expended in recent years to develop
models and theories for predicting tight rock behavior
during fluid injection. However, the outcome has been
less than satisfactory, and we still cannot tell reservoir
engineers how to best produce low permeability,
fractured reservoirs without incurring extensive
formation damage.

Currently, reservoir engineers develop fluid
injection policy on the basis of past experience,
partial knowledge of the state of reservoir stress,
production history, and limited predictions of future
reservoir performance from numerical simulation.
Neural network models for analyzing and predicting
complex reservoir behavior are a promising new
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engineering tool. Unlike other models, neural
networks are capable of making accurate predictions
even if all mechanisms affecting injection, production,
and formation damage are not elucidated because these
networks do not require specification of a structural
relationship between input and output data.

The objective of this paper is to demonstrate the
capability of neural networks to model reservoir
behavior and to report the steps required to design a
neural network model that predicts the dynamics of
water or steam injection wells. Likewise, we discuss the
frequency of wellhead data collection necessary for
accurate modeling. We concentrate on the behavior of
individual wells and discuss fieldwise prediction and
management of injection in a companion paper [1].

Successful implementation of a neural network
model requires extensive data sets, from pilots or
computer assisted field operations, that sample a wide
variety of reservoir behavior. We choose to analyze
historical data from the South Belridge Diatomite
(Kern County, CA) because both waterflood and
steamdrive operations have been carried out there and
the field is shallow, thereby permitting a high density
of injection, production, and observation wells. Thus,
we can verify the generalization properties of our
neural networks for an entire spectrum of reservoir
behavior. Although some properties of the diatomite
are unique, it is an excellent analog of other deeper
fractured reservoirs. Accordingly, the methodology
developed here should be applicable to injection into
other tight fractured reservoirs such as the Austin
Chalk and the West Texas Carbonates.

California Diatomites. The diatomaceous oil fields
of California, members of the prolific Monterey
formation, are located in the San Joaquin Valley, west
of Bakersfield, CA. The estimated original-oil-in-
place in the California Diatomites exceeds 10 billion
barrels and is comparable to that in Prudhoe Bay,
Alaska [2]. They are largely undeveloped, but are
relatively well characterized with the oil quantity and
quality known. Although the Diatomites contain an
astounding volume of oil, they also present severe
engineering challenges. Matrix permeability is low,
ranging between roughly 0.1 and 10 mD, while
porosity is quite large, 25 to 65%. Further, the
Diatomites have a high rock compressibility, but the
rock is also naturally fractured. Natural fractures may
be open or cemented shut. Additionally, diatomite is
chemically unstable and exists as various forms of opal
or quartz depending on depth and temperature [3]. It is
possible to dissolve diatomite, transport it some

distance, and then reprecipitate it as a different silica
phase.

Diatomite reservoir architecture takes the form
of a series of stacked silica rich layers with thicknesses
ranging from a féw inches to tens of feet separated by
shales, silty clays or mudstones [3]. To compensate
for low permeability and improve efficiency, both
injectors and producers are hydrofractured. A typical
well has 3 to 8 fractures with tip-to-tip fractures of
about 300 ft [2]. Even after fracturing, primary
recovery remains transient for many years because of
low rock permeability. A typical oil recovery after 10
years on primary is 2.5 to 6.0%. Indefinite primary
production is impossible to achieve because of
reservoir compaction, subsidence, and severe well
failures.

Waterfloods in the diatomite, implemented to
sustain oil production and arrest subsidence, have
suffered from low injectivity, poor vertical and areal
sweep, severe extensions of injection hydrofractures,
injector-producer linkage, and increased rates of well
failure [4]. Every drop of secondary oil that is
displaced during a waterflood must be contacted by
water. Low rock permeability, low water injectivity,
and large formation thickness all conspire to limit the
success of waterflood in the diatomite. The best
approach to improve waterflooding is to carefully
balance imbibition, water injection, and production so
as to promote good volumetric sweep and stable water
displacement fronts. - This approach demands
prediction and monitoring of waterflood performance
at an unprecedented level.

On the other hand, steam can displace oil without
contacting it directly. Oil heated by thermal
conduction expands and evaporates, and is thereby
expelled from the rock matrix. Hence, heat sweeps
areas of the reservoir never directly contacted by
steam. With steam injection in low permeability
formations, success is predicated on maximizing heat
delivery while minimizing the formation damage. To
date, steam injection has not yet been applied
commercially in the diatomite. Shell has conducted
two limited steam drive pilots (Phase I and II) in the
South Belridge Diatomite [5, 6], Mobil is conducting a
heavy oil steam drive pilot in the South Belridge
Diatomite [7], and Chevron has steam soaked
producers at Cymric [8].

Both Shell pilots have demonstrated that steam
can be injected into the diatomite, significant
formation heating over the entire diatomite column
can be achieved, and a significant oil production
response to steam can occur. The reservoir behavior is
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far from simple though. For instance, in the Phase I
mpilot, injectivity increased roughly 10-fold over the
first six years of injection due to hydrofracture
extension, opening and reconnection of natural
fmctures, and dissolution of the diatomite by steam.
""The Phase II pilot exhibited these characteristics, as
well as highly unsymmetrical heating due to preferred
steam convection channels. Therefore, means of
Mselecting and controlling injection pressures and rates
must be devised to either prevent or limit the abrupt
and large extensions of hydrofractures.
Neural Networks. Both isothermal and thermal oil
displacement processes exhibit inherently complex,
nonlinear, time varying, and nonstationary behavior.
HDurmg water or steam injection in the diatomite, there
are several factors which cause such behavior: (1)
changes in the rock matrix permeability; (2) extension
™of the existing fractures, creation of new ﬁ'actures, and
linking of fracture networks; (3) changes in the
reservoir temperature; (4) changes in the oil viscosity;
mand (5) dissolution or creation of the gaseous phase.
Unfortunately, only linear and simple nonlinear
reservoir behavior can be captured and analyzed with
mgconventional statistical methods such as ordinary
Least-Squares, Partial Least-Squares, and nonlinear
Quadratic Partial Least-Squares. Neural network
analysns, unlike regression, does not require
spectﬁcatlon of structural relationship between the
input and output data. Cybenko [9] and Hect-Nielsen
[10] have shown that a neural network model can
rmapproximate any continuous nonlinear relation and
generate complex decision regions for input-output
mapping with useful generalization.
=  Neural networks have the potential to model
reservoir behavior from nonlinear complex multi-
dimensional field data and may find wide application in
reservmr engmeenng To date, they have been used in
™petroleum engineering mainly as tools for assisting in
well test analysis and for well log analysis, c.f. [11-15].
) Details regarding neural networks are available in
™the literature [9, 10, 16, 17]. Therefore, only the
important network characteristics are mentioned here.
The typical backpropagation neural network has an
minput layer, an output layer, and at least one hidden
layer as illustrated in Fig. 1. There is no theoretical
limit on the number of hidden layers, but, typically,
chere will be one. Each layer is fully connected to the
'succeeding layer with corresponding weights. The
input-output mapping of the multilayer network

shown in Fig. 1 can be represented by
M

y™ = B@2 v +82) i )
with

AR 11 NS ) IO— @)
where
ny: number of inputs
nh: number of hidden layer nodes
ny: number of outputs.

wl: nh * nx; input/hidden layer weight matrix
W2: ny e« np; hidden/output layer weight matrix
a1: np, * 1; hidden layer bias vector

62: ny * 1; output layer bias vector

ny * 1; network prediction vector

nxel; network input vector

b2 : np ¢ 1; hidden layer output vector

The nonlinear transfer function, F;, used in this work
for all the network layers is the sigmoid hyperbolic
tangent

z e—z

F(z)=-< 3)

z+e-z

As the neural network learns, the information is
propagated back through the network and used to
update the connection weights. Learning may require
showing a network many thousands of examples. The
objective function for the training algorithm is usually
set-up as an optimization problem and is defined as the
sum of errors squared,

13 ,
E=3 Z (3 Gservety = Fmoticast) ) wervrrenes @)

where P is the total number of separate data items used
to train the network. This objective function defines a
local error for the observed value at the output layer
which is propagated back through the network. During
learning or training of the network, the weights are
adjusted to (i) minimize this sum of squared errors, (ii)
improve the performance of the network, and (iii)
provide the network with memory necessary in a
learning process. Once neural networks are trained
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with information that spans a wide range of system
behavior, they become excellent predictive tools. In
addition, neural networks have the ability to infer
general rules and extract typical patterns from specific
examples, as well as to recognize input-output
relationships from complex field data[18]. These
properties give neural networks the ability to
interpolate between typical patterns of data and
generalize their learning in order to extrapolate to the
region beyond their training domains.

In general, the performance of neural networks is
a function of hidden layer topology. Useful
generalization is affected by the number of hidden
nodes and not by the number of hidden layers. In
comparison with one hidden layer, two or more hidden
layers do not significantly aid the recall process [19].
Therefore, depending on the complexity of the
problem, useful generalization requires a minimum
number of hidden nodes, but not a minimum number of
hidden layers. In addition, the generalization results
produced by multiple hidden layers and discriminatory
capability with more than one hidden layer can lead to
erroneous predictions. However, single hidden layer
networks offer useful generalization and they generally
train faster than multiple hidden layer networks. It can
be shown that there exists a neural network with one
hidden layer topology which has at least the same
performance as a multi-hidden layer network [19].
Therefore, there seems to be no reason to use more
than one hidden layer metwork in preference to a
multi-hidden layer network in most applications. In
addition, it has been shown [9, 10] that
backpropagation networks with three layers can
approximate any continuous nonlinear function and
generate an accurate input-output mapping. Hence,
only single hidden-layer networks are used here.

Waterflood
There are two approaches to analyze and predict the
performance of waterfloods. In the first approach, the
behavior of each injector or producer is considered
independently and modeled with a neural network. For
an injector or producer, historical data consisting of
flow rate and well pressure are used along with the
assumption that the same strategy of well operation
will continue into the future. This approach uses a
very simple neural network model and is easy to train
and implement based on a minimum amount of
information from the field.

In the second approach, the behavior of the
waterflood is considered as a coupled, highly nonlinear

system of injectors and producers. The field-wise

objective is to meet a given production goal with the
minimum amount of injectant. The oil field is divided
into sections with similar characteristic behavior and
each well within a section and its interaction with the
other wells is studied. The model helps improve
waterflood management and the design of recovery
strategies. Our field-wise management approach is the
subject of another paper [1] and here we concentrate
on predicting the performance of single injectors.

Model. Figures 2 and 3 show typical behavior of a
waterflood injector located in the South Belridge
Diatomite. The well is undergoing a pressure-step test
to judge injectivity. The injection rate and pressure
data are noisy and occasionally miss information.
Actual data are displayed with dashed lines and
represent one-hour averages of measurements acquired
every second by a Computer-Assisted Operations
(CAO) system for Shell’s South Belridge diatomite
waterfloods.

The design of a neural network to predict the
behavior of an injector starts with filtering,
smoothing, and interpolating values for missing
information in the historical data set. A first order
digital or analog filter and a simple linear recursive
parameter estimator [20, 21] for interpolating is all
that is needed to filter and reconstruct the noisy data.
Figures 2 and 3 show the performance of the filtering,
smoothing, and reconstruction operation on the
wellhead pressure as a dark solid line.

Our model to predict the behavior of an injector
has 3 input nodes representing the current scaled
values of pressure, current scaled injection rate, and
the scaled step change in pressure. All inputs are scaled
between 0 and 1 using the maximum rates and
pressures for a particular well. The hidden layer
contains 10 nodes. The output layer has 75 nodes
representing the prediction of the injection rates.

Initially we trained the network using a
backpropagation algorithm and the reconstructed data
shown in Figs. 2 and 3. The subsets of the historical
data marked by the numbers 1, 2, and 4 were presented
to the network for training purposes. Training
continued until we found that the network prediction
suffered upon continued training. Data sets 3 and 5
were used later for interpolation and extrapolation to
test the network performance. This network
accurately predicts the behavior of the reservoir 75
time steps into the future, where each step represents
an interval of 2 hours. For predicting outputs more
than 75 time-steps into the future, iteration through
the neural network would be required. Hence, the
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predicted outputs from the network are reused as
~uputs, and the inputs are shifted accordingly.
Figures 4 through 8 show the performance of the
neural network model in more detail. The network
~nodels very well the training data sets 1, 2 and 4, as
hown in Figs. 4, 5 and 6, respectively. The thick dark
line gives the input wellhead pressure to the network.
The actual water injection rate is given as a solid line,
TVhile the neural network prediction of injection rate
_s a function of wellhead pressure is given by a dashed
line.
™ To demonstrate the generalization properties of
_wur network, we used it as both an interpolator and
extrapolator. Wellhead pressures from data sets 3 and
= were presented to the network and water injection
ate was predicted using the network weights and biases
round from training it with data sets 1, 2, and 4. The
erformance of the network for interpolation (data
et 3), and extrapolation (data set 5) is shown in Figs.
. and 8. As we can see, this neural network maps well
the inputs (injection pressures) onto the outputs
™injection rates) and serves as an excellent
iterpolator and extrapolator. Thus, the neural
network model has good generalization properties.
mn  Figures 3 through 8 show typical results from our
tudy of waterflood behavior in the South Belridge
Diatomite. It is important to note that this study used
a minimum amount of field information, i.e., only
“jection rates and injection pressures. It is possible to
.itroduce more information into the network model
to constrain it. For example, a rock mechanics model
™buld be used to predict extensions of a hydrofracture.
.n estimate of the hydrofracture location, orientation
and size might be used to predict injector-producer
énkage, etc.
Most of the wells examined in this field showed
only a single fracture extension. If the fracture
ension data are introduced to the network during
“1e training period, the network captures this
~«tension. However, a perfect match of a past fracture
extension is no guarantee that the network will
™tcurately predict future fracture extensions. This is
scause at present there are no other fracture
extensions in the well that may be used to retrain the
metwork. A predictive rock-mechanical model used in
njunction with a neural network should remedy this
potential deficiency.
. To show that it is possible to predict fracture
ctensions using the neural network model, we studied
« more complex situation. First, a part of the
waterflooded field was chosen. The network was then
™hined based on known information from wells in that
. irt. Included in the training set were the fracture

=

extension behavior and normal behavior of several
injectors. Hence, the neural network accumulated
information from several wells. The network was then
used to predict the performance of another well within
the same part of the field. This particular well had
never been shown to the network. Figure 9 shows the
wellhead pressure as a function of time, while Fig. 10
shows the behavior of the test injector. Data to the
left of the dark, vertical, dashed line at roughly 12
days are introduced to the previously developed
network model for additional training. It is important
to note that this small amount of known information
is not a sufficient data set if used as the sole source of
training information. Figure 11 shows the network
prediction of water injection rate using wellhead
pressure as input. Comparing Figs. 10 and 11, it is
evident that the network is able to accurately predict
injection rate and capture the dynamics of the
hydrofracture extension that occurs at roughly 64
days. Hydrofracture extension is marked by a large
increase in injection rate over a short period of time.

Since the network has learned the symptoms of
injéction leading to hydrofracture extension, it can be
used to suggest an injection policy for the well that
minimizes formation damage. Based on the knowledge
contained in the weights and biases, the network model
suggests that wellhead pressure not be allowed to
exceed 150 psi. In Fig. 9, the actual injection pressure
is stepped to approximately 160 psi at 64 days and to
about 170 psi at 75 days. The lighter line between 64
and 90 days in Fig. 11 shows the network prediction of
injection rate based on the more conservative policy.
The network predicted injection rate is low because a
wellhead pressure of 150 psi is not high enough to
induce a hydrofracture to extend based on the
historical data from wells in this part of the field.

Figure 12 replots the injection data for this
example as the cumulative injected water as a function
of time. The solid dark line is the actual field
performance, and the gray line is the neural network
prediction of the actual performance. Lying much
below these two curves is the result of the injection
policy suggested by the neural network. Because the
wellhead pressure is limited, no fracture extension
occurs and the cumulative injection continues along
the same trend. This result is consistent with our goal
of maximizing oil recovery while minimizing
formation damage and fluid injection.

Fracture Extension

After reviewing waterflood dynamics in the South
Belridge Diatomite, we have learned that, historically,
an important factor causing fracture extension is the
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aggressive action of Proportional-Integral-Derivative
(PID) controllers during start-up periods, or when the
system is near the fracturing gradient. The effects of
aggressive controller behavior are evident upon
comparing Figs. 2 and 3 with Figs. 9 and 10. The
behavior of both injectors is very similar as fracture
extension occurs in both wells when the wellhead
pressure approaches 150 psi.

However, there are important differences between
these two injectors. Figures 2 and 3 show that the
behavior of the reservoir around the well after the first
fracture extension (point S) does not differ
substantially from the behavior before the fracture
extension. Injection response to changes in the
wellhead pressure, both before and after hydrofracture
extension, displays a classical square root of time
decline in the rate of injection [4]. This is not true for
the second well shown on Figs. 9 and 10. After
‘hydrofracture extension, injection rates show no
decline upon establishing a new wellhead pressure.

Both cases are examples of forced fracture
extension. In response to aggressive PID action which
creates a water hammer in the wellbore, the fracture
opens for a period of time allowing large water
injection rates even though the final pressure does not
lead to a pressure gradient above the fracturing
gradient. Essentially, the fracture fills with liquid as a
result of injection, the liquid causes the fracture to
extend, and then the liquid squirts into the formation
in response to a pressure perturbation. It is important
to note that the data available for this study were one
hour averages of well behavior. Since we believe that
the dynamics of forced fracture extension occur over a
much shorter time period than 1 hour, the actual
behavior of the PID controller during fracture opening
is not shown by these figures. Thus for a time period
shorter than the 1 hour average, the pressure gradient
exceeds the fracturing gradient. The length of the
period of time during which the reservoir stays equal
to or above the fracturing gradient, determines
whether fracture extension is temporary or
permanent. Figures 3 and 4 demonstrate a temporary
fracture extension in that the system retumns to it pre-
extension behavior, while Figs. 10 and 11 display a
permanent fracture extension.

There are several ways to prevent such fracture
extensions. One is to retune the PID controller to
improve performance and reduce controller
aggressiveness. In general, retuning PID controllers is
time consuming and requires a combination of
operational experience and trial-and-error procedures.
A neural network model can assist greatly in retuning

by leaming the good and bad symptoms of the PID
controller behavior and then suggesting new controller
setpoints and gains. Figures 9 through 11 show that
based on what the network learned, it was able to
suggest a better operating procedure. Aggressive PID
action was prevented, thereby preventing fracture
extension.

A second approach is to use the network as a
model identifier to assist the PID control. During the
past few years, neural networks have been applied
effectively” as controllers for time varying processes
with highly nonlinear behavior. It has been shown that
the neural network model based control strategies are
robust enough to perform well over a wide range of
operating conditions, and they are much easier to
design and implement than classical PID control [17].
Currently, we are developing a neural network model
based control strategy for water and steam injectors to
augment the present PID control strategy.

Steamdrive Behavior

Thus far we have only examined neural network
models for the analysis and prediction of single well
behavior. However, when used in conjunction with a
first principles model, such as a reservoir simulation
model, neural networks allow us to achieve predictive
simulations while oil displacement and formation
damage mechanisms are being explored.

As an example, we use neural network predictions
of steam injection rate and temperature profiles in
observation wells for the Phase II steamdrive pilot as
inputs to a history matching simulator. The simulator
functions by using temperature response and
cumulative steam injection to infer the portions of a
hydrofracture which conduct steam to the formation,
the temperature distribution within the formation, and
relative changes in matrix permeability [22, 23].
Unfortunately, this simulator is not predictive.
Although our model can capture changes in matrix
permeability, mechanisms for permeability evolution
are not included in it. To be fair, predictive models for
fracture extensions and formation plugging by silica
precipitation are not parts of more sophisticated
commercial simulators either.

Details of this pilot can be found elsewhere [5, 6].
In short, steam is injected through two hydrofractured
injection wells, IN2U and IN2L, that span the entire
Diatomite column at South Belridge and oil is
recovered at two production wells lying to the
northwest, 543N, and southeast, 543P, of the
injection hydrofractures. IN2U is perforated from
1110 to 1460 ft, while IN2L is perforated from 1560
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to 1910 ft; hence, there is no communication between
the injection hydrofractures. Heating of the Diatomite
dy steam is measured in 7 observation wells that are
distributed across the pilot area. Figure 13 gives a plan
view of the pilot, the surface locations of the wells, as
™well as the individual names of the observation wells.
The hybrid reservoir simulation-neural network
approach for predicting results of the Phase II Pilot
mfunctions in the following manner. Given steam
njection rate, wellhead pressure, and the temperature
responses at the observation wells for a given period
of time, say 0 to 700 days of steam injection, a neural

“letwork model and the steam injection history

-natching simulator are run in parallel to obtain a best
fit of the Phase II results. In the case of the neural

™etwork model, this entails predicting the change in
emperature at each observation well for a given time
‘interval.

m  The trained neural network is then used to
:xtrapolate into the future the temperature response
in each observation well and the steam injection rate.
The temperature response and the cumulative mjected
iteam predicted by the neural network are used in
-place of actual data as input to the history matching
simulator. The simulator is then restarted with the

™utput from the first 650 days of steam injection as
nitial conditions and “history matching” of the neural
“network data is performed.

e  Hence, this combination of neural network
:Xtrapolation of steam-injection response in time and
‘history matching allows us to predict volumetric

Jeating of the diatomite and the zones with the largest
iteam flow. As a sidenote, the power of neural
-setworks to interpolate between complex nonlinear
data also allows us to generate various injection

™cenarios and visualize their results [1]. Details of the
leural network prediction are described prior to
displaying the results of this hybrid approach.

i}
deural Network Model for Steam Injection
“Figures 14 and 15 show typical behavior of the IN2L
‘,'ﬁteam injector from the Phase II Pilot. The dashed
ines representing the injection rate and wellhead
pressure include substantial noise. Similar to the water
injectors, the first step in designing a neural network
™nodel was to filter and smooth the actual injection
lata. Next, a series of neural network models for short
term prediction of injection behavior were developed.
=  First, steam injection rate as a function of
vellhead pressure is predicted, and then the so-called
““inverse problem,” wellhead pressure as a function
~Steam injection rate, is predicted. The structure of
:ach neural net is similar. Each model has 6 input

M

nodes, 15 nodes in the hidden layer with nonlinear
transfer functions, and 10 nodes in the output layer
with nonlinear transfer functions. Network output is a
prediction of either the injection rate or the wellhead
pressure for the next 10 sampling periods. All rates
and pressures are scaled using historical maxima in the
data set. The sampling period between known values
of wellkead pressure and mjectnon rate is 1 day.

For prediction of steam injection rate the input
nodes represent the current wellhead pressure, current
injection rate, and 4 past values of wellhead pressure.
The six input nodes for the network that predicts
injection pressure represent the current injection rate,
current injection pressure, and the 4 past values of the
injection rate;

Each network is initially trained using a
backpropagation algorithm with smoothed and
reconstructed data. A moving window is used for
training on the first 200 days of data, and the next
100 days of the data set are used for testing the
network. The network is trained and updated in the
next training window data set based on a simultaneous
updating approach [17]. The training data sets labeled
in Figs. 14 and 15 were presented to the network, and
training was stopped when it was found that the
network's prediction suffered upon continued training.
Next, steam injection rate and wellhead pressure were
predicted by each network, respectively.

The network has excellent prediction for the
training data sets, as‘ expected. To show the
performance and generality of the network, the model
was used for interpolation and extrapolation of
injection 3 months into the future. The performance
of the network for the test data is marked as a solid
line in Figs. 14 and 15. Both figures illustrate that each
neural network maps well inputs onto outputs and is a
good interpolator and extrapolator. Thus, these neural
network models have excellent generalization
properties.

For metwork prediction of injection rate more
than 10 time steps into the future, iteration through
the neural network is required. Therefore, the
predicted output from the network is used as input to
the neural network and the input is shifted
accordingly. It is important to note that the
prediction will deviate gradually from the actual value
as the network is iterated. For our model, as long as
discontinuous changes in the behavior of the reservoir
do not occur (e.g., an extension of the injection
hydrofracture), the prediction is reasonable.

Also, note that even though the performance of
the networks was perfect for this case study, a
comparable performance is not guaranteed for other
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cases. Therefore, we are conducting a more detailed
study of modeling reservoir behavior as well as a model
for field-wide' management [1].

Long Term Prediction of Steam Injection. Since
short term prediction of steam injection behavior was
successful, we developed a neural network model for
- longer term prediction of steam injection rate as a
function of injection pressure. This model is used to
estimate the long term performance of steam
injection in .conjunction with a reservoir simulator.
Using this network model, the results from different
injection scenarios can be predicted allowing us to
analyze and choose an optimal scenario. The model
has 5 input nodes representing the current and 4 past,
scaled values of the injection pressure, 20 nodes in the
hidden layer, and 2 nodes in the output layer. The
output gives a prediction of injection rates two
sampling periods into the future. The model is called a
feedforward model, because the injection rate is
predicted solely from the known pressure history. The
network was trained using a backpropagation
algorithm with the reconstructed data given in Figs. 14
and 15. Training was stopped when it was found that
the network's prediction suffered upon continued
training. After the injection rate versus time
relationship is known, calculating cumulative steam
injection versus time is trivial.

For long term prediction, the error in the
cumulative sum of the injection rate is backpropagated
through the network for adjusting the weight and bias
terms instead of the error in the daily injection rate.
The performance of this model on a daily basis is not
as accurate as the previous one. However, because the
current model is constrained by the total amount of
injected steam, its long term prediction of cumulative
steam injection is excellent. In addition, the models
for short term prediction may be used to assist the
feedforward, long term model. Therefore, the
combination of feedforward and the previous model
for short term prediction can be used for better long
term prediction if information is needed on a daily
basis.

Figure 16 shows the performance of the network
model for predicting the cumulative amount of steam
injected versus the actual data. The network has good
performance. Also shown are network predictions of
cumulative injection given + 10% changes in the
wellhead pressure, thereby allowing us to see the effect
of changes in the injection pressure on the cumulative
steam injected. We conclude that by using simple
neural network models, it is possible to predict the

behavior of the injectors for both a short and long
time periods to a reasonable degree of accuracy.

Neural Network Model for Observation Wells
The temperature responses in the observation wells
displayed in Fig. 13 quantify the extent and uniformity
of heating of the reservoir and the rate of expansion
of the heated rock volume. The latter rate is a
function of the injection pressure, the hydrofracture
area and the creation of steam-flow channels in the
formation. Hence, prediction of the future
temperature responses is crucial to ensuring smooth
operation of injectors and the prevention of unwanted
fracture extensions. .

Briefly, we have developed several neural network
models to predict the temperature responses of the
observation wells. A typical network has 3 input
nodes representing the current and 2 past scaled values
of temperature response, 2 nodes in the hidden layer,
and 1 node in the output layer that gives a prediction
of the temperature response 30 days into the future.
The network is trained using a backpropagation
algorithm. Figures 17, 18, and 19 show the typical the
temperature responses of Wells LO13, LO14, and
LOI5. Actual temperature measurements are shown as
dashed lines, while the neural network predictions are
given as solid diamonds connected by straight lines.
Only the temperature responses at depths
corresponding to the midpoints of the reservoir
simulation layers to follow are shown, suggesting an
imperfect match of the field data. However, our neural
network models the temperature profiles exactly.
Although not displayed, temperature responses at
observation wells, LO11, LO12, MO1, and MO2 were
generated with identical networks. Model predictions
can then be used in conjunction with any reservoir
simulator for further detailed studies of the reservoir
under steam injection. Here we use only our history
matching simulator with simplified physics to show
that neural networks and reservoir simulators can be
used in concert.

Hybrid First Principle-Neural Network Model

Figure 20 displays a plot of wellhead steam injection
pressure for well IN2L as a function of time. The dark,
dashed line gives the actual history from the pilot for
the first 700 days of injection while the solid line gives
the pressure input to the history matching simulator.
Given the continuation of steam injection between
700 and 1200 days at the pressure indicated on Fig.
20, the neural networks are used to predict the
temperature responses in the observation wells, in
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addition to the cumulative injected steam. These
predictions become the inputs to our history matching
simulator to estimate the volumetric distribution of
heat within the pilot and diagnose future performance.

As a demonstration of the results from this hybrid
Mapproach, Fig. 16 superimposes the simulator-

predicted cumulative steam injection over the actual
and the neural-network-predicted injection.
mAdditionally, Figs. 17 to 19 show the neural network
and simulator predictions of temperature response
between 700 and 1200 days for observation wells
=~LO13, LO14, and LO1S. As shown on Fig. 13, these
'wells are adjacent to IN2L. The dark dashed lme gives
the actual temperature response between 1500 and
2000 ft. Neural network predicted temperature
Mresponse is represented by solid diamonds and the
simulator predictions of temperature response are
marked by solid circles. The horizontal dashed lines
mand the letters J through M indicate the geologic
layering at South Belridge.

To the east of IN2L, Fig. 19 displays a dramatic
~viemperature response at a depth of roughly 1800 ft.
Th:s indicates that continuing the current injection
policy will lead to dramatic temperature increases in
LO15 and steam breakthrough at the close by
™producer, 543P. In fact, this was observed in the pilot

[22, 23]. To the west of IN2L, Figs. 17 and 18 show
vertical asymmetry of heating, but no acceleration of

rithe temperature response.

L]

Summary

—Neural network models can match and then predict
- complicated reservoir behavior when historical
databases are available. To capture detailed extensions
of mjectlon hydrofractures m tight rocks, the

intervals. Modern Computer-Assisted Operations
(CAO) systems, mass data storage devices, and fast
mdata transfer protocols provide the foundation for
rapid data acquisition. With current computer
hardware and networks, these requirements can be
msatisfied at a relatively low cost and the potential
savings in terms of otherwise forfeited oil production
may be huge. To capture large and permanent fracture
extensions a much lower frequency of data acquisition,
“say 1 measurement per day, is required. The neural
networks are capable of making accurate predictions
even when all mechanisms affecting injection or
mproduction behavior are not known. Further, neural
networks provide a way to incorporate disparate
information because a structural relationship between
mminput and output data is 7oz required.
Using steam and water injection data from field

operations in the South Belridge Diatomite, we have
demonstrated that neural networks are capable of
predicting injection rate as a function of wellhead
pressure and vice versa. The networks used are simple
and are based on accepted neural network designs and
training algorithms. These networks match field data
very well and have exceptional generalization
properties. They are able to accurately predict
extensions of injection hydrofractures and provide us
with a means of preventing unwanted fracturing.

With regard to steam injection, neural networks
used in conjunction with reservoir simulation provide a
novel tool for predicting, visualizing, and screening
various steam injection strategies. Thus, predictive
simulation can be achieved several months into the
future even when mechanisms of injection and oil
displacement are not fully understood.

Nomenclature

E = objective function

F = transfer function

n = number

W= weight

X = network input

y = network prediction or hidden layer output

© = bias vector
Subscripts

h = hidden layer

X = inputs

y = outputs
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Abstract
We present an integrated approach to imaging the progress of
air displacement by spontaneous imbibition of oil into
"sandstone. We combine Computerized Tomography (CT)
scanning and neural network image processing. The main
aspects of our approach are I) visualization of the distribution
rof oil and air saturation by CT, II) interpretation of CT scans
asing neural networks, and IT) reconstruction of 3-D images of
oil saturation from the CT scans with a neural network model.
-1 ¢ neural networks developed here construct 3-D images of
Auid distribution at any time and/or location within the core.
One neural network model interpolates between the CT images
for a given position at different time levels and extrapolates
™eyond the interval of time during which the images were
:ollected. Likewise, the network interpolates spatially between
images at a given time. After interpolation and extrapolation,
rvther network models have been developed to reconstruct the
hree-dimensional distribution of oil in the core. Excellent
agreement between the actual images and the neural network
pRredictions is found.

introduction

An increasing global demand for energy and simultaneous
™epletion of conventional hydrocarbon reserves impose a
.ormidable  challenge for efficient recovery from
nonconventional rock systems, such as naturally fractured
™eservoirs. Fractured petroleum reservoirs provide over 20 % of

the world oil reserves [1). Examples of prolific fractured
reservoirs are: the Monterey Shales in California (estimated
tens of billions of bamels of oil-in-place); the California
Diatomites (estimated fifteen billion barrels of oil-in-place);
the West Texas Carbonates; the North Sea Chalks; and the
Asmari Limestones in Iran.

Hydrocarbon recovery from naturally fractured reservoirs is
nrot yet fully understood. This is mainly due to the lack of a
complete understanding of multiphase flow through fractured
porous media. Two- or three-phase flow in a fractured reservoir
depends on the combined nonlinear effects of hydraulic
connectivity and physicochemical properties of - fractures,
relative permeabilities to muitiphase flow in the fractures,
rock-matrix nature, matrix block size, capillary forces and
fracture closure stress. The nonlinear interplay of all these
factors determines the ultimate hydrocarbon recovery from
fractured reservoirs. In contrast, most of the published data
have been produced in controlled experiments that have focused
on one or more of the above factors considered in isolation.
These data are then upscaled in numerical simulators to model
the coupled nonlinear behavior of fractured reservoirs. As a
result, current numerical simulation models of fractured
reservoirs lack firm predictive capability and must be tuned for
each field case with the available data.

Thus, it might be helpful to undertake a systematic
experimental and theoretical study of joint effects of all the
factors governing multiphase fluid flow in a fractured porous
rock. Of course, such a study is beyond the scope of this
paper. Nevertheless, we have undertaken a study to evaluate the
influence of four major factors on hydrocarbon recovery. These
are: fracture configuration, rock-matrix block size, wettability
characteristics of the rock, and fluid flow rates. This paper
reports our progress on.a scoping study of spontaneous
imbibition of a hydrocarbon (kerosene) into a single air-filled
block of rock matrix (Berea sandstone). Our experiments are a
preamble to a more difficult study of the most important
production mechanism in fractwred reservoirs during
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2 CT SCAN AND NEURAL NETWORK TECHNOLOGY FOR CONTSTRUCTION

OF DETA

waterflooding, i.e., counter-current imbibition of water to
displace oil and gas from the matrix. Here, we want to
understand the pattern of imbibition from the distribution of
fluid saturations and to design a neural network model of in-
situ fluid saturations obtained directly from a CT scanner. The
model is then used to generate three-dimensional time-lapse
images of kerosene imbibition. Finally, we intend to
incorporate the experimental results into our integrated-finite
difference simulator, M°’NOTS (Multiphase Multicomponent
Non Isothermal Organics Transport Simulator [2]), to allow
for a more realistic simulation of multiphase flow through
fractures. The mathematical formulation of M2NOTS does not
rely on a global coordinate system; therefore, it naturally
extends the method of Multiple Interacting Continua [3] for
modeling flow in fractured media to muitiphase and
multicomponent systems.

In this project, we use high resolution X-ray computerized
tomography to obtain images of the cross-sectional
distribution of kerosene and air in Berea sandstone cores as a
function of time. Scans perpendicular to the axis of the core
were made using a high resolution EMI 5005 (second
generation) CT scanner. Each CT slice consists of a series of
volume elements (voxels). Every voxel has its own
characteristic attenuation, and can be mapped into a 2-D image
matrix of picture elements (pixels). Using standard computer
software, the 2-D fluid distributions at specific times and
locations are visualized for each CT slice. CT is a fast, non-
destructive imaging technique for determining in-situ fluid
saturation with excellent 3-D resolution. Using this technique,
attenuation differences as small as 0.1% with a cross sectional
resolution of less than 1 mm® can be realized. For
extrapolating and interpolating between different slices
obtained, neural network models were developed.

Neural networks are very useful in modeling nonlinear,
complex, and multi-dimensional data and find wide application
in analyzing experimental, industrial, and field data. Neural
networks, unlike regression analysis, do not require
specification of a structural relationship between the input and
output data and they can be trained easily by using sufficient
data from the system under study. In addition, neural networks
have the ability to infer general rules and extract typical
patterns from specific examples. These properties give the
neural networks the ability to interpolate between typical
patterns or data and generalize their leaming in order to
extrapolate to a region beyond their training domains.

Principles of CT Imaging

Various visualization methods have been used for fluid
saturation determination during laboratory core flood
experiments [4). Some of the more common ores in use ae
transparent models [S], resistivity [6], microwave attenuation
[7), NMR, MRI, X-ray, and gamma ray attenuation [8]. While
most of these methods provide only average saturation and
impose restrictions on experimental techniques, CT is a very
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fast and accurate technique with few restrictions on
experimental conditions and offers fine spatial resolution [9].
Earlier investigators [10-16] have illustrated the importance of
computerized X-ray tomography as a powerful tool for
petroleum industry researchers.

To obtain a CT slice of an object, an X-ray source is
collimated to provide a thin beam which is received by an array
of crystal detectors. X-ray photons which strike these crystals
cause them to fluoresce with an intensity proportional to the
number of photons received. When a body is placed in the
beam between the source and detector array, only those
photons that are not absorbed by the body reach the detectors.
Fig. la illustrates the principles of X-ray tomography. The
values attained when the detectors are read represent the beam
attenuation by an object placed in the path of the X-rays. The
detectors are in a stationary amay surrounding the object. The
X-ray beams are always directed through the object apetture as
the source moves around it in a circular path. The detectors are
read at small rotational intervals and the resulting data are
stored in a computer. This rotational excursion is called a pass
and the total data acquired during this pass are termed a slice.
After all readings for a slice have been acquired and stored in a
computer, a cross-sectional image or matrix of attenuation
coefficients (x, y) is created. Radon [17] established the
mathematical foundation for image reconstruction from
projection data. The basic synthetic unit is the volume element
or voxel. The CT slice is composed of many voxels, each with
its own characteristic attenuation, which are displayed as a 2-D
image matrix of picture elements (pixels), shown in Fig.1a.

CT measures linear attenuation coefficients p, which are
defined by Beer’s law:

where [, is the source X-ray intensity, I is the intensity
measured by the detectors, u is the linear attenuation
coefficient, p is the density of the medium, p/p is the linear
mass attenuation coefficient, and x is the thickness of the
material. If several materials are placed in the path of the X-ray
beams, Beer’s law can be generalized as:

1, = e‘z(ﬂi ! pi)px;

where i is the material considered. If the object contains a
mixture of components, the overall mass attenuation
coefficient of the mixture is given by:

........................

where S; is the saturation of the phase i, i.e., S; is the volume
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e
_fraction of component i such as water, oil or gas.
Different mechanisms are involved in the adsorption of X-
-fays. The relative importance of these mechanisms depends on
ke energy level of the incident X-rays. In general, 1 depends
on both electron density, p, and atomic number, Z. If the
LeTEY is above 100 keV, p depends mostly on the electron
1ens1ty (Compton scattering). For energy below 100 keV,
-photo-electric adsorption is the main mechanism, depending

mostly on the atomic number Z of the material studied. Thus,

U =p(a +b238/E3.2) .................. @

P .
vhere g is the Klein-Nishira coefficient, p is the electron
density, E is the energy level in keV, Z is the atomic number,

b is a constant with a value of 9.8x10% keV*2. Some

‘onclusions that can be drawn from Eq. (4) are, I) heavier
clements will attenuate more than the lighter ones, II) the
coefficient of adsorption, |, for a given material changes with
r""‘he energy level of the source and this change depends mostly
Jn the atomic number of the element considered, and II) by
measuring adsorption at two or more energy levels, one can
™Sbtain two independent measurements. This will help in
olution of three phase problems as discussed in the Saturation
Determination section.
ms Since it is impractical to deal with the X-ray attenuation
oefficient, |1, a new scale is defined based on the international
standard unit of Hounsfield (H or CT number). On this scale,
water has a value of zero ard air has a value of -1000. Hence,
™ach CT unit represents about a 0.1% change in the
~ttenuation coefficient. Equation (5) defines the CT number

CT= Ei.:..”_"!ﬁxlooo )

..................

” water

mvhere K, is the calculated X-ray attenuation coefficient. In
most CT scanners, the range of CT unit varies from -1000,
representing air, to 4000, representing very dense materials.

™eservoir rocks typically fall in the range of 1000 to 2000 on
Ais scale.

r;%aturation Determination
n order to obtain fluid saturations, Eq. (1) can be written as:

m  logl=logl[ugpr(1-9)x+psise] ...

where L, is the adsorption of the rock, p, is the density of the
ek, 4y is the adsorption of the fluids, p; is the density of the
luids, and ¢ is the porosity. For two phases (kerosene-air
system), the governing equation is given by
M

Pl =Hep p(l—O)+0(L.P, "'Fapa) ........... v

where p; is the bulk density of the system, g, is adsorption
coefficient of kerosene, p, is the density of kerosene, y, is the
adsorption coefficient of air, and p, is the density of air. From

the measurement of an evacuated core, [Upp R(1—¢) is

obtained. With 4, and y1, known, there are two equations with
two unknowns:

B= S+ BoSqee. ®

where S, and S, are the saturation of kerosene and air
respectively. Also,

S, +S,=1_ ®

......

For three phase saturation (water-kerosene-air system),
since there are three unknowns, an additional, independent
measurement is required This is donme by scanning at a
different energy level. The system of equations for three phase
saturation determination are given by

By = BaSu tRaSa HBaSa ......... (10)
at energy level 1 (100 keV), and
K2 =HiaS + BuaSuz + HapSos.........(AD
at energy level 2 (>100 keV). Finally,
Se+8, +S,;=1 . (12)

By scanning a fully kerosene saturated core, a fully water
saturated core, and a fully air saturated core, ,, J,,, and i, can
be obtained.

Neural Networks
Imaging the process of spontaneous imbibition in a Berea core
using CT scanning methods has many limitations. One such
limitation is the number of slices that can be obtained in space
and time. For this study, only 4 sections perpendicular to the
core axis were scanned at 20 mm separation and at only a few
time intervals. In order to obtain fluid saturation distribution
in space and time throughout the core, a neural network model
was developed to interpolate between the CT images for a
given position versus time and to extrapolate beyond the
interval of time during which the images were collected. In
this paper, only multi-layer perceptron networks with a back-
propagation learning algorithm were used.

Historically, the development of neural networks followed
the philosophy of emulating the brain. Many engineers and
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scientists believed that if the functions of the brain could be
emulated, many of the problems which are difficult and seem
insoluble by traditional methods could be solved. During the
last decade, a great number of neural network software
packages and tools were developed. It is important to mention
that the new interest in neural networks is due, in part, to
advances in computer technology which have made it possible
to bring together a large number of nodes and massive
interconnections of simple neurons, much like the human
brain. However, developing a proper neural network model that
is an accurate representation of the process of interest still
requires a combination of art, science, and technology.

During the past several years, successful applications of
neural networks to solve complex problems have increased
exponentially. Considerable attention has been devoted to the
use of neural networks as an alternative approach to
interpolation and extrapolation, pattern recognition [18],
statistical, and mathematical modeling. For example, back-
propagation neural networks [19] were used to develop process
models as substitutes for complicated empirical and
mathematical models [20]. These models can be used as an
alternative to statistical and time series analysis. Neural
network analysis, unlike regression, does not require
specification of structural relationships between the input and
output data. However, identification using neural networks is
more useful when large amounts of data are available. Once the
networks are trained using sufficient information, they achieve
excellent predictive capability and show excellent
generalization performance. Neural networks may be trained to
analyze, predict, and optimize waste management,
electrochemical, reservoir, and chemical processes [21]. Self
organization maps, such as Kohonen networks {22], are used
to classify different patterns of processes. Auto associated
networks, such as Hopfield networks [23], are also used in
pattern recognition.

Multi-layer perceptron networks with a back-propagation
learning algorithm are perhaps the most widely used for
process modeling, identification, pattern recognition, and
pattern classification. The typical network has an input layer,
where data are presented to the network, an output layer, which
holds the response of the network to a given input, and at least
one hidden layer, which connects the input layer to the output
layer. There is no theoretical limit on the number of hidden
layers, but typically there will be one. Each layer is fully
connected to the succeeding layer with corresponding weights.
The values of the weights represent the current state of
knowledge of the metwork. These weights are adjusted to
improve the network performance. They are either determined
via an off-line algorithm such as the back-propagation
algorithm [24], or adjusted on-line via a learning process [20,
25).

Experimental Studies
An EMI 5005 (second generation) CT scanner at Stanford
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University was used in this study. Fig. 1b displays the
scanner components. The scanner consists of a mainframe,
rotational elements, and scanner electronics. The mainframe
houses the X-ray source, detector array, and beam shaping
elements. The scanner assembly consists of a support table for
positioning the core. The generator group is responsible for
generating the X-rays. A combined Viewer/Operator Console
consists of a video console, an interactive keyboard for
viewing, initiating image generation, and for image
manipulation. The computation unit performs sequencing,
interprets instructions, and executes them. The Video
Generator accepts image information in digital form and
converts it to the image seen on the viewing monitors. A Disk
Drive stores these images. The Magnetic Tape Unit records
images from the Disk Drive for long term storage of
information.

The cores were scanned at an energy level of 140keV and a
field size of 13 cm. A small field of scan was used to obtain
better spatial resolution, as the number of pixels available
remain constant. Slice thickness was made as small as
possible, i.e., 3 mm (it varies from 1-10 mm), in order to
minimize errors and maximize resolution. Greater slice
thickness results in greater measurement error. Also a scan
angle of 398" was used as it produces the highest resolution
due to an overscan of 38°.

The core holder/experimental cell was constructed from
acrylic which is relatively X-ray transparent. A schematic of
the experimental setup is shown in Fig. 2a. The core holder,
6.4 cm in diameter and 21 cm long, is provided with two end
caps for fluids to flow in and out of the core holder. The inlet
endcap is connected to a fluid tank through a rubber tube. A
control valve attached to the tank controls the flow of fluid
from tank to coreholder. The outlet endcap is connected to a
measuring vessel. The axis of the cylindrical Berea sandstone
core was aligned with the axis of the core holder so that the
core was exposed to uniform fluid saturation on all the sides.
The sandstone used for this study has a porosity of 22% and a
permeability of 300 md. Kerosene used as the hydrocarbon for
this study has a specific gravity of 0.80 and viscosity of 1.152
cp at 21°C. Kerosene-air surface tension is 23-32 dynes/cm at
21°C.

Core preparation prior to the start of the experiment
involved firing the cores for 24 hours at 750°C. This was done
to remove effects of clay swelling and migration from the
imbibition process. The cores were initially at 1 atm pressure
and saturated with air. At the onset of the experiment, the first
images were scanned at four different axial locations within the
air-filled core holder in a single run to obtain dry core CT
values (CT,,). Four 3 mm thick axial scans were taken at 20
mm spacing. Location of the four faces with reference to the
two end faces are shown in Fig. 2b. Later, the valve attached
to the fluid tank was opened and kerosene filled the core holder
until the whole core was uniformly submerged in kerosene. X-
ray scanning was done along the core at the same locations to
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_ btain CT values (CT,,,) at times of 1, 5, 10, 15, 25, 35, 50
minutes, and at every 60 minutes for next 240 minutes after
mhe core was exposed to kerosene to obtain temporal
istribution of kerosene within the core. The scanning
procedure determined the average saturation of the core sample
each location. Scanning was also conducted at 24 hours and
8 hours after the start of kerosene imbibition. Weight of the
+ore was measured at the beginning and end of the experiment
for mass-balance calculations. Scanning was performed at the
"ime axial locations in all the runs to obtain the spatial
istribution of kerosene.

Resuits

or brevity, we only report images obtained at 5, 10, 15, and
25 minutes after the start of kerosene imbibition. This is
] most of the observable dynamics of kerosene

 nbibition were found to have occurred in first 15 minutes of
we experiment. An analysis of images obtained at later periods
showed only very small changes in the overall kerosene
™Yturation of the core.

For calculating kerosene saturation in any slice of the core,

Eg. (13) is applied to each pixel of the slice:

| CT s —CT.
Skercsene = CT C; s (13)
ad
™ San‘ - I_Skerosene ....................... (14)

Cl‘hm is the CT value for a fully kerosene saturated core. In
™ is study, slices obtained from X-ray scanning after 48 hours
. kerosene imbibition were used to determine the fully
kerosene saturated core CT values. After 48 hours of kerosene
ﬁhbmon, the core appeared to have reached irreducible air
turation, as no further changes were noticed in the CT

valm From massbalance calculations, the ﬁnal kerosene

turanon values, values obtamed from Eq. (13) were
multiplied by a factor of 0.8. We are currently developing a
Rstter method of rescaling the images directly from the raw X-
y attenuation data.

There were also problems using the CT,,, values obtained
from scanning the core surrounded only by air. All the other
™lages were scanned after filling the core holder with kerosene.
' _fferences in densities of the surrounding media cause
differences in the absolute values of attenuation coefficient p
i=side the core. For obtaining the CT,, values to be used in
. |- (13), inner dry portions of the slices obtained after 1
minute of kerosene imbibition were used. To obtain kerosene

ion profiles, average kerosene saturation was calculated
: -annular rings of each slice, within circles at increasing radii,

and finally in sectors. This averaging procedure is illustrated in
Fig. 2c.

Fig. 3 shows a series of images obtained at'ter the
kerosene has imbibed into the core for 5, 10, 15, and 25
minutes at the four axial sections of the core. The images
represent the distribution of kerosene saturation inside the core.
In all these images, white represents zero kerosene saturation,
and black represents the maximum kerosene saturation or
100%. Figs. a-1 through d-1 are the images of Berea core after
5, 10, 15 and 25 minutes of kerosene imbibition at section 1,
located 2 mm from the core face. In these images, there is a
clear lack of an oil front, because axial flow dominates over
radial flow in- this section. Thus at all times, the whole slice
appears uniformly saturated. There is the possibility of a
kerosene front at very early times. However, nothing
conclusive can be said from the information available. Also,
kerosene saturation increases uniformly but consistently with
time from image a-1 to d-1. Image d-1 appears to 80 % oil
saturated.

Berea slices obtained at section 2, 22 mm away from the
left core face, are shown in images a-2 through d-2. Due to
location of the slices far away from the core faces, radial flow
dominates in this section. This is seen as a clear front observed
at early times and represented by a dark annulus at the edge of
the slice. Image a-2 obtained after 5 minutes of kerosene
imbibition shows a very sharp front, that gradually changes to
amore diffuse front in image b-2, and finally disperses after 15
minutes as seen in images c-2 and d-2. In image a-2, kerosene
is imbibing uniformly into the core from all the sides and
imbibes radially into the sample as a sharp front. Analysis of
the saturation-matrix shows that the front is dispersed over 3-4
mm range. In image b-2, the kerosene saturation annulus
appears to be moving radially inside the core and has thickened
as compared to image a-2. There is also a gradual increase in
the kerosene saturation towards the core edges as would be
expected. Image c-2 shows the kerosene saturation in Berea
core after 15 minutes of imbibition. The kerosene front has
dispersed by this time. High kerosene saturation values in the
center of the section show that the kerosene has reached the
center of the core. The kerosene saturation distribution after 25
minutes of imbibition is shown in image d-2. The image d-2
shows that approximately 80% kerosene saturation is obtained
uniformly throughout the core and stays constant.

Again in section 3, 25 mm from the right face of the core,
an imbibition pattern in time similar to that of section 2 is
observed. Radial flow dominates and hence changes in kerosene
concentration are observed radially with time. A sharp kerosene
front in image a-3 changes to a slightly less sharp front in
image b-3 and finally disperses in images c-3 and d-3.

A similar kerosene imbibition history is seen in images
obtained at section 4, 5 mm from the right face of the core.
Section 4, however, is quite different from section 1,
especially at the early stages of the imbibition process. This is
also due to a predominance of radial flow. A clear pattern can
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be seen from a-2 to a-4, and b-2 to b-4. A sharp front exists in
the early part of the imbibition, then it diffuses slightly and
finally disappears after 15 minutes, as shown in Figs. 3c-4 and
3d-4. However, the distribution of kerosene saturation in
section 4 differs from those in sections 2 and 3. Around 10
minutes of imbibition, axial effects combine with radial flow.
This cannot be seen in images 3c-4 and 3d-4 as the core
reaches uniform saturation distribution and the axial flow effect
is masked. In summary, the behavior of section 4 in the early
stages of the imbibition process is similar to the behavior seen
in section 2 and 3. In the late stages of imbibition, it is a
combination of the behaviors of sections 1, 2 and 3.

To illustrate the imbibition pattern of kerosene in Berea
sandstone more clearly, saturation profiles along the diameter
of the core at each section are presented in Fig. 4. Figures 4a-
1 through 4d-1 show kerosene saturation profiles obtained in
section 1 at 5, 10, 15 and 25 minutes. In agreement with the
images of Fig. 3, the saturation profiles 4a-1 to 4d indicate
that axial flow dominates. A consistent increase in kerosene
saturation is observed as we go from Fig. 4a-1 to 4d-1. An
analysis of Figs. 4a-2 to 4d-2, representing kerosene saturation
profiles with time at section 2, show the progression of a very
sharp radial front extending over a range of 3-4 pixels or 1.1 to
1.5 mm. The kerosene front width increases to 7-10 pixels or
26 to 3.7 mm at 10 minutes in Fig. 4b-2, and finally
disappears after 15 and 25 minutes in Figures 4c-2 and 4d-2.

History of average kerosene saturation in a circular annulus
of the core at different radii is shown in Fig. 5. Here, average
annular kerosene saturation is plotted as a function of radial
distance and time. It shows the movement of a kerosene front,
the knowledge of which is extremely important for
interpolation between the images. In Fig. 5a through 5d, white
shading represents zero kerosene saturation and black shading
represents 100% kerosene saturation. Shades of gray represent
intermediate saturations. Trends found in Figs. Sa through 5d
are similar to those shown earlier in Figs. 3 and 4. At section
1 in Fig. 5a, 2 mm from the left face, at times 5-15 minutes,
no change in kerosene saturation occurs radially due to
predominant axial flow. Uniform increases in kerosene
saturation between 5 and 15 minutes is observed. After 15
minutes, no further change in kerosene saturation occurs either
radially or with time. Figs. 5b, 5c, and 5d at sections 2, 3, and
4, respectively, exhibit a similar trend in kerosene imbibition
and a trend similar to that seen in Figs. 3 and 4 in sections 2,
3, and 4. Kerosene imbibition at 5 minutes occurs only at a
radial distance of 20 mm, i.e., near the edge of the core.
Kerosene first reaches the center of the core at 12 minutes.
Also, a sharp kerosene front is seen during the first 15
minutes, after which the front disappears.

In order to smooth the.kerosene saturation distribution,
average kerosene saturation within a circle is presented as a
function of time and radial distance in Fig. 6. The purpose of
these plots is to show minute changes in the kerosene
saturation fronts. Kerosene imbibition patterns observed earlier
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in Figs. 3, 4 and 5 are exactly similar to those shown in Fig.
6 at all the four sections. A lack of front is seen in Fig. 6a at
section 1, and sharp fronts in Figures 6b, 6¢, and 6d at
sections 2, 3, and 4 until 12 minutes. Beyond 15 minutes, the
kerosene front becomes non-existent.

Fig. 7 is a plot of percent kerosene saturation versus axial
distance from the closest core face at different times. In Fig. 7
at section 1, the core is saturated. Kerosene saturations range
from 45 % to 82 % after 5 to 25 minutes of kerosene
imbibition.

Plots of average kerosene saturatior in a specific annular
ring versus time is shown in Fig. 8-la through 8-1d. A
nearly uniform kerosene saturation is observed in Fig. 8-1a,
representing section 1, at all times. Kerosene saturations
increase from the edge to the center of the core at 5, 10, and 15
minutes. The change in saturation with radial distance at 25
minutes is very small indicating that the core has reached a
steady state. Figures 8-1b through 8-1d show a very sharp
front at 5 minutes that changes to more diffuse front at 10
minutes and no front at times 15 minutes and 25 minutes.
Similar trends can be observed in Figs. 8-1c and 8-14, i.e.,
sections 2 and 3, respectively, and similar to that in Fig. 8-1d,
i.e., section 4 at earlier times. However, the trend is different
from Fig. 8-1d at later times and is a combination of sections
1, 2, and 3 at times 15 and 25 minutes.

Average oil saturation within a specific annulus as a
function of radial distance versus time is plotted in Fig. 8-2.
A smaller profile band width in Fig. 8-2a, representing section
1, shows uniform imbibition all throughout the core which is
due to the axial flow pattern at section 1, 2 mm from the left
face of the core. Figs. 8-2b through 8-2d representing sections
2, 3, and 4, respectively, show a wide profile band width
indicating that a radial flow pattern is more prevalent in these
sections as there is a large change in saturation with radial
distance. However, all the profiles converge to a very narrow
region beyond 15 minutes as most of the imbibition process
ends before 15 minutes. Figures 8-2b and 8-2c have a similar
width as compared to Fig. 8-2d at earlier times. At later times,
ie., after 15 minutes, profile width pattern in Fig. 82d
becomes a combination of those in Figures 8-2b and 8-2c.

Design of Neural Network Models

The network model for axial mapping has two nodes in the
input layer representing the axial coordinate and elapsed time,
both scaled uniformly between 0 and 1. It has 3 nodes in the
hidden layer with nonlinear transfer function, and one node in
the output layer predicting the total average saturation in each
circular cross section, and also with nonlinear transfer
function. The data in Fig. 7 were used to train the network.
Due to the limited volume of data available, all the data were
used in the training. The model was trained until the prediction
suffered upon continued learning. Figs. 7a and 7b show the
performance of the network model for predicting the average
oil saturation as a function of time and axial position. The
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results show perfect mapping and excellent prediction of the
satyration for the training data set. Even though only 4 images
pwere available in the axial direction, the model had excellent
performance. Therefore, better performance with higher
accuracy and confidence level will be expected if more axial
information is introduced into the network model.
- To model the radial behavior presented in Figs. 8-1a to 8-
1d, and Figs. 8-2a to 8-2d, a different neural network was
designed. This network has three nodes in the input layer
representing the axial coordinate, radial coordinate, and elapsed
time, all scaled uniformly between 0 and 1. It has 15 nodes in
the hidden layer with nonlinear transfer function, and one node
rwin the output layer representing the average saturation in a
circular ring. Data presented in Figs. 8-1a through 8-1d were
used for training and testing the network model. The available
were divided into two groups, a testing and a training data
set. The test data set was presented to the network, and the
model was trained until the prediction suffered upon continued
training. Figs. 8-1e through 8-1h show the performance of the
"""network prediction for both the test and training data set. The
mean error in the training data set is equal to 0.000249 with
standard deviation equal to 0.000343. The mean ermor in test
F=iata set is equal to 0.000520 with standard deviation equal to
1.001257. Comparing Figs. 8-1a to 8-1d with Figs. 8-1e to 8-
1h, and Figs. 8-2a to 8-2d with Figs. 8-2e to 8-2f, one can see
mihat the network for radial mapping has excellent prediction for
soth the test and training data set. We conclude that the radial
network is trained with sufficient information and with data
rm'thm span a wide range of system behavior; therefore, it is an
~ »xcellent predictive tool.

3-D Reconstruction of Images

™The network model developed earlier can be used for 3-D
econstruction of CT images and prediction of kerosene
saturation. Our neural network methodology was used to

nodel can predict the saturation of kerosene at each pixel as a
tunction of axial and radial coordinate at a fixed time. The error
icted for reconstructing the 3-D images of the saturation
 listribution is less than 5 percent.
- To show the usefulness of the model to predict the oil
saturation at any point (axial and radial location and time)
Pmage b-2 in Fig. 3 is used. Fig. 9a shows the actual data.
~ ‘ig. 9b shows the reconstruction of Fig. 9a based on linear
interpolation in time. Figs. 3a-2 and 3c-2 were used for this
renterpolation. Comparing Fig. 9a with 9b, one can see that the
wo images are not similar, and the linear interpolation failed
“fo reconstruct the actual data. As a remedy, the results from the
ﬂ],inear interpolation were used in conjunction with the neural
etwork prediction of the average. saturation in each concentric
ing with a thickness of 4 pixels. The result is shown in Fig.
9¢c. Comparison of Fig. 9a with 9¢ demonstrates that the
™lodel accurately reconstructed the actual image. The mean
mor in this case study is less than 10% with a standard

deviation of 2.5%. To reduce the error further, a neural network
mode] was developed to calculate the average saturation in a
sector of 2 pixels in the radial direction and 10 degrees in the
azimuthal direction. In addition, the axial images were also
included into the interpolation model. In this study, images a-
2, ¢-2, b-3, and b-4 in conjunction with the network model
were used to reconstruct the image 9d. Comparing image 9a
and 9d, one can see that the model reconstructed the actual
image almost perfectly. The maximum expected error based on
this technique is less than 5%.

Conclusions

Kerosene imbibition in a dry Berea core was successfully
imaged using CT scans and comrect fluid saturations were
computed. Images scanned in the interior of the core show a
sharp front propagating radially at short times. The front
gradually diffuses and disperses totally after 15 minutes, as the
entire cross-section fills with kerosene. Spontaneous
imbibition of kerosene in an air-saturated Berea core with
diameter 5.46 cm and length 6.7 cm is a comparatively fast
process with most of the observable dynamics ending in 15
minutes. A relatively fast and accurate technique for imaging
fluid flow in a porous medium, such as CT scanning, is quite
adequate for tracking kerosene imbibition and for measuring
the distribution of in-situ fluid saturations. However, CT
experiments must be carefully designed to avoid excessive
experimental error in a limited number of images that can be
obtained in time and space. As most of the observable
dynamics of kerosene imbibition were over in 15 minutes, it
was imperative to obtain images at several short time
intervals. Also, it is important to scan all the images with a
similar medium surrounding the core. A core imaged in
surrounding media of different densities has different absolute
values of attenuation coefficient, y. CT values of such images
lead to improper determination of saturations.

To train the neural networks for proper prediction of spatial
and temporal distribution of fluids, a large number of data
points are needed. Due to scanner limitations (heating up of
cathode-ray tube), images could only be obtained at 4 time
intervals during the first 15 minutes. Thus, data obtained from
such experiments are in general quite insufficient for proper
neural network modeling. Axial information was sparse and
even though our network interpolated properly between the
existing images we are uncertain as to its extrapolative quality
at core ends. Fortunately, the homogeneous Berea sandstone
core behaved predictably, and we obtained sufficient radial
information to train the network.

Nomenclature

a =Klein-Nishira coefficient, (-)

b = constant in Eq. (4), 9.8x10% ,mL¥2, keV>?
E = energy level, mL¥¢, keV

I'=detected X-ray intensity, 1/t, counts/min

I, = incident X-ray intensity, 1/t, counts/min
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¢ = porosity, percentage

p = density, m/L?, gm/cc

S; = saturation of the phase i, % PV

A= linear attenuation coefficient, L, cm™
x = thickness of material, L, mm

Z = atomic number
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Fig. 3-CT images of kerosene imbibition into Berez Sandstone core
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Novel Sand Consolidation Completion Technique
Using Alkaline Steam Injection in the Tar Zone,
Wilmington Field,California

DAVIES,DAVID K., David K. Davies & Associates, INC,
Kingwood, Texas; HARA, P. SCOTT, Tidelands 0Oil
Production Company, Long Beach, Cal.; MONDRAGON,
JULIUS J. III * Tidelands 0il Production Company,
Long Beach, Cal.

This is a case study of a novel sand consolidation
completion technique. We have completed 11 vertical wells
and 2 horizontal wells over five years with minor or no
sand problems to date or noticeable impairments to well
productivity. We believe that the hot alkaline water in
80% quality steam causes silica dissolution which bonds the
sand grains and controls sand movement into the wellbore.
Although tested in the field, we do not know the long term
effects of this process. We plan to perform laboratory
test and research to determine the geochemistry occurring,
the contribution of the steam phase to the process, the
formation around the wellbore which is being treated, and
the hot water and steam volumes needed to optimize the
process. The results of the laboratory study will be the
subject of a future paper.
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NOVEL SAND
CONSOLIDATION PROCESS

¢ The Hot Alkaline Water In The 80 % Quality Steam
Causes Silica Dissolution Which Bonds The Sand Grains
and Controls Sand Movement Into The Wellbore

& Steam Aids In Creating Secondary Porosity And
Permeability

¢ Laboratory Tests Are Being Designed To Determine The
Geochemistry Occurring In The Formation Around The
Wellbore And The Hot Water And Steam Volumes
Needed To Optimize The Process



i i @ 1

NOVEL SAND COMPLETION
TECHNIQUE

¢ 11 Vertical Wells

¢ 2 Horizontal Wells: Fault Block |

€le
\ 4

4 Horizontal Wells; Fault Block I, DOE Project

¢ Repaired Parted Liner

¢ Wells Have Been On Production Up To 5 Years With Minor
Or No Sand Problems To Date With The Exception Of 1

Horizontal Well

¢ No Noticeable Impairments To Well Productivity
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Idle Well and Well abandonment Issues

Mike Glinzak
California Division of Oil and Gas and Geothermal
Resources

222



Idle Well Management
Strategy

Mike Glinzak

California Department of Conservation
Division of Oil and Gas

The “IDEAL” Situation

- @ A Purpose for Every Well
@ Every Well Capabile of its Purpose
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Today’s Situation

m

® Long-term idle wells increasing
» 20,000+ wells idle 5 years or longer
» 70% of wells belong to major oil companies
» 1,200+ wells are “orphan”
@ Complaints from surface landowners
® DOGGR is aggressively abandoning
“orphan” wells
» about $10-12 Million abandonment liability
» Need 20 years to complete IF no new wells added

Production Well

Trends
]
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Injection Well
- Trends

Shut-in
| Injecting

H

:

;

z :
7 '8 '8 '8 '8 8 9 9 '9 9
8 0 2 46 8 0 2 4 6

Activity Summary

@B Drill
Abandon

7 '8 '8 '8 8 '8 9 9 9 9
8 0 2 4 6 8 0 2 4 &
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® “It's the economy, stupid!”

® “| never met a well | didn’t like”
® Reorganizations

® Corporate Anorexia

® Permissive state laws

What Happens if We.......
Sell It!

® “There is a law!” - SB 2007
» Effective Jan. 1, 1997
» Retroactive to Jan. 1, 1996

» Previous operators possibly liable for
abandonment costs

@ Bonding required of 5-year+ idle wells
® Reduced asset value
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What Happens if We.......
Do Nothing?
=sSsSss————————————————— ——— ——————————— |
® Increased potential of environmental
damage '

® Increased potential of creating “orphan”
wells '

® Responsible operators shoulder
financial liability of “orphan” wells

® Must follow DOGGR Idle Well Program
® “There oughtta be a law!”

What Happens if We.......
Produce It!

® Use the resource
® New Technology?

® “There is a law!” - SB 2007

» §-year+ idle wells pay no DOGGR
assessment for 10 years

® Well removed from DOGGR's Idle Well
Program after 6 months
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What Happens if We.......
Abandon It!
_=s e

® Well removed from DOGGR’s Idle Well
Program

® Potential loss of resource

® Potential loss of access to resource

® Increased cost to access resource

What Happens if We.......
Manage It!

® Increase production
® Increase property’s asset value

® Decrease long-term well abandonment
costs

® Well removed from DOGGR'’s Idle Well
Program '

® Maximize Investment - Minimize Risk
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A Recommended
Management Plan

® Identify damaged or other problem wells
@ Evaluate idle wells for future potential

® Return useful wells to service

® Repair or abandon damaged wells

® Abandon wells without future potential

@ Monitor remaining wells for damage or
contamination

Advantages

@ Lower well monitoring costs

® Minimizes possible environmental
damage - '

® Increased operator/DOGGR
understanding and cooperation

® Decreases industry/government
financial liability

® Industry keeps control of the situation
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For More Information.......

@ Attend the afternoon breakout session
® Contact your local DOGGR office
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STATE OF CALIFORMA=THE RESOURCES AGENCY PETE WILSON, Governor
[DEPARTMENT OF CONSERVATION

JIVISION OF OIL, GAS, %
~ND GEOTHERMAL RESOURCES

801 K Street, MS 20 - 20
FACRAMENTO, CALIFORNIA 95814-3530
116) 445-9686
.DD (916) 324-2555
TELEFAX (916) 323-0424

-
NOTICE TO OPERATORS
ldle-Well Policy
= The number of long-term idle wells has been increasing over the years.
Currently, about 21,000 of the 95,000 oil, gas, and injection wells in California have
been idle for five or more years. Of those, approximately 10,000 have been idle for
™ ten years or more, and over 5,000 have been idle for more than 15 years. In
addition, the number of orphaned (deserted) wells, now at 1,200, has the potential to
increase.

To address growing concerns for groundwater and resource protection, the
- Division developed a program to ensure the mechanical integrity of long-term idle
‘ wells. The program requires operators to submit information regarding the future use
of such wells, if any, and to conduct periodic well testing. The program’s purpose is
- to encourage the proper management of long-term idle wells having potential future
use, rather than force their premature plugging and abandonment.

™ Although the program has been in place for a number of years, the growth
trend of long-term idle wells has not diminished or reversed. Therefore, with some
exceptions, the Division is modifying its program to focus on wells that have been idle
™ the longest. In some cases, the modified program will reduce requirements for five-
year idle wells and require a more thorough analysis and testing of wells that have
been idle for ten years or more. The Division’s goal is to maintain a program that is
P both reasonable and constructive.

It is important to demonstrate that the inventory of long-term idle wells is

™ decreasing, thereby reducing the potential for future orphan wells, and that the idle
wells maintained for future use have mechanical integrity sufficient to protect ground

- water and other natural resources. . '

WAL ued s

o= William F. Guerard, Jr.

State Oil and Gas Supervisor |
- June 19, 1996
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SFTE OF CALIFORNIA-THE RESOURCES AGENCY

S;PARTMENT OF CONSERVATION

PETE WILSON, Govemor

JVISION OF OIL, GAS, AND GEOTHERMAL RESOURCES %
1489 STOCKDALE HWY., SUITE 417

14 ZRSFIELD, CALIFORNIA 93309-2684 @@
'hune (805) 3224031

ELEFAX (805) 861-0279
)

June 19, 1996

IDLE WELL PLANNING AND TESTING PROGRAM

The Division’s Idle Well Program requires an operator to provide the following: 1) a fee
or bond coverage for wells idle five years or more as required in Section 3206 of the Public
m Resources Code (PRC); 2) a specific plan for wells idle ten years or longer along with an es-
- timated time of implementation; and, 3) compliance with Section 1723.9 of the California Code of
Regulations (CCR) which requires idle well testing. The due date for all information and testing is
™ given in the cover letter which accompanies these guidelines. Specific testing guidelines for this
District are contained in the District Testing Schedule attached. Failure to comply with the
provisions of the program may result in the imposition of a civil penalty and/or orders to repair or
™ abandon your idle well(s). '

The intent of this program is to achieve the overall goals and purposes of the Supervisor’s
™ Idle Well Policy. If you have a plan that varies from this program, but achieves the overall goals
and purposes, each district has the flexibility to work with you. Please contact the district office
which covers the area where your well is located to discuss any proposed variances. Note:
several terms used in these guidelines have very specific meanings. Please see the attached
Glossary for their definitions.

I FEE/BOND REQUIREMENTS: All wells idle five years or longer must be covered by
one of the following:
e L. A blanket indemnity or cash bond in the sum of one hundred thousand dollars
($100,000.00), or
2. an individual indemnity or cash bond in the amount specified in Section 3204 of the
i PRC, or '
3. an indemnity or cash bond in the sum of five thousand dollars (35,000.00) per well,
or '
- 4, a fee of one hundred dollars ($100.00) per well, assessed annually, as required in
Section 3206 of the PRC.
Note: the bond or fee required in Items 3 and. 4 above cannot be substituted for

bonds that are already in place and are required pursuant to Sections 3204
and 3205 of the PRC.
- Assessment and collection of idle well fees is handled by the Division’s headquarters
office in Sacramento.
o=

II. FUTURE PLANS: Plans for future use of idle wells are required for wells idle ten years
or longer. The plan must include what is planned for the well and when it will be done. If
™ the plan is to return to production when economic conditions warrant, the plan must include
specific economic conditions that will justify a return to production. If a well is being held
for future use as an injector or a replacement for an injector, a specific proposal including
a the type and zone of injection must be fileghgHf2a well is incapable of use in its present



condition, it must be prepared for the planned future use by cleaning out, plugging, casing
repair, etc. Wells idle 15 years or longer must have an engineering study prepared and sub-
mitted to the Division detailing the well’s future plans. Please see the "15-year Idle Well
Engineering Study Requirement" section, which follows immediately.

15-YEAR IDLE WELL ENGINEERING STUDY REQUIREMENT

A detailed, specific, written engineering evaluation is required outlining the
current condition of the well, specific zones having recompletion potential, and how the
well integrates into the overall production plan for the reservoir. This evaluation will
aid the Division in understanding your plans regarding these long-term idle wells and in
cooperatively prioritizing their return to production, repair, or abandonment. The evaluation
must show the general structure of the reservoir and how the well relates to the structure
including existing producing wells, current gas/oil/water contacts, faults, Base of Fresh
Water (BFW, see glossary), additional hydrocarbon bearing and/or high-pressure zones
located behind casing, or any other characteristic of the reservoir which has a bearing on
the future potential of the well to be returned to active status. This is most easily ac-
complished with cross-section(s) and plotting the idle well locations on contour maps of the
producing horizon(s) which also shows faults, gas/oil/water contacts, etc. Your report must
include the presence and location of known casing damage or junk in wells which would
prohibit the placement of abandonment plugs as required by Section 1723, et seq of the
CCR. Documentation of all attempts to remove such junk must be provided. The
evaluation must also include a specific plan and timetable for abandonment or retur-
ning the well to active status. The interpretative nature of portions of the evaluation are
acknowledged. Interpretative data (including geologic exhibits, etc.) will be held con-
fidential by the Division. '

The intent of the 15-year Idle Well Engineering Study Requirement is to be as
flexible as possible, provided the intent of the requirement, including an analysis of long-
term plans and assurance of financial liability are met. If you have an alternative plan,
please contact the district office with your proposal

If an operator has a large number of 15-year idle wells, evaluation of these wells
may be conducted on a staggered basis. A firm timetable to complete all evaluations must
be submitted to and approved by the Division. If additional time is granted, the wells
should be prioritized by the operator, with Division approval, to evaluate the most critical
wells first.

In lieu of the engineering evaluation, operators with 15-year idle wells where aban-
donment is warranted may file a firm plan to plug and abandon these wells in accordance
with a set schedule. It is understood that a large number of wells will require more time to
abandon, but generally, to avoid the engineering evaluation, the program must be for a
period not to exceed five years. Notices of Intention to Abandon should be filed im-
mediately for wells to be abandoned within the first year of an abandonment plan. Ad-
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ditional Notices should be filed annually in the year work will be done for the remaining
wells in the plan. An operator plan that has the abandonment work "back-loaded” will not
be approved. Failure of an operator to maintain the agreed upon work schedule will
cause the idle well testing and engineering requirements to be reinstated for all wells
failing to meet the schedule. If an operator is able to "catch up" and maintain the work
schedule, the Division will reinstate the testing exemption.

TEST SCHEDULE: A well’s testing cycle begins the year it first appears on the
Division’s 5-year idle well list. Section 1723.9 of the CCR states in part: "Any well that
has not produced oil or natural gas or been used for fluid injection for a continuous six-
month period during any consecutive five-year period (emphasis added)...must have
either the fluid level determined using acoustical, mechanical, or other reliable methods, or
other diagnostic tests as approved by the supervisor." In accordance with Section 1723.9,
all wells that have been idle for five years must be tested. Subsequent testing of idle wells
varies by district and is outlined in the attached District Idle Well Testing Schedule.

Alternative diagnostic testing, such as a static temperature survey or demonslr_ating a
clean out tag in non-BFW areas, may be allowed. Contact the local district office for
further information.
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Glossary

See the Glossary Appendix for definitions specific to individual Division district offices.

ADA Test: the fluid level in a well is measured to determine the height of the water column above
the perforations, thepressurerequiredtodepressthiscommnofwatertothetopofme
perforations is calculated. Nitrogen then is added to the anmulus until the pressure no longer
increases. If the test pressure stabilizes at or very close to the calculated pressure and
remains constant for 30 minutes with no more than a 10% leakoff after closing the valve to
the nitrogen source, there are no leaks in the casing above the perforations and mechanical
integrity is demonstrated. The test was developed by the U.S. Environmental Protection
Agency at the Robert S. Kerr Laboratory research well in Ada, Oklahoma.

It only works in wells with gas tight wellheads. It is a very rigorous test that will pinpoint
small casing leaks. Wells with long fluid columns above the perforations are not good
candidat&sfor&istmbecwseof&eﬁghcasmgpmsumnwdedmdepmssmeﬂum
column. i

Base of Fresh Water (BFW): the depth in a well where the water in overlying aquifers tests less
than or equal to 3,000 mg/1 (or ppm) Total Dissolved Solids (TDS). Please refer to Division
publication TR11, California Oil & Gas Fields, Vols. 1, 2, and 3, or contact the local
Division office having jurisdiction over your well(s) for assistance in determining the BFW
in individual oilfields and/or areas.

California Code of Regulations (CCR): specific rules the Division uses to implement the laws in
the Public Resources Code. See Division publication PRC04, available free at Division
offices.

Casing Pressure Test: an acceptable test must be a minimum of 200 psi over formation pressure or
hydrostatic pressure, whichever is higher, along the entire length of casing tested. Pressure
should be held 15 mimites or more with no more than a 10% pressure decrease. For
example;aqasingsmndingﬁxﬂofﬂlﬁdatthemnfacerequimamininnmof200psianface
pressure be applied to be a valid pressure test.

WeﬂstingshR-mcasmgpmsmwfﬁcMmsaﬁsfymepmsmmrequkememwm
be deemed to have passed the test if a temperature survey of the well shows no fluid
movement.

The casing integrity test must be fully diagnostic over the length of the casing. For example,
if a casing pressure test is run to just below the BFW, such as may be done in an ADA test,
but leaves several hundred feet of casing above perforations untested, further testing, such as .
a clean out tag is needed.
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Clean out tags: A determination of the top of fill, junk, damaged casing, or other obstruction in
the well. Cleanout tags are determined with a bailer or sinker bar weighing 100 pounds or
more and a nominal 2" diameter or greater, or with tubing with a nominal 2" diameter or
greater.

Effective Depth (ED): the deepest Division approved point that could theoretically be reached
during a cleanout tag in a well, provided the well has no casing damage, fill (including sand
plugs), or temporary or unauthorized plugs.

Fluid Level Survey: Determination of the casing fluid level by standard industry methods.

Public Resources Code (PRC): California laws which are the basis of Division authority. See
Division publication PRCO1, available free at Division offices
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DISTRICT 4 - BAKERSFIELD
IDLE WELL TESTING
SCHEDULE

Prior to any testing, the District 4 office should be given 24 hours motification to witness the

Testing requirements for 10-year and 15-year idle wells are as follows:
BFW is Present:

A.  Testing requirements for 10-year idle wells with open perforations:

1. Fluid T evel Survey - If the fluid level is consistent with previous levels and surroun-
ding wells known to have good mechanical integrity; ie., have passed casing pressure
tests or the equivalent, the survey passes and no further testing is usually required.
Regardless of the results of the fluid level survey, if damaged casing with potential to
damage fresh water or hydrocarbon reservoirs or impact the ability tS properly plug:
and abandon the well, as required by Section 1723, et seq of the CCR, or to return

the well to production or some other beneficial use, be known in the well, go to Step
2.

Themveygﬁls;ifammﬂomﬂuidlevelsarepmemandtheﬂuidlevelisabovethe
BFW. Go to Step 2. -

If the fluid level survey is below the BFW but still anomalously high, additional
testing may be required after Division review on a well-by-well basis. You will be
notified if additional testing is required. Do not proceed to Step 2.

2. If the fluid level survey failed, or damaged casing is known as described in Step 1
above, the operator must do the following:
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Further test the well for casing integrity using one or more of several acceptable
methods. A casing pressure test is most common, and generally preferred; however,
a multi-arm caliper log, electromagnetic thickness log, temperature survey, or other
method can be used if approved prior to testing. Wells without packers above the
perforations can be pressure tested from the top open perforation to the surface
without running a packer by using the U. S. Environmental Protection Agency’s ADA
test method (see Glossary). If damaged casing with potential to damage fresh water -
or hydrocarbon reservoirs, or impact the ability to properly plug and abandon the
well, as required by Section 1723, ez seg of the CCR, or to return the well to
production or some other beneficial use, is found or known to be in the well, go to
Step 3.

If adverse conditions described above are known, or encountered, it is necessary to
either isolate the damaged casing from the BFW within 90 days, repair the well, or
plug and abandon the well within one year unless an exemption is granted by the
Division. Exemptions will be granted where inter- and intra-zonal fluid migration is
not occurring and further deterioration of the casing cannot affect future abandonment
operations. Isolation of reservoir fluids from usable fresh water is only allowed with
prior Division approval. Isolation may be accomplished with either a cement plug,
sand with cement cap plug (minimum of 15° of cement), or a retrievable bridge plug.
Wells utilizing isolation plugs must have the plug removed and the well repaired
or abandoned within two years of the original test due date. Sand with cement
cap plugs shall not constitute permanent abandonment of any portion of the hole.

B. Testing requirements for 10-year idle wells without open perforations:

1.

2.

A casing pressure test is required.

A clean out tag may be required if there is evidence of casing damage. You will be
notified if a clean out tag is required. The clean out tag passes if the clean out is
demonstrated to be at an ED, the top of the liner, or the top of the production per-
forations in the well, whichever is shallower. The test fails if the ED, top of the
liner, or top production perforation, whichever is shallower, cannot be reached.

A diligent effort to clean out to ED must be made within 90 days of the original test
for wells which fail the clean out tag.
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= D.

Testing requirements for all wells idle more than 15 years in BFW areas:

Fifteen-year idle wells located in BFW areas must have a casing pressure test in addition to
the mandatory fluid level survey and a clean out tag, if required. The Division district office
may require additional testing, such as a casing inspection log which measures minimum and
maximum inner casing diameter (multi-arm caliper) from effective depth (ED) to the surface,
to determine actual and potential casingdamageandthrwttofreshwaterorhydrocarbon '
reservoirs in areas where casing i grity is often compromised. Thisincludsareasofhigh
subsurface movement, high corrosion potential, and over-pressured zones. :

Part of the intent of this section is to acquire as much current information about a well’s
condition as possible with the minimal amount of required testing. Wells in fresh water
areas present potential contamination sources for overlying fresh water. The casing pressure
test provides a definitive test of the competency of the casing above the test depth, unlike the
survey methods used for wells idle less than 15 years. Many of these long-term idle wells
have not been entered since they were idled, sometimes well over 15 years ago. Information
regarding the difficulty of re-entering the well is lacking. Since the clean out tag required
mimicsthenmingofsmalldiametgrpro&ctionmbing, the results of the tag can indicate
the potential problems and costs to be encountered should the operator choose to abandon or
return the well to production. This information will significantly aid the operator in
pmpaﬁngmeEngmeeﬁngSmdyandpﬁoﬁﬁzingwensforabandomnemarmmmmpmdnc-
tion.

All repairs or abandonment of 15-year idle wells which fail testing must be performed
within one year of the original test due date, unless a Division approved work schedule
is in place. The Division may require a period shorter than one year if evidence in-
dicates formation damage or contamination is occurring. ' :

Testing Cycle

Wells idle longer than 10-years in BFW areas must be tested every two (2) years. After the
iniﬁaltest,ifsubsequemtestsshowconsistemrwﬂts,meweupass&s. For example, if the -
first fluid level for a 10-year idle well is anomalously high, but the casing pressure test in-
dicatesﬁewéﬂhasmechaﬂcdhegmy;asubsequemﬂuidlevelmstamesamedepm
would pass.

™ BFW is NOT Present

- A.

Testing requirements for 10-year idle wells with open perforations:

1. Fluid I evel Survey - A fluid level survey must be conducted. If anomalous fluid
levels, or other evidence indicates damaged casing with potential to damage hydrocar-
bon reservoirs or impact the ability to properly plug and abandon the well, as re-
quired by Section 1723, ez seq of the CCR, or to return the well to production or
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some other beneficial use, be known in the well, go to Step 2. No further testing is
required if the test passes and the well has no known damage.

'Clean out tags may be made in lieu of a fluid level survey.

2. Clean out tags - The test passes if the cleanout is demonstrated to be at an ED, the -
- top of the liner, or the top of the production perforations in the well, whichever is
shallower. The test fails if the ED, top of the liner, or top production perforation,
whichever is shallower, cannot be reached. .

AdiligemefforttocleanomtoEDmustbemadewithinQOdaysoftheoriginaltest
for wells which fail the clean out tag.

3. A casing pressure test from the top open perforation to the surface, or other more
definitive test, may be used in lieu of clean out tags.

If a well cannot satisfy these testing requirements, a plan for well repair, return to production
or other beneficial use, or abandonment, including a scheduled date of completion, must be
submitted to the Division. The plan and schedule must be approved by the Division before
implementation. Division notification and approval is required prior to beginning any casing
repair, plugging, or abandonment work.

B. Testing requirements for 10-year idle wells without open perforations:

1. A casing pressure test, or

2. If the water table is significantly below the surface, the well can be filled with fluid to
the surface and rechecked after no less than one week. If the fluid level has remained
stable at the surface, the test passes, or

3. A clean out tag at ED.
C. Testing requirements for all wells idle more than 15 years in non-BFW areas:

A clean out tag at ED is required, unless a satisfactory tag has been performed and
documented for the Division within the past three years. Otherwise, testing requirements are
the same as for 10-year idle wells.

The intent of this section is to acquire as much current information as possible about a
well’s condition with the minimum amount of required testing. Many of these long-term idle
wells have not been entered since they were idled, sometimes well over 15 years ago. Infor-
mation regarding the difficulty of re-entering the well is lacking. Unlike the survey methods
used for wells idle less than 15 years, the clean out tag mimics the running of small diameter
production tubing. The results of the tag can indicate the potential problems and costs to be
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encountered should the operator choose to abandon or return the well to production. This
information will:significantly aid the operator in preparing the Engineering Study and
prioritizing wells for abandonment or return to production.

All repairs or abandonment of 15-year idle wells must be performed within one year of
the original test due date unless a Division approved work schedule is in place.

Testing Cycle

10-year and 15-year idle wells in non-BFW areas must be tested every five (5) years.
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TESTING TEMPERATURE OBSERVATION WELLS

If certain conditions are met, any well, regardless of its location in 2 BEW or non-BFW~
area, classified by the Division and actively used by you as a Temperature Observation well may be
excused from idle well testing and the engineering study requirements. The well must have all
formerly open perforations sealed with cement, been satisfactorily pressure tested and the test
documented for the Division, and you provide the date of the last survey (mnay not be over three
years old), the ED of the well, and the depth the logging tool tagged fill is at ED or at least 100’
deeper than the top of the lowermost producing horizon penetrated by the well, whichever is shal-
lower. The lowermost producing horizon is determined from the producing zone in offset wells.
Temperature Observation wells that have never been perforated are not required to have the initial
pressure test when placed into service. :

Retesting/surveying of Temperature Observation wells will be required every five years,
based on the date of the last survey provided the Division. If a recent temperature survey is not
available or will not be run to satisfy idle well testing requirements, the Temperature Observation
weﬂmustbetesmdon&esameschedﬂemdmacwrdamewimmewsﬁngmquimmemmﬂm
above for non-observation wells without open perforations and in accordance with the location of the
well in a BFW or non-BFW area.

RECEIVING and SUBMITTING WELL and TEST DATA

All operators with more than 30 idle wells will initially receive their list of idle wells in
computer format at the discretion of each Division district office. Operators having 30 wells or
less on the Idle Well List will be provided Idle Well Data Sheets for entering the needed data.
Each well will be noted with its "5-", "10-", or "15-year" idle well status. The enclosed "Response
Guidelines” will assist you in supplying the required information in the proper data format even if
you file by hardcopy. '

Operators with more than 30 wells on the Idle Well List may be required to receive and
submit data via computer floppy disk unless extenuating circumstances prohibit filing electronical-

- ly. All requests to file by hardcopy in lieu of computer disk must receive prior approval from the

local Division office.
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Glossary Appendix
District 4 - Bakersfieid

Clean out tags: At a minimum, clean out tags are performed with a nominal 2" or greater diameter
= bailer/tbing/sinker bar weighing 100 pounds or more. Well conditions, such as very thick
, hole fluids or having an effective depth greater than a wireline tool can reliably determine a
pick-up depth, may require the use of tubing, etc. to perform the tag. A logging tool used in

™ the performance of additional idle well testing on the same well is acceptable in lieu of a
. bailer, tubing, or sinker bar, provided it tags as described below. An existing tubing string
- of known length in the well may be extended to tag ED in lieu of a wireline tag.

The test passes if the cleanout is demonstrated to be at ED, the top of the liner, or the top of
- the production perforations in the well, whichever is shallower, The test fails if the ED, top
of the liner, or top production perforation cannot be reached

-

- Adiligenteﬁ'orttocleanomtoEDmustbemadewithinQOdaxsoftheorigg_a_l’ test for
wells which fail the clean out tag. -
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RESPONSE GUIDELINES

Because there are over 13,400 idle wells in this district, manual entry of all idle well data
has become impossible. You have been provided Idle Well Data Sheets to fill out and return to this
office if you have 30 or less idle wells requiring a response from you this year. If you have over
30 wells on the Idle Well List, you must submit your idle well data on the enclosed MSDOS-for-
matted 3'%2" floppy disk. If you need a 5§ 1/4" disk, please return the 314" disk with your request.
The enclosed data files are sorted by the name of the Oil(FIELD), Township (TWN), Range (RGE),
Section (SEC), (LEASE), and (WELL #) Number. This should make it easier to separate sections
of the data file if you need to get information to/from different field offices. A subset of the data
file containing only 15-year idle wells is also included for your convenience in preparing the en-
gineering study. AN data must be returned on a single disk as a single file. Multiple copies of the
data file, on multiple disks, with data from individual Jfield offices, will not be accepted.

Our office uses Paradox 4.5 for DOS to maintain a database of all idle wells and would
prefer your idle well data be returned in Paradox 4.x format; but we realize that operators may not
be using the same software. Therefore, we have provided copies on the enclosed floppy disk of the
file containing your idle well data in subdirectories for Paradox 4.x and Lotus 1-2-3 release 2.
Almost all PC spreadsheet or database software will read at least one of these formats,

Wehavethecapabilitytoimportyourdataiandox4.xformax;allQuamoorQuattroPro
versions; Lotus 1-2-3 versions 1A, 2 and 3; Excel; Access; dBase II, III, I PLUS, and IV formats;
and comma delimited ASCII. Shmﬂdyoumdadifferentﬁleformattoimportmidlewenﬁle
into your software, please contact us with your request. We strongly recommend you
utilize a database program (Access, dBase, Paradox, etc.) rather than a spread-
sheet program (Excel, Lotus, etc.) to view, sort, and enter data as some of the
longer comment fields may be truncated and data lost in spreadsheet
programs. Please note: Microsoft’s Excel and Access can both import the Paradox 4.x file
formatdirectlyasmostnewa'databaseandspreadsheetprograms. We cannot accept
responses in any other formats. Your responses must be returned in one of these formats to be
accepted. Plasedonotuseﬂ:eASCIIfonnatifoneoftheotherformatsisavai]abletoyou. You
willﬁndmenamsdfmhﬁeld,itsdatatype,andlengthattheendofﬂmeguidelimtoassistyou
in setting up your own data file, if necessary.

ENTERING DATA

It is important you follow these formatting guidelines for entering your data. Failing to
follow them results in delays in updating your idle well records. Also, if data is formatted incor-
rectly when entered, your filing will be rejected and returned to you for correction. If you
must explain an entry (or lack of entry) for whatever reason, the only place you can put your
explanation is in either 'the "LETTER COMMENTS" or "TEST COMMENTS" fields. The
"FUTURE PLANS" field is reserved for your specific plans and timetable for returning the well to
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operation or abandoning it. General comments about the well or data requested, except for com-
ments about any idle well test, should be entered into the "LETTER COMMENTS" field. Only
comments regarding your idle well test should be entered into the "TEST COMMENTS" field. It
is better to leave a data field blank with an explanation in a "comments" field rather than to enter
improperly formatted data. Extensions of filing deadlines because these guidelines were not fol-
lowed will not be granted. Please note, all information you received from us on the enclosed flop-
py disk followed these guidelines. :

API # - Entered as a single 8-digit number, no hyphens or any other punctuation allowed. The
number must begin with the county code. In District 4, all Kern county wells begin "029" or
"030, Tulare county wells begin "107", Kings county wells begin "031", and San Luis Obispo
county wells begin "079". Examples: 02900345 or 10712345. - Do not change or delete it.

OPERATOR - Your company name as used in Division computer files. No entry needed. Do not
change or delete it.

FIELD - This is a maximum 30 character field containing the name of the oil field where the well
is located. Wells located in a county area and not within the DOGGR recognized administrative
boundaries of an oil field will have nothing entered here. Do not change or delete it.

LEASE - This is the lease name according to Division records. Do not change or delete it.
WELL # - This is the well number éccording to Division records. Do not change or delete it.
SEC - This is the Section number where the well is located. Do not change or delete it.

TWN - This is the Township where the well is located. Do not change or delete it.

RGE - This is the Range where the well is located. Do not change or delete it.

I errors_are found in of the above leasesendwrittenno'ticewlzen u_return

m Yyour data disk. Do not change the entries_in the origin al data file.

BLM - This is a one character field indicating if the Bureau of Land Management (BLM) controls
the mineral and/or surface rights at your well’s location. If the BLM controls both the surface and

- mineral rights, please enter "Y". If the BLM controls the mineral rights but not the surface rights,

please enter "M" (for Minerals). If the BLM controls the surface rights but not the mineral rights,
please enter "S" (for Surface). If the BLM does not control the mineral or surface rights and the
well is not part of a BLM Unit Operation, please enter "N". If the BLM does not control the
mineral or surface rights, but the well is part of a BLM Unit Operation, please enter "U" (for
Unit). While testing resuits are not required to be sent to the Division, "TOP PERF",

- "BASE OF FRESH WATER", and "URBAN LOCATION" information is required for all

o

=

wells. If you have answered "Y" or "M" to this question, you must forward your response,
including future plans and testing results, to the BLM per the cover letter that accompanied
this document. Please make corrections as needed to the preliminary data we may have supplied.

. 245



An "*" indicates the BLM is involved but the status; ie. "Y", "M", "S", or "U" is unknown. Please
update the well record with the correct status. _

YEARS IDLE - This is the 5-, 10-, or 15-year idle well status of your well according to Division
records. Do not change or delete it. 15-year idle wells will have this field circled in red on Idle
Well Data Sheets to highlight the need for an engineering study.

NEXT TEST DUE -Thisisthedatethenext(orﬁrstifaniniﬁaldatarequ&st) idle well test
was/is due. Your test is overdue if this date is earlier than October 1, 1995. This field is
circled in red on the Idle Well Data Sheets if the test is overdue.

DOG REMARKS - Special testing/information requirements or comments from the DOGGR.
Used most commonly on followup requests for testing/information. Do not change or delete it.

EUTURE PLANS - Your plans for returning the well to production or injection and a firm date
when the work will be performed. If you plan to abandon the well, give an approximate date
when the work will be completed.

. AN LOCATION - This is a one character "Yes/No" field. It is answered with either a "Y" or
"N". If the field is blank, you must enter whether the well is or is not in an urban location. Ur-
ban location is defined as "a cohesive area of at least twenty-five business establishments, residen-
ces, or combination thereof, the perimeter of which is 300 feet beyond the outer limits of the
outermost structures”. Additionally, all or portions of oil fields that are undergoing urbanization,
ie. Fruitvale, Bellevue, West Bellevue, etc. fall into this category. If an urban location status is
shown but is incorrect according to the above definition, please make a correction.

BFW(BaseofFreshWater)-Ifannmberispresent,itisthedepthtotheBaseofFreshWater
according to Division records or information you have previously supplied. In fields where there
isﬁ'eshwaterbmthewelldoesnotpenetratebelowtheactualBFW,ie.KernRivetﬁeld,this
number is the depth to the uppermost oil sand. If "Y" is noted, there is a BFW but we don’t have
the value recorded for the well. Please delete the "Y" and enter the depth from the surface in feet
(KB measurement preferred) to the BFW or the uppermost oil sand if the actual BFW is not
penetrated by the well. Enter the footage only, do not include a ", ™" or "f", etc. If an "N" is
noted, there is no BFW according to Division records and you have nothing to enter. If the field
is blank, please enter an "N" if no BFW exists, or enter the depth to the actual BFW. If the actual
BFWisnotpenetratedbythewell,plaseenterthedepthtotheuppermostoilsand.

TOP PERF - If a number is present, it is the depth to the top open perforation in the well accor-
ding to Division records or information you have previously supplied. You should make correc-
tions if the depth shown is incorrect. If it is blank, you must enter the depth (KB measurement
preferred) in feet to the top perforation. Enter the footage only. Do net include a ",", ™" or "ft",
etc. If your well is not perforated, enter "0".
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m LETTER COMMENTS - This field is for entering any general comments not regarding the
FUTURE PLANS or TEST COMMENTS. This is the only place where miscellaneous remarks
about a well can be entered. ’

TEST DATE - All dates must be entered numerically in MM/DD/YY format only! Example:

6/4/94, 11/8/93 or 10/31/93. Do not enter any other punctuation or try to spell out the date. You
™ must supply the day (DD) portion of the date. Do not enter a date as 6/94, Jun 4, 1994, 940604, .
etc. If you don’t know the exact day, you may enter an approximation. If this is a temperature
observation well, please enter the date of the last survey if the survey is being used as the test.

FLUID LEVEL - If you run a fluid level test on your well, enter the depth to the fluid from the
surface (KB measurement preferred). Enter numbers only. Do net enter ",", ™", "f", etc. Enter
the results of the test in the "RESULTS" field according to the guidance given in the "Idle Well
Testing Schedule”. Make any comments about the test in the "Test Comments" field.

C/O - If you run a clean out tag on your well, enter the maximum depth reached from the surface
(KB measurement preferred). Enter numbers only. Do not enter ",", ™", "f", etc. Enter the

m results of the test in the "RESULTS" field according to the guidance given in the "Idle Well Tes-
ting Schedule”. Make any comments about the test in the "Test Comments” field.

™ IEST DEPTH - This is the maximum depth tested during idle well tests other than a fluid level.
For temperature observation wells, it is the maximum depth reached by the logging tool during the
last survey. Enter numbers only. Do not enter ",", ", "f", etc.

PRESSURE - This is the maximum pressure in pounds per square inch (gauge) applied to the
casing at the surface. Enter numbers only. Do not enter "psi”, etc.

L_()Q-Ifyomwellwastestedwithaloggingtool,enterthetypehereuptoamaximumof8

m Characters. Some examples are multiarm caliper (enter as "MULTIARM") and electromagnetic
- thickness (enter as "EMTHICK"). If the well is an active temperature observation well and you
mmhgﬁehﬁwmpeMnesmeymﬁﬁsfywmt&sﬁngwqﬁmengenm"TempSw”hm

OTHER - This is a single character field. If you have used another type of test, "X" this field and
enter an explanation -of the test type in the "TEST COMMENTS" field.

- RESULTS - This is a single character field. If your idle well test met the testing criteria listed in

- the "Idle Well Testing Schedule", your test passed. Please enter a "Y". If the test did not meet

™ the testing criteria, the test failed. Please enter an "N". If the test was inconclusive, please enter

~ a "I". If you need to make any comments about your test, such as why it failed or was in-

- conclusive, enter them in the "TEST COMMENTS" field only.

-~ IEST COMMENTS - This field is for your comments about your idle well test. Information

~ about casing holes, damage, fish, etc. should go in this field. 7 is the only field where you can list
holes, damage, or enter an explanation or clarification about your idle well test. If you cannot fit
your comment into the allotted 75 characters, you may include a written explanation with your

-
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data disk. Enter the effective depth of the well here if the

you are using the last temperature sur-
vey to satisfy your testing requirement.

OPCODE - This field is for Division use only. Do not change or delete it.

FACODE - This field is for Division use only. Do not change or delete it.
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Back ([Forward] Home Reload | Images | Open Print Find Stop
Netsite: |wysiwyg://181/http://wildcat.oct Tinl.gov/ Il
LVba{’s New? | | What’s Cool? || Destinations Net Search ] People “ Software ]

b

Cood Aftexnoon end Welcome © the Widcat WWW Server vday Oct 29 14:53:20 1996

A development system at LLNL.

nology Injtiative (ACTD) Program Overview

ACTI Projects on this Server

Ofl & Ges Data Infrestructure Profect (OGDIP) ((50DB Application |

Ofl & Ges Well Log Imaging Project(OGWLIP) (_Semple Well Log Images )

Department of Energy - Gag and Oil National Information Infrastructare (GO-NII) Overview

GO-NII Activities at LLNL

Synthetic Seismic Dataset Project |_SSD Access Uity

Some Oil & Gas Information Services

® Ernerpy Information Administration An independent agency of e U.S. Department of Enexgy
® Petrolsum Technology Trensfer Couneil (PTTC)

® Imerswre Ofl and Gas Compect Commisgion (I0GCC)

® Independent Pewrolewn Association of America (TPAA)

® Petotechnical Open Software ration (POSC)

a Califarmio Tndenandont Datmilanm A aansiatinn /FTDAY
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Back lForwa'd Home Reload | mages | Open Print Find Stop
Netsite: [http://wildeat.linl gov/egi/godd

{ What's New? | [ what's c.og_] [ Destinations || NetSearch ][ Peopte || Software |

L

Oil & Gas Data Infrastructure Project

. v of Datn
Provided
Profect What's Cost Elecuonic
Description ms Pax_sc.x”iam Recovery l'_cinz
States

On-Line Database

To Begin Accessing Data, Please Select a State
(The California data is the most extensive)
Alsbema  Alaska®  Arizoms®  Artawses

California
Colomdo*  Commscicut ( Delavare | “I’bxida]
" Hewai (W) " Indiana® Tova®
Kansas® Kenwcky  Louisiam " Maine
‘Messechusers ~ Michigan® = Minmeson Mississippi = Missouri®
' Montma Nebraska® - Ha.::;s‘r:m . New Jersey
Y New Yorre (NorCadima) NortiDakow  Obio®
‘Oklaboms®  Omgon  Pemsyuna  Rbodelslnd  ( Souwss Garolma )
. Df::g‘ . Tennessee . . Utah* . Yermont

 Virginis®  (Weohingwn] (WetVigma) (Wocomm)  Womine

#* In Progress

E-o o 23 o Y it T Z et Lol griv>

.
o™
5
-
L
-—1
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Baok Ihnnrd Home Reload lma;es Gpen | Print | Find Stop [ ]
= Netsite: [http://wildeat.NnL.gov/cgi/godd ]
[ What's New? | | What’s Cool? | [ Destinations | [ NetSearch ][ People  ]{ Software |
™ ACTUVOil & Gas Data Infrastructure Project Database
Californias Ofl and Gas dam are available from e folowing source(s).
= Souce: Lawrence Livermore National Laboratory
- Data Set Year Range Reporting Year
Produstion 1977-1996
Optional cutput formats include graphs and ExeeVLotas Spreadsheot
i}
- Dat Set Year Range
( CADOGOR Reporss ) 1995-1996
P CADOGGR Publications avullable on the WWW
™ CODR 34
Lty conumnes b o GORE Desehpant Teun <ondnddwiiest ol gov>
Ll BUTE Shyveroge Pgr.
L} Univarsity of Catifornia
: L&y_ Lawrence tivermore
' Nationa! Laboratory

- i

4 l,L‘:l I

. {Ll7 Lawrence tivermore
b

National Laboratory
ove Jutnnstin

L] P l.ga”
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Back [Forward| Home Reload | Images | Open Print Find , LStop Q

Netsite; lh_ttp d /wrildeat.Tinl.gov /cgi /godd j

[¥hat’s New? ] [what's Cout? | [Destinations | (" Net Search ] {_People ][ Sortware |
ACTI/Oil & Gas Data Infrastructure Project Databage

Lawrence Livermore National ;
Source: Laboratory Reporting Year: 1996

State: California Daw Set: Production

California production dam can be searched by the following criteria.

Select A Query

County

API Number

. ( Tomhip]Rangej

. ( Lease Sunmary )

_ ( Pield Summary )

(Oremor Summay )
%ﬂ& 1t CRODE Deyebapaacint Taun_<omdind®sadtone il Lo9>
: Tt VT Server Hr e Py

Unrv.ersny of California
!! Lawrence tivermore

Nat:onak Laboratory

sty |
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Back |Forward| Home Reload | Images | Open | Print Find Stop
Netsite: [htfp://wildeat.linl.gov/cgi/godb ]

[What's hew? ] [wnat’s coor? | | Destinations | [ NetSearch | [ People | [ software |

ACTU/Oil & Gas Data Infrastructure Project Database

. Lawrence Li re Natio ,
Source; l.abumiy Ivermore Natiopal Reporting Year: 1996

Stwt: California Dew Set: Production

Select A Field Select
A Sud-query
DOMIRGUEZ

numsumms GAS

DUTICH SLOUGH GAS

EAGLE REST

EAST ISLANDS GAS
EDTSOX

EDISON, FORTHEAST

EL RTO

EL SEGURDO

ELDORADO BEKD 6AS

ELK HTILS

EL¥00D

EL¥DOD, SOUTH, OFFSHDRE
ERSLISH COLONY

353 Fields

LRADE 73 o
Emaul ameney g1 the CODER LDevekypapsnt Toava_<opdipgdsnabicst il 2o

FEIt FTFTF Servar Houne P

] University of Califo riia
: !! Lawrence iivermore

Nattonal Laboratory

LINT

F ’.‘-‘*J] I
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Baok

images

Forward| Home Reload

Open

Print

Find

Stop ]

=

Netsite:

Ihttp:/ /wildeat nl.gov Zcgl /godb

]

[ what'sNew? | (what's coot? | [ Destinations | [ Net search || People J [ Software |

Source:

State:
Field:

Lawrence Livermore National
Laboratory

California
222 EDISON

Select A Lease

BERRY FARS
BIIL HANDEL
BLODGET-CROME
BLOEMER
BOWLES
BOWMMAN-SCOTT
BROCKIAN
BROWR

BROYE BEAR
BUCHNER
BUCK

BUERKLE
BUNTINE
C&H

C.L. JED

168 Leases

CODE 98 o
Z-adl ceunenty &7 the FODE Desekyancir Taun
H‘ﬂﬁg{ FFFT Server Houve Py

Lu,,

iversity of Caltfornsa
Lawrence tivermore
National Laboratory

ACTI/Oil & Gas Data Infrastructure Project Database

QURPIRID SRS L2 o>

Reporting Year: 1996

Data Sett Production

Select
A Sub-query

4 "_"-s"JI
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Back [Ferward| Home Reload | mages | Cpen | Print | Find Stop il

Netsite: [htlp ://wildcat.lin).gov/cgi/godd |
[Wnat’s New? | [ What's Coo1? | [ Destinations | [ MetSearch ||  Pecple ][ Software |

ACTV/Oil & Gas Data Infrastructure Project Database

Lavrence Livermoze National

Source: Laboratory Reporting Year: 1996
Sute: Califomnia Data Set Production
Pield: 222 EDISON A Lease: BERRY FARMS
Select A Well

Create A Detailed Report Below

Lease Neme Well No. API Seq o(nng’i’)d- Gﬂ(’n Pc!‘!)ﬂ- 'Wa(gi {;ol.

‘BERRY FARMS 184 ‘O o421 229" 0 33
BERRY FARMS 384 ‘O 04622 230° 0 37
‘BERRY FARMS 474 ‘O 04623 21" 0 36
BERRY FARMS 48%-4 (04624 a7’ 0 28
1996 Reporting Year Total 897 0 134
Create a | Production Detail Report |from| 1991 jJw| 1996 |
{ Create Detil Repont ) { Reset Report Options )
LCOPEv3d
E~oef] coununenty & 89 CORE Pavelouacnt Taun <o neSwasica L Uil 00>
Batese PR Serverflune Py
University of Californis
!! Lawrence Livermore
Natzona Laboratory
4 '.k‘ul ]
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Back |Forward| Home Reload | images | Open | Print Find Stop

Netsite: [http://wildsat.lnl.gov/cgi/godd

[¥hat'sNew?  { what's Coot? | [ Destinations | [Net searen | [~ People ][ Seftware |

‘Production Summary from 1991 w0 1996
) API: 04-029-04623

‘Towl Oil Produced 4375 BBL
“TowlGas Produced =~ 0 MCF
“Totl Weter Produced = 789 BBL
Total Days Producing ‘1678 ‘Days

ACTV/Oil & Gas Data Infrastructure Project Database

View Graphics | View Data Fe l Downloed t© Excel
(43289 wytes) (2959 bytes) (2959 dytes)

33

.&Ma:&:wze & e (RLRE Devebypunent Tesm Quntiddsmifiont Unl gog>
Al R Server Home By

e
; University of California

Lu'__', Lawrence Livermore

k L/

|
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Back [Ferward| Heme Relead | Images | Open Print Find Stop

Netsite: [http://wildeat.Tol.gov :8080/0gdip967 1
{¥rat's Rew? | [ What’s Coel? | (Destinations | { Net seareh | [ Peopte | [ Software |
Oil & Gas Data Infrastructure Project Demonstration Database
ifornia Data ( 10/29/96 ) [amm.ﬂ'aﬁaﬂb&m&y
From 1996 To 1996 ::: Sammary well configuration- All

’ Select Selected Items Report Type || Do Report
2 | Comy
: 2 S |l
: .-@u 20 pogon |2
# ase .. .
a 2
2 | Opemvor Report =
S . Selection
2 | Town/Range
2 (TovuRenge ] 2 ® wen
2 2 O County
‘9 (aP1) .| 2 O Fiela -
S - 2 O Lease Current
2 2 (G
2 | Cleer Selected Iems ) ?

(34

21| Document: Done.
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Back [Forward]i Home Reload | images

Netsite: [http://wildeat Jinl.gov:5080/04ip96 /
[what's New? ] [What's Coot? ] [ Destinattons ] [

01l & Gas Data Infrastruf
California Data ( 116196 )

From 1996 To 1996

Selected]

Badadiatiadbatadalty
S0,
g 2

9
=
-
3

‘ View mg

( Clear Selected Iuems |

E

-

Please Enter County
Type all or part of 2 name

|los ang

Query Results

[ 037 105 amGELES
237 10S ANGELES

or leave G2 btox blank forall fields.

4 iy I

Query and Configuration Settings 2 (Save ] 2 [Restore ] 2 (Delete |

County Query - Brisf Description of this qUery...

3 1=;] Document: Dene.

266
’



Ferward] Home Reload |tmages | Open | Print | Find Step il

Back
Netsite: |htep://wildeat.Tnl.gov-8080/0gdip56/ )
[ihat’s New? ] [ What's Coot? ] [ Destinations ] (et Seareh | [ Pecpte ][ Software |

Oil & Gas Data Infrastructure Project Demonstration Database
Californis Dats ( 111696 ) Lawreace Livemsorr Nabosal Leboaramyy

From 1996 1o 1996 -:- Summary well configuration: All

Select Selected Items Begin Year  E2d Year
037 LOS ARSELES | 19% [ 1996 ]
2 [ Comy i
Repont Type - Report Selection
4 1 ® Well
= 20 Co
2 20 swmmay 2O %Y
= ” ?
2 2O DRIl 5 O Lease
? [ TovwRange 2 O Operawr
2 (Pool
?
2
2 (o)  (Cevsew)
? ( Clear Selected Items ) Do Report

Configwe ) 2 (Display } 2 { Download]

Query and Configumtion Settings 2 (Save ] 2 (Restore ) 2 {Delete )

County Query - Brief Description of this query...

3t~y

Docyment: Done. | |
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_Oped | Print Find Stop

Back [Ferward| Home Reload | nages
Netsite: (hitp://wildcat.Vinl.gov :8080/0gdin96/ |
[ What's New? | [ What's Coot? } [ Destinations |
il & Data
ognmog‘;mn( 1116196 ) Please Eater Field
Type ull oF partof & narme
— or leave the dox blank for all fields.
From 1996 10 1996 |
s 5es |
T geleet Salected 1 1
o Tes? 105 awoziss Juery B
2 LONG BEACK ATRPORT
2 (@)
2 )
2 (Omnn)
2 )
2
2
2
2 () (v L
? (Ciear Selecwt Tems )
5 1] l 1
Query and Configwnation Settings 2 (Save | 2 [Restore ] 2 (Delete |
Eidd Query - Brief Description of this guery...

2% Document: Done.
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Back |Forward]| Home Reload | Images | Open | Print | Find Stop =il
Netsite: |http://wildcat.Tinl.gov :0080/cgdip06/ {
[¥nat’s New? ] [what's cootz ] [ Destinations | [ w7 = - 5

Oil & Gas Data Infrastrur;
Californfa Data ( 1116196 ) Z Please Enter Lease
Type all or paxtof a name
WGW or leave the box blank for all fields.
Tom 0 =
[ | Aad |
Solect ) Selscted It
e L
? 2
ALAMTTOS
1OBS BEACK AMEBCO @
2 [ Pied ANDERSOR-EALL-WERBER
2 (Fen] RAREAN
BARNES-BUSH

< BEESEMYER

2 i

2 (5K (Cancel)

? | TownRongs

2 [ Pool

3
B
[-)

.N.
R

.

(Clear Selected Iems )

J‘,‘-“;I ,_I_,__'

Query and Configuration Settings 2 (Save ) 2 (Restore ) 2 (Delete )

[Lease Query - Brizf Description of &S query, ..

2t~ Document: Done. | |
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Back [Forward| Home Reload | Images | Open | Print | Fing Stop ol

Netsite: [http i/ £vildeat.Tink.gov :8080/0gdip96 / 1
(¥hat’s New? ) [what’s Coot2 ] [Destimations | [ 1
Qil & Gas Data Infrastrud
California Data ( 11/6/96 ) , Please Enter Opetator
Type all or part of a name
—i;on W or bﬁn h bo: bhnk for ﬂlﬁe]d&
' ! Add '
) Select Selected Xee
037 10S ANGELES Query Results
2 -Com AXIS PETEOLEGH <O
ER & W OIL Co
© o : g.tcmng YOUNG :issgggcss
? HOe PR ROGER YITITOW/M
BARHAN
2 BARNES-BUSK
mm__.
. (ox]) (Conaet)
2

i~
oy
g

o °
)
Ba

't\"

( Clear Selected Tems )

8 °
&
&
[}
R

Mo

) !_kw] l

Query and Configuration Settings 2 (Save ) 2 ([Restore ] 2 (Delete)

1OT=anuery = Bxef Description of this query...

2 %] Document: Done. ! I
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Back [Forward| Home Reload | Images { Open

Print

Find Stop Sl

Netsite: [http://wildeat.lin).gov :8080/0gdip96 /

(What's New? ] [ Whats Coo1? | [ Destinations | [ Net Search ][~ Pecple  |[ Software |

Oil & Gas Data Infrastructure Project Demonstration. Database
Califomnia Datwa ( 1116196 ) Lawreace L

Navopal Labaratory

From 1996 To 1996 ::: Summary well configuration: All

Selected Ivms

037 LOS ANGELES

A

LONS BEACK

~

BARNES-BUSH

PACIFIC ERERGY RESO

1080,
§

? RICHARD YOUNG & ASSOC
2 | TovnRange
2 | Pool

N
) :."a
iF

g

:
i

“N.
E
=

Begin Year Exnd Year
[ 196 ) [ 199 ]

Repont Type Report Selection

2 @© well
? ©® Summary ';'O )
20 penitea 2 O I8
- 2 O Lease
2 O Operator
Do Repoxt

Gontg ) 2 (Boviy) 2 (oo

Quezy apd Configuration Settings 2 (Save ) 2 (Restore ) 2 [Delete)

[Operator Query - Brief Description of his query...




] { I I [ [T 1 _ [

N Configure Summary Weill Production Report
E Select desired fields for well repoxt
R Sweas B S ction 0il Production [J Water Production
. mm:ﬁon X APIGnwity [] Method Coze [J gl::!:cemnt
| ogme, o opo,
3 ] ] 11
? RICHARD YOU & 4$50C
2 (=)
2 . Do Report
2 (FeunBiock Configure | 2 ( Display ] 2 ( Downlo
2 {(Specd ) View Special
2 { Clear Saleewd Tremma |

Query and Configuration Sevtings 2 ( Save | 2 (Restore ] 2 (Delete )

attns | Document: Done.
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Summary Well Production Report from 1983 to 1987
Leaso=BEESEMYER == Well Rumber= S

Well APL: 64-037-10433 :: Pie)d=1ONG B EACH(412)
Opennors: AXI3 PETROLEUM CO(A4800)
Well type: Ofl and Assoctated Gas Withdrawal

‘YEAR ‘STATUS OIL_PROD  GAI_PROD " WATER_PROD ~DAYZ_PROD ~ API_GRAVITY

1983  Sending 936 21 29400 2 0
1984 On ‘1702 a5 46830 173 260
1988 ‘on ‘4845 ‘1245 ‘56030 291 ‘251
1986 ‘ShuDown 1123 628 ‘2270 ‘221 ‘0
1987 ‘on 3448 1025 56366 249 253

Lease=BARHANM :: Well Numbezw 2
Well API- 04-037-1129S :: Pield=1LONG BEACH(412)
Opcranrs: RICHARD YOUNG & ASSOC(Y0200)
‘Well type: Oil and Associated Gas Withdzawal

YEAR STATUS OIL_PROD GAS_PROD = WATER_PROD "DAYS_PROD ~ API_GRAVITY

‘1983 On an 346 149430 345 234
1584 ‘Om 3699 4620 "110970 338 245
1985 on 310 3418 ‘102990 K<) 243
1986 Onm 3235 3209 ‘97050 322 234
1987 Om ‘%75 2750 101097 13 b
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Back |Ferward| Home

Reload | images | Open | Print Find Stop la

Netsite: |http://wildcat.linl.gov :8080/uscdev/ i

{ what's ?Vhai"s Coot? | [ Destinations | NetSearch J[ People J[ sottware |

Oil and Gas Data Infrastructure Project Demo Application

[This page will contain a elickable map 1 select a Basin]

FUXH
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Back JForward Home l&load lmages | Open | Print | Find Stop gty
Netsite: [hitp://wildcat Tinl_gov 8080 /uscdey/ ]

[wh ;?—] { What's c«m] | Destinations | [(Net search | [ Peopte ][ sortware |

Oil and Gas Data Infrastructure Project Demo Application

Loz Angeles Basin

[This page will contain general info about the selected Busin)

Select a Field
[~ Swe: California ‘Huntingwn Be
Select a Basin -M
Rosecrans
mnmuvme Venice Beach
Los Angeles
Sacramenm
Salinas
San Joaquin
Santa Maria
onoma
Yentum
Show Map

K {L"JI f ’
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Back |Forward| Home Reload | images | Open | Print | Find Step oo 4}
Netsite: [htip://wildcat.linl.gov :8080/uscdev/ |
[\u’h.ﬁ's New? ] [Vbat's Cooﬂ Beslinaﬁnns ] [ Net Seareh ] [ Peop!ej baftvare ]

% Qil and Gas Data Infrastructure Project Demo Application
Basin: Los Angeles Fizld: Hontingtworn Beach
[Field Identification Information)
State Postal Code: CA
Sor: Califors Reservoir(s): ABCDE
DOEITORIS Reference Number- 0
Select Field Info TORIS Geologic Play Code: AB2367
Field Identification Actve: No
Geology Lithology: Dolomits
Reservoir Datg Geologic Age: 78
Production Data Formation- null
Individual Well Dam Comelated with Field - null
(- 23 . .
Ownership Information e F1eld dentficaton
[Zonesg in Fisld)
Change Bagin . :
o Pio Zone Name Yalue
S Epoch Value
Los Angeles Ceologic Stage Value
untington Beach ‘Formation Value
API Gravity (BTU) Value
.Petmlngy ‘Vahe
Depositional System Value
‘Class Value
'Update Zope Information
Zone Name ‘Vakue
Epoch Velue
‘Geologic Stage Value
‘Pormation Velue
2itay ] Mip:/ /vAldcat. Tinl qor “BO8O/uscdev /reservoir htmi?basin=LosB20 Anqeless. ] I
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Back [Forward| Home Reload | Images | Open

Print

Find Stop_]

Netsite: [h‘l‘tp :/ /wildeat Ninl gov :8080 /usedev/

2

[ What's New? | { What's Coo1? | | Destinations | [ NetSearch |[ Peopte ][ sSortware |

'9‘,—)5'_45":.;“(‘-4 oo

Qil and Gas Data Infrastructure Project Demo Application

Sut: California

Select Field Info
Pield Identification
Geology
Reservoir Data
Production Data
Indiviiual! Well Datw
Yell Log Images
Ownership [nformaton
Change Basin
Change Fleld

Los Angeles
Huntington Beach

Basin: Los Angeles

Field: Huntingtwn Beach

[This page will contain Fiald Identification info]

Suate Postal Code:
Reservoix(s):

DOEITORIS Reference

Number

TORIS Geologic Play Code:

Active:
Lithology:
Geologic Age:

Pormation-

Cormrelated with Field-

[ea

|mcn}:

—

|uzssv

{ Dolomite

[

Ixmu

|m\11

Specify Passvord: | © perform

or me request.

3 ttn, |
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Back |Forward| Home

Reload { fmages | Open | Print | Find Stop i

Netsite: |http://wildeat.Ninlgov :8080/uscdev / |

| What's New? | [ What's Cool? | [ Destinattons | [ Net Search ]{ People | [ Software |

Oil and Gas Data Infrastructure Project Demo Application

Beasin: Los Angeles Field: Huntington Beach
[Zone Information]
Zone Name; Value
Swe: California Epock: {__Lower Plio |
Select Field Info MEpoE e L Hohien Y |
FieW Identification Formation: [
Geology API Gravity (BTU): |
Reservoir Data
Production Dam Petrology: [__Very fine J
Individus] Well Deta Depositional System: [ Trensgressive ]
Well Log Images . ]———
Class:
Ownership Information
Specify Pessword: [ v perform | Updaw
cm&m_
Change Field or Ce.n::eI the reguast
Los Angeles
Fluntingmn Beach
s thes J ]
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Back (Forward| Home

Reload { images | Open

Print

Find Stop

Netsite: lhttp :/ /vrildeat.lin).gov ;8080 /uscdev/

{What's Rew? | [ What's Coo1? ] [ Destinations J{ NetSearch ][ Pesple || Software |

3

Suawe: California

Select Field Info
Fi=)d Identification
Geology,

Resgervoir Data
Production Data
Individua] Well Daty
Well Log Images
Ovwmership Information

Change Basin
Change Pield

03 Angeles
untington Beach

Oil and Gas Data Infrastructure Project Demo Application

Basin' Los Angeles

Serties Farmatinn

Field: Huntington Beach

[This page will contain Geologic Datm]

Suuctural Contour Map Type Log

& Member
k

‘Geologic Marker/Formation
‘Consolidated Yes
‘Carbonate Yes
‘Chert ‘No
‘Diatomite Yes
‘Heterogeneity No
‘Clay Content
‘Depositional System
‘Structure Type
Y33 (top,botom)

‘Correlated with Formation

‘Shaley:

‘Sand:

‘Schist:

‘Fractured or Faulted

‘Avg. Resexvoir Dip
“Trap Type
‘Measured Depth
‘Avg 7SS

Yes
No
No
Yes

2 1¢~)] Document: Done.
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Back |Forward| Home Reload | images | Open | Print | Find Step )
Netsite: |http://wildeat Tinl.gov :8080/uscdev/ ]

[ What’s Nev ‘s Cool? | | Destinations ] { Net Search | [ People J [ software |

Oil and Gas Data Infrastructure Project Demo Application

Basin: Los Angeles Field: Huntington Beach
Select Reservoir Data
Data ) Core Data Important Dates Fluid Daw Reservoir Dat
Sww: California Disgmostics  Drilling Typical Enhanced el Count
Plows Problems Completion MMM' Hisory
Select Fiel! Iafo B
Fiald Identification
Geology
Reservoir Data [This pege will contin Reservoir Discovery Daw]
Production Data
Individual Well Data Date Discovered:
Discovery Well Depth:
Change Basin
Change Fisld
Los Angeles
untington Beach
3 tang |
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ectm—

a I B ] c T D 1 E ]
1 _|Huntisgton Beach - Field Production Dats - Summaryg by Lease (1996)
2 |Lease Name Operator Name = of Wells _0il Prod(BB Gas Praod(Mc Wate!
F J<NULL» CITY OF HUNTINGTON BEACH 1 [1] 0
T&_l«NuLL HUNTINGTON BEACH COMPANY s 692 0
_S5 J«NULL HUNTINGTON SIGNAL OIL CO 3 2380 0
~6_|<NuLL KILLINGSWORTH OlL COMPANY 3 709 957
7 _J<NULL> THE TERMD CO 15 £4866 0 1
8 J<NULL> THOMAS OILERS q 0 0
9 J<NULL> W MELLIOTT JR 2 229 67
10 _JASHTON CENTRAL PARK ENERGY 2 0 1]
1 _|BARNETT ANCHOR WM J ScotT 2 708 0
_§2_]|BEARE BRINDLE/THOMAS 1 1677 1]
3 |BLOCK 8 WM J SCOTT 1 376 (]
_14 |BOLSA HUNTINGTON BEACH COMPANY S0 8480 0
S_|BOLSA CHICA HUNTINGTON BEACH COMPANY 2 0 0
_16_IBRADLEY HUNTINGTON BEACH COMPANY 2 (1] 0
17 {BROOKS . HUNTINGTON BEACH COMPANY S (1] 0
1 HUNTINGTON BEACH COMPANY 1 0 0
HUNTINGTON BEACH COMPANY 1 0 (1]
JOHN A THOMAS 1 128S 0
CITY OF HUNTINGTON BEACH 3 6438 0
HUNTINGTON BEACH COMPANY 1 (4] (4]
W MELLIOTT JR 1 4 6
WEAVER & THOMAS 1 673 325
THOMAS OILERS 2 L] o
CATHER & CREE CIL CO 1 357 642
MILLER & WILSON 1 316 0
BRINDLE/THOMAS 7 4598 0
29 HUNTINGTON BEACH COMPANY 1 o 0
_§L DABNEY HUNTINGTON BEACH COMPANY 2 s] 0
T31_J0AVIS OCEAN FRONT OIL €0 1 0 0
32 |ooLLAR JOHN S ROUNTREE 1 640 0
_33 |DONNA JEANNE E NEVINS 1 529 (1]
_34 JELuIOTT W MELLIOTT JR 1 (1] (]
_3S |FEE WEIR OIL CO INC 2 0 (1]
_36_{FRASER CATHER BARNES & CREE 1 131 642
_§_7_ H.B.FEE S&COILCO INC 2 1070 0
38 |H.5.KOHLBUSH HUNTINGTON BEACH COMPANY 1 Q o
39 IHAMILTON ROBERT D YIGUE 2 0 (1]
_40_|HANSEN WEAVER'S PROD SERVICE 1 2178 1423
41 _JHARVEY ALEXANDER OIL COMPANY 1 357 0
~a2 |HOUSTON HUNTINGTON BEACH COMPANY 1 a 0
~43 JHUNNICUTT CATHER ROSERS 1 223 642
44 JHUNTINGTON BEACHASSI AL KOILCO t 466 0
e i( [» TM]\ 1996-Huntington+ Beach_tsv /
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Development and Operations Under
Environmental Constraints

Paul Mount
State Lands Commission

283



DEVELOPMENT AND
OPERATIONS UNDER
ENVIRONMENTAL
CONSTRAINTS
-‘,:/‘%\
IR Tn
"\ / Miners] Resourees Man Divtsion
ISSUES
o Pollution/Spills
o Visual Impacts
o Noise Impacts
o Air Quality Impacts
o Safety
o Increase in Other Development
o Impact on Endangered Species or Marine Life
o Contributes to Other Globat Impacts
ﬁ/— ‘-tg\&?‘. Reduced Property Value
‘\ y'/ Misersl Resourees Division
VISUAL IMPACTS
o Unsightly plants, wells, rigs on Coastline
o Unsightly Platforms and Offshore Facilities
o Block of Ocean Views
o Visual Impact in non-industrial areas
VIR
s
'\\ /'/‘ Miners! Resocces Division

284

PURPOSE

-

o Review of Issues °

o History of Oil and Gas Development

Factors Influencing Development and Operations
Current Situation

Resolution to Conflict

Creating Win-Win Scenzrio

Sustainable Development

| I

\_/ Miners! Resources Msa Division
L .

POLLUTION/SPILLS

e Onshore — Guadalupe, Avila Beach, Etc.
o Offshore — Santa Barbara Spill, Montaivo,
others

o Soil Contaminstion in Old Oil Fields
o Soil Contamination in Old Processing Plants
o Oil Flow into Rivers, Channels

] - ]
! )
@Mﬂm Division

;

[

NOISE IMPACTS

o Rigs, Service rigs
o Processing Plants
o Traffic

\-// Mineral Resotrees t Division




"\ / Minersl Resources Diviston

AIR QUALITY IMPACTS

Emissions from Well Heads
Emissions from Rig, Vehicle, Pumps, Engines
Emissions from Construction Equipment
o Emissions from Processing Plant,
» Fittings
» Tanks
» Liges
. » Leaks
o Emissions from Associated Vehicle/Vessel
Traffic .

t Diviston

INCREASE IN OTHER DEVELOPMENT

¢ Support Industry
» Punsps and Pumps Support Faclitles
» Welders, Field Contractors
» RigContractors

:/' Miners) Resocrees Division

CONTRIBUTION TO OTHER GLOBAL
IMPACTS

Warming

Air Pollution

Oil in Ocean

Increased Industrislizstion
Reduction of Forests
Reduction of Land for use by Wildlife

285

SAFETY
+ H2S and Other Gas Emissions
o Explosions
o Increased Vehicle and Vessel Traffic
o Fires
s ”‘R
Py %
i
A\ '/ Miners! Resources Diviston
\..//

IMPACT ON ENDANGERED SPECIES
OR MARINE LIFE

o Facilities Cited on Land with Eadangered

Plants or Species
o Facilities and wells located on Coastline
o Construction and or Activities Around

Marine Life

» Whate Migraticn

» Selsmic Surveys

» Fith Spawning

» DisruptionofFishingSites

\ / Miseral Resources Man: Division

<

HISTORY IN CALIFORNIA
o 1886: N: 1 gas and crude d dinS fand
1504: Unioa Oil's “Old Maud” weil blows out one million barrels
infirst 100 days
1903: Oil pipeline on Stearns Wharf Opposed
1925-1931: Purchase of beach and waterfront for public use
1926: E1Capitan cll fleld discovered
1927: Ellwood oll fleld discovered
1929: Sacta Barbara cpposesoll drilling in city Limits
1936: Voters iy defeat referendum to only allow drilling
cffshorefromcashere.

e 1938: California State Lands Act allow offshore oil development
with restrictions

X
I'; /:Il'; Minerz! Resources Mzn: Division
g

® o ® s o @
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', // Miners! Resources Mans: it Divisien
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HISTORY IN CALIFORNIA

(cont)

1947and 1949: SelsmicSurvey’s halted because of fisherman
complatats
1947: luterim Agreement of the State Lands Commissicn aliows
CA to continue administration of lands within 3 miles
1952. UnionOﬂ dbumﬂabmllwm Jr tells Santa Barbara

nt with environmental concerns
and that & diate d ment was needed due to Korcan War.
Santa Barbarans mwwmwgwmmﬁ
offshore ofl policies
1954: UCSB opens its Goleta Campus

AY

Miners] Resources M t Diviston

HISTORY IN CALIFORNIA

(cont)

o 1969: Blowout occurs at Union Ol Co;s Platform A. GOO Is

founded

1969: State sanctuaries expanded.

1970: Wave of enviranmental legislation enacted

1971: Moratorium on existing development Lifted offskore
1972: Banonpew developmment lifted

1974: Platform Harry removed

o » o 0 0 o

drilling on Platform Holly

1976: Court rultng overturns CCCapproval for Arco's expanded

FACTORS INFLUENCING
DEVELOPMENT AND OPERATIONS
all2o

Stateand Local agency furisdiction (16)

HISTORY. IN CALIF ORNIA

to prant thema development-free offshore sanctuary and the
authority to restrict offshore development through zoning

e 1955: Sh&l&glshmewmﬁmmﬂ&hnmm

» Granttidelands toSLC
» Create development-frec Santa Barbara Ol Sauctuary

> Authorize development elsewhero in the Channel with 200 day

waitperfod.

lease, near Summeriand
1967: Platform: Hogan, firstin federal waters instafled
smMmMA&pnmmmm

1954: Smmbmcmmdmbbbyhm Legislature

1956: State Lands Commission issues first permitfor an offshore

\g /' Minersi Resourees Mi Diviston

HISTORY IN CALIFORNIA

1978: Federal Lease Sale ﬁmm

1981: Federal Lease Sale 53 blocked Sale 68 results in 4 teases.
1986: Measure A Saa Luls Obispo approved Subjecting all
Offshore Development to Vote

1986: Falling Oil Prices Halt Development

1989: Federal Lease Sale 95~ deferred

1990: Tanker Ol SpitHuntington Beach

1993: McGrath Lake leak 84,000 gallons crude.

1993: 370,000 gallon Condensate Leak near Ventura River
1996: Moblle Oll Clearview Project Dead

!‘;\ /' Minersi Resourers M: Divigton

FACTORS INFLUENCING
DEVELOPMENT AND OPERATIONS

Resourcereservesandvalue
Location of cil and gas reserves
Advantagesof develop igh disadvantagesto
localcitizens

New media attention
Courtrulings

Land ownership
Technricalfeasibitity

Federal Agencies(?)

1

ii.t'_"-'%.

i . i
‘\\~ : &ﬂ“\(yyl [ ) [ ) L] L ] L ] * o @ L ] [ ]

b }

‘X

Miners] Resources Manspement Division Mznml Rescurces Man: t Division

s
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CURRENT SITUATION RESOLUTION TO CONFLICT!!!

» Olland gas development not popular
« Transportation of crude by pipeline a must

s Create Win-Win situations

Generate positives that a ter than negattve impacts of
« Development prohibited in many areas of California 9, et P Te greater egative impacts o

» Technology still improving « On existing operations work closely with:

» Many environmental groups stillopposed > Local permittingagencies '
« Tighter and tougher regul and spill pr it » Local community
o Greater lability pr required to protectagainst oil spills » Landowner L)

« Consolidation of facilities being required » Mineral owner &

s Moreagencies, federal, state and local involved than every before » Stateapencies

« Endangered species act having a great effect —

« Low oll prices reduce rewards and risk /reward ration high }*‘\ ‘
E '

-
IR

; )' Mineral Resources Management Division Mineral Resources Management Division
s S
"n
REROLEANEC CORNBRICT SN CREATING WIN-WIN SCENARIO
= f:::b“‘and m::in!umed W theright time o Something in it for everyone (not necessarily
« Plan and set goals and let all know what they are 9
+ Usefacilitators e Create local jobs, prosperity, quality of life
+ Create Win-Win « Do not satisfy one group at expense of other
s Seek Input from Others Who hae been sucessful e OffTset negative project impacts with very
positive environmental or public benefits
elsewhere.

« Understand fully what each party wants,
don’t assume!

/;‘ Mineral Resources Management Division

T -y o —

RESOLVING THE CONFLICT
SUSTAINABLE DEVELOPMENT REMEMBER
« THUMS v Conflict is a Choice
o BEVERLY HILLS « Communications
o HUNTINGTON BEACH TOWN LOTS o Faith in the Process
o LAS CIENEGAS « No Hidden Agendas
« MIDWAY SUNSET o Facilitation
« MOLINO o Ask for Help Sorting Out Problem

o Lead not Manage

LR, L ARE i,
= Q‘ of %
s - & i )
L] i Ly 12 -
‘\'/f’ Mineral Resources Management Division "\\ /r' Mineral Resources Manapement Division
e, SRE g
fr. -
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The narrow coastal plain of the Arctic National Wildiife
Refuge (ANWR) in remote and nearly uninhabited
northeastermn Alaska offers an outstanding opportunity
to increase both U.S. energy and economic security.
The region could hold enough oil to rank it on a par
with the world’s top oil-producing nations; developing
that oil could increase employment across the country
in sectors ranging from manufacturing to a variety of
service industries.

Opening the coastal plain to oil and natural gas devel-
opment could increase domestic oil supplies by an
average of more than 1 million barrels a day for at least
20 years. The oil can be produced in an environmen-
tally responsible manner. The petroleum industry’s
record in developing the four producing fields near
ANWR reflects the great care that has been taken in
the search for oil on Alaska’s North Siope.

Developing coastal plain oil could also boost the gross
national product by $50.4 billion and increase employ-
ment nationwide by about 735,000 jobs by the year
2005, according to an economic analysis prepared by
Wharton Econometrics Forecasting Associates (WEFA
- Group). According to the WEFA study, all sectors of
the U.S. economy would benefit and almost 80,000
jobs could be created in California. Development of
coastal plain oil could also slow growth in oil prices,
reduce imports and improve the U.S. trade balance.

Coastal plain holds petroleum potential

Crude oil from Alaska’s North Slope fields currently
accounts for about 25 percent of this nation's total oil
production. However, America’s dependence on

288

foreign oil this year is at a record 50 percent and could
increase in the future. One reason is that the older
fields in the lower-48 states, have reached peak
production and are declining.

One of the most promising places to look for replace-
ment production is the ANWR coastal plain. The
Interior Department estimates that recoverable re-
serves beneath the coastal plain—economically
producible based on today's technology—could range
up to 9.2 biliion barrels of oil. :

Based on U.S. Geological Survey estimates, the WEFA
Group projects that the ANWR coastal plain could
produce an average of more than 1 million barrels of oil
every day for at least 20 years—with production
peaking just below 2 million barrels a day by the year
2005. By that time, 2 million barrels might constitute
close to one-third of the nation’s domestic production.
To put the area’s potential in further perspective,
consider that if the ANWR coastal plain were a nation,
that level of production would place it among the top
eight oil-producing nations in the world.

Moreover, coastal plain oil would be developed in an
environmentally responsible manner. The U.S. petro-
leum industry’s more than 20 years of experience on
Alaska's North Slope provide overwhelming evidence
that oil and natural gas development would pose little
threat to the ecology of the area.

At nearby Prudhoe Bay, stringent federal, state and
tocal regulation and the industry’s own strict standards
and innovative technology have demonstrated the
compatibility between oil operations and the environ-
ment. in fact, what has been leamned at Prudhoe Bay
should result in improved protection to the coastal plain
if petroleumn operations are allowed there—and greatly
limit the area actually affected by development.



™ Development could mean economic gains

The WEFA Group’s analysis concludes that opening
™ ANWR's coastal plain to petroleum development would

expand ‘the nation’s productive potential by tapping a

currently unused ... resource.” WEFA predicts that

sources would “stimulate U.S. investment, moderately

temper the growth in world oil prices and significantly

reduce U.S. petroleum imports and improve the U.S.
™ trade balance.”

“Moreover,” the WEFA analysis continues, “such
™ effects act to reduce U.S. prices and increase U.S.
GNP and employment. These effects are widely
dispersed across sectors and regions.”
‘The manufacturing sector, for example, stands to gain
128,000 new jobs nationwide by 2005, while the
—nation’s service sector is expected to grow by as many
™las 225,000 jobs. While boosting the U.S. GNP by
$50.4 billion, WEFA predicts that ANWR dsvelopment
r!_;(mtcl boost U.S. employment by 735,000 by the year
0005,

New jobs In California. About 80,000 jobs could be
rcreated in California as a result of ANWR development,
according to the WEFA report. Several sectors would
benefit substantially: the state’s construction industry,
-yvith more than 16,000 jobs; the services industry, with

more than 17,000 jobs; and the trade sector, with more
than 25,000 jobs.

"Refinerles. California’s 26,000 refinery workers also
~vould benefit from ANWR production. About 1.3
million barrels of Alaska crude is shipped to the West

™oast daily. California refineries receive the bulk of
hese shipments. But production of oil from Alaska
fields is declining. Thus, coastal plain oil would help

=naintain the flow of crude oil to California refineries.

Shipyards. The West Coast's vast shipbuilding
industry—which employs more than 18,000 people in
yards from Washington State to southermn California—
could benefit significantly from coastal plain develop-
ment. Many of the oil tankers used to transport Alas-
kan crude are built and maintained on the West Coast.

Alaska oil has helped U.S. economy

Since 1977, oil development on Alaska’s North Slope
near ANWR has contributed more than $300 billion to
the U.S. economy. It has increased federal revenues
and new employment opportunities nationwide. And it
has created additional business in every state in the
union for the thousands of firms providing goods and
services used in oil and natural gas development.

North Slope oil production has also given a boost to
industries across the economic spectrum. As North
Slope production climbed through mid-1989, jobs were
added in a variety of sectors, from service industries to
trade. Alaska alone benefited from 6,000 new jobs,
and the state received about $200 miflion a year
because of North Slope production.

ANWR development makes sense

The petroleum resources of the ANWR coastal plain
could give a substantial boost to U.S. energy security,
by helping to offset the nation’s growing reliance on
imports. The U.S. economy, which depends on a
readily available, reasonably priced source of oil to
thrive, aiso could benefit greatly. Development of
ANWR's coastal plain makes both energy and eco-
nomic sense.

April 3, 1991

~~
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ARCTIC OIL RESERVE

- JOBS AND ENERGY
FOR AMERICA

4220 B Street, Suite 201
™ Anchorage, AK 99503
(907) 563-2697

"~ 203 Maryland Avenue NE.
Washington, D.C. 20002
(202) 5446355
(202) 544-6655

™ Fax (202) 544-5763

ARCTIC POWER

Arctic Power is a grassroots, non-profit organization of Alaska
citizens organized to promote oil exploration and production within
the Coastal Plain of ANWR.

Arctic Power has secured more than 10,000 members since its
inception in mid-1892 and is enrolling new members daily.

Arctic Power membership spans the economic spectrum - including
miners, fishermen, loggers, tourism operators, transportation
businesses, labor unions, banks, teachers, the legal community,
retail firms, service industries, non-profit organizations, Alaska
Native corporations, local elected officials, and many others.
Interest groups represented on the Arctic Power board and through
its membership are The Alaska Support Industry Alliance, the
Alaska State Chamber of Commerce, the Resource Development
Council, the Alaska Trucking Association, the Alaska Oil & Gas
Association, the Anchorage Chamber of Commerce, the Alaska
Miner's Association, and the Alaska Forest Association.

A statewide board oversees the activities of Arctic Power and
includes representatives from Barrow to Ketchikan - all regions of
the state are represented. The board of Arctic Power includes
businesses from a variety of industry sectors, including but not
limited to, law firms, trucking businesses, the visitor industry, media
firms, Native corporations, oilfield service companies and pubic
relations agencies.

The Alaska congressional delegation has endorsed Arctic Power
and works closely with the board and staff of the organization.
Arctic Power and the state of Alaska work together in their
congressional outreach efforts in Washington, D.C.

The organization is committed to securing congressional and
presidential approval of legislation opening the Coastal Plain
of ANWR to responsible oil development.

7/96
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ANWR UPDATE__

Not “America’s Last Wilderness”

Only the 1002 Area of the Arctic National Wildlife Refuge can be considered for development. The remaining
18.3 million acres would still be off limits, with 8 million acres permanently designated as Wilderness. The
small fraction of the total wildlife refuge is not a pristine, untouched wilderness area. There are communi-
ties and military developments. The wilderness values of the refuge would not be impacted by development
of the 1002 Area. -

ANWR is not the last remaining Alaskan Wilderness.

* More than 192 million acres of the State of Alaska are already protected in Wilderness Areas, National
Parks, National Preserves, National Forests, National Wildlife Refuges, National Wild and Scenic Rivers,
State Parks, State Preserves, State Critical Habitat Areas, State Marine Parks, and many other federal and
state conservation units.

* Wilderness areas in Alaska - 18 million acres - equal the combined area of Pennsylvania, New Jersey, West
Virginia, and Maryland.

* New government proposals could add over 12 million acres of new federal Wilderness across Alaska,
leaving the state with over two-thirds of all federally designated Wilderness.

* Other Wilderness Areas exist that provide more complete, diverse and virtually undisturbed habitat.

ANWR is not the last remaining undisturbed arctic Wilderness.

* More than half a million acres of coastal lands between the 1002 Area and the Canadian border are already
designated as Wilderness, adjoining Canada’s 3-million-acre Northern Yukon National Park.

* More than 943 miles of Arctic Alaskan coastline to the west of the Colville River is nor open to develop-
ment; much of this is the 23-million-acre National Petroleum Reserve-Alaska (NPRA), which is under
consideration for National Wildlife Refuge status.

* Wilderness in ANWR after development of the 1002 Area would be larger than South Carolina.

* The 1002 Area has been used extensively by local and commercial hunters and. for military installations.

Industry is not seeking to open the Wilderness Area to development.

e The 1002 Area is not designated as Wilderness; it was set aside for special study because of its unique
petroleum potential.

¢ Only 1.5 million acres (8%) of the 19.8-million-acre Arctic National Wildlife Refuge are under consider-
ation for leasing.

« The Office of Technology Assessment has estimated that structures and pipelines would directly affect only
2,000 acres of the coastal plain - less than half of one percent.

» More than 99% of the Refuge will remain untouched, even under full leasing.

* After four decades of experience in the Alaskan Arctic, there are no scientific studies by regulatory
agencies, academic institutions, or industry that have ever documented a population decline of any species
in response to arctic oil field operations.
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ANWR UPDATE Sepember 195

Reducing the “Footprint” of Arctic Energy Development

Many new technologies and operational practices have dramatically reduced the impact of exploratory drilling
and development in the Arctic. All oil field infrastructure — from wells to pipelines to production centers
and support facilities — is developed with the goal of minimizing environmental impact. Three decades of
success on the North Slope prove that the ANWR 1002 Area would be developed responsibly and with mini-
mal impact.

North Slope facilities cover minimal surface area.

* Current North Slope facilities cover only 0.05% of the Arctic Coastal Plain (8,180 acres).

* Prudhoe Bay production facilities cover less than 8 square miles of land.

* Prudhoe Bay operations cover only 2% of its unitized area; Kuparuk oil field 0.8%, and Badami only 0.5%.

= The Office of Technology Assessment (OTA) estimated that less than 2000 acres of the 1.5 million acre 1002
Area - less than 0.5% - would be affected in a full development scenario.

Technological advances have dramatically reduced the surface area required for drilling
and producing oil and gas.

= If Prudhoe Bay were built today, the footprint would be less than 2,000 acres (60% smaller).

» Today’s production well pads are 70% smaller than 20 years ago (10 acres vs. 40 acres).

* Today's production pads use 75% less gravel than 20 years ago (112,700 cu. yds vs. 198,000 cu. yds.).

* Spacing between wellheads has been reduced from 135 feet to 35 feet for onshore production pads, and to 10
feet for some offshore wells.

* Ice roads for winter construction have eliminated the need for many gravel access roads.

* Oil and gas separating facilities in ANWR will be at least half the size of comparable Prudhoe facilities.

New operating practices and consolidation of facilities further reduce the impact of the oil
industry.

* Directional drilling, slimhole drilling, and other advancements cluster wellheads and allow access to targets 3
miles away.

« Consolidation of oil-field service-company operations at Kuparuk Industrial Center as opposed to individual
leases (Deadhorse) reduces area requirements and ensures greater regulatory compliance.

= Field operations use shared facilities, such as a single power-generating facility for the entire Prudhoe field.

Other operating practices have evolved to minimize waste and improve waste handling.

e Use of new grinder for drilling muds and cuttings has eliminated the need for reserve pits.
* Reserve pits will not be used in the ANWR 1002 Area.

» Improved waste management and recycling will reduce or eliminate much waste.

« Facilities in the 1002 Area will be designed halon-free.

The potential 2,000-acre fobtprint assumed for development in the 19-million-acre Refuge
is analogous to the area occupied by:

» A computer disk in a large 4 bedroom house (2,500 sq. ft.).

= A very small button in a large bathtub (540 sq. in.).

= A briefcase on a football field (100 yards long).

= 10 parking spots at the John F. Kennedy Center for the Performing Arts.

* One step up Mt. McKinley (20,320 feet).

» Rock Creek Park compared to the entire State of Maine (19.8 million acres).
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ANWR UPDATE —

Economics and National Energy Security

Domestic oil production in the U.S. is decreasing rapidly and will continue to decline by million of barrels
per day over the next few years. At the same time, national demand for oil has steadily increased to the highest
levels since the 1970’s. Foreign oil imports create a dependence on potentially unstable sources and put the
U.S. in a state of import vulnerability. Our national security and economic stability depend on sufficient avail-
ability of domestic oil supplies. Development of oil and gas reserves in the 1002 Area is critical to a steady
supply of domestic crude oil.

Domestic production in the U.S. is declining rapidly.

* Domestic oil production fell to 6.6 million bbl/day in 1994 — the lowest annual level since 1954.

* Domestic crude output fell 1.5 million bbl/day in 1994 compared with 1980 levels; during the same time,
domestic consumption increased by 3.4%.

* The current drilling rig count in the US is down 80% from 1981.

* Decline cannot be offset solely by increased conservation and alternate energy sources.

* North Slope production (25% of U.S. total) is expected to decline annually at a rate of 10%, from an
average of 1.8 million bbl/ day in 1991.

* More than 450,000 jobs - half of all the available jobs in the U.S. petroleum industry - have been lost since
1982.

U.S. demand for oil is continuing to increase rapidly.

* National demand for oil has steadily increased to more than 17.7 million bbl/day, the highest level since the
mid-1970’s. :

* Even with increased conservation, U.S. energy demand could increase 19% in the next 10 years.

* Qil and gas account for 65% of U.S. energy use.

= Oil will still provide 38% of U.S. energy demand by the year 2030.

* The transportation sector of the U.S. economy uses 63% of the petroleum and is 98% dependent on oil.

* National security and economic stability depend on sufficient availability of domestic oil supplies.

Dependence on foreign imports is increasing rapidly.

* During 1973 Arab oil embargo, the U.S. imported 35% of its oil.

« By 1994, the U.S. imported 50.4% of its oil.

* In 1990, imports cost the nation $64.6 billion and accounted for 60% of the U.S. trade deficit, creating
dangerous dependence on potentially unstable sources.

¢ U.S. Dept, of Energy has stated that by the year 2000, the U.S. could be importing close to 70% of its oil.

* Unless oil prices increase appreciably, U.S. exploration will remain stagnant, foreign imports will continue
to rise, and U.S. vulnerability to oil price shocks and possible shortages or stoppages could have large
economic impacts.

» The initial ANWR lease sale could bring between $1.5 and $3.5 billion.

There is no conflict between lifting the Alaska North Slope export ban and
development of the 1002 Area.

* The 22-year-old ban is the only law today that requires that a resource be sold only in the other 49 states.

*» Allowing the export of North Slope crude will decrease transportation costs (Gulf Coast vs. Pacific Rim).

* By the time ANWR is developed, Prudhoe Bay production will be at 400,000 barrels per day.

* Even if oil drilling in ANWR brings TAPS back to up capacity of 2.1 million barrels per day, by the time
the field is developed (2005), the growth on the West Coast will justify development.

* Lifting the ban now will reduce the overall cost of importing oil (more than 50% of U.S. trade deficit) and
add 25,000 new jobs by the year 2000.

* Allowing ANWR development to begin will reduce the cost of imported oil in the next 10 years. Even if all
the oil isn’t needed at that time, the surplus could beyspld to foreign markets to further reduce the balance-
of-trade deficit.




By FRANK MURKOWSKI

Once again, American military per-
sonnel are engaged in the Persian Gulf
for the sole purpose of keeping oil flow-
ing. And just as Iraqis saw their radar
installations explode earlier this month,
Americans are seeing another explosion
in the price of gasoline at their local fill-
ing station pumps.

Many Americans wonder why we
keep fighting the Persian Gulf war
that we won in 1991. Perhaps soon
they will start asking why we keep
fighting price hikes at the gasoline
pumps every time there is a hiccup in
world supplies. Or, as is the case this
time, why prices jump only because of
the threat the future new supplies —
the 50 million barrels a quarter, or $1
billion worth of oil that Iraq was about
to sell on the world market — won’t
come on line as quickly as projected.

_ The reason is simply that even with
America’s considerable improvements
in energy conservation of recent years,
the world is consuming more and more
oil, while the United
States continues to
produced less and
less of it.

Worldwide con-
sumption is up, espe-
cially in Asian nations.
World oil consumption
is up to 69 million bar-
rels a day, from Jiust 62 2 T
million barrels six ,; =
years ago. At the same Murkowski
time, American oil production has fallen
nearly 30 percent since 1973. America
now produces less crude oil than we did
in 1955. :

As American production falls, our im-
ports rise. While we were only dependent
on foreign sources for 36 percent of our
oil at the time of the Arab oil embargo of
1973, we now spend more than $150 mil-
lion a day to buy the 52 percent of the oil
we import. Estimates by the Energy In-
formation Agency are that we could be
two-thirds dependent on foreign nations
by the new century — a dependence that
has serious implications for our economy;,
energy security and foreign policy.

Even if we escape the future black-
mail threat of an oil cutoff, unless we
drop our opposition to terrorism, we face
the continued economic bleeding that
comes from spending $50 billion a year
overseas to buy oil — roughly a third of
our balance of trade deficit.

Anchorage Daily News Wednesday, September 25, 1996

This state of affairs is especially sad
since there is a ready solution that can
come without harm to our environ-
ment. It is simply to allow America to
meet more.of its oil needs, helping to
stabilize our domestic supply, thus re-
ducing price hikes, while keeping our
money at home and creating jobs here
—not in Iraq.

Alaska, the home of the nation’s
largest oil field — the giant Prudhoe Bay
field — also is home to what likely will
prove to be the nation’s second-largest oil
find — oil lying under a small area of the

Arctic coastal plain. According to esti-’

mates by the federal Bureau of Land
Management, just a small part of the 1.5
million-acre coastal plain contains as
much as 9.2 billion barrels — enough to
equal about a quarter of the nation’s do-
mestic reserves.

By permitting development of just a
few thousand acres — less than a hun-
dredth of 1 percent of the 19 million-acre
Arctic National Wildlife Refuge — we
would stabilize our oil production, in-
crease our gross national product by
$50.4 billion, decrease our balance of pay-
ments deficit by more than $10 billion a
year, and generate an improvement to
our economy of about $325 billion over
the life of the anticipated field.

On top of those benefits, as organized
labor well knows, oil development will

295

produce tens of thousands of new jobs —
up to 735,000 in all 50 states by one esti-
mate. .

Now, if this were required to come at
the expense of our Arctic environment, it
might not be worth the cost. But our ex-
perience at Prudhoe Bay has shown that
careful development can fit hand in glove
with the environment. In Alaska, the
caribou herd at Prudhoe Bay is now
more than three times larger than it was
before construction started on the Prud-
hoe Bay field. Bird nesting populations
are larger than they were before the oil
field, and there has been no damage to
polar bears.

It is past time that Americans look at
all the new technology that has been de-
veloped to permit Arctic oil development
to occur safely and explode the myths
that have stopped us from taking the on-
ly realistic step available to us to help
control volatile U.S. oil supplies. That is
to produce all the oil that we safely can in
America, giving us time to continue re-
search to develop new energy sources
and fuel conservation technologies for the
future.

Make no mistake, our continuing pres-
ence in the Gulf'is to keep an uninterrupt-
ed supply of oil flowing to the Free World.

Frank Murkowski represents the state of Alas-
ka in the U.S. Senate.
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ARCTIC OIL RESERVE

JOBS AND ENERGY
FOR AMERICA

4220 B Street, Suite 201
Anchorage, AK 99503
(907) 563-2697

Fax (907) 562-6782

“WHAT DEVELOPMENT OF ALASKA’S ARCTIC COASTAL
PLAIN MEANS TO THE NATION”

lobs
Jobs that could be created from Coastal Plain
development nationally: 735,000 jobs
Direct petroleum industry jobs nationwide: 1.5 million jobs
n mpact

Since discovering oil on Alaska’s North Slope, spending on
exploration and development nationwide is over: ~ $50.0 billion

Nationwide vendors doing business in AK

oil fields since 1990: over 10,000
To buy foreign oil in 1995 America spent: $55.1 billion
Petrole tisti
Today U.S. imports of foreign oil exceeds: 52%
Current U.S. imports of oil per day: 9 billion barrels

8/96
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A CASE FOR OIL DEVELOPMENT IN ALASKA

* The U.S. imports over 50% of the nation's needed petroleum. These oil
imports cost more than $55.1 billion a year. These figures are rising and could
exceed 67% imports by the year 2000.

* Beneath a 1.5 million acre tract on the North Slope of Alaska is estimated
to be between 3 and 9 billion barrels of recoverable oil. This area is a specially
designated area within the 19 million-acre Arctic National Wildlife Refuge
(ANWR). Known as the "Coastal Plain®, this area was designated by Congress
in 1981 as requiring special study to determine its oil and gas potential and the
effects of development on the environment. In 1987, the Department of Interior
recommended development. Congressional authorization is required for the
Coastal Plain to be open.

* Prudhoe Bay, located 60 miles to the west of ANWR, has been operating
for nearly 20 years and has produced in excess of 10 billion barrels of oil during
that time. It is among the most environmentally sensitive oil operations in the
world. Present output at Prudhoe Bay has declined to 1.4 million barrels per day,
and is continuing to decline.

* The Coastal Plain of ANWR is America's best bet for the discovery of
another giant "Prudhoe Bay-sized" oil and gas field in North America. Many
economic benefits would result:

- The Coastal Plain could produce up to 1.5 million barrels per day
for at least 25 years - nearly 25% of current daily U.S. production.

- The U.S. would save $14 billion per year in oil imports.

- Between 250,000 and 735,000 jobs are estimated to be created by

development of the Coastal Plain.
- Federal revenues would be enhanced by billions of dollars from bonus

bids, lease rentals, royalties, and taxes.

* Advancing technology has greatly reduced the *footprint* of arctic oil
development. If Prudhoe Bay were built today, the footprint would be 1,526
acres, 64% smaller.

* Oil and gas development and wildlife are successfully coexisting in
Alaska's arctic. For example, the Central Arctic caribou herd at Prudhoe Bay has
grown from 3,000 to as high as 23,400 during the last 20 years.

* More than 75% of Alaskans favor exploration and production in ANWR.

* The Inupiat Eskimos who live in and near ANWR support onshore oil
development on the Coastal Plain.

6/25/96
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Dollars Spent in Each State for North Slope Oil Development

*Alaska at 1/2 Scale

(ali doliars in millions)

Total: $22.5 Billion (1980 - 1994)* &

MT ND
3.7 9.9
sD
2,2
wy
15.7
NE
75.8
y 10.4DC
co
293.2 88.8
NM
40.5
™
6815.0

* These dollar figures include $10.5 biltion spent during the perlod 1980-1986 by BP Exploration,
ARCO, and Conoco and $10.9 billion spant by BP Exploration and ARCO from 1987 - mid 1991,

lus additional expenditures by BP Exploration and ARCO from 1991-1994.

* They EXCLUDE all taxes and royalties, foreign rurchases, and payments that could not be
allocated to a single state. They also exclude afl pre-1980 oil deve! opment expenditures.
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Multimedia and Petroleum Tech Transfer

Mark Kapelke
Tidelands Oil Production Company

and
PAG Vice Chairman
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DOE WATERFLOOD PROJECT SUMMARY

SCOPE OF WORK

¢ Use innovative to oll

TR
on

production existing idle waﬂ'? using mr?edmology

BUDGET -

-* $4.0 Million over 5 years '

« $1.8 Milllon or 45% of project funded by the DOE
Class [ll

« $1.0 Million actual expenditure to date
PARTNERS

« U.S. Depariment of Energy
of Long Beach
%IandsOﬂPm&eﬂonCo.

Stanford University

Magnetic Pulse Inc.

PROJECTED OIL RECOVERY
5.3 Million barrels from this project

« 28 Million barrels from the Wilmington Fleld
« 761 Million barrels from Southem California

MILESTONES

 Complsted 3-dimensional reservoir computer model
of localized areas

Logged 8 welis

. Wmmmmmmmpleﬁon

nology .
Identified 4 additional idle wells for recompletion
Completed a CD-ROM for techniology transfer

o o
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DOE STEAMFLOOD PROJECT SUMMARY

SCOPE OF WORK

° Expandandimproveane:dsﬁngmarginaﬂyeconomic
steamfiood project in the Fault Block llA Tar Zone

BUDGET

* $21.3 Million over 7 years

o $7.9 Million or 37% of project funded by the DOE Class Il Program
° $7.8 Million actual expenditure through 7/86

PARTNERS

U.S. Department of Energy
City of Long Beach

Tidelands Oil Production Co.
University of Southem Califomia
David K. Davies and Associates

PROJECTED OIL RECOVERY

° 13 Million barrels from this project
° 3525 Million barrels from the Wilmington Field
° 1.4 Billion barrels from Southemn Califomia

MILESTONES

Complsted 3-dimensional geologic model
Completed a 2400-foot channsl crossing
Drilled 4 horizontal wells
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DOE STEAMFLOOD PROJECT DESCRIPTION

GOAL

J ExpWeﬁsﬁngshamﬂoodpro}actbﬂraSouﬁandimprove
the economics of the expansion through technology innovation.
Share our findings.

WILMINGTON FIELD CHALLENGES
» Subsidence
* Difficult Geology
* Sand Production

CONCERNS WITH STEAMFLOOD EXPANSION
» Marginal Economics

Relatively Deep (2500°+)

High Bottomhole Pressure (700 - 1000 psi)

Steam Needed across a Watsr Channel

TECHNOLOGICAL INNOVATIONS

« 3-Dimensional Gsologic Model

» 3-Dimensional Thermal Simulator

» Use New Horizontal Wells

 Uso Alkaline Water and Steam Sand Consolidation Complstion
* Drill 2 2400 foot insulated Channel Crossing

* Desvelop a CD-ROM for Technology Transfer
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BOTTOMHOLE LOCATIONS
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Problems and a Potential Solution to Excess
Water Production from the Turbidite Sands

Steve Coombs
Pacific Operators Offshore, Inc.
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Problems and a Potential Solution to
Excess Water Production from the
Turbidite Sands, The Carpinteria field

Steve Coombs
Pacific Operators Offshore
Farhad Sobbi and I. Ershaghi USC
PTTC Problem ID Workshop
November 26, 1996
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Main Questions

* What is the Original Qil in Place ?

* Where are the Sweet Spots ?

* What are the Causes of Low Well
Productivity's ?

* How can we Minimize Water
Production ?

» How can we Allocate Production Back to
Individual Layers ?
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Nature of the Database

Production and Injection Data
Pressure Data

PVT Data |

Core Analysis Data

Well Log Data

Fluid Chemistry
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Reservoir Performance
e il Production

e (Gas Production

— Initial Gas QOil Ratios From Well Tests in the .
Range 215-500 SCF/STB

e Water Production

* Pressure History

— Initial Reservoir Pressure, 1500+/- PSIG at
3300 FT. SS |

* Dominant Drive Mechanism: Solution Gas
Drive
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Analysis of Initial Well Tests

* Correlation of Initial Liquid Rates (IP)
vs. Total Perforation Intervals

— Wells Grouped by Completion
— Slope is Proportional to Transmissibility
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Analysis of Pressure
Buildup Tests

* Single Layer Tests-Analysis and Results

* Commingled Tests and the Need for
Special Modeling
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Analysis of Reservoir
Pressure Data

* Static Pressure Surveys

— Incomplete Pressure Buildups
— Inaccuracies in Wellbore Fluid Gradients
— Interference Effects From Surrounding Wells

* Extrapolated Pressure From Buildup
Analysis

— Commingled Flow Problems
— Effect of Flowing Time Duration
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Analysis of PVT Data

* Variations in Reservoir Fluids and Their
Properties

* Saturation Pressure - Methane Content
Correlation

* Work in Progress to Examine Laboratory
Data vs. Standardized Correlations



pazAeuy
9q 0] SI[NSOY SISA[RUY QAQIS PINWIT o
| SUOT)R[AIIO))
uonoedwo)) ANIqeawiiog 2 £11S0I0J e

ANIIQRAWLIO JIOAIOSIY o
AI1SOJIOJ JTOATOSOY
Aqrssarduwio)) 00y II0AIOSTY

ejJR(J 210)

333



o-0TXEC9 --
o-0IXbL o-01X6°00T
o-01XC6 o-01X9°89
o-OTXO0TT o-01X8°99
&V W

Aqisssadwo)) ooy

pues LS
pue§ D
pues J
pueS H

334



asuodsay uononpoid [1Q) poNwI|
uonoaluy Jo uonenIuI-oy SUIMOT]O,]
paureyqQ 99 [[I4 SASAING [1JOIJ IOy,

STIPM
[esodsI(] oy ur 19)e M\ JO SurouURy)) QIOAQG
(TE-v

® 1€V 6TV "ST-V*'8-V) Jue[ wIoyinog
3uory s[om dipumo( ¢ ojuy pYoalug

Se M\ J9JB A\ ﬁOOH-HvOHAM Jo s1ag MGNh I wwa.—uﬂ

weIsdoa]
[esodsi(] 19jeAA JO SISA[euy

- 335



T

Analysis of Gas Storage Program

Gas Injection into AG-27Subthrust “G” Zone
Began in 1978

Average Daily Injection Rate Was 1500 MCF @
1500 PSIG

In June 1981 Additional Compressor Was

Installed, Average Rate Increased to 2600 MCFD
@ 1800 Psig

Gas Channeling Between AG-27, A-51 and A-53
GOR Increased in Offset Wells Open to Subthrust
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Redevelopment Alternatives

* Recomplete Existing Wells

* Use Existing Wells for Pressure
Maintenance

* Redrill Existing Wells

* Drill New Directional Wells
* Drill New Horizontal Wells
* Drill Multilateral Wells
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Estimation of Remaining Qil and
Distribution of Sweet Spots
* Proposed Method for Allocation of Past
Production to Individual Layers |
* Qualitative Distribution of Remaining Oil
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Geologic Cross Section
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Estimation of Initial Qil in Place

* Volumetric Method
* Material Balance Method
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Conclusions

Evidence of Influx and Pressure Support
Appeared in 1971

Early Production was by Solution Gas Drive

There are Strong Indications of Channel Sands
and Reservoir Heterogeneities

Preliminary Material Balance Computation
Substantiate X-Plot Estimation of Influx

TriLateral Drilling Offers a Most Effective
Completion Strategy
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DOE-Industry Partnership Projects in
California

Dr. Norm Goldstein
Lawrence Berkeley National Laboratory
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CLASS | PRODUCTION BENEFITS

+ Over 20 million barrels of incremental
production are expected from the projects.

+ Expansion of the demonstrated technologies
to other reservoirs will significantly boost
incremental recovery.
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- CLASS | TECHNOLOGY PRODUCTS

+ 4-D seismic technology patented and commercially available
from Global Basins Research Network. |

+ Play portfolios on Booch, Layton and Osage-Layton,
and Morrow plays in Oklahoma are available from the
Oklahoma Geological Survey.

+ “CO, Screening Model,” to determine feasibility of
applying the technology, is available from DOE (Internet).

¢+ “Geologic Advisor,” software for infill drilling decisionmaking,
is available from the Texas Bureau of Economic Geology.
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' CLASS | OIL RECOVERY

!

~ PROJECTS

i

: Cénter Far Researc American Oil Recovery Inc.
Sierra Energy Company gl bk ity e | Mattoon Oil Field, IL
Badger Basin Field, WY

R R BT P

Ytal
fith

6GE

Lomax Explaratio
qumgmiﬂun;

“University Of Tulsa © 4 | e
.Glenn Pool Field, OK- ; =5 ‘ ) Q.’L"}? mznrjosr?ﬁ“h
Fairview Fields, AL

3
i
o

BT

LEGEND 7 ,
NEAR-TERM MID-TERM -

B INACTIVE PROJECTS
- [EEXR REGIONAL ASSESSMENT PROJECTS
T77] ACTIVE FIELD PROJECTS

DOE-BPO-ECA-96-9002



"~ CLASS | TECHNOLOGY
. CHART

Production
Enhancement

Reservolr Analysis
Method

A— v,

Diversified Operating

09¢€

Lomax Exploration

Univ. of Kansas

e 6l

Univ. of Oklahoma

Univ. of Texas

Univ. of Tulsa

Utah Geological Surv. -

Amoco Production
Columbia University
Hughes Eastt;rn
Texaco E&P

€€

@,5

DOE-BPO-ECA-96-9004
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Stewart Field
Sooner Unit

. Savonburg
MOl:l Butte

Glenpool

| Purchase

Explore

COMPARISION OF FINDING COSTS ~
EXPLORATION AND PRODUCTION RESERVES
vs CLASS | PROJECT RESERVE ADDITIONS

Hesenyes Added

Class Projects

I Industry Averages

3 73 MMBO -
20 MN‘.IBO |
0.36 MMBO.
1.68 MMBO

39 MMBO

Cost in Dollars Per Barrel ot‘ Oil

DOE-BPO-ECA-96-9012
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CLASS Il TECHNOLOGY CHART

Il

€9€

Laguna Petroleum

Lirabaats et o s B

e e

Analysis
Method

37 Reservoir

Production
Enhancement

Luff Exploration I@b

Michigan Tech. Univ. |

@

Texaco

Univ. of Kansas

-----

------

Utah Geological Surv.

Fina, USA

Oxy, USA

Phillips Petroleum

DOE-BPO-ECA-96-9007
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CLASS Il TECHNOLOGY CHART

— e —— e ——
== T e e P ==

G9¢€

Production
Enhancement

Reservoir Analysis
Method

%
4
ﬁﬂo_ta izl P e

City of Long Beach |

Pacific Operators | B !

Univ. of Texas BEG @ i _________________
Univ. of Utah &b i

ARCO Western . @ :

Chevron, USA & gyl @) G l :
City of Long Beach | iy : b ! __Jiﬁ‘j a av i) 2 B
parier & Parsley | @1@|®: || 0@ @@ @) | || 6 9@
Strata ' ) & @ WE o @ @i*gjﬁ‘

DOE-BPO-ECA-96-9010
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'REMAINING OIL IN PLACE

99¢

60.0

"Class 1: Fluvial Dominated Delta

50.0

40.0

30.0 —
20.0 -

10.0 -

0.0 -

Class 2: Shallow Shelf Carbonate
Class 3: Slope/Basin & Basin
Strandplain/Barrier Island
Fluvial/Alluvial

Shelf (Clastic)

Reefs '

Wave Dominated Delta
Peritidal

Delta

Eolian

Delta/Tide-Dominated

Glope basin (Carbonate)
Lacustrine

DOE-BPO-ECA-96-8015
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