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Blowout at Standard Sesnon 25, Aliso Canyon [)
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* Aliso Canyon — 30 miles from Los Angeles
— @Gas storage well blowout
— Largest US methane leak

{Eamnre 7
of 85 BCF inventory ‘\lllhmmll / e ;
s

— Approximately 45 MMCF/Day
— 8,000 CA residents relocated

— Two elementary schools closed for = 35
four months

 Emergency Declaration by Governor oy : :
e 111 days to bring under control .



SS25 Public Impact

State of Emergency declared by Governor of California
Federal, state, and local agencies, over 40

Significant Community Impact

— Relocation cost >$700 million

— ~8,000 residents relocated during holidays

— 2 Elementary schools temporarily closed
Environmental: released ~ 5 Bcf natural gas

Legal

Community groups and NGOs activated
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VIDEO by investigator 1:42 to 4:36 of 6:17 D
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Division of Oil, Gas, and Geothermal
Resources (DOGGR), now CalGEM

* Created in 1915 - currently in Department of Conservation

* Overseas drilling, operations, closure
— Life, health, property, and natural resources
— Water
— Energy reservoirs
* Approximately 310 personnel
— 73% engineers and geoscientists
— 27% management, planners, support, and administration



Drilling and Production Locations D
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Standard Sesnon 25

(Pre-Blowout)

Fernando Fee 38C
(Currently Active)
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Well

Fernando Fee 38C
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Sec 27, TN, R1EW
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Surface Gasing
13-308° (126157 I0). 5454, K-55
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Directionally Drilled: Yes (TD is 534' W, 384" N of Surf)

Operatar: Sa. California Gas Ca.

Lease: Femanto Fee
Fiel: Alise Canyan
Stalus: Active Gas Storage
3000TDS: 2600 (£600)
10000TDS: 3836° {3835}

TE 2708 & 312 XeOver

Tubing (4/82016)
2.7/8" (2.441° D), 6.5%, L-80, EUE

Ground Elevation: 1708 a=l
Datum Lo Ground: 32' KB

Spud Dabe: 1112001
Completion Date: 5142002
Las| Rework Dale: 432016

- 75
31027 (2.82° ID), 9.38, L-B0, EUE
75 - 8803"

2.7/8" [2.4417 1D}, E.5#, L-80, ELE
BE03’ - 6760

412" X-Over, PCKR & WLRG
BTEY - BTTT Junk: None

TnE of Zone Markers _md (twd)
TH35 (3835
».3& 4508 (450%)
ue 4883 (4T
P 5376 (52567
UDA1 5602 (5664")
MDA G164 (B1267)
LDA 6419 (BITS)
MP 6753 (6701
&1 B97E (BO21)
s4 TOES' (TOOT)
SE 7138 (F07E)
sS4 7243 (T162)
B68Y 31127 x 2T X-Orver o 2TV (7200

B724' "X0° Durasiesyve Sliding Sleewve (23107 1D)

BTEE XN Nipple (2.3137 w' 2207 No-Ga)
BTEY 2.7/ x 41027 X-Over

BI70 HES G-B PCKR (COE (@ 6773, 48/2018)
BITT Wireline Re-snlry Guide

958" Perfs:
TOEE - TOBE, TOOE' - 7127, 7244' . 7267 Six (B) HPF (2128/2003)
TIGD - T2H0  Six (B) S HPF (5M142002)

Inmer Liner Parfs:
8872 . 7277 Dura-Grip 0.012° WWS

Gravel Packed i
B84 CF 16-30

Prepared by: CAM (3252018}
Updated by: LD (225120181
Intesct
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Pipe Burst Pressure — Barlow’s — Safety D

Burst Pressure = (2 x Strength x Wall Thickness)/Outside Diameter LRI
Standard Sesnon 25 well in Oct 1953 Fernando Fee 38C well in Nov 2001
Converted oil well Gas storage well by design
Working pressure (Pr) is 3,600 psi Working pressure (Pr) is 3,600 psi
Casing 7” J55 23 pounds/foot Casing: 9 5/8” N80 47 pounds/foot
Wall = 0.31 inches Wall= 0.47 inches
Pb =2 x 55,000 x 0.31 / 7.00 = 4,871 psi Pb =2 x 80,000 x 0.47 / 9.625 = 7,813 psi
Pr = 3,600 psi Pr = 3,600 psi
Safety margin = Pb — Pr = 1,271 psi Safety margin = Pb — Pr = 4,213 psi

Pb downrated = Pb X 0.85 = 4,140 psi Pb downrated = Pb x 0.85 = 6,641 psi
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Pipe Burst Pressure — Barlow’s — Safety D

Burst Pressure = (2 x Strength x Wall Thickness)/Outside Diameter LRI

Standard Sesnon 25 well in Oct 1953
Converted oil well

Working pressure (Pr) is 3,600 psi
Casing 7” J55 23 pounds/foot

Wall = 0.31 inches

Pb =2 x 55,000 x 0.31 / 7.00 = 4,871 psi
Pr = 3,600 psi

Safety margin = Pb — Pr = 1,271 psi
Pb downrated = Pb X 0.85 = 4,140 psi

Fernando Fee 38C well in Nov 2001
Gas storage well by design
Working pressure (Pr) is 3,600 psi
Casing: 9 5/8” N80 47 pounds/foot
Wall= 0.47 inches

Pb =2 x 80,000 x 0.47 / 9.625 = 7,813 psi
Pr = 3,600 psi

Safety margin = Pb — Pr = 4,213 psi
Pb downrated = Pb x 0.85 = 6,641 psi
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SS25 Top Down Well Control Attempts D
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« Seven top down well control attempts
 Heavy barite mud
* Lost circulation materials
« Ball sealers
» Steel balls
» Golf balls
 Woody plugging agents
* Junk shots
e Successive attempts eroded opening

15



Relief well #2, foreground D
Porter #39 A - Relief Well H#1, background =mr
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Porter #39 A (Relief Well #1) Intercept Plan [
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CONTROL-CEMENT-CONFIRM

« CONTROL: Well was controlled within 5 minutes of D
Intercept with drilling mud

« CEMENT: Three stages

« After 24 hours of stable pressures, cement from
total depth (TD) to open reservoir perforations

« After 24 hours cement from reservoir up to ~6,500 feet
« After 24 hours, plug back relief well

« CONFIRM: Three days of testing
« Shot fluid level — no change in 60 minutes

« Temperature and noise log — no unexplained
anomalies & top of cement in tubing = 8199’ MD

« Cement bond log - annular TOC =7610° MD

* Positive pressure test, held 900 psi for 70 minutes,
loss = 0.75%
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CONTROL-CEMENT-CONFIRM

« CONTROL: Well was controlled within 5 minutes of D
Intercept with drilling mud

« CEMENT: Three stages

« After 24 hours of stable pressures, cement from
total depth (TD) to open reservoir perforations

« After 24 hours cement from reservoir up to ~6,500 feet
« After 24 hours, plug back relief well

« CONFIRM: Three days of testing
« Shot fluid level — no change in 60 minutes

 Temperature and noise log — no unexplained
anomalies & top of cement in tubing = 8199’ MD

« Cement bond log - annular TOC =7610° MD

* Positive pressure test, held 900 psi for 70 minutes,
loss = 0.75%
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CONTROL-CEMENT-CONFIRM

« CONTROL: Well was controlled within 5 minutes of D
Intercept with drilling mud

« CEMENT: Three stages

« After 24 hours of stable pressures, cement from
total depth (TD) to open reservoir perforations
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Aliso Canyon Concurrent Safety Review )

« 114 gas storage injection and withdrawal wells e
« 100% noise and temperature logs

 Transparency — DOGGR website
« Safety Testing and Review Requirements
« Test Results of Aliso Canyon Wells
« Emergency Orders and Regulations
 Maps, every log used, reports
* Decision point
 Plug and abandon permanently or
* Plug in tubing and fluid in tubing and annulus or

« Conduct full suite of tests to return to injection and
withdrawal

21



Safety Review, Battery Il & Resumption D
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All injection and withdrawal wells

e Casing inspection, caliper logs, and cement bond log

» Positive pressure test to 115% of allowable operating pressure
Operator resumed injection after regulatory approval

* All wells either P&A’d, isolated from the reservoir, or passed all tests
« After public workshop and comment period in February 2017
 Tubing only production, with minimal pressure annulus

 And approval by DOGGR and the Public Utilities Commission

66 wells passed all Battery Il tests and returned for injection
and withdrawal service

48 wells permanently plugged and abandoned

22



SS-25 Casing at 890 feet |
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New Underground Gas Storage Regulation D
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* Content and Results

* Risk Management

e Compliance Schedule

* Emergency Response

* Industry Experts . Proiect Data
* National Labs J
. Public * Records Management
 Well Construction

Evidence -based criteria * Mechanical Integrity

Risk Based Decisions * Monitoring
«  Quantitative * Decommissioning

* Qualitative * Final Text May 2018
* Initial Proposal July 2017 * Effective October 2018

 Development Principles
* Transparency
Broad Audience

Proactive vs Reactive

24



Risk Management Plans —
ldentify potential threats and hazards

 Ongoing verification of individual and
every well’s mechanical integrity

« Corrosion monitoring and evaluation

* Protocols for evaluation of wells and
facilities

 Ongoing verification of reservoir
Integrity

 Evaluation of geologic hazards and
natural disaster threats

* Prioritization of risk mitigation efforts

All UGS Projects

D
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Well Construction-all UGS Projects

“The operator shall ensure that
a single point of failure does
not pose an immediate threat of
loss of control of fluids and to
make certain that integrity
concerns with a gas storage
well are identified and
addressed before they can
become athreat to life, health,
property, or natural resources.”
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Surlace Casing

Well

Fernando Fee 38C

13-38° TOC Surface
G-58" TOC Surface

17-1/2" Hale

13-38° (12,6157 ID), 54.54, K-55
- BEZ

CMTD w/ 510 SKS,
14 BBL Retums o Surface

12:114" Hole

2 i Casis
8-50B" (B.6817 ID), 4T#. N-80, LTAC
o= 7326°

CMTD wi 1448 SK3,
30 BBELS CMT Retums Lo Surface

Innet Liner (61372013)
51027 {48927 ID). 17#, 255, LT&C
B80S - T2TE

N

AP #: 040372423200
Sec 27, TAN, R1EW

T8 2THE" & 310 X-Over

Tubing (482018)
2-TIE" (2.44171D), 6.5#, L-B0, EUE

r- 7%
3-4/2° (2.80° D), 9.38, L-80, EUE
75 . B80T
2.7/8" (2.441° 1D, 6.5¥, L-80, EUE
68 - 6765

4-1/2° X-Dver, PCKR & WLRG
BTES « 6777

G693 3-1/2° x 2.7 XeOver

Operator: So. California Gas Ca.

Lease: Femando Fee
Field: Alise Canyan

Stalus: Active Gas Starage
3000TDS: £BOD [+8007)
10000TDS: 3836 (38357)

Greund Elevation: 1708" asl
Crabum o Ground: 32' KB

Spud Date: 111182001

Compiletion Date: 5/14/2002
Last Rework Date: 432016

Junik: None

Top of Zone Markers md {td)

A FAIE (3805
A3E 4506 (4505)
uP 48BT (487F)
LP 5276 (52567
UDA1 sagz (5664
MDA B1E4 (6126)
LDA BT (6375)
P 675 (67017
s1 a8 (69217
s4 7065 (7007)
£ 713 (707
s14 7247 (T162)
cR T (7208

6724 “XO" Durasleeve Sliding Sleeve (23107 1D)
G758 XN Nipple (2.313° wi' 2 207 No-Ga)

GTE  2-718° x d127 NeDver

G770 HES G-6 PCKR (COE (@ 6773, 48/2016)

GITT Wireline Re-enlry Guide

955" Pesfs:

TOES - TOBE, TOSE - T12T, T244' = T25T S (6) HPF (2126/2003)
TIE0° - 72300 Six (B} SE° HPF (514/2002)

Inner Liner Perfs:

G872 - 7277 Dura-Grip 0.012° WW5

Gravel Packed wi
64 CF 16-30

PETD 7278 avE § 7
™ 7aa e %5

™D [73E)
Directionally Drilled: Yes (TD is 534° W, 364" N af Surf)

Prepared by: CAM (3252016}
Updated by. LD r2/2520118%
Interdct
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VIDEO by investigator 5:00 to 6:07 of 6:17

D
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Failure Causes

flinterpret: 0




Continued Studies — Never Waste a Crisis D

* Seismic Risk Analysis

Landslide Hazard

Slope Stability

Wellhead Integrity
Reservoir Geomechanics
Seismic Hazard (PSHA)

Fault Displacement (PFDHA)
Wellbore Integrity

Scale Modelling 1:10

Well Failure Modelling

Gas Migration Model
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Root Cause Analysis
* Blade Energy
* CPUC Report
* DOGGR Report

Photo courtesy of CalGEM
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Conclusions / Lessons Learned

Never Waste a Crisis
Initiate Joint Agency Incident Command Early
Develop Proactive Regulation
 Evidence based
* Flexibility to modify
« Management of Change
« Risk Management Plans
Promote a Safety Culture
« Management of Change
 Root Cause Analysis training

« Special skill training, i.e. HRVT logs,
thermography

Maintain Redundancy

13-38° TOC Surfacs
858" TOC Surface

17112 Hole

Surface Casing
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well
Farnando Fee 38C

AP & 040372423200
Sec 27, TIN, R1EW

Oiperabor: Sa. California Gas Ca.

Lease: Femmande Fee

75 2TH x5 ASF KeDiver Fieid: Aliso Canyon

Tubing (4&/2018)
2.7/8" (2.441°ID), 654, L-B0, EUE Datum 1o Ground: 32'

3-1/2" (2.92" ID), 9.38, L-B0, EUE Spud Dabe: 1112200
75 - 6800
2.TIE" (2.4417 1D}, 654, L-60, EUE
BBO3 - BT
&1/2° ¥:Over, PCKR & WLRG

6TET - 6777 Jusik: Nane

Stalus: Active Gas Sharage
BO00TDE: 2800 (+B007)
10000TDS: 3836° (3835)

Greund Elevalion: 1708" =i

KB

i

Completion Date: 5/14/2002
Last Rework Dale: 4/3/2016

Top of Zone Markers_md (v

B724' “NO° Durasieeve Sliding Sheeve (23107 1D)
B75E “XN Nipple {2.3137 wi 2.20" No-Ga)

BFES 2.7/8" x 41127 X-Over

G770 HES G-6 PCKR [COE (@ 6773, 4B2016)
77T Wireline Re-eniry Guide

358" Prafs:

e

TOES' - TORE', TOGE' « 7427, T244' - T2ET" S (B) HPF [2/26/200:
TIED' - 7230 Six {B) S/E™ HPF (5/14/2002)

Inner Liner Perds:
8972 - 7277 Dura-Grip 0.012° WWS

Gravel Packed wi'
64 CF 1830

Directionally Drilled: Yes {TD is 534° W, 384" N of Surf)

Prepared by: CA
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Sources of Information D
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e (California Department of Conservation

— Geologic Energy Management Division (CalGEM)
— Geologic Survey (CGS)

e (California Public Utility Commission
e Southern California Gas Company (SoCal Gas)
* Blade Energy

* U.S. Department of Energy National Laboratories
— Sandia (SNL)
— Lawrence Livermore (LLNL)

— Lawrence Berkeley (LBNL)
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Thank you! Questions? D
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Your Feedback
IS Important

Enter your section in the DL
Evaluation Contest by completing
the evaluation form for this
presentation

Society of Petroleum Engineers

Distinguished Lecturer Program
www.spe.org/dl
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