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* Introduction to Underground Gas Storage
 Locations and Storage Types

Development of Technical Standards

Storage Integrity Concept

Interdependency of Technical and Legal Requirements
* Overview of Legal Requirements

« Conclusion
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Location with Underground Gas Storage in North America &
Europe

«  Worldwide distribution:
" oo > Depleted hydrocarbon fields

® AQull .
c':_mn ® DEPLETED WELI L, OIL/GASFIELD | (8 1%)
® CANADA ® SALT DOME .
Sk, eime ® SALT CAVERN ( 0 )
» Eonton %, = © HUB AND STORAGE > Aq u Ife rS 13 /0
L  reseom » Salt caverns (6%)
%
V ower+1- ¢ i ®e & ..
z 9 T
iy Eon ° R
= z e T e S »Q P -
[} A Ot — v{
v 2 ‘Q»‘_ : i’; '''''' - . »:Q"
- L] o 5 Joront ,‘ o
;w .‘: GREAT R AINS % ° cglcmm" > 2 %.. -'a.u
o D?',U NITED l*c' S il {
® o STATESg _silo T
’1 Francisco Arkansas : m “Washi el "’. 8 4 o
® ®® o ‘ Qqﬁ - > ;
L ] ‘ ® .v ¢ < -
PY ’]_os Angeles et ‘ Allanta oe Ld
Aoy ® : A
ooy o N Ao /“f 5 F '
° ® . /& 2\- <

= e S\LVUGS_Europe

» 100 year history of natural gas 2T S T type ot storage
TTTC (7 A e GasFie
storage I8y
#WGC2018 g &~ e Aquifer
FUELING THE FUTURE \f’j‘"ﬁzf .
N = Rock Cavern



27th WORLD GAS | JUNE 25-29
CONFERENCE 20]8
WASHINGTON DC

Different Gas Storage Types

~+ Individual aspects:
o T - geology,
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—> design,
—> operation etc.

« Common aspects:

—->wells
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HYDROGEN 5 . 9 Safety

» Well and storage integrity
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Technical Standards in Europe & North America on Gas
Storage Safety
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Change of Philosophy

EXxisting gas storage facilities age

Long term operations

Several life cycle phases for gas storage

Increasing public awareness

» To ensure safe operation and safety for employees, the public,
property and the environment a different approach is needed

-> Development of Integrity Concept
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Recent Technical Standards in Europe & North America on Gas

r _ _
: ;to rag e : ; afety NORSUR SLEndEr Functional Integrity of Natural Gas 0il & Gas UK ()
e Storage in Depleted Hydrocarbon S
Reservoirs and Aquifer Reservoirs
DIN EN IS0 16530-1 DlN
S TR e 10
APl RECOMMENDED PRACTICE 1171
FIRST EDITION, SEPTEMBER 2015
munl Erdgasindustrie -
tegritht -
mnnl,‘:b:mum-musolemmnm: I‘i\lell integrity in drilling and well operations
Deutsche Fassung EN IS0 16530-1:2017, nur aul CD-ROM

Petroleum ard natural gas industries - *
Wll insegrity

!’

Wicll integrity -

English version CEN 150/ TS 1653022015
ntégrite du paits -

Englische Fassung CEN 150/TS 16530-2:2015

Part 2: Well integrity for the operational phase (150,75 16530-2:2014);

Fiie 2 puits paur a ph
Wersion anglatse CEN 150,75 16530.2:2015

[ISCHTS 1653022004 );

DI Mor meriatissctrias Erdis- mo

—

L

ERLRLZOMMLNOLD PRACTICE 1170
FIRET FRATION LY 2015

i‘v

Storage of hydrocarbons in
underground formations

Part 1: Lile cycle governance (150 16530-1:2017); DIN CEN IS0/TS 16530-2 D | N A\ Z341 Ser
German version EN IS0 16530-1 2017, onky on CD-ROM DIN SPEC 91087 — - . - sp CSA
et bt o gt —— Design and Operation of Solution- \ Group
i u pusts - 5 TR 18010 . v
Partle 1: Gouvernance du cycle de vie (IS0 16530.12017): mined Salt Caverns Used for Natural
Version allemande EN 130 16530- 12017, seulement en CD-H
Gas Storage
it - .
m ;m“u" . fiir die (I150/T$ 16530-2:2014); Well Life Cycle

Integrity Guidelines

Issue 3
March 2016

UNDERGROUND GAS STORAGE

;;

e J

FUELING THE FUTURE




27th WORLD GAS | JUNE 25-29
CONFERENCE 20]8
WASHINGTON DC

Life Cycle

» Every storage is located, constructed and operated individually

»Individual assessment of each gas storage
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Integrity Aspects of Underground Gas Storage

5 <[ Gas low « Several technical standards exist worldwide designed to
. achieve a commonly expected gas storage safety level
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D oo These technical standards suggest a well completion design
= LT ~  based on a clear structured safety philosophy
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Formalization of Industry Practices

 Technical Standards

* Non-legal technical standards align processes in industry and
reflect the current state-of-the-art

» Technical standards generally have no binding legal character

* Legal Standards

« Natural gas storage regulations directly relate to well integrity
management and safety

 Binding requirements as a matter of legislation or regulation

* Interdependency
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Legal Requirements

* Federal vs. State Regulation

Federal Primacy Shared Responsibility
France Germany
UK USA
Netherlands Canada
Austria
Ukraine

 Explicit guidance vs. Performance measures
« California
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Conclusion

Over the 100+ year history of natural gas storage, various practices and
requirements have developed to provide basic operating parameters and to
ensure well integrity and safety standards for the protection of employees, the
public, property and the environment

Many of the practices have been adopted by technical standard or regulation
There is not one uniform practice on how regulation is applied globally

Double barrier philosophy is found explicitly or by implication in Europe, but
only coming into practice in North America
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