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Special Notes

AFI rublications necessarily address problems of a general nature. With respect to particular circumstances,
applicablr; laws and regulations should be reviewed.

Neither AFI ror zny of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or repiesentation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contair.2d 'ierein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assijneas represent that use of this publication would not infringe upon privately owned rights.

API publications may be used b anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the*da'a contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this pr:urr'cation and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for thie /violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the *road availability of proven, sound engineering and operating
practices. These publications are not intended to cbviate the need for applying sound engineering judgment
regarding when and where these publications shouid b utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from usiry ¢ ny other practices.

Any manufacturer marking equipment or materials in conforianze with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

Classified areas may vary depending on the location, conditions, equ'xm<ni. and substances involved in any given
situation. Users of this Recommended Practice should consult with the appropriate authorities having jurisdiction.

Users of this Recommended Practice should not rely exclusively on the informat»n contained in this document.
Sound business, scientific, engineering, and safety judgment should be used in emoleying the information contained
herein.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 1220 L Street, NW, Washington, DC 20005.

Copyright © 2018 American Petroleum Institute
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Foreword

This zocuraent supersedes both the 2nd Edition of API Recommended Practice 1114, and the 1st edition of API
Recomm:nded Practice 1115.

Nothing ccnteiner’ in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sdle, or'use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publicution be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used 1o exgress the provisions in this document are as follows.
Shall: As used in a standard, “shuil” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “showid” denotes a recommendation or that which is advised but not required in order
to conform to the standard.

May: As used in a standard, “may” denotes ¢ course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statemcn of possibility or capability.

This document was produced under API standaruization procedures that ensure appropriate notification and
participation in the developmental process and is desicriaizd as an APl standard. Questions concerning the
interpretation of the content of this publication or comments-anz questions concerning the procedures under which
this publication was developed should be directed in writing t% th¢; Director of Standards, American Petroleum
Institute, 1220 L Street, NW, Washington, DC 20005. Requests foi pe rmission to reproduce or translate all or any part
of the material published herein should also be addressed to the director

Generally, API standards are reviewed and revised, reaffirmed, or withdrzwr at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of th< prolication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publicatons and materials is published
annually by API, 1220 L Street, NW, Washington, DC 20005.

Suggested revisions are invited and should be submitted to the Standards Department, ARI, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.


https://www.stdhive.com/standards/api-rp-1115-pdf/

Contents

W N =
N =

3.1

41
4.2
4.3

5.1
5.2
5.3
5.4
5.5

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

71
7.2
7.3
7.4
7.5
7.6
7.7
7.8

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9

Page
LT o7 o 1
L0 Y 1
Applic-ole Rules and Regulations . ........... .. i i i i e i s 1
Normative Raferences . ... ... . i et e 2
Terms, Defintticis; Acronyms, and Abbreviations . ......... ... ... ... . . . i i 2
Terms and Defiiniior s . ... e 2
Acronyms and Abbraviations . .. ... .. .. e 9
Overview of Undergrotnd Liquids Storage . .. ...ttt et it ie e 10
(7= 0T - | 10
Functional Integrity. . ... .. 0 i i it e e i e 10
Overview of Major Steps in the Development of Liquid Storage Caverns. ... ................... 10
Geological and Geomechanical Evalvation . .......... ... . ... .. i 13
General Considerations . . ... ... . 0 i e 13
Site Selection Criteria. .. .. ... ... . e 13
Geologic Site Characterization ... ..... . . .. e 14
Geomechanical Site Evaluation. . . ... ... ... 0 e 22
Assessment of Cavern Stability and Geomect.cinical Performance. .. ......................... 27
Cavern and Well Design . ... ..ottt i i e e i e st a st a s a e 28
General. . ... e e e e 28
Cavern Spacing Constraints . .......... ...t it i it e 30
Hole Section Design . . ...t e i e i et e s et e s 31
Casing Design . ... ...ttt i i et e e 34
Wellhead Design . . ... .o et e e e e D e e e e e e e 37
Storage Volume. . . ... .o i e e e e 41
Displacement-fluid Characteristics. .. ........... . .. i e 42
Product Characteristics . . .......... ... . . i 3 S 42
D 4 | 11 4T R 42
Preliminary Considerations . . . ... ... ... i e e e e 42
Rigand Equipment . .. ... ... ... . e 5 A 43
Drilling Fluids . ... ... . e et e 45
Drilling Guidelines ... ... ... e i et 46
o o T 1 ' 47
Casing Handlingand RUNNINgG. ... ... .ottt i ittt it st a et a e nnnnns 48
L0711 01T T 48
L0 oY 1T 1=1 1 e T o T 52
Cavern Solution Mining . ... ... .o i i ettt 52
(7= LT - 52
Cavern Solution-mining Design. . . ... ..ottt i i it e e e 52
Cavern Development Phasesand Control . . ........ ... ... . .. i 56
Instrumentation, Control, and Shut Down . ... ... it i ittt it e iennnnn 64
Cavern Monitoring ... ...t it et e e 65
Workovers During Solution Mining. . ....... ...t ittt et it s e 67
Workover to Configure for Liquid Hydrocarbon Storage Service ............ ... ... .. ... ... 68
Existing Cavern CONVErSIiONS . ... ... it iii ittt tti et aa i a et a e ansnnnsaannennns 69
Cavern Enlargement. . . ... ... it e e e 71
Liquid Hydrocarbon Storage Operations . . ........ ... . ittt aaaee s 7


https://www.stdhive.com/standards/api-rp-1115-pdf/

Contents

Page
9.1 Facililies and Equipment . . ... ... e e 71
9.2 Mirumram and Maximum Operating Limits . .......... ... i i i e 74
9.3 Backwush Operations. . .. ... .o e 75
0.4 EqUIPMED . . et 75
9.5 Instrumemucica, Control, and Shutdown . . ... ... ... i i i it ittt et 76
9.6 Inspectionand Testing. ..... ...t e e s 77
0.7 WOTKOVEIS . . . i i it ettt e 78
9.8 SiteSecurity and Sefety .. ... ...t i e e e 79
9.9 Operating Administration. .. ...... .. i e et e s 81
10 Cavern Integrity Monitoriiig . . . ...t e e 83
101 General. . .. ... e 83
10.2 Holistic and Comprehensive Appreach ... ... . e 86
10.3 Integrity Monitoring Program. . . @ ... .. ... i et et e e 86
10.4 Review of Integrity Monitoring Method~. .. ... ... . i e 86
10.5 Inactive Caverns .. ................ A 86
11 Cavern Abandonment. . .. ... .. .. e 87
111 ObJeCtives . ...t e e 87
11.2 Abandonment Design....................«. M g - e n e 87
11.3 Removal of Stored Product . . . ... 0 i e e 87
11.4 Wellbore Integrity Test . .. . .......... ... ... ..., 7 /5 87
11.5 Removal of Downhole Equipment. . . . ... ... .. . i ettt 87
11.6 Production Casing Inspection .. .. ... ... it il i i it et e st e 88
A= T T - T T - 88
12 Risk Management for Liquid Hydrocarbon Storage Operations .« .............. ... ... ... ... 88
121 General. . .. ... e e 88
12.2 Risk Management . . .. ...t ittt ade e e e e a e a e 88
12.3 Data Collection and Integration. .............. ... ..o it 37 A 88
12.4 Threat and Hazard ldentification and Analysis ............ ... . i i i 88
12.5 Preventive and Mitigative (P&M) Measures ........... ..ttt i i ie s 89
12.6 Risk Assessment . ... ... ... ...ttt aae et e e 94
12.7 Periodic Review and Reassessment. . .. ... ... .. et e 94
12.8 RecordKeeping . ... .o iii it it ittt e b e 95
Annex A (informative) Open-hole Well Logs. . . ...ttt ittt e s et s aa e ane s 96
Annex B (normative) Integrity Monitoring Methods. .. ...... ... ... .. i it it ia e 99
Annex C (informative) Brine Tables. .. ... ... it i i i it ettt 102
Bibliography .. ... .. e e e e e e e e 103
Figures
1 Simplified Salt Dome Storage Cavern Schematic ................ ... . i iiiiinaiennnn. 12
2 Typical Cemented Casing ProgramforDomal Salt.............. ... ... ittt inennns 33
3 Typical Solution-mining Wellhead. . . . ......... ... i i i et ettt nnanneenns 38
4 Typical Liquid Hydrocarbon Storage Wellhead with Hanging String .. ........................... 39
5 Solution-mining Methods . . ... ... . i i i i it it et a et aaraa e an e eanennennns 55
6 Cavern Development Phases. . ...ttt i i et e s ettt e et aa e aaenannnnenn 57
Tables
1 Integrity Monitoring Methods. .. ... ... .. i i i i et e s et e s 84
2 Potential Threats and Consequences/Preventive and Mitigative Programs . ...................... 89

Vv


https://www.stdhive.com/standards/api-rp-1115-pdf/

Design and Operation of Solution-mined Salt Caverns
Used for Liquid Hydrocarbon Storage

1 Scope

This recommended practice (RP) provides the functional recommendations for salt cavern facilities used foi liquid
hydrocarbon storage service and covers facility geomechanical assessments, cavern well design and drilling, and
solution mining techniques and operations, including monitoring and maintenance practices. Thiz R\ is based on
the accumulated knowledge and experience of geologists, engineers, and other personne..in the liquid
hydrocarbon storage industry and promotes public safety by providing a set of industry acce,teu design and
operation guidelines. This RP recognizes the nature of subsurface geological diversity ai.” st 2sses the need for
in-depth, site-specific geomechanical assessments, with a goal of long-term facility integrity «.nd safety.

This RP includes the cavern well system (wellhead, wellbore, and cavern) from th¢ =n.ergency shutdown (ESD)
valve to the cavern and facilities that have a significant impact on the safety and ir.*egrity of the cavern system. It
also includes a structure for risk assessment for salt cavern facilities used for ligu'd hiydrocarbon storage service.

This RP may be applied to existing facilities at the discretion of the user.

This RP does not apply to caverns used for the storage of gaseou.. ::2ducts, natural gas, brine production, or
waste disposal, nor to caverns that are mechanically mined, or dzplete! hydrocarbon or aquifer underground gas
storage systems. This RP does not cover facility piping.

1.1 Overview

Storage of liquid hydrocarbons in solution-mined salt caverns has been utilized in the United States since the late
1940s. Today, storage of liquid hydrocarbons in caverns developed in both domal and bedded salt formations is
utilized throughout the world.

Salt caverns can act as long-term, .seasoral storage vessels; or they may serve as short-term, operational
storage. Caverns can also be inserted intc *e production plant/pipeline systems to prevent supply interruptions
when maintenance or emergency shu dow.ns occur, or to “float” on pipelines to optimize operations.

Storage of liquid hydrocarbons  n.. <alt cavern may require careful review to ensure that the product is compatible
with the salt. Chemical and phy=ical properties of the salt at the cavern depth and at the pressure anticipated
should be reviewed to verify (~at unwanted chemical or physical reactions do not occur. Incompatibility of product
and salt is rarely a preolen for most hydrocarbons. Examples of exceptions are storage in salt caverns where
sulfides are present and <‘ciage of jet fuels with de-icing agents that absorb water.

In summary, stoige f liquid hydrocarbons in salt caverns can provide an economical, safe, and environmentally
sound method .~ swure large quantities of compatible materials.

1.2« Apniicable Rules and Regulations

This document was written to provide a technical reference for the development and operations of solution-mined
sa* caverns used for the storage of liquid hydrocarbons, and is not intended to represent or reflect any regulatory
‘equirement. Depending on location and nature of the project, the recommended practices herein may address
items that are in conflict with some regulatory requirements. If this occurs, the regulatory requirement supersedes
the recommended practice unless an appropriate waiver or variance is granted from the issuing agency. A
thorough review of the applicable rules and regulations is to be performed prior to the design of solution-mined
liquid storage caverns to ensure ongoing compliance.
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