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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, 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 APl's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Users of this guidance document should not rely exclusively on the information contained in this document. Sound
business, scientific, engineering, and safety judgment should be used in employing the information contained herein.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly train and
equip their employees, and others exposed, concerning health and safety risks and precautions, nor undertaking their
obligations to comply with authorities having jurisdiction.

Information concerning safety and health risks and proper precautions with respect to particular materials and
conditions should be obtained from the employer, the manufacturer or supplier of that material, or the material safety
datasheet.

Where applicable, authorities having jurisdiction should be consulted.

Work sites and equipment operations may differ. Users are solely responsible for assessing their specific equipment
and premises in determining the appropriateness of applying the publication. At all times users should employ sound
business, scientific, engineering, and judgment safety when using this publication.

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

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

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 © 2009 American Petroleum Institute
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Foreword

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

Shall: As used in a publication, “shall” denotes a minimum requirement in order to conform to the publication.

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

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.
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Hydraulic Fracturing Operations—Well Construction and Integrity Guidelines

1 Scope

The purpose of this guidance document is to provide guidance and highlight industry recommended practices for well
construction and integrity for wells that will be hydraulically fractured. The guidance provided here will help to ensure
that shallow groundwater aquifers and the environment will be protected, while also enabling economically viable
development of oil and natural gas resources. This document is intended to apply equally to wells in either vertical,
directional, or horizontal configurations.

Many aspects of drilling, completing, and operating oil and natural gas wells are not addressed in this document but
are the subject of other APl documents and industry literature (see Bibliography). Companies should always consider
these documents, as applicable, in planning their operations.

Maintaining well integrity is a key design principle and design feature of all oil and gas production wells. Maintaining
well integrity is essential for the two following reasons.

1) To isolate the internal conduit of the well from the surface and subsurface environment. This is critical in
protecting the environment, including the groundwater, and in enabling well drilling and production.

2) To isolate and contain the well’s produced fluid to a production conduit within the well.
Although there is some variability in the details of well construction because of varying geologic, environmental, and
operational settings, the basic practices in constructing a reliable well are similar. These practices are the result of
operators gaining knowledge based on years of experience and technology development and improvement. These
experiences and practices are communicated and shared via academic training, professional and trade associations,
extensive literature and documents and, very importantly, industry standards and recommended practices.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

API Specification 5B, Specification for Threading, Gauging, and Thread Inspection of Casing, Tubing, and Line Pipe
Threads

API Specification 5CT/ISO 11960, Specification for Casing and Tubing
API Specification 10A/ISO 10426-1, Specification for Cements and Materials for Well Cementing
API Recommended Practice 10B-2/ISO 10426-2, Recommended Practice for Testing Well Cements

API Recommended Practice 10D-2/ISO 10427-2, Recommended Practice for Centralizer Placement and Stop Collar
Testing

API Technical Report 10TR1, Cement Sheath Evaluation

API Technical Report 10TR4, Technical Report on Considerations Regarding Selection of Centralizers for Primary
Cementing Operations
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2 API GUIDANCE DOCUMENT HF1

API Recommended Practice 65-2, Isolating Potential Flow Zones During Well Construction

NOTE API RP 65-2 was under development at the time of publication of APl HF 1. However, given its subject matter, API felt is
was appropriate to include as a reference. API RP 65-2 will provide guidance on well planning, drilling and cementing practices,
and formation integrity pressure testing. Upon publication, APl RP 65-2 will be available at www.api.org/publications, and will serve
as a valuable reference for use in conjunction with APl HF1.

API Recommended Practice 90, Annular Casing Pressure Management for Offshore Wells

3 General Principles
3.1 Protecting Groundwater and the Environment

All oil and natural gas exploration, development, and production operations are conducted to ensure that the
environment, in particular underground sources of drinking water (USDWs 2, or groundwater), is protected. Statutes
and regulations have been implemented in every oil and gas producing state of the United States to ensure that oil
and natural gas operations are conducted in an environmentally responsible fashion. While these regulations differ
from state to state in their details, their general intent and environmental objectives are consistent (IOGCC ['], 2007).

Groundwater is protected from the contents of the well during drilling, hydraulic fracturing, and production operations
by a combination of steel casing and cement sheaths, and other mechanical isolation devices installed as a part of the
well construction process. It is important to understand that the impermeable rock formations that lie between the
hydrocarbon producing formations and the groundwater have isolated the groundwater over millions of years. The
construction of the well is done to prevent communication (the migration and/or transport of fluids between these
subsurface layers).

The primary method used for protecting groundwater during drilling operations consists of drilling the wellbore through
the groundwater aquifers, immediately installing a steel pipe (called casing), and cementing this steel pipe into place.
All state drilling regulations specifically address groundwater protection, including requirements for the surface casing
to be set below the lowest groundwater aquifer, or USDW (DOE [2l, 2009 and IOGCC ['], 2007). The steel casing
protects the zones from material inside the wellbore during subsequent drilling operations and, in combination with
other steel casing and cement sheaths that are subsequently installed, protects the groundwater with multiple layers
of protection for the life of the well.

The subsurface zone or formation containing hydrocarbons produces into the well, and that production is contained
within the well all the way to the surface. This containment is what is meant by the term “well integrity.” Moreover,
regular monitoring takes place during drilling and production operations to ensure that these operations proceed
within established parameters and in accordance with the well design, well plan, and permit requirements. Finally, the
integrity of well construction is periodically tested to ensure its integrity is maintained. The monitoring activities that
should be conducted prior to and during well construction and over the life of the well will be described in more detail
in Section 10.

3.2 Well Design and Construction

Drilling and completing an oil and/or gas well consists of several sequential activities. A list of these activities appears
below, and those that are addressed in this guidance document are shown in bold. In sequential order, these activities
are as follows:

— building the location and installing fluid handling equipment,

@ A USDW is defined in federal statute (40 CFR 144.3) as any “aquifer that: (1) supplies a public water system; or (2) contains a
sufficient quantity of water to supply a public water system and currently supplies drinking water for human consumption or
contains fewer than 10,000 mg/L of total dissolved solids.” In addition, it cannot be an exempted aquifer. See http:/
www.epa.gov/region5/water/uic/glossary.htm. “Groundwater” could include other subsurface waters that do not meet these
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— setting up the drilling rig and ancillary equipment and testing all equipment,

— drilling the hole,

— logging the hole (running electrical and other instruments in the well) (see note),

— running casing (steel pipe) (see note),

— cementing the casing (see note),

— logging the casing (see note),

— removing the drilling rig and ancillary equipment,

— perforating the casing (depending on completion type),

— hydraulic fracturing or stimulating the well,

— installing artificial lift equipment (if necessary),

— install surface production equipment,

— putting the well on production,

— monitoring well performance and integrity,

— reclaiming the parts of the drilling location that are no longer needed and removing equipment no longer used.
NOTE These activities may be conducted multiple times while drilling a well.

Production wells, by necessity, must penetrate the sealing formations above the target hydrocarbon reservoir. This
fact alone means stringent analysis and execution of well construction and integrity is of key importance in eliminating
potential leak paths. For 75 years the industry has successfully drilled and produced wells using modern drilling
techniques. Continuous improvements in technology and practices have allowed these wells to maintain their integrity
and provide the required isolation.

The ultimate goal of the well design is to ensure the environmentally sound, safe production of hydrocarbons by
containing them inside the well, protecting groundwater resources, isolating the productive formations from other
formations, and by proper execution of hydraulic fractures and other stimulation operations. The well design and
construction must ensure no leaks occur through or between any casing strings. The fluids produced from the well
(oil, water, and gas) must travel directly from the producing zone to the surface inside the well conduit.

The design basis for well construction emphasizes barrier performance and zonal isolation using the fundamentals of
wellbore preparation, mud removal, casing running, and cement placement to provide barriers that prevent fluid
migration. The selection of the materials for cementing and casing are important, but are secondary to the process of
cement placement. The performance of the barrier system to protect groundwater and isolate the hydrocarbon
bearing zones is of utmost importance.

All well designs and well plans include contingency planning. Although seldom needed, these contingency plans are

in place to mitigate and eliminate the risk failure due to unplanned events, and most importantly, to ensure the
protection of people and the environment.
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