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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 © 2010 American Petroleum Institute



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.






Contents

Page
EXecUtiVe SUMMaAIY . .. ... it e ettt e et a e e e e e et e e Vi
1 Yoo o1 1
2 DefiNitioNS . ... . e e 1
3 Introduction and OVerVIieW. . . .. ... . . it it e e e et e 5
4 The Hydraulic Fracturing Process. . . ... ...ttt i i ettt et aa e e aaanenns 6
B T 7= =1 - 6
4.2 Hydraulic Fracture Stimulation Design. . ........ ... it i i it e s et aenaeaennns 6
4.3 Hydraulic Fracturing ProCess . ... ...ttt i i it e s et a s aaa e aaaanesnnnns 6
4.4 Chemicals Used in Hydraulic Fracturing . . ....... ... .. i i e a e e aaens 6
5  Water Use and Management Associated with Hydraulic Fracturing. ... ............... ... ... ..., 9
LT T € 7= =T - 9
5.2 Planning Considerations . ... . ... ... ...ttt ittt et e et 9
5.3 Water Management DFiVers . .. ... ..ottt i ettt e et a e a e asansaasanasannannens 10
6 Obtaining Water Supply For Hydraulic Fracturing ................. it ieeaenes 12
0 T € 7= 3 =T - 12
6.2 Evaluating Source Water Requirements. . . .......... .. ittt ia it eaeaaenannns 13
6.3 Fluid Handling And Storage Considerations . . ............ ...ttt e enenenannns 17
6.4 Transportation Considerations ........... ... it it et ettt aranenaeaanans 19
7 Water Management And Disposal Associated With Hydraulic Fracturing......................... 20
74 TR =Y 3 =T - | 20
7.2 InjectionWells ... ... . i i i i ettt a e e et 21
7.3 Municipal Waste Water Treatment Facilities. .. . ......... ... i i i i e ane e 21
7.4 Industrial Waste Treatment Facilities . ........... ... et ens 21
7.5 OtherIndustrial USes ... ...ttt i et et e taa e aararaeanrananeannns 22
7.6 Fracture Flow Back Water Recycling/Reuse . .. ........ ...ttt inaranarannennnnns 22
Bibliography . . ... ..o e 24
Figures
1 Schematic Representation of a Hydraulic Fracturing Operation. . .............. ... ... ... oo, 7
2 Schematic Representation of Hydraulically Fractured Reservoir From a
Horizontal and Vertical Well . . . ... ... . i i e ettt a s a e aa e aa e annens 8
3 Typical Fracture Fluid Composition for Hydraulic Fracturing foraShaleGasWell.................. 8
4 Hydraulic Fracturing Well Site for a Marcellus ShaleWell............... ... ... ... i ... 9
5 Control Room Monitoring a Hydraulic Fracture Stimulation .............. ... ... ... ... ... ..... 1"
6 Example of Diversion Pond Construction . ............. ... ittt iiit e naernennnns 15






Executive Summary

Hydraulic fracturing has played an important role in the development of America’s oil and gas resources for nearly 60
years. In the U.S., an estimated 35,000 wells are hydraulically fractured annually and it is estimated that over one
million wells have been hydraulically fractured since the first well in the late 1940s. As production from conventional
oil and gas fields continues to mature and the shift to non-conventional resources increases, the importance of
hydraulic fracturing will also increase.

The purpose of this guidance document is to identify and describe many of the current industry best practices used to
minimize environmental impacts associated with the acquisition, use, management, treatment, and disposal of water
and other fluids associated with the process of hydraulic fracturing. This document focuses primarily on issues
associated with the water used for purposes of hydraulic fracturing and does not address other water management
issues and considerations associated with oil and gas exploration, drilling, and production. It complements two other
APl Documents; one (APl Guidance Document HF1, Hydraulic Fracturing Operations—Well Construction and
Integrity Guidelines, First Edition, October 2009) focused on groundwater protection related to drilling and hydraulic
fracturing operations, [l which specifically highlights recommended practices for well construction and integrity of
hydraulically fractured wells, and the second (APl Guidance Document HF3, Surface Environmental Considerations
Associated with Hydraulic Fracturing, publication pending, but expected in 2nd Quarter of 2010) focused on surface
environmental issues associated with the hydraulic fracturing process. [2]

This document provides guidance and highlights many of the key considerations to minimize environmental and
societal impacts associated with the acquisition, use, management, treatment, and disposal of water and other fluids
used in the hydraulic fracturing process, including the following.

1) Operators should engage in proactive communication with local water planning agencies to ensure oil and gas
operations do not constrain the resource requirements of local communities and to ensure compliance with all
regulatory requirements. Understanding local water needs may help in the development of water storage and
management plans that will be acceptable to the communities neighboring oil and gas operations. Also, this
proactive communication will help operators in understanding the preferred sources of water to be used for
hydraulic fracturing by the local planning agency.

n

Basin-wide hydraulic fracturing planning can be beneficial upon an operator’s entry into a new operating area or
basin, depending on the scale of the planned operations. The planning effort may include a review of potential
water resources and wastewater management opportunities that could be used to support hydraulic fracturing
operations. This review should consider the anticipated volumes of water required for basin-wide fracturing in
addition to other water requirements for exploration and production operations. Operators should continue to
engage local water planning agencies when developing their hydraulic fracturing programs and consider a broad
spectrum of competing water requirements and constraints, such as: location and timing of water withdrawal; water
source; water transport; fluid handling and storage requirements; flow back water treatment/disposal options; and
potential for water recycling.

3) Upon initial development, planning and resource extraction of a new basin, operators should review the available
information describing water quality characteristics (surface and groundwater) in the area and, if necessary,
proactively work with state and local regulators to assess the baseline characteristics of local groundwater and
surface water bodies. Depending on the level of industry involvement in an area, this type of activity may be best
handled by a regional industry association, joint industry project, or compact. On a site specific basis, pre-drilling
surface and groundwater sampling/analysis should be considered as a means to provide a better understanding of
on-site water quality before drilling and hydraulic fracturing operations are initiated.

4) In evaluating potential water sources for hydraulic fracturing programs, an operator’s decision will depend upon

volume requirements, regulatory and physical availability, competing uses, discussions with local planning
agencies, and characteristics of the formation to be fractured (including water quality and compatibility
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considerations). A hierarchy of potential sources should be developed based upon local conditions. Where
feasible, priority should be assigned to the use of wastewater from other industrial facilities.

5) If water supplies are to be obtained from surface water sources, operators should consider potential issues
associated with the timing and location of withdrawals, being cognizant of sensitive watersheds, historical droughts
and low flow periods during the year. Operators should also be mindful of periods of the year in which activities
such as irrigation and other community and industrial needs place additional demands on local water availability.
Additional considerations may include: potential to maintain a stream’s designated best use; potential impacts to
downstream wetlands and end-users; potential impacts to fish and wildlife; potential aquifer depletion; and any
mitigation measures necessary to prevent transfer of invasive species from one surface water body to another.

6) If water supplies are to be obtained from groundwater sources, operators should consider the use of non-potable
water where feasible and possible. Using water from such sources may alleviate issues associated with
competition for publicly utilized water resources. Alternatively, the use of non-potable water may increase the depth
of drilling necessary to reach such resources, and/or the level of treatment necessary to meet specifications for
hydraulic fracturing operations.

7) On a regional basis, Operators should typically consider the evaluation of waste management and disposal
practices for fluids within their hydraulic fracturing program. This documented evaluation should include
information about flow back water characterization and disposition, including consideration of the preferred
transport method from the well pad (i.e. truck or piping). Operators should review and evaluate practices regarding
waste management and disposal from the process of hydraulic fracturing, including: The preferred disposition (e.g.
treatment facility, disposal well, potential reuse, centralized surface impoundment or centralized tank facility) for the
basin; treatment capabilities and permit requirements for proposed treatment facilities or disposal wells; and the
location, construction and operational information for proposed centralized flow back impoundments.

8) When considering preferred transport options, Operators should assess requirements and constraints associated
with fluid transport. Transportation of water to and from a well site may significantly impact both the cost of drilling
and operating a well. Alternative strategies should be considered to minimize this expense in addition to potential
environmental or social impacts.

9) Operators developing a transportation plan within their hydraulic fracturing program should consider estimated
truck volumes within a basin, designation of appropriate off road parking/staging areas, and approved
transportation routes. Measures to reduce or mitigate the impacts of transporting large volumes of fracture fluids
should be considered. Developing and implementing a detailed fluid transport strategy, as well as working
collaboratively with local law enforcement, community leaders and area residents, can aid in enhancing safety and
reducing potential impacts.

10) In developing plans for hydraulic fracturing, Operators should strive to minimize the use of additives. When
necessary, Operators should assess the feasibility of using more environmentally benign additives. This action
could help with addressing concerns associated with fracture fluid management, treatment, and disposal. While
desirable, elimination or substitution of an alternative additive is not always feasible as the performance may not
provide the same effectiveness as more traditional constituents.

11) Operators should make it a priority to evaluate potential opportunities for beneficial reuse of flow back and
produced fluids from hydraulic fracturing, prior to treating for surface discharge or reinjection. Water reuse and/or
recycling can be a key enabler to large scale future development. Pursuing this option, however, requires
planning and knowledge of chemical additives likely to be used in hydraulic fracturing operations and the general
composition of flow back and produced water. Reuse and/or recycling practices require the selection of
compatible additives, with focused efforts on the use of environmentally benign constituents that do not impede
water treatment initiatives. The wise selection of additives may enhance the quantity of fluids available and
provide more options for ultimate use and/or disposal.
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Water Management Associated with Hydraulic Fracturing

1 Scope

The purpose of this guidance document is to identify and describe many of the current industry best practices used to
minimize environmental and societal impacts associated with the acquisition, use, management, treatment, and
disposal of water and other fluids associated with the process of hydraulic fracturing. While this document focuses
primarily on issues associated with hydraulic fracturing pursued in deep shale gas development, it also describes the
important distinctions related to hydraulic fracturing in other applications.

Moreover, this guidance document focuses on areas associated with the water used for purposes of hydraulic
fracturing, and does not address other water management issues and considerations associated with oil and gas
exploration, drilling, and production. These topics will be addressed in future API documents. [3]

2 Definitions

21

aquifer

A subsurface formation that is sufficiently permeable to conduct groundwater and to yield economically significant
quantities of water to wells and springs.

2.2

basin

A closed geologic structure in which the beds dip toward a central location; the youngest rocks are at the center of a
basin and are partly or completely ringed by progressively older rocks.

23

casing

Steel piping positioned in a wellbore and cemented in place to prevent the soil or rock from caving in. It also serves to
isolate fluids, such as water, gas, and oil, from the surrounding geologic formations.

24

coal bed methane/coal bed natural gas

CBM/CBNG

A clean-burning natural gas found deep inside and around coal seams. The gas has an affinity to coal and is held in
place by pressure from groundwater. CBNG is produced by drilling a wellbore into the coal seam(s), pumping out
large volumes of groundwater to reduce the hydrostatic pressure, allowing the gas to dissociate from the coal and
flow to the surface.

25

completion

The activities and methods to prepare a well for production and following drilling. Includes installation of equipment for
production from a gas well.

2.6
disposal well
A well which injects produced water into an underground formation for disposal.

27

directional drilling

The technique of drilling at an angle from a surface location to reach a target formation not located directly
underneath the well pad.





