
DRAFT- DO NOT CITE OR QUOTE EPA/600/R‐15/047a	
External	Review	Draft	

June	2015	
www.epa.gov/hfstudy		

Assessment of the Potential Impacts of Hydraulic 
Fracturing for Oil and Gas on Drinking Water 

Resources 

NOTICE 

THIS DOCUMENT IS AN EXTERNAL REVIEW DRAFT, for review purposes only. It has not 
been formally disseminated by EPA. It does not represent and should not be construed to 
represent any Agency determination or policy. 

Office of Research and Development 
U.S. Environmental Protection Agency 

Washington, DC 20460 

http://www.epa.gov/hfstudy


Hydraulic Fracturing Drinking Water Assessment 

DISCLAIMER 

This document is an external review draft. This information is distributed solely for the purpose of 
pre-dissemination peer review under applicable information quality guidelines. It has not been 
formally disseminated by EPA. It does not represent and should not be construed to represent any 
Agency determination or policy. Mention of trade names or commercial products does not 
constitute endorsement or recommendation for use. 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 ii DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 

Contents 
Contents .............................................................................................................................................................................. iii 
List of Tables ....................................................................................................................................................................... x 
List of Figures ................................................................................................................................................................... xii 
List of Acronyms/Abbreviations.............................................................................................................................. xvi 
Preface ................................................................................................................................................................................. xx 
Authors, Contributors, and Reviewers .................................................................................................................. xxi 

Authors ............................................................................................................................................................................................... xxi 
Contributors .................................................................................................................................................................................... xxii 
Reviewers ........................................................................................................................................................................................ xxiii 
Acknowledgements ..................................................................................................................................................................... xxiv 

Executive Summary .................................................................................................................................................... ES-1 
What is Hydraulic Fracturing? .............................................................................................................................................. ES-1 
Scope of the Assessment .......................................................................................................................................................... ES-3 
Approach ........................................................................................................................................................................................ ES-5 
Proximity of Current Activity and Drinking Water Resources ............................................................................... ES-5 
Major Findings ............................................................................................................................................................................. ES-6 

Water Acquisition .................................................................................................................................................................. ES-6 
Chemical Mixing .................................................................................................................................................................. ES-10 
Well Injection ....................................................................................................................................................................... ES-13 
Flowback and Produced Water ........................................................................................................................................... 16 
Wastewater Management and Waste Disposal ..................................................................................................... ES-19 

Key Data Limitations and Uncertainties ........................................................................................................................ ES-22 
Limitations in Monitoring Data and Chemical Information ............................................................................ ES-22 
Other Contributing Limitations .................................................................................................................................... ES-23 

Conclusions ................................................................................................................................................................................. ES-23 
References for Executive Summary ................................................................................................................................. ES-24 

1. Introduction ........................................................................................................................................................... 1-1 
1.1. Background ..................................................................................................................................................................... 1-1 
1.2. Scope .................................................................................................................................................................................. 1-1 
1.3. Approach .......................................................................................................................................................................... 1-6 

1.3.1. EPA Hydraulic Fracturing Study Publications ...................................................................................... 1-6 
1.3.2. Literature and Data Search Strategy ......................................................................................................... 1-6 
1.3.3. Literature and Data Evaluation Strategy ................................................................................................. 1-7 
1.3.4. Quality Assurance and Peer Review .......................................................................................................... 1-8 

1.4. Organization .................................................................................................................................................................... 1-9 
1.5. Intended Use ................................................................................................................................................................. 1-11 
1.6. References for Chapter 1 ......................................................................................................................................... 1-12 

2. Hydraulic Fracturing, Oil and Gas Production, and the U.S. Energy Sector .................................... 2-1 
2.1. What is Hydraulic Fracturing? ................................................................................................................................ 2-1 
2.1. Hydraulic Fracturing and the Life of a Well ...................................................................................................... 2-8 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 iii DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 

2.1.1. Site and Well Development ........................................................................................................................... 2-9 
2.1.1. Hydraulic Fracturing ...................................................................................................................................... 2-12 
2.1.2. Fluid Recovery, Management, and Disposal ........................................................................................ 2-17 
2.1.3. Oil and Gas Production .................................................................................................................................. 2-18 
2.1.4. Site and Well Closure ..................................................................................................................................... 2-19 

2.2. How Widespread is Hydraulic Fracturing? ..................................................................................................... 2-20 
2.2.1. Number of Wells Fractured per Year ...................................................................................................... 2-25 
2.2.2. Hydraulic Fracturing Rates ......................................................................................................................... 2-27 

2.3. Trends and Outlook for the Future ..................................................................................................................... 2-28 
2.3.1. Natural Gas (Including Coalbed Methane)............................................................................................ 2-28 
2.3.2. Oil ............................................................................................................................................................................ 2-31 

2.4. Conclusion ...................................................................................................................................................................... 2-32 
2.5. References for Chapter 2 ......................................................................................................................................... 2-33 

3. Drinking Water Resources in the United States ....................................................................................... 3-1 
3.1. Current and Future Drinking Water Resources .............................................................................................. 3-1 
3.2. The Proximity of Drinking Water Resources to Hydraulic Fracturing Activity ................................ 3-3 
3.3. Conclusion ...................................................................................................................................................................... 3-11 
3.4. References for Chapter 3 ......................................................................................................................................... 3-12 

4. Water Acquisition ................................................................................................................................................ 4-1 
4.1. Introduction .................................................................................................................................................................... 4-1 
4.2. Types of Water Used ................................................................................................................................................... 4-2 

4.2.1. Source ...................................................................................................................................................................... 4-2 
4.2.2. Quality ..................................................................................................................................................................... 4-4 
4.2.3. Provisioning ......................................................................................................................................................... 4-5 

4.3. Water Use Per Well ...................................................................................................................................................... 4-6 
4.3.1. Hydraulic Fracturing Water Use in the Life Cycle of Oil and Gas.................................................. 4-6 
4.3.2. National Patterns of Water Use Per Well for Fracturing .................................................................. 4-6 
4.3.3 Factors Affecting Water Use Per Well ....................................................................................................... 4-7 

4.4. Cumulative Water Use and Consumption .......................................................................................................... 4-8 
4.4.1. National and State Scale .................................................................................................................................. 4-8 
4.4.2. County Scale ......................................................................................................................................................... 4-9 

4.5. Potential for Water Use Impacts by State ........................................................................................................ 4-15 
4.5.1. Texas ...................................................................................................................................................................... 4-17 
4.5.2. Colorado and Wyoming ................................................................................................................................. 4-28 
4.5.3. Pennsylvania, West Virginia, and Ohio ................................................................................................... 4-32 
4.5.4. North Dakota and Montana ......................................................................................................................... 4-36 
4.5.5. Oklahoma and Kansas .................................................................................................................................... 4-39 
4.5.6. Arkansas and Louisiana ................................................................................................................................ 4-41 
4.5.7. Utah, New Mexico, and California ............................................................................................................. 4-44 

4.6. Chapter Synthesis ....................................................................................................................................................... 4-47 
4.6.1. Major Findings .................................................................................................................................................. 4-47 
4.6.2. Factors Affecting Frequency or Severity of Impacts ........................................................................ 4-49 
4.6.3. Uncertainties ...................................................................................................................................................... 4-50 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 iv DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 

4.6.4. Conclusions ......................................................................................................................................................... 4-51 
4.7. References for Chapter 4 ......................................................................................................................................... 4-54 

5. Chemical Mixing ................................................................................................................................................... 5-1 
5.1. Introduction .................................................................................................................................................................... 5-1 
5.2. Chemical Mixing Process ........................................................................................................................................... 5-3 
5.3. Overview of Hydraulic Fracturing Fluids ........................................................................................................... 5-6 

5.3.1. Water-Based Fracturing Fluids.................................................................................................................. 5-11 
5.3.2. Alternative Fracturing Fluids ..................................................................................................................... 5-11 
5.3.3. Proppants ............................................................................................................................................................ 5-13 

5.4. Frequency and Volume of Hydraulic Fracturing Chemical Use ............................................................. 5-13 
5.4.1. National Frequency of Use of Hydraulic Fracturing Chemicals................................................... 5-15 
5.4.2. Nationwide Oil versus Gas ........................................................................................................................... 5-19 
5.4.3. State-by-State Frequency of Use of Hydraulic Fracturing Chemicals ....................................... 5-19 
5.4.4. Volumes of Chemicals Used ......................................................................................................................... 5-24 

5.5. Chemical Management and Spill Potential ...................................................................................................... 5-28 
5.5.1. Storage .................................................................................................................................................................. 5-30 
5.5.2. Hoses and Lines ................................................................................................................................................ 5-34 
5.5.3. Blender ................................................................................................................................................................. 5-36 
5.5.4. Manifold ............................................................................................................................................................... 5-36 
5.5.5. High-Pressure Fracturing Pumps ............................................................................................................. 5-37 
5.5.6. Surface Wellhead for Fracture Stimulation .......................................................................................... 5-39 

5.6. Spill Prevention, Containment, and Mitigation.............................................................................................. 5-41 
5.7. Overview of Chemical Spills Data ........................................................................................................................ 5-42 

5.7.1. EPA Analysis of Spills Associated with Hydraulic Fracturing ...................................................... 5-42 
5.7.2. Other Spill Reports .......................................................................................................................................... 5-47 

5.8. Fate and Transport of Chemicals ......................................................................................................................... 5-50 
5.8.1. Potential Paths .................................................................................................................................................. 5-52 
5.8.2. Physicochemical Properties ........................................................................................................................ 5-53 
5.8.3. Mobility of Chemicals ..................................................................................................................................... 5-55 
5.8.4. Transformation Processes ........................................................................................................................... 5-64 
5.8.5. Fate and Transport of Chemical Mixtures ............................................................................................ 5-64 
5.8.6. Site and Environmental Conditions ......................................................................................................... 5-65 
5.8.7. Peer-Reviewed Literature on the Fate and Transport of Hydraulic Fracturing Fluid Spills5-66 
5.8.8. Potential and Documented Fate and Transport of Documented Spills .................................... 5-66 

5.9. Trends in Chemicals Use in Hydraulic Fracturing ....................................................................................... 5-70 
5.10. Synthesis ......................................................................................................................................................................... 5-71 

5.10.1. Summary of Findings ..................................................................................................................................... 5-71 
5.10.2. Factors Affecting the Frequency or Severity of Impacts ................................................................ 5-72 
5.10.3. Uncertainties ...................................................................................................................................................... 5-73 
5.10.4. Conclusions ......................................................................................................................................................... 5-74 

5.11. References for Chapter 5 ......................................................................................................................................... 5-77 
6. Well Injection ........................................................................................................................................................ 6-1 

6.1. Introduction .................................................................................................................................................................... 6-1 
 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 v DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 

6.2. Fluid Migration Pathways Within and Along the Production Well ........................................................ 6-3 
6.2.1. Overview of Well Construction .................................................................................................................... 6-3 
6.2.2. Evidence of the Existence of Fluid Movement Pathways or of Fluid Movement ................. 6-11 

6.3. Fluid Migration Associated with Induced Fractures within Subsurface Formations ................... 6-27 
6.3.1. Overview of Subsurface Fracture Growth ............................................................................................ 6-28 
6.3.2. Migration of Fluids through Pathways Related to Fractures/Formations ............................. 6-31 

6.4. Synthesis ......................................................................................................................................................................... 6-50 
6.4.1. Summary of Findings ..................................................................................................................................... 6-51 
6.4.2. Factors Affecting Frequency and Severity of Impacts ..................................................................... 6-53 
6.4.3. Uncertainties ...................................................................................................................................................... 6-55 
6.4.4. Conclusions ......................................................................................................................................................... 6-57 

6.5. References for Chapter 6 ......................................................................................................................................... 6-58 
7. Flowback and Produced Water ...................................................................................................................... 7-1 

7.1. Introduction .................................................................................................................................................................... 7-1 
7.1.1. Definitions ............................................................................................................................................................. 7-2 

7.1. Volume of Hydraulic Fracturing Flowback and Produced Water ........................................................... 7-2 
7.1.1. Flowback of Injected Hydraulic Fracturing Fluid ................................................................................ 7-3 
7.1.2. Produced Water ................................................................................................................................................ 7-10 

7.2. Flowback and Produced Water Data Sources ................................................................................................ 7-13 
7.3. Background on Formation Characteristics ..................................................................................................... 7-15 
7.4. Flowback Composition ............................................................................................................................................. 7-16 

7.4.1. General Characteristics ................................................................................................................................. 7-16 
7.4.2. Temporal Changes in Flowback Composition ..................................................................................... 7-16 
7.4.3. Total Dissolved Solids Enrichment .......................................................................................................... 7-17 
7.4.4. Radionuclide Enrichment ............................................................................................................................. 7-18 
7.4.5. Leaching and Biotransformation of Naturally Occurring Organic Compounds ................... 7-19 

7.5. Produced Water Composition ............................................................................................................................... 7-22 
7.5.1. Similarity of Produced Water from Conventional and Unconventional Formations ........ 7-22 
7.5.2. Variability in Produced Water Composition Among Unconventional Formation Types . 7-22 
7.5.3. General Water Quality Parameters .......................................................................................................... 7-25 
7.5.4. Salinity and Inorganics .................................................................................................................................. 7-25 
7.5.5. Metals .................................................................................................................................................................... 7-26 
7.5.6. Naturally Occurring Radioactive Material (NORM) and Technologically Enhanced Naturally 
Occurring Radioactive Material (TENORM) .............................................................................................................. 7-27 
7.5.7. Organics ............................................................................................................................................................... 7-28 
7.5.8. Reactions within Formations ..................................................................................................................... 7-28 

7.6. Spatial Trends .............................................................................................................................................................. 7-29 
7.7. Spill Impacts on Drinking Water Resources ................................................................................................... 7-30 

7.7.1. Produced Water Management and Spill Potential ............................................................................ 7-30 
7.7.2. Spills of Hydraulic Fracturing Flowback and Produced Water from Unconventional Oil and Gas 
Production ................................................................................................................................................................................ 7-31 
7.7.3. Case Studies of Potentially Impacted Sites ........................................................................................... 7-36 
7.7.4. Roadway Transport of Produced Water ................................................................................................ 7-39 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 vi DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment 

7.7.5. Studies of Environmental Transport of Released Produced Water .......................................... 7-40 
7.7.6. Coalbed Methane .............................................................................................................................................. 7-41 
7.7.7. Transport Properties...................................................................................................................................... 7-42 

7.8. Synthesis ......................................................................................................................................................................... 7-43 
7.8.1. Summary of Findings ..................................................................................................................................... 7-44 
7.8.2. Factors Affecting the Frequency or Severity of Impacts ................................................................ 7-44 
7.8.3. Uncertainties ...................................................................................................................................................... 7-45 
7.8.4. Conclusions ......................................................................................................................................................... 7-46 

7.9. References for Chapter 7 ......................................................................................................................................... 7-48 
8. Wastewater Treatment and Waste Disposal ............................................................................................. 8-1

8.1. Introduction .................................................................................................................................................................... 8-1 
8.2. Volumes of Hydraulic Fracturing Wastewater ................................................................................................ 8-2 

8.2.1. National Level Estimate .................................................................................................................................. 8-4 
8.2.2. Regional/State and Formation Level Estimates ................................................................................... 8-4 
8.2.3. Estimation Methodologies and Challenges............................................................................................. 8-9 

8.3. Wastewater Characteristics ................................................................................................................................... 8-10 
8.3.1. Wastewater......................................................................................................................................................... 8-10 
8.3.2. Constituents in Residuals ............................................................................................................................. 8-12 

8.4. Wastewater Management Practices ................................................................................................................... 8-12 
8.4.1. Underground Injection .................................................................................................................................. 8-20 
8.4.2. Centralized Waste Treatment Facilities ................................................................................................. 8-23 
8.4.3. Water Reuse for Hydraulic Fracturing ................................................................................................... 8-27 
8.4.4. Evaporation ........................................................................................................................................................ 8-31 
8.4.5. Publicly Owned Treatment Works ........................................................................................................... 8-33 
8.4.6. Other Management Practices and Issues .............................................................................................. 8-35 

8.5. Summary and Analysis of Wastewater Treatment ...................................................................................... 8-38 
8.5.1. Overview of Treatment Processes for Hydraulic Fracturing Wastewater ............................. 8-38 
8.5.2. Treatment of Hydraulic Fracturing Waste Constituents of Concern ........................................ 8-38 
8.5.3. Design of Treatment Trains for CWTs .................................................................................................... 8-49 

8.6. Potential Impacts on Drinking Water Resources ......................................................................................... 8-58 
8.6.1. Bromide and Chloride .................................................................................................................................... 8-59 
8.6.2. Radionuclides .................................................................................................................................................... 8-62 
8.6.3. Metals .................................................................................................................................................................... 8-65 
8.6.4. Volatile Organic Compounds ...................................................................................................................... 8-66 
8.6.5. Semi-Volatile Organic Compounds .......................................................................................................... 8-67 
8.6.6. Oil and Grease .................................................................................................................................................... 8-67 

8.7. Synthesis ......................................................................................................................................................................... 8-67 
8.7.1. Summary of Findings ..................................................................................................................................... 8-68 
8.7.2. Factors Affecting the Frequency or Severity of Impacts ................................................................ 8-71 
8.7.3. Uncertainties ...................................................................................................................................................... 8-72 
8.7.4. Conclusions ......................................................................................................................................................... 8-73 

8.8. References for Chapter 8 ......................................................................................................................................... 8-75 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 vii DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
9. Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle
 9-1 

9.1. Introduction .................................................................................................................................................................... 9-1 
9.2. Identification of Chemicals Associated with the Hydraulic Fracturing Water Cycle ...................... 9-3 

9.2.1. Chemicals Used in Hydraulic Fracturing Fluids ................................................................................... 9-4 
9.2.2. Chemicals Detected in Flowback and Produced Water .................................................................... 9-4 

9.3. Toxicological and Physicochemical Properties of Hydraulic Fracturing Chemicals ....................... 9-4 
9.3.1. Selection of Toxicity Values: Reference Values (RfVs) and Oral Slope Factors (OSFs)....... 9-5 
9.3.2. Physicochemical Properties .......................................................................................................................... 9-7 
9.3.3. Summary of Selected Toxicological and Physicochemical Property Data for Hydraulic 
Fracturing Chemicals ............................................................................................................................................................. 9-7 
9.3.4. Additional Sources of Toxicity Information ........................................................................................... 9-8 

9.4. Hazard Identification of Reported Hydraulic Fracturing Chemicals ................................................... 9-10 
9.4.1. Selection of Additional Chemicals for Hazard Identification ........................................................ 9-11 
9.4.2. Hazard Identification Results ..................................................................................................................... 9-11 

9.5. Hazard Identification and Hazard Evaluation of Selected Subsets of Hydraulic Fracturing Chemicals
 9-16 

9.5.1. Selection of Chemicals for Hazard Evaluation .................................................................................... 9-16 
9.5.2. Multi Criteria Decision Analysis (MCDA) Framework for Hazard Evaluation: Integrating 
Toxicity, Occurrence, and Physicochemical Data .................................................................................................... 9-19 
9.5.3. Hazard Evaluation Results ........................................................................................................................... 9-23 
9.5.4. Summary of Chemicals Detected in Multiple Stages of the Hydraulic Fracturing Water Cycle
 9-33 

9.6. Synthesis ......................................................................................................................................................................... 9-35 
9.6.1. Summary of Findings ..................................................................................................................................... 9-35 
9.6.2. Factors Affecting the Frequency or Severity of Impacts ................................................................ 9-37 
9.6.3. Uncertainties ...................................................................................................................................................... 9-37 
9.6.4. Conclusions ......................................................................................................................................................... 9-39 

9.7. References for Chapter 9 ......................................................................................................................................... 9-41 
9.8. Annex ............................................................................................................................................................................... 9-43 

9.8.1. Calculation of Physicochemical Property Scores (MCDA Hazard Evaluation) ..................... 9-43 
9.8.2. Example of MCDA Score Calculation ....................................................................................................... 9-44 

10. Synthesis .............................................................................................................................................................. 10-1 
10.1. Major Findings ............................................................................................................................................................. 10-1 

10.1.1. Water Acquisition (Chapter 4) ................................................................................................................... 10-2 
10.1.2. Chemical Mixing (Chapter 5) ...................................................................................................................... 10-5 
10.1.3. Well Injection (Chapter 6) ........................................................................................................................... 10-8 
10.1.4. Flowback and Produced Water (Chapter 7) ..................................................................................... 10-11 
10.1.5. Wastewater Management and Waste Disposal (Chapter 8) ...................................................... 10-14 

10.2. Key Data Limitations and Uncertainties ........................................................................................................ 10-17 
10.2.1. Limitations in monitoring data and chemical information ........................................................ 10-17 
10.2.2. Other Contributing Limitations .............................................................................................................. 10-19 

10.3. Conclusions ................................................................................................................................................................ 10-19 
10.4. Use of the Assessment ........................................................................................................................................... 10-20 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 viii DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 

10.5. References for Chapter 10 ................................................................................................................................... 10-21 
 

See Separate Supplemental Document for Appendices 

Appendix A. Chemicals Identified in Hydraulic Fracturing Fluids and/or Flowback and Produced 
Water ............................................................................................................................................................... A-1 

Appendix B. Water Acquisition Tables ....................................................................................................................... B-1 

Appendix C. Chemical Mixing Supplemental Tables and Information .......................................................... C-1 

Appendix D. Designing, Constructing, and Testing Wells for Integrity ......................................................... D-1 

Appendix E. Flowback and Produced Water Supplemental Tables and Information ............................. E-1 

Appendix F. Wastewater Treatment and Waste Disposal Supplemental Information ........................... F-1 

Appendix G. Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing 
Water Cycle Supplemental Tables and Information .................................................................... G-1 

Appendix H. Description of EPA Hydraulic Fracturing Study Publications Cited in This Assessment
 ................................................................................................................................................................ ........... H-1 

Appendix I. Unit Conversions .......................................................................................................................................... I-1 

Appendix J. Glossary ............................................................................................................................................................ J-1 

 

 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 ix DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 

List of Tables 
Table 1-1. Stages of the hydraulic fracturing water cycle have various potential effects on drinking water 

resources. ...................................................................................................................................................................... 1-4 
Table 1-2. Criteria developed for the five factors used to evaluate literature and data cited in this assessment.

............................................................................................................................................................................................ 1-8 
Table 1-3. Research questions addressed by this assessment. ...................................................................................... 1-9 
Table 4-1. Percentage of injected water volume that comes from reused hydraulic fracturing wastewater in 

various states, basins, and plays. ........................................................................................................................ 4-3 
Table 4-2. Annual average hydraulic fracturing water use and consumption in 2011 and 2012 compared to 

total annual water use and consumption in 2010, by county. ............................................................. 4-11 
Table 4-3. Estimated proportions of hydraulic fracturing source water from surface and ground water.4-19 
Table 4-4. Brackish water use as a percentage of total hydraulic fracturing water use in Texas’ main hydraulic 

fracturing areas, 2011. .......................................................................................................................................... 4-20 
Table 5-1. Examples of common additives, their function, and the most frequently used chemicals reported to 

FracFocus for these additives. ............................................................................................................................. 5-9 
Table 5-2. Chemicals reported to FracFocus 1.0 from January 1, 2011 to February 28, 2013 in 10% or more 

disclosures, with the percent of disclosures for which each chemical is reported and the top four 
reported additives for the chemical. ............................................................................................................... 5-16 

Table 5-3. The percentage of disclosures of the 20 most commonly reported chemical by state, where a 
chemical is reported in at least three states. ............................................................................................... 5-21 

Table 5-4. Example list of chemicals and volumes used in hydraulic fracturing. ................................................ 5-24 
Table 5-5. Examples of typical hydraulic fracturing equipment and their functions. ....................................... 5-29 
Table 5-6. Estimations of spill rates. ........................................................................................................................................ 5-49 
Table 5-7. Ranking of the 20 most mobile organic chemicals, as determined by the largest log Kow, with 

CASRN, percent of wells where the chemical is reported from January 1, 2011 to February 28, 
2013 (U.S. EPA, 2015b), and physicochemical properties (log Kow, solubility, and Henry’s Law 
constant) as estimated by EPI Suite™. ............................................................................................................ 5-56 

Table 5-8. Ranking of the 20 least mobile organic chemicals, as determined by the largest log Kow, with CASRN, 
percent of wells where the chemical is reported from January 1, 2011 to February 28, 2013 (U.S. 
EPA, 2015b), and physicochemical properties (log Kow, solubility, and Henry’s Law constant) as 
estimated by EPI Suite™. ...................................................................................................................................... 5-59 

Table 5-9. The 20 chemicals reported most frequently nationwide for hydraulic fracturing based on reported 
FracFocus 1.0 disclosures (U.S. EPA, 2015b), with EPI Suite™ physicochemical parameters where 
available, and estimated mean and median volumes of those chemicals, where density was 
available. ...................................................................................................................................................................... 5-62 

Table 6-1. Results of studies of PA DEP violations data that examined well failure rates. ............................. 6-21 
Table 6-2. Comparing the approximate depth and thickness of selected U.S. shale gas plays and coalbed 

methane basins. ........................................................................................................................................................ 6-33 
Table 6-3. Modeling parameters and scenarios investigated by Reagan et al. (2015)...................................... 6-41 
Table 7-1. Data from one company’s operations indicating approximate total water use and approximate 

produced water volumes within 10 days after completion of wells (Mantell, 2013b). ............. 7-4 
Table 7-2. Additional short-, medium-, and long-term produced water estimates. ............................................. 7-5 
Table 7-3. Flowback and long-term produced water characteristics for wells in unconventional formations 

(U.S. EPA, 2015e). ...................................................................................................................................................... 7-6 
Table 7-4. Compiled minimum and maximum concentrations for various geochemical constituents in 

unconventional shale gas, tight gas, and CBM produced water (Alley et al., 2011). ................. 7-23 
 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 x DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
Table 7-5. Concentration ranges (mg/L) of several classes of naturally occurring organic chemicals in 

conventional produced water worldwide (reported in Neff, 2002). ................................................ 7-28 
Table 8-1. Estimated volumes (millions of gallons) of wastewater based on state data for selected years and 

numbers of wells producing fluid. ..................................................................................................................... 8-7 
Table 8-2. Hydraulic fracturing wastewater management practices in recent years. ...................................... 8-14 
Table 8-3. Distribution of active Class IID wells across the United States. ............................................................. 8-21 
Table 8-4. Number, by state, of CWT facilities that have accepted or plan to accept wastewater from hydraulic 

fracturing activities................................................................................................................................................. 8-25 
Table 8-5. Estimated percentages of reuse of hydraulic fracturing wastewater. ................................................ 8-29 
Table 8-6. Studies of removal efficiencies and influent/effluent data for various processes and facilities.8-40 
Table 8-7. Examples of centralized waste treatment facilities. ................................................................................... 8-51 
Table 9-1. Sources of selected toxicityRfVs and OSFs. ....................................................................................................... 9-5 
Table 9-2. List of the most frequently used chemicals in hydraulic fracturing fluids, with their respective 

federal chronic RfVs where available. ............................................................................................................ 9-11 
Table 9-3. List of the 20 most mobile chemicals used in hydraulic fracturing fluid, with their respective federal 

chronic RfVs where available. ............................................................................................................................ 9-13 
Table 9-4. List of the 20 least mobile chemicals used in hydraulic fracturing fluid, with their respective federal 

chronic RfVs where available. ............................................................................................................................ 9-14 
Table 9-5. Thresholds used for developing the toxicity score, occurrence score, and physicochemical 

properties score in this MCDA framework. ................................................................................................. 9-22 
Table 9-6. Toxicological properties of the 37 chemicals used in hydraulic fracturing fluid that were identified 

for hazard evaluation and MCDA analysis. ................................................................................................... 9-24 
Table 9-7. MCDA results for 37 chemicals used in hydraulic fracturing fluid....................................................... 9-27 
Table 9-8. Toxicological properties of the 23 chemicals detected in flowback and produced water that were 

identified for hazard evaluation and MCDA analysis. ............................................................................. 9-30 
Table 9-9. MCDA results for 23 chemicals in hydraulic fracturing flowback and produced water. ............ 9-31 
Table 9-10. List of the 23 chemicals with federal chronic RfVs identified to be used in hydraulic fracturing 

fluids and detected in the flowback/produced water stage of the hydraulic fracturing water cycle.
.......................................................................................................................................................................................... 9-34 

 
 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xi DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
 

List of Figures 
Figure ES-1. Schematic cross-section of general types of oil and gas resources and the orientations of 

production wells used in hydraulic fracturing. .......................................................................................... ES-2 
Figure ES-2. The stages of the hydraulic fracturing water cycle. ................................................................................ ES-4 
Figure ES-3. Water budgets representative of practices in the Marcellus Shale in the Susquehanna River Basin 

in Pennsylvania (a) and the Barnett Shale in Texas (b). ........................................................................ ES-8 
Figure 1-1. Conceptualized view of the stages of the hydraulic fracturing water cycle. .................................... 1-3 
Figure 2-1. Schematic cross-section of general types of oil and gas resources and the orientations of 

production wells used in hydraulic fracturing. ............................................................................................ 2-3 
Figure 2-2. Shale gas and oil plays in the lower 48 United States. ............................................................................... 2-6 
Figure 2-3. Tight gas plays in the lower 48 United States. ............................................................................................... 2-7 
Figure 2-4. Coalbed methane fields in the lower 48 United States. ............................................................................. 2-7 
Figure 2-5. Generalized timeline and summary of activities that take place during the operational phases of an 

oil or gas well site operation in which hydraulic fracturing is used. .................................................. 2-8 
Figure 2-6. Pulling drill pipe onto the drilling platform. ................................................................................................ 2-11 
Figure 2-7. Sections of surface casing lined up and being prepared for installation at a well site in Colorado.

.......................................................................................................................................................................................... 2-12 
Figure 2-8. Hydraulic fracturing operation in Troy, PA. ................................................................................................. 2-13 
Figure 2-9. Two wellheads side-by-side being prepared for hydraulic fracturing at a well site in Pennsylvania.

.......................................................................................................................................................................................... 2-14 
Figure 2-10. Water tanks (blue, foreground) lined up for hydraulic fracturing at a well site in central 

Arkansas. ..................................................................................................................................................................... 2-16 
Figure 2-11. Impoundment on the site of a hydraulic fracturing operation in central Arkansas. ............... 2-18 
Figure 2-12. Aerial photograph of a well pad and service road in Springville Township, Pennsylvania. 2-21 
Figure 2-13. Aerial photograph of hydraulic fracturing activities near Williston, North Dakota. ............... 2-21 
Figure 2-14. Landsat photo showing hydraulic fracturing well sites near Frierson, Louisiana. .................. 2-22 
Figure 2-15. Landsat photo showing hydraulic fracturing well sites near Pinedale, Wyoming. .................. 2-23 
Figure 2-16. Location of horizontal wells that began producing oil or natural gas in 2000, 2005, and 2012, 

based on data from DrillingInfo (2014a). ..................................................................................................... 2-24 
Figure 2-17. Trends in U.S. oil and gas production. .......................................................................................................... 2-29 
Figure 2-18. Historic and projected natural gas production by source (trillion cubic feet). .......................... 2-29 
Figure 2-19. Natural gas prices and oil and gas drilling activity, 2008−2012. ..................................................... 2-30 
Figure 2-20. (a) Production from U.S. shale gas plays, 2000−2014, in billion cubic feet per day; (b) Production 

from U.S. tight oil plays, 2000-2014. ............................................................................................................... 2-31 
Figure 2-21. U.S. petroleum and other liquid fuels supply by source, past and projected future trends (million 

barrels per day). ....................................................................................................................................................... 2-32 
Figure 3-1. Geographic variability in drinking water sources for public water systems. .................................. 3-2 
Figure 3-2. Proximity of hydraulically fractured wells relative to populated areas. ........................................... 3-5 
Figure 3-3. Temporal trends (2000–2013) in the number and percent of hydraulically fractured wells located 

within populated areas. .......................................................................................................................................... 3-6 
Figure 3-4. Location and number of public water system (PWS) sources located within 1 mile of a 

hydraulically fractured well.................................................................................................................................. 3-8 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xii DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
Figure 3-5. The location of public water system sources within 1 mile of hydraulically fractured wells. . 3-9 
Figure 3-6. Co-occurrence of hydraulic fracturing activity and populations supplied by private water systems.

.......................................................................................................................................................................................... 3-10 
Figure 4-1. Annual average hydraulic fracturing water use in 2011 and 2012 by county (U.S. EPA, 2015b).4-13 
Figure 4-2. (a) Annual average hydraulic fracturing water use in 2011 and 2012 compared to total annual 

water use in 2010, by county, expressed as a percentage; (b) Annual average hydraulic fracturing 
water consumption in 2011 and 2012 compared to total annual water consumption in 2010, by 
county, expressed as a percentage. ................................................................................................................. 4-14 

Figure 4-3. Locations of wells in the EPA FracFocus project database, with respect to U.S. EIA shale plays and 
basins (EIA, 2015; US. EPA, 2015b). ................................................................................................................ 4-17 

Figure 4-4. Major U.S. EIA shale plays and basins for Texas (EIA, 2015). ............................................................... 4-18 
Figure 4-5. Annual average hydraulic fracturing water use in 2011 and 2012 compared to (a) fresh water 

available and (b) total water (fresh, brackish, and wastewater) available, by county, expressed as 
a percentage. .............................................................................................................................................................. 4-23 

Figure 4-6. (a) Estimated annual surface water runoff from the USGS; (b) Reliance on ground water as 
indicated by the ratio of ground water pumping to stream flow and pumping. ......................... 4-25 

Figure 4-7. Major U.S. EIA shale plays and basins for Colorado and Wyoming (EIA, 2015). .......................... 4-28 
Figure 4-8. Major U.S. EIA shale plays and basins for Pennsylvania, West Virginia, and Ohio (EIA, 2015).4-32 
Figure 4-9. Major U.S. EIA shale plays and basins for North Dakota and Montana (EIA, 2015b). ............... 4-36 
Figure 4-10. Major U.S. EIA shale plays and basins for Oklahoma and Kansas (EIA, 2015). .......................... 4-40 
Figure 4-11. Major U.S. EIA shale plays and basins for Arkansas and Louisiana (EIA, 2015b). .................... 4-43 
Figure 4-12. Major U.S. EIA shale plays and basins for Utah, New Mexico, and California (EIA, 2015). ... 4-45 
Figure 5-1. Factors governing potential impact to drinking water resources. ....................................................... 5-1 
Figure 5-2. Hydraulic fracturing site showing equipment used on-site during the chemical mixing process.5-3 
Figure 5-3. Overview of a chemical mixing process of the hydraulic fracturing water cycle. ......................... 5-4 
Figure 5-4. Example fracturing fluid decision tree for gas and oil wells. .................................................................. 5-8 
Figure 5-5. Estimated median volumes for chemicals reported in at least 100 FracFocus disclosures by 

February 28, 2013 for use in hydraulic fracturing from January 1, 2011 to February 28, 2013.5-27 
Figure 5-6. Typical hydraulic fracturing equipment layout. ......................................................................................... 5-30 
Figure 5-7. Metal and high-density polyethylene (HDPE) chemical additive units. ........................................... 5-32 
Figure 5-8. A worker adjusts hoses at a hydraulic fracturing site near Mead, Colorado. ................................ 5-35 
Figure 5-9. Manifold (pointed to by the white arrow). ................................................................................................... 5-37 
Figure 5-10. High-pressure pumps on either side of the manifold. ........................................................................... 5-38 
Figure 5-11. Multiple fracture heads. ...................................................................................................................................... 5-39 
Figure 5-12. Distribution of the causes of 151 hydraulic fracturing-related spills of chemicals and fracturing 

fluid. ............................................................................................................................................................................... 5-44 
Figure 5-13. Percent distribution of sources of 151 hydraulic fracturing-related spills of chemicals or 

fracturing fluid. ......................................................................................................................................................... 5-45 
Figure 5-14. Total volume of fluids spilled for 151 hydraulic fracturing-related spills of chemicals and 

fracturing fluid, by spill source. ......................................................................................................................... 5-46 
Figure 5-15. Number of hydraulic fracturing-related spills of chemicals or fracturing fluid that reported 

whether an environmental receptor was reached. .................................................................................. 5-47 
Figure 5-16. Fate and transport schematic for a spilled hydraulic fracturing fluid. .......................................... 5-51 
Figure 5-17. Histograms of physicochemical properties of chemicals used in the hydraulic fracturing process.

.......................................................................................................................................................................................... 5-54 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xiii DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
Figure 5-18. Histograms of physicochemical properties of confidential chemicals used in the hydraulic 

fracturing process. .................................................................................................................................................. 5-55 
Figure 5-19. Fate and Transport Spill Example: Case 1. ................................................................................................. 5-67 
Figure 5-20. Fate and Transport Spill Example: Case 2. ................................................................................................. 5-68 
Figure 5-21. Fate and Transport Spill Example: Case 3. ................................................................................................. 5-69 
Figure 6-1. Overview of well construction. ............................................................................................................................. 6-5 
Figure 6-2. The various stresses to which the casing will be exposed. ...................................................................... 6-7 
Figure 6-3. Potential pathways for fluid movement in a cemented wellbore. ...................................................... 6-12 
Figure 6-4. Hydraulic fracture planes (represented as ovals), with respect to the principal subsurface 

compressive stresses: SV (the vertical stress), SH (the maximum horizontal stress), and Sh (the 
minimum horizontal stress). .............................................................................................................................. 6-29 

Figure 6-5. Conceptualized depiction of potential pathways for fluid movement out of the production zone: 
(a) induced fracture overgrowth into over- or underlying formations; (b) induced fractures 
intersecting natural fractures; and (c) induced fractures intersecting a transmissive fault. 6-37 

Figure 6-6. Induced fractures intersecting an offset well (in a production zone, as shown, or in overlying 
formations into which fracture growth may have occurred). ............................................................. 6-43 

Figure 6-7. Well communication (a frac hit) via induced fractures intersecting another well or its fracture 
network. ....................................................................................................................................................................... 6-43 

Figure 7-1. Fraction of injected hydraulic fracturing fluid recovered from six vertical (top) and eight 
horizontal (bottom) wells completed in the Marcellus Shale. ............................................................... 7-8 

Figure 7-2. Example of flowback and produced water from the Marcellus Shale, illustrating rapid decline in 
water production and cumulative return of approximately 30% of the volume of injected fluid.
............................................................................................................................................................................................ 7-9 

Figure 7-3. Percent of injected fluid recovered for Marcellus Shale wells in West Virginia (2010−2012).7-10 
Figure 7-4. Barnett Shale monthly water-production percentiles (5th, 30th, 50th, 70th, and 90th) and number of 

wells with data (dashed line). ............................................................................................................................ 7-12 
Figure 7-5. Barnett Shale production data for approximately 72 months. ............................................................ 7-12 
Figure 7-6. TDS concentrations measured through time for injected fluid (at 0 days), flowback, and produced 

water samples from four Marcellus Shale gas wells in three southwestern Pennsylvanian counties.
.......................................................................................................................................................................................... 7-18 

Figure 7-7. Total radium and TDS concentrations measured through time for injected (day 0), flowback, and 
produced water samples from mutually exclusive Greene County, PA, Marcellus Shale gas wells.
.......................................................................................................................................................................................... 7-19 

Figure 7-8. (a) Chloride (Cl) and (b) DOC concentrations measured through time for injected (day 0), 
flowback, and produced water samples obtained from three Marcellus Shale gas wells from a 
single well pad in Greene County, PA used for hydraulic fracturing. ............................................... 7-21 

Figure 7-9. Histograms of physicochemical properties of 86 organic chemicals identified in produced water 
(physicochemical properties estimated by EPI SuiteTM). ...................................................................... 7-43 

Figure 8-1. Produced and flowback water volumes and produced gas volumes from unconventional wells in 
Pennsylvania from July of 2009 through June of 2014. ............................................................................ 8-3 

Figure 8-2. Wastewater quantities in the western United States (billions of gallons per year). .................... 8-5 
Figure 8-3. Schematic of wastewater management strategies. ................................................................................... 8-13 
Figure 8-4. Percentages of Marcellus Shale wastewater managed via various practices for (top) the second 

half of 2009 and first half of 2010 (total estimated volume of 216 Mgal), and (bottom) 2013 (total 
estimated volume of 1.3 billion gallons). ...................................................................................................... 8-18 

Figure 8-5. Management of wastewater in Colorado in regions where hydraulic fracturing is being performed.
.......................................................................................................................................................................................... 8-19 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xiv DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
Figure 8-6. Lined evaporation pit in the Battle Creek Field (Montana). .................................................................. 8-32 
Figure 8-7. Oil and gas wastewater volumes discharged to POTWs from 2001-2011 in the Marcellus Shale.

.......................................................................................................................................................................................... 8-34 
Figure 8-8. Full discharge water process used in the Pinedale Anticline field. .................................................... 8-50 
Figure 9-1. Overall representation of the selected RfVs and OSFs, occurrence data, and physicochemical data 

available for the 1,173 hydraulic fracturing chemicals identified by the EPA. .............................. 9-7 
Figure 9-2. Fraction of chemicals with at least one data point in each ACToR data class. .............................. 9-10 
Figure 9-3. The two subsets of chemicals selected for hazard evaluation included 37 chemicals used in 

hydraulic fracturing fluid, and 23 chemicals detected in flowback or produced water. ......... 9-18 
Figure 9-4. Overview of the MCDA framework applied to the hazard evaluations. ........................................... 9-20 
Figure 10-1. Water budgets representative of practices in the Marcellus Shale in the Susquehanna River Basin 

in Pennsylvania (a) and the Barnett Shale in Texas (b). ........................................................................ 10-3 
 
 

 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xv DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment 

List of Acronyms/Abbreviations 
Acronym Definition 

2BE 2-butoxyethanol 

ACToR Aggregated Computational 
Toxicology Resource 
database 

AMEC AMEC Environment & 
Infrastructure, Inc. 

ANRC Arkansas Natural Resources 
Commission 

AO administrative order 

AOGC Arkansas Oil and Gas 
Commission 

API American Petroleum 
Institute 

ATSDR Agency for Toxic Substance 
and Disease Registry 

AWWA American Water Works 
Association 

BLM Bureau of Land Management 

BTEX benzene, toluene, 
ethylbenzene, and xylenes 

CARES Casella Altela Regional 
Environmental Services 

CASRN chemical abstract services 
registration number 

CBI confidential business 
information 

CBM coalbed methane 

CCST California Council on Science 
and Technology 

CDWR Colorado Division of Water 
Resources 

CFR Code of Federal Regulations 

CICAD Concise International 
Chemical Assessment 
Document 

Acronym Definition 

CM chemical mixing 

COGCC Colorado Oil and Gas 
Conservation Commission 

CWCB Colorado Water 
Conservation Board 

CWT centralized waste treatment 

CWTF centralized water treatment 
facility 

DBNM dibromochloronitromethane 

DBP disinfection by-products 

DecaBDE decabromodipheyl ether 

DfE Design for the Environment 

DI Drilling Info, Inc. 

DMR Discharge Monitoring Report 

DNR Department of Natural 
Resources 

DO dissolved oxygen 

DOC dissolved organic carbon 

DOE U.S. Department of Energy 

DOGGR California Department of 
Conservation’s Division of 
Oil, Gas & Geothermal 
Resources 

DOJ U.S. Department of Justice 

DOT U.S. Department of 
Transportation 

DRO diesel range organics 

EERC Energy and Environmental 
Research Center, University 
of North Dakota 

EIA U.S. Energy Information 
Administration 

EPA U.S. Environmental 
Protection Agency 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xvi DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
Acronym Definition 

EPA OW  U.S. Environmental 
Protection Agency’s Office of 
Water 

EPI  estimation programs 
interface 

ERCB  Energy Resource 
Conservation Board 

ERG Eastern Research Group 

ESN  Environmental Services 
Network  

FRS fluids recovery services 

GES Groundwater & 
Environmental Services, Inc. 

GNB  Government of New 
Brunswick 

GRO  gasoline range organics 

GTI Gas Technology Institute 

GWPC Ground Water Protection 
Council 

HBCD hexabromocyclododecane 

HDPE high-density polyethylene 

HF  hydraulic fracturing 

HHBP Human Health Benchmarks 
for Pesticides 

HISA Highly Influential Scientific 
Assessment 

HUC  hydrological unit code 

IAEA International Atomic Energy 
Agency 

IARC International Agency for 
Research on Cancer 

IOGCC Interstate Oil and Gas 
Compact Commission 

IPCC  Intergovernmental Panel on 
Climate Change 

IPCS International Programme on 
Chemical Safety 

Acronym Definition 

IRIS  Integrated Risk Information 
System 

IUPAC  International Union of Pure 
and Applied Chemistry 

KWO Kansas Water Office 

LOAEL lowest observed adverse 
effect level 

MCDA multicriteria decision 
analysis 

MCL maximum contaminant level 

MCLG maximum containment level 
goal 

MCOR  Marcellus Center for 
Outreach and Research 

MIT  mechanical integrity test 

MRL minimum risk level  

MSC Marcellus shale coalition 

MT GWIC  Montana Ground Water 
Information Center 

MTBE methyl tert-butyl ether 

MVR mechanical vapor 
recompression 

NAS National Academy of 
Sciences 

NDDMR North Dakota Department of 
Mineral Resources 

NDDOH  North Dakota Department of 
Health 

NDSWC North Dakota State Water 
Commission 

NETL National Energy Technology 
Laboratory 

NGO non-governmental 
organization 

NM OCD  New Mexico Oil 
Conservation Division 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xvii DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
Acronym Definition 

NM OSE New Mexico Office of the 
State Engineer 

NOAEL  no observed adverse effect 
level 

NORM  naturally occurring 
radioactive material 

NPC National Petroleum Council 

NPDES National Pollution Discharge 
Elimination System 

NRC  National Resource Council 

NTP U.S. National Toxicology 
Program 

NYSDEC New York State Department 
of Environmental 
Conservation 

O&G  oil and gas 

ODNR  Ohio Department of Natural 
Resources 

ODNR, Ohio Department of Natural 
DMRM Resources, Division of 

Mineral Resources 
Management 

OEPA Ohio Environmental 
Protection Agency 

ORD Office of Research and 
Development 

OSF oral slope factor 

OSHA Occupational Safety & Health 
Administration 

OSWER Office of Solid Water and 
Emergency Response 

OWRB Oklahoma Water Resources 
Board 

PA DCNR  Pennsylvania Department of 
Conservation and Natural 
Resources 

PA DEP Pennsylvania Department of 
Environmental Protection 

Acronym Definition 

PAH polycyclic aromatic 
hydrocarbon 

PFBC Pennsylvania Fish and Boat 
Commission 

PDL  positive determination letter 

PMF Positive Matrix Factorization 

POD point-of-departure 

POTW publicly owned treatment 
work 

PPRTV provisional peer-reviewed 
toxicity value 

QA quality assurance 

QAPP  quality assurance project 
plan 

QC quality control 

QSAR Quantitative Structure 
Activity Relationship 

RfD reference dose 

RfV reference value 

RO  reverse osmosis 

SAB Science Advisory Board 

SAIC Science Applications 
International Corporation 

SDWA Safe Drinking Water Act 

SDWIS safe drinking water 
information system 

SEECO Southern Electrical 
Equipment Company 

SGEIS supplemented generic 
environmental impact 
statement 

SHS MSC  statewide health standards 
for medium-specific 
concentrations 

SMCL secondary maximum 
contaminant level 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xviii DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 
Acronym Definition 

SPE Society of Petroleum 
Engineers 

SRB Susquehanna River basin 

SRBC Susquehanna River Basin 
Commission 

STO Statoil 

STRONGER  State review of oil and 
natural gas environmental 
regulations 

SVOC  semi-volatile organic 
compounds 

SWE  Southwestern Energy 

TARM  TerrAqua Resource 
Management 

TBA tert-butyl alcohol 

TDS total dissolved solids 

TENORM technologically enhanced 
naturally occurring 
radioactive material 

THM trihalomethane 

TIPRO  Texas Independent 
Producers and Royalty 
Owners Association 

TMDL  total maximum daily load 

TOC  total organic carbon 

TPH  total petroleum 
hydrocarbons 

TSS  total suspended solids 

TTHM total trihalomethane 

TWDB  Texas Water Development 
Board 

TXRRC Texas Railroad Commission 

UCRB Upper Colorado River basin 

UIC underground injection 
control 

UOG  unconventional oil and gas 

Acronym Definition 

USGAO U.S. Government 
Accountability Office 

USGS U.S. Geological Survey 

UWS  Universal Well Services 

VOC  volatile organic compounds 

WAWSA Western Area Water Supply 
Authority 

WFR  Well File Review 

WHO World Health Organization 

WRF Water Research Foundation 

WVDEP West Virginia Department of 
Environmental Protection 

WWTP wastewater treatment plant 

WYOGCC  Wyoming Oil and Gas 
Conservation Commission 

 

 

This document is a draft for review purposes only and does not constitute Agency policy. 

June 2015 xix DRAFT—DO NOT CITE OR QUOTE 



Hydraulic Fracturing Drinking Water Assessment  

 
 

Preface 
The U.S. Environmental Protection Agency (EPA) is conducting a study of the potential impacts of 1 
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hydraulic fracturing for oil and gas on drinking water resources. This study was initiated in Fiscal 
Year 2010 when Congress urged the EPA to examine the relationship between hydraulic fracturing 
and drinking water resources in the United States. In response, EPA developed a research plan 
(Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources) that was 
reviewed by the Agency’s Science Advisory Board (SAB) and issued in 2011. A progress report on 
the study (Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources: 
Progress Report), detailing the EPA’s research approaches and next steps, was released in late 2012 
and was followed by a consultation with individual experts convened under the auspices of the SAB. 

The EPA’s study includes the development of several research projects, extensive review of the 
literature and technical input from state, industry, and non-governmental organizations as well as 
the public and other stakeholders. A series of technical roundtables and in-depth technical 
workshops were held to help address specific research questions and to inform the work of the 
study. The study is designed to address research questions posed for each stage of the hydraulic 
fracturing water cycle: 

• Water Acquisition: What are the possible impacts of large volume water withdrawals 
from ground and surface waters on drinking water resources? 

• Chemical Mixing: What are the possible impacts of surface spills of hydraulic fracturing 
fluid on or near well pads on drinking water resources? 

• Well Injection: What are the possible impacts of the injection and fracturing process on 
drinking water resources? 

• Flowback and Produced Water: What are the possible impacts of surface spills of flowback 
and produced water on or near well pads on drinking water resources? 

• Wastewater Treatment and Waste Disposal: What are the possible impacts of 
inadequate treatment of hydraulic fracturing wastewaters on drinking water resources? 

This report, Assessment of the Potential Impacts of Hydraulic Fracturing for Oil and Gas on Drinking 
Water Resources, includes both the literature review and results from the research projects 
conducted as part of the EPA’s study. It will undergo independent, external peer review in 
accordance with Agency policy and all of the peer review comments received will be considered in 
the development of the final report.  

The EPA’s study will contribute to the understanding of the potential impacts of hydraulic 
fracturing activities for oil and gas on drinking water resources and the factors that may influence 
those impacts. The study will help facilitate and inform dialogue among interested stakeholders, 
including Congress, other Federal agencies, states, tribal government, the international community, 
industry, non-governmental organizations, academia, and the general public. 
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