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A. The Supreme Court’s Decision in Carbon County Resource Council v. Montana 
Board of Oil and Gas Conservation Does Not Constrain the Board’s Authority to 
Initiate Rulemaking 

 In the Board’s September 23, 2016, decision denying the Petition, the Board stated that 
the Montana Supreme Court’s then-pending decision in Carbon County Resource Council v. 
Montana Board of Oil and Gas Conservation, No. DA 15-0613 (“CCRC”), needed to “run its 
course” before the Board initiates rulemaking to amend the Disclosure Rules.  The Commenters 
disagree that the CCRC appeal presented any overlapping issues with the Petition that precluded 
Board action on the Petition in September 2016.  Regardless, the Supreme Court issued a final 
decision in the CCRC appeal on September 27, 2016, see Carbon Cty. Res. Council v. Mont. Bd. 
of Oil & Gas Conservation, 2016 MT 240, 385 Mont. 51, 380 P.3d 798 (attached as Exhibit 1), 
and that decision makes clear that CCRC does not constrain the Board’s authority to reform the 
Disclosure Rules as requested in the Petition. 
 
 CCRC involved an as-applied constitutional challenge to the Board’s “48-hour notice 
rule,” which requires oil and gas operators intending to hydraulically fracture an exploratory oil 
and gas well to notify the Board of their intent to do so at least 48 hours in advance, ARM 
36.22.608(2).  See CCRC, ¶ 8.  Specifically, the CCRC plaintiffs alleged that the Board’s 
application of the 48-hour notice rule in approving chemical stimulation of an exploratory well in 
Carbon County violated the plaintiffs’ constitutional right to participate.  See id. ¶¶ 5-8.  
Accordingly, the CCRC appeal did not raise any issues concerning the matters raised in the 
Petition and now back before the Board, i.e., the requirements for public disclosure of fracking 
chemical information pursuant to the Board’s Disclosure Rules.  Further, the chemical disclosure 
issues at hand do not implicate the requirements for public participation in connection with 
activities authorized pursuant to the Board’s 48-hour notice rule.   
 
 This conclusion is borne out in the Supreme Court’s decision resolving the CCRC appeal.  
After reversing the district court’s judgment that the CCRC plaintiffs’ claim was unripe, see id. 
¶ 15, the Supreme Court ruled that the Board did not violate the CCRC plaintiffs’ right to 
participate in approving the specific well stimulation activities at issue in that case, id. ¶¶ 23-25.  
Consequently, the Supreme Court’s decision in CCRC has no effect on the Board’s authority to 
grant the Petition and initiate rulemaking to strengthen the Disclosure Rules, and it does not 
provide a valid reason to deny the Petition.   
  

B. The Federal Defend Trade Secrets Act Does Not Constrain the Board’s Authority 
to Initiate Rulemaking 

 In denying the fracking chemical disclosure Petition in September 2016, the Board also 
stated that it was “uncertain about the new federal trade secret law and the impact it may have on 
anything the Board does today.”  The federal law at issue, the Defend Trade Secrets Act of 
2016,1 also poses no obstacle to the Board’s amending the Disclosure Rules as requested in the 
Petition. 
 
                                                 
1 Pub. L. No. 114-153, 130 Stat. 376 (114th Cong. May 11, 2016), codified at various sections of 
18 U.S.C. ch. 90. 
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 The Defend Trade Secrets Act is concerned with corporate espionage; accordingly, it 
provides a federal civil cause of action for trade secret misappropriation by business competitors.  
See 18 U.S.C. § 1836(b)(1), (c); S. Rep. No. 114-220 at 3, 5, 114th Cong., 2d. Sess. (Mar. 7, 
2016); H.R. Rep. No. 114-529 at 1-2, 114th Cong., 2d Sess. (Apr. 26, 2016).  The Act does not 
address disclosure of fracking chemical information, or any other commercial information, 
pursuant to state or federal regulatory requirements or the protection of alleged trade secret 
information in that context.  Importantly, the Act expressly does not prohibit any otherwise 
lawful activities by state governments, affect lawful disclosures under the federal Freedom of 
Information Act, or preempt state remedies for trade secret misappropriation.  See 18 U.S.C. 
§§ 1833(a)(1), 1838; S. Rep. No. 114-220 at 10; H.R. Rep. No. 114-529 at 5-6, 14.  Moreover, 
the Defend Trade Secrets Act is intended to conform to the Uniform Trade Secrets Act, which 
governs the scope of trade secret protection in Montana.  See S. Rep. No. 114-220 at 3, 10; H.R. 
Rep. No. 114-529 at 2, 13-14.   
 
 Accordingly, the Defend Trade Secrets Act does not constrain the Board’s authority to 
amend the Disclosure Rules as requested in the Petition or provide a valid reason to deny the 
Petition. 
  

C. Adopting the Proposed Regulatory Reforms Would Not Hinder the Protection of 
Legitimate Trade Secrets 

 In denying the Petition in September 2016, the Board also expressed concern that 
adopting the regulatory reforms requested in the Petition could hinder the Board’s ability to 
protect trade secrets and could expose the Board or its staff to liability issues.  Those concerns 
are unfounded and do not provide a valid reason to deny the Petition. 
 
 As the petitioners explained in comments to the Board in September, the Petition does 
not seek to abolish the Disclosure Rules’ trade secrets exemption or compel the Board to disclose 
legitimate trade secret information to the public.  Nor could it, as Montana law requires the 
Board to withhold legitimate trade secret information from the public.  See Great Falls Tribune 
v. Mont. Pub. Serv. Comm’n, 2003 MT 359, ¶ 39, 319 Mont. 38, 82 P.3d 876 (holding that 
constitutional right-to-know does not require disclosure of trade secrets protected under Uniform 
Trade Secrets Act); Mont. Code Ann. § 2-6-1002(11) (Montana Public Records Act exempting 
from definition of “public information” accessible to the public any “confidential information 
that must be protected against public disclosure under applicable law”).2   
 
 Accordingly, the Petition asks the Board to amend the trade secrets exemption so that 
only legitimate trade secret information is shielded from disclosure.  To accomplish that, the 
Petition asks the Board to amend its rules to require oil and gas operators to submit to the Board 
evidence demonstrating that information they wish to withhold as trade secrets actually qualifies 
as such under Montana law, and to provide that the Board will make a determination as to 
                                                 
2 In its September 2016 decision denying the Petition, the Board suggested that Montana law and 
Wyoming law are different in this respect, but in fact Wyoming law also requires state agencies 
to withhold legitimate proprietary information from public disclosure.  See Wyo. Stat. Ann. § 16-
4-203(d)(v) (exempting from disclosure under public records laws trade secrets and confidential 
commercial information).   
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whether trade secret claims are valid before allowing operators to take advantage of the 
disclosure exemption.  This amended framework would ensure that the Board continues to shield 
legitimate trade secret information from public disclosure while providing lawful public access 
to information about all other chemicals approved for fracking in Montana. 
 

D. The Board Has the Authority and Obligation to Take Action   

 Finally, the Board stated in its September 2016 decision denying the Petition that “[a] 
decision this complicated and with such broad implications should be made as part of the 
legislative process and not by the seven members of the Board serving as governor appointees.”  
However, this rationale does not provide a valid basis for denying the Petition and refusing to 
initiate rulemaking. 
 
 The Board has undisputed authority to regulate fracking chemical disclosure, as it has 
done since 2011 pursuant to the existing Disclosure Rules.  Indeed, the Supreme Court has 
recognized the Board’s broad authority “to take measures to … prevent contamination of or 
damage to surrounding land or underground strata [from oil and gas development], and to 
promote environmentally sound development of oil and gas in Montana.”  Mont. Wildlife Fed’n 
v. Mont. Bd. of Oil & Gas Conservation, 2012 MT 128, ¶ 8, 365 Mont. 232, 280 P.3d 877 (citing 
Mont. Code Ann. § 82-11-111). 
  
 The Board also has a clear duty to act on the Petition and initiate reforms of the 
Disclosure Rules.  In the Petition and supporting materials, the Commenters have explained that 
the existing Disclosure Rules’ limited requirements for pre-fracking chemical disclosure and 
framework for exempting alleged trade secrets are fundamentally unfair to Montana landowners 
and the broader public and, more critically, the existing trade secrets exemption violates the 
Montana Constitution.  Further, the Board is the state government body charged with the 
regulation of oil and gas development, the prevention of contamination from those activities, and 
the promotion of environmentally sound development practices.  See id.; Mont. Code Ann. § 82-
11-111.  Under these circumstances, the Board has a duty to the people of Montana to take action 
that is within the Board’s jurisdiction and necessary to safeguard citizens’ constitutional rights 
and fundamental fairness.  Consequently, the Board’s stated preference that the legislature 
address the issue of fracking chemical disclosure does not provide a legitimate basis for the 
Board’s refusal to act.  See Columbia Falls Elementary School Dist. No. 6 v. State, 2005 MT 69, 
¶ 48, 326 Mont. 304, 109 P.3d 257 (Nelson, J., concurring) (“choosing not to act, is an act in and 
of itself” and must be rationally justified by consideration of the relevant factors and evidence in 
the record); accord Clark Fork Coal. v. Mont. Dep’t of Envtl. Quality, 2008 MT 407, ¶ 43, 347 
Mont. 197, 197 P.3d 482. 
 

E. Conclusion 

 For the reasons stated in the Commenters’ July 2016 Petition and supporting exhibits and 
comments, amendments to the Board’s Disclosure Rules—specifically, the rules’ requirements 
for pre-fracking chemical disclosure and framework for exempting alleged trade secret 
information—are necessary to protect the interests of Montana citizens in safeguarding their 
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property, health, and environment and to comply with the Montana Constitution.3  Further, for 
the reasons stated above, the Board’s September 2016 decision to deny the Petition was 
unsupported.  The Board should take the opportunity afforded by its reconsideration of the 
Petition to make the right decision for Montanans and initiate rulemaking to strengthen the 
Disclosure Rules. 

 

Sincerely, 
 

 
Katherine K. O’Brien 
Earthjustice 
313 East Main Street 
Bozeman, Montana 59715 
(406) 586-9699 
kobrien@earthjustice.org 
 
Counsel for Montana Environmental Information Center, 
Natural Resources Defense Council, Dr. Mary Anne Mercer, 
David Katz, Anne Moses, Jack and Bonnie Martinell, Dr. 
Willis Weight, and Dr. David Lehnherr 

                                                 
3 Since the Board’s decision to deny the Petition in September 2016, the body of evidence 
substantiating the public’s concerns over the safety of fracking chemicals has grown.  Notably, in 
December 2016 the U.S. Environmental Protection Agency released its final “Study of Hydraulic 
Fracturing for Oil and Gas and Its Potential Impact on Drinking Water Resources,” which 
concluded that hydraulic fracturing activities can adversely impact drinking water resources.  See 
U.S. EPA, Hydraulic Fracturing for Oil and Gas:  Impacts from the Hydraulic Fracturing Water 
Cycle on Drinking Water Resources in the United States (Final Report) 1-2, 18, 20, 22, 24-27, 
29, 31, 36-37, 41.  U.S. Environmental Protection Agency, Washington, D.C., EPA/600/R-
16/236F, 2016 (attached as Exhibit 2).  Moreover, the EPA assessment concluded that greater 
access to information about the chemicals used for fracking is necessary for governments and the 
public to fully understand the risks associated with fracking and the nature, frequency, and 
severity of fracking impacts on water resources.  See id. at 40-41. 
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Justice Beth Baker delivered the Opinion of the Court.  

¶1 Carbon County Resource Council and Northern Plains Resource Council 

(collectively Resource Councils) oppose hydraulic fracturing at the Hunt Creek 1-H well, 

an exploratory gas well in Carbon County, Montana.  Resource Councils challenged the 

Montana Board of Oil and Gas Conservation’s (the Board) approval of well stimulation 

activities at the site, claiming that they were denied a meaningful opportunity to 

participate in the process.  The Thirteenth Judicial District Court held that Resource 

Councils’ concerns were speculative and therefore not ripe for judgment.  We disagree 

and hold that Resource Councils’ claims are ripe for judicial review.  We conclude that 

the Board did not violate their right to participate in its consideration of the permit issued 

in this case.  We thus find it unnecessary to decide whether the Board’s “48-hour notice” 

rule may be unconstitutional in other circumstances.

PROCEDURAL AND FACTUAL BACKGROUND

¶2 The Montana Constitution guarantees citizens a “reasonable opportunity” to 

participate in government operations.  Mont. Const. art. II, § 8. In executing this 

constitutional mandate, agencies are obligated to “develop procedures for permitting and 

encouraging the public to participate in agency decisions that are of significant interest to 

the public.”  Section 2-3-103, MCA.  As a quasi-judicial state agency administratively 

attached to the Department of Natural Resources and Conservation, the Board is required

to ensure public participation in its decision-making procedural processes.  Sections 2-3-

103, 2-4-201, 2-15-3303, MCA.
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¶3 The Board’s procedural rules require oil and gas well operators to file an 

application for a permit to drill with the Board.  Admin. R. M. 36.22.601(1).  If the 

proposed well is outside of an existing oil and gas field delineated by the Board, the 

operator must publish notice of its intent to drill and file proof of publication with the 

Board.  Admin. R. M. 36.22.601(1).  The application for a permit to drill must be set for 

notice and public hearing if an interested person demands an opportunity to be heard 

pursuant to the procedures provided for under the relevant Administrative Rules.  Admin. 

R. M. 36.22.601(4).  Following a hearing, the Board may either grant or deny the permit.  

Admin. R. M. 36.22.601(5).  If the Board grants the permit, it may impose “such 

conditions” as it finds “proper and necessary.”  Admin. R. M. 36.22.601(5)(a).

¶4 Well completion activities such as “hydraulic fracturing, acidizing, or other 

chemical stimulation . . . are considered permitted activities under the drilling permit for 

that well only if the processes, anticipated volumes, and types of materials planned for 

use are expressly described in the permit application for that well.”  Admin. R. M. 

36.22.608(1).1  Admin. R. M. 36.22.608(2) (the Rule) provides that for exploratory 

wells—like the well at issue here—the well operator must notify the Board of its “intent 

to stimulate or chemically treat a well . . . prior to commencing such activities.”  The well 

operator must describe the “fracturing, acidizing, or other chemical treatment” in the 

                                               
1 “Hydraulic fracturing” or “fracturing,” also known as “fracking,” “fracing,” or 
“hydro-fracking,” is an oil and gas extraction technique.  The Administrative Rules of Montana 
define “fracturing” as “the introduction of fluid that may or may not carry in suspension a 
propping agent under pressure into a formation containing oil or gas for the purpose of creating 
cracks in said formation to serve as channels for fluids to move to or from the well bore.”  
Admin. R. M. 36.22.302(28).  
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notice, and the operator must give the Board notice “at least 48 hours before 

commencement of well stimulation activities.”  Admin. R. M. 36.22.608(2)(a).  A well 

operator is required to disclose the amount and type of materials used in its well 

stimulation activities, Admin. R. M. 36.22.1015, and comply with safety and well control 

requirements if it engages in hydraulic fracturing, Admin. R. M. 36.22.1106.  

¶5 In October 2013, Energy Corporation of America (Energy Corp.) announced that 

it planned to develop oil and gas leases in the Beartooth Mountains.  Energy Corp. then 

filed an application with the Board for a permit to drill an exploratory oil and gas well in 

Carbon County known as the Hunt Creek 1-H well (Hunt Creek Well).  Energy Corp.’s 

application did not describe any well completion activities pursuant to Admin. R. M. 

36.22.608(1).  Resource Councils, which are affiliated grassroots conservation and 

agriculture groups, objected to the permit.  Despite procedural problems with Resource 

Councils’ objection, the Board held a hearing on Energy Corp.’s drilling permit 

application in February 2014.  Nine local residents and an expert testified on behalf of 

Resource Councils.  The residents presented their concerns with the permit application, 

the environmental assessment’s adequacy, and the potential environmental impacts of 

hydraulic fracturing at the Hunt Creek Well.  The expert, an environmental geologist, 

testified and submitted a report highlighting the risks associated with the proposed 

drilling plan as well as risks associated with hydraulic fracturing at the site.

¶6 During the hearing, the Board noted that Energy Corp. proposed drilling an 

exploratory well to evaluate the site’s potential for development.  The Board emphasized 
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that Energy Corp.’s application did not propose hydraulic fracturing and that there was no 

indication from the application that hydraulic fracturing was planned in the future.  At the 

close of the hearing, the Board approved the permit with the condition that Energy Corp. 

comply with certain water standards should it propose hydraulic fracturing at the Hunt 

Creek Well in the future.  The Board’s order approving the permit reiterated that Energy 

Corp. did not propose hydraulic fracturing at the Hunt Creek Well.  

¶7 On July 7, 2014, Energy Corp. submitted a sundry notice to the Board pursuant to 

the Rule.  In its notice, Energy Corp. indicated that it intended to “stimulate” or 

“chemically treat” the Hunt Creek Well and “perform a diagnostic fracture injection test”

(diagnostic test) on the well.  The notice provided a detailed description of the planned 

work and stated that the well would be shut in once “25-30 barrels [had] been pumped 

into the formation.”  Pursuant to the Rule, the Board approved Energy Corp.’s notice and 

allowed it to perform the diagnostic test without engaging in any additional review or 

public process.

¶8 After the hearing, but prior to Energy Corp.’s submitting notice pursuant to the 

Rule, Resource Councils challenged the Board’s permitting process for the Hunt Creek 

Well.  Resource Councils claimed, in part, that the Board’s application of the Rule

violated their constitutional right to meaningfully participate in government decisions.  

On the parties’ cross-motions for summary judgment, the District Court held that because 
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hydraulic fracturing had not occurred at the Hunt Creek Well, Resource Councils’ 

constitutional challenge was not ripe for judgment.2  Resource Councils appeal.

STANDARDS OF REVIEW

¶9 We review summary judgment rulings de novo.  Reichert v. State, 2012 MT 111, 

¶ 18, 365 Mont. 92, 278 P.3d 455.  Issues of justiciability—such as standing, mootness, 

ripeness, and political question—are questions of law that we also review de novo.  

Reichert, ¶ 20.  Our review of constitutional questions is plenary.  Williams v. Bd. of 

Cnty. Comm’rs, 2013 MT 243, ¶ 23, 371 Mont. 356, 308 P.3d 88.  

DISCUSSION

¶10 1. Whether the District Court erred in concluding that Resource Councils’ 
challenge was not ripe.

¶11 Relying on Reichert, the District Court first concluded that Resource Councils’ 

right to participate claim would be ripe only if Energy Corp. had expanded its drilling 

permit to include hydraulic fracturing without public input.  The court found that Energy 

Corp.’s diagnostic test did not meet the definition of hydraulic fracturing under Admin. 

R. M. 36.22.302(28).  Thus, the court concluded that Resource Councils’ assertion that 

hydraulic fracturing had occurred at the Hunt Creek Well was “speculation unsupported 

by any specific facts.”  The District Court concluded therefore that Resource Councils’ 

right to participate claim was unripe for judgment.  

                                               
2 Resource Councils also claimed that the Board acted arbitrarily and capriciously in approving 
the permit.  The District Court granted the Board summary judgment on the issue.  Resource 
Councils do not appeal that holding. 
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¶12 It is well-established that “the judicial power of Montana’s courts is limited to 

‘justiciable controversies.’”  Reichert, ¶ 53 (quoting Plan Helena, Inc. v. Helena Reg’l 

Airport Auth. Bd., 2010 MT 26, ¶ 6, 355 Mont. 142, 226 P.3d 567).  A justiciable 

controversy is, in general terms, “one that is definite and concrete . . . as distinguished 

from an opinion advising what the law would be upon a hypothetical state of facts, or 

upon an abstract proposition.”  Reichert, ¶ 53 (citations and internal quotations omitted).  

Ripeness—which is a specific justiciability doctrine—“is concerned with whether the 

case presents an ‘actual, present’ controversy.”  Reichert, ¶ 54 (quoting Mont. Power Co. 

v. Mont. Pub. Serv. Comm’n, 2001 MT 102, ¶ 32, 305 Mont. 260, 26 P.3d 91).  As such, 

“cases are unripe when the parties point only to hypothetical, speculative, or illusory 

disputes as opposed to actual, concrete conflicts.”  Reichert, ¶ 54 (citations omitted).

¶13 In their amended complaint, Resource Councils asserted that the Rule

allows a company to proceed with hydro-fracking upon providing the 
Board’s staff certain specified information 48 hours in advance of 
commencing hydro-fracking.  The Board staff is under no obligation to take 
further action, inform the Board or the public of the fact that hydro-fracking
will occur at the [Energy Corp.] well.

They asserted further that no additional “environmental review, public participation or 

Board deliberation is required under the terms of [the Rule].”  Resource Councils argued 

that the Rule, as applied here, consequently violated their “fundamental right to 

meaningfully participate in government decisions.”  Therefore, contrary to the District 

Court’s conclusion, Resource Councils’ right to participate claim does not hinge on 

whether Energy Corp. engaged in hydraulic fracturing at the Hunt Creek Well.  Rather, 
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their claim centers on whether they had the opportunity to participate in the permitting

process.  

¶14 It is undisputed that Energy Corp. filed a sundry notice pursuant to the Rule’s 

procedures, which the Board approved.  Therefore, the controversy—whether Resource 

Councils had the opportunity to participate in the process—was not a “hypothetical, 

speculative, or illusory dispute[ ].”  Reichert, ¶ 54.  On the contrary, Resource Councils’

claim that the Board violated their right to participate in applying the Rule raised “an 

actual, present controversy” because the Board applied the Rule.  Reichert, ¶ 54 (citation 

and internal quotations omitted).

¶15 The District Court erred in concluding that Resource Councils’ right to participate

claim was unripe.  We proceed to consider the claim and its merits.

¶16 2. Whether the Board violated Resource Councils’ right to participate.

¶17 Resource Councils assert that the Board expanded the original well permit’s scope 

when it approved Energy Corp.’s sundry notice pursuant to the Rule because the notice, 

not the original application for a permit to drill, “is where the operator discloses a desire 

to chemically stimulate a well and provides specific information about the proposed 

activities.”  As such, Resource Councils assert that the “Board failed to provide adequate 

notice or meaningful opportunity for public participation in the decision making process” 

that led to the Board’s approving chemical stimulation activities under the Rule.  

Resource Councils argue that the Board therefore violated their fundamental right to 
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participate under both the Public Participation in Governmental Operations Act, §§ 2-3-

101 to 2-3-301, MCA, and Article II, Section 8, of the Montana Constitution.  

¶18 Resource Councils acknowledge that the Board provided them an opportunity to 

participate during the February 2014 hearing on Energy Corp.’s application for a permit 

to drill the exploratory Hunt Creek Well.  They contend, however, that that “hearing 

cannot suffice as a meaningful opportunity to participate in a decision to chemically 

stimulate the [Energy Corp.] well” because the Board made clear during the hearing that 

it was considering only an exploratory well, the permit’s environmental assessment did 

not address hydraulic fracturing, and the Board’s decision to approve the exploratory well

“did not implicate the concerns of the public” regarding hydraulic fracturing.  Moreover, 

Resource Councils allege, the Board “stated it lacked authority or jurisdiction to consider 

specific concerns regarding” hydraulic fracturing during the hearing.  Finally, Resource 

Councils contend that hydraulic fracturing at the Hunt Creek Well is a matter of 

significant public interest and therefore the Board was required to adopt procedures to 

ensure adequate notice and public participation in the Rule’s procedural process, which it 

failed to do.  

¶19 The Board counters that its approval of well stimulation activities pursuant to the 

Rule was not an expansion of the original drilling permit’s scope because well 

stimulation is allowed under a drilling permit.  As such, the Board contends, its rules and 

procedures ensuring notice and public participation during the permitting process include 

the well stimulation activities allowed under a drilling permit.  The Board contends that 
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the record demonstrates that Resource Councils always knew that well stimulation 

activities could occur under a drilling permit.  The Board and Amicus Montana 

Petroleum Association also maintain that the diagnostic test did not constitute hydraulic 

fracturing because the test’s purpose was to temporarily test the well’s reservoir pressure 

and did not involve well stimulation.

¶20 The Board argues that Resource Councils had the opportunity to participate in—

and did participate in—the Board’s decision to approve the drilling permit, which 

included consideration of the potential for hydraulic fracturing at the Hunt Creek Well.  

As evidence that Resource Councils “meaningfully participated in the Board’s decision,” 

the Board points to the considerable testimony Resource Councils’ members and their 

expert provided during the hearing as well as the fact that the Board approved the permit 

with the condition that Energy Corp. comply with certain water standards should it 

engage in hydraulic fracturing.  Because Resource Councils participated in the permit 

approval process—which the Board claims included consideration of well stimulation 

activities—the Board asserts that providing Resource Councils with an additional 

opportunity to participate was not required.

¶21 “The essential elements” required to meet Montana’s constitutional and statutory 

guarantees of public participation are “notice and an opportunity to be heard.”  Bitterroot 

River Protective Ass’n v. Bitterroot Conservation Dist., 2008 MT 377, ¶ 21, 346 Mont. 

507, 198 P.3d 219 (citing § 2-3-103(1)(a), MCA).  Public participation procedures “must 
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include a method of affording interested persons reasonable opportunity to submit data, 

views, or arguments.”  Section 2-3-111(1), MCA.  

¶22 The record demonstrates that Resource Councils had notice not only of the 

application for a permit to drill, but also of the potential for well stimulation activities at 

the Hunt Creek Well pursuant to the Rule.  Affidavits of Resource Councils’ members 

state explicitly that they received notice of Energy Corp.’s application for a permit to 

drill.  Based on this notice, Resource Councils sent the Board a letter on October 23, 

2013, requesting a hearing to discuss their concerns with the proposed permit.  The 

testimony of Resource Councils’ members at the hearing focused on the potential 

negative impacts of hydraulic fracturing at the site.  Furthermore, Resource Councils’ 

expert submitted a report that focused, in part, on the risks associated with hydraulic 

fracturing “[g]iven the likelihood that hydraulic fracturing will take place at the proposed 

well.”  

¶23 The record demonstrates further that Resource Councils were given an opportunity 

to be heard on their concerns about well stimulation activities under the Rule.  Although 

the Board could have declined to hold a hearing due to Resource Councils’ procedural 

problems in objecting to the permit, Admin R. M. 36.22.601(4), the Board held a full

hearing on the permit application due, in part, to the “extensive media coverage and 

public comments received during the public comment period.”  Resource Councils’ 

members and their expert testified for nearly an hour and a half during the hearing.  Their

testimony focused on the potential negative environmental impacts associated with 



13

hydraulic fracturing at the Hunt Creek Well.  The recorded hearing testimony 

demonstrates that the Board clearly afforded Resource Councils an opportunity “to 

submit data, views, or arguments” related to well stimulation at the site.  Section 2-3-

111(1), MCA.  Moreover, the Board made clear during the hearing that it retained “the 

full authority to grant, deny, or grant conditionally the application for a drilling permit.”  

That the Board approved the permit with the condition that Energy Corp. comply with 

certain water standards should it propose hydraulic fracturing at the Hunt Creek Well in

the future demonstrates that Resource Councils were heard on the issue.

¶24 The District Court additionally observed “that the record clearly reflects that the 

Board has continually guaranteed to [Resource Councils] that [they] will be given the 

opportunity to weigh in on any [hydraulic fracturing] ventures that might someday be 

brought forth.”  During the hearing, the Board’s administrator noted that “wastewater and 

hydraulic fracturing are regulated under the rules [the Board] adopted a couple of years 

ago. If hydraulic fracturing isn’t approved with the drilling permit then there’s another 

process that has to be followed to approve it.”  The administrator emphasized that 

“hydraulic fracturing has not been proposed in the permit.  The environmental assessment 

assesses what was proposed, which was a potential horizontal well, but does not propose 

hydraulic fracturing.”  In its briefing on appeal, the Board emphatically asserts that 

hydraulic fracturing has not occurred at the Hunt Creek Well.  It does not take issue with 

the District Court’s statement that the Board guaranteed that Resource Councils will be 
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given the opportunity to participate should hydraulic fracturing be proposed at the Hunt 

Creek Well in the future.

¶25 It is unclear from the record, the Board’s briefing, and our review of the pertinent 

Administrative Rules what process the Board anticipates should Energy Corp. propose 

hydraulic fracturing at the Hunt Creek Well.  The Board’s representations, however, 

demonstrate that it will further consider the matter should Energy Corp. make that 

proposal, and that it will afford additional process at that time.  On this record, we 

conclude that Resource Councils had notice and an opportunity to participate in the 

Board’s consideration of the permit and to present evidence about their concerns for well 

stimulation activities at the site.  Accordingly—under the facts presented here—the 

Board did not violate Resource Councils’ right to participate.

CONCLUSION

¶26 We reverse the District Court’s holding that Resource Councils’ right to 

participate challenge was unripe; however, we conclude that the Board did not violate 

Resource Councils’ right to participate in applying the Rule to the permit it issued for the 

Hunt Creek Well.  

/S/ BETH BAKER

We concur: 

/S/ MIKE McGRATH
/S/ MICHAEL E WHEAT
/S/ JAMES JEREMIAH SHEA
/S/ JIM RICE
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Chief Justice Mike McGrath, concurring.

¶27 Because of the unique procedural nature of this case, CCRC is left without a 

resolution on the merits of its constitutional and statutory challenge to the sundry notice 

and forty-eight-hour provisions of Admin. R. M. 36.22.608.

¶28 The District Court determined that the challenge was not ripe because hydraulic 

fracturing had not occurred.  The majority Opinion, which I have signed, reverses the 

District Court on ripeness.  We conclude that the February 2014 hearing was sufficient to 

satisfy the right to participate challenges brought regarding the Board’s grant of the initial 

permit to drill, but specifically determine it is unnecessary to decide whether the Board’s 

forty-eight-hour notice rule may be unconstitutional in other circumstances.  

¶29 The District Court specifically noted:

[T]his Court anticipates a claim regarding the constitutionality of 
Administrative Rules of Montana § 36.22.608(2) may become ripe for 
adjudication in the future if it is used to expand an APD to include fracking. 
The Court notes that 48 hours is a short notification period in this 
developing industry and recognizes that other states have expanded this 
time frame.

The District Court’s anticipation was strongly anchored in the record.  Both the 

administrator and the Board made it clear they were considering a vertical wildcat well 

and that fracking was not proposed.  As the majority notes, the Board does not challenge 

the District Court’s assumption and has continually guaranteed that the plaintiffs will 

have the opportunity to participate should any “[hydraulic] fracking ventures . . . 

someday be brought forth.”
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¶30 The Board asserts in its brief to this Court that hydraulic fracturing has not 

occurred at, or been proposed for, this well.  It is with this understanding that I have 

signed the majority Opinion.  If hydraulic fracturing is proposed for this well, the Board 

will implement procedure to ensure that the public’s right to a meaningful opportunity to 

participate is protected.

¶31 I concur.

/S/ MIKE McGRATH

Justices James Jeremiah Shea and Michael E Wheat join the concurring Opinion of Chief 

Justice Mike McGrath.

/S/ MICHAEL E WHEAT
/S/ JAMES JEREMIAH SHEA
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Aerial photograph of hydraulic fracturing well site  near Williston, North 
Dakota. Image ©J Henry Fair / Flights provided by LightHawk 

People rely on clean and plentiful water re-
sources to meet their basic needs, includ-

ing drinking, bathing, and cooking. In the early
2000s, members of the public began to raise con-
cerns about potential impacts on their drinking
water from hydraulic fracturing at nearby oil and
gas production wells. In response to these con-
cerns, Congress urged the U.S. Environmental
Protection Agency (EPA) to study the relation-
ship between hydraulic fracturing for oil and gas
and drinking water in the United States.

The goals of the study were to assess the po-
tential for activities in the hydraulic fracturing
water cycle to impact the quality or quantity of
drinking water resources and to identify factors
that affect the frequency or severity of those im-
pacts. To achieve these goals, the EPA conducted
independent research, engaged stakeholders 
through technical workshops and roundtables,
and reviewed approximately 1,200 cited sources
of data and information. The data and informa-
tion gathered through these efforts served as the
basis for this report, which represents the culmi-

nation of the EPA’s study of the potential impacts
of hydraulic fracturing for oil and gas on drinking 
water resources. 

The hydraulic fracturing water cycle de-
scribes the use of water in hydraulic fractur-
ing, from water withdrawals to make hydraulic

-

production wells, to the collection and disposal
or reuse of produced water. These activities can
impact drinking water resources under some
circumstances. Impacts can range in frequency
and severity, depending on the combination of
hydraulic fracturing water cycle activities and lo-
cal- or regional-scale factors. The following com-
binations of activities and factors are more likely
than others to result in more frequent or more
severe impacts: 

Water withdrawals for hydraulic fracturing
in times or areas of low water availability,
particularly in areas with limited or declin-
ing groundwater resources;

1



Spills during the management of hydraulic frac-

that result in large volumes or high concentra-
tions of chemicals reaching groundwater re-
sources; 

wells with inadequate mechanical integrity,
allowing gases or liquids to move to groundwater 
resources; 

into groundwater resources; 
Discharge of inadequately treated hydraulic frac-
turing wastewater to surface water resources;
and 
Disposal or storage of hydraulic fracturing waste-
water in unlined pits, resulting in contamination
of groundwater resources. 

The above conclusions are based on cases of 

analyses presented in this report. Cases of impacts
-
-

curred near hydraulically fractured oil and gas pro-

duction wells and ranged in severity, from temporary
changes in water quality to contamination that made
private drinking water wells unusable.

The available data and information allowed us to 
qualitatively describe factors that affect the frequen-
cy or severity of impacts at the local level. However,

-
able data prevented us from calculating or estimat-
ing the national frequency of impacts on drinking
water resources from activities in the hydraulic frac-
turing water cycle. The data gaps and uncertainties
described in this report also precluded a full charac-
terization of the severity of impacts.

inform decisions by federal, state, tribal, and local

term, attention could be focused on the combina-
tions of activities and factors outlined above. In the 
longer-term, attention could be focused on reducing

-
port. Through these efforts, current and future drink-
ing water resources can be better protected in areas
where hydraulic fracturing is occurring or being con-
sidered. 

  

Ias any water that now serves, or in the future
could serve, as a source of drinking water for public
or private use. This includes both surface water
resources and groundwater resources (Text Box ES-
1). In 2010, approximately 58% of the total volume
of water withdrawn for public and non-public
water supplies came from surface water resources
and approximately 42% came from groundwater
resources (Maupin et al., 2014).1 Most people (86%
of the population) in the United States relied on
public water supplies for their drinking water in 

2010, and approximately 14% of the population
obtained drinking water from non-public water
supplies. Non-public water supplies are often
private water wells that supply drinking water to a
residence. 

Future access to high-quality drinking water in
the United States will likely be affected by changes
in climate and water use. Since 2000, about 30% 
of the total area of the contiguous United States
has experienced moderate drought conditions 
and about 20% has experienced severe drought
conditions. Declines in surface water resources have 

2

1 Public water systems provide water for human consumption from surface or groundwater through pipes or other 
infrastructure to at least 15 service connections or serve an average of at least 25 people for at least 60 days a year. Non-
public water systems have fewer than 15 service connections and serve fewer than 25 individuals. 



  
In this report, drinking water resources are considered to be any water that now serves, or in the future could serve, as a 

that contain water.   
 include water bodies located on the surface of the Earth. Rivers, springs, lakes, and reservoirs are 

water resource could be used as a drinking water resource. 

determining whether a groundwater resource could be used as a drinking water resource. 

led to increased withdrawals and net depletions of
groundwater in some areas. As a result, non-fresh
water resources (e.g., wastewater from sewage
treatment plants, brackish groundwater and surface
water, and seawater) are increasingly treated and
used to meet drinking water demand. 

Natural processes and human activities can
affect the quality and quantity of current and future
drinking water resources. This report focuses on the
potential for activities in the hydraulic fracturing
water cycle to impact drinking water resources;
other processes or activities are not discussed. 

Hydraulic fracturing is frequently used to enhance
oil and gas production from underground rock

formations and is one of many activities that oc-
cur during the life of an oil and gas production well 

(Figure ES-1). During hydraulic fracturing, hydraulic
-

tion well and into the targeted rock formation under
pressures great enough to fracture the oil- and gas-

3



 

bearing rock.1 

carries proppant (typically sand) into the newly-
created fractures to keep the fractures “propped”
open. After hydraulic fracturing, oil, gas, and other

tion well to the surface, where they are collected and
managed.

-

Hydraulically fractured oil and gas production

in domestic oil and gas production, accounting for
slightly more than 50% of oil production and nearly
70% of gas production in 2015 (EIA, 2016a, b). The
surge occurred when hydraulic fracturing was com-
bined with directional drilling technologies around
2000. Directional drilling allows oil and gas produc-
tion wells to be drilled horizontally or directionally
along the targeted rock formation, exposing more of
the oil- or gas-bearing rock formation to the produc-
tion well. When combined with directional drilling
technologies, hydraulic fracturing expanded oil and
gas production to oil- and gas-bearing rock forma-
tions previously considered uneconomical. Although
hydraulic fracturing is commonly associated with
oil and gas production from deep, horizontal wells
drilled into shale (e.g., the Marcellus Shale in Penn-
sylvania or the Bakken Shale in North Dakota), it has
been used in a variety of oil and gas production wells
(Text Box ES-2) and other types of oil- or gas-bearing 

rock (e.g., sandstone, carbonate, and coal).
Approximately 1 million wells have been hydrau-

-
oped in the late 1940s (Gallegos and Varela, 2015; 
IOGCC, 2002). Roughly one third of those wells were
hydraulically fractured between 2000 and approxi-
mately 2014. Wells hydraulically fractured between
2000 and 2013 were located in pockets of activity
across the United States (Figure ES-2). Based on sev-
eral different data compilations, we estimate that
25,000 to 30,000 new wells were drilled and hy-
draulically fractured in the United States each year
between 2011 and 2014, in addition to existing wells
that were hydraulically fractured to increase produc-
tion.2 Following the decline in oil and gas prices, the
number of new wells drilled and hydraulically frac-
tured appears to have decreased, with about 20,000
new wells drilled and hydraulically fractured in
2015. 

Hydraulically fractured oil and gas production
wells can be located near or within sources of drink-
ing water. Between 2000 and 2013, approximately
3,900 public water systems were estimated to have
had at least one hydraulically fractured well with-
in 1 mile of their water source; these public water
systems served more than 8.6 million people year-
round in 2013. An additional 3.6 million people were
estimated to have obtained drinking water from non-

4

1 The targeted rock formation (sometimes called the “target zone” or “production zone”) is the portion of a subsurface  
rock formation that contains the oil or gas to be extracted. 
2 See Table 3-1 in Chapter 3. 
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public water supplies in counties with at least one
hydraulically fractured well.1 Underground, hydrau-
lic fracturing can occur in close vertical proximity to
drinking water resources. In some parts of the United
States (e.g., the Powder River Basin in Montana and
Wyoming), there is no vertical distance between the
top of the hydraulically fractured oil- or gas-bearing
rock formation and the bottom of treatable water, 
as determined by data from state oil and gas agen-

cies and state geological survey data.2 In other parts
of the country (e.g., the Eagle Ford Shale in Texas),
there can be thousands of feet of rock that separate
treatable water from the hydraulically fractured oil-
or gas-bearing rock formation. When hydraulically
fractured oil and gas production wells are located
near or within drinking water resources, there is a
greater potential for activities in the hydraulic frac-
turing water cycle to impact those resources. 

1 This estimate only includes counties in which 30% or more of the population (i.e., two or more times the national aver-
age) relied on non-public water supplies in 2010. See Section 2.5 in Chapter 2. 
2

water in some parts of the basin. See Section 6.3.2 in Chapter 6. 
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The EPA studied the relationship between hydrau-
lic fracturing for oil and gas and drinking water

resources using the hydraulic fracturing water cycle
(Figure ES-3). The hydraulic fracturing water cycle

involving water that supports hydraulic fracturing.
The stages and activities of the hydraulic fracturing
water cycle include: 

Water Acquisition: the withdrawal of ground-
water or surface water to make hydraulic frac-

Chemical Mixing: 
(typically water), proppant, and additives at the

1 

Well Injection: 

gas production well and in the targeted rock for-
mation; 
Produced Water Handling: the on-site collec-
tion and handling of water that returns to the
surface after hydraulic fracturing and the trans-
portation of that water for disposal or reuse;2 

and 
Wastewater Disposal and Reuse: the disposal
and reuse of hydraulic fracturing wastewater.3 

Potential impacts on drinking water resources
from the above activities are considered in this re-
port. We do not address other concerns that have
been raised by stakeholders about hydraulic frac-

turing (e.g., potential air quality impacts or induced
seismicity) or other oil and gas exploration and pro-
duction activities (e.g., environmental impacts from
site selection and development), as these were not
included in the scope of the study. Additionally, this
report is not a human health risk assessment; it does
not identify populations exposed to hydraulic frac-
turing-related chemicals, and it does not estimate
the extent of exposure or estimate the incidence of
human health impacts.

Each stage of the hydraulic fracturing water cycle
was assessed to identify (1) the potential for impacts
on drinking water resources and (2) factors that af-

An impact is any change in the quality or quan-
tity of drinking water resources, regardless of
severity, that results from an activity in the hy-
draulic fracturing water cycle. 
A factor is a feature of hydraulic fracturing oper-
ations or an environmental condition that affects 
the frequency or severity of impacts. 
Frequency is the number of impacts per a given
unit (e.g., geographic area, unit of time, number
of hydraulically fractured wells, or number of
water bodies). 
Severity is the magnitude of change in the qual-
ity or quantity of a drinking water resource as
measured by a given metric (e.g., duration, spa-
tial extent, or contaminant concentration). 

1

properties. 
2 

product of oil and gas production. 
3

hydraulic fracturing operations, and various aboveground disposal practices. The term “wastewater” is being used as 
a general description of certain waters and is not intended to constitute a term of art for legal or regulatory purposes. 



Figure not to scale 

Factors affecting the frequency or severity of
impacts were identified because they describe
conditions under which impacts are more or less
likely to occur and because they could inform the
development of future strategies and actions to
prevent or reduce impacts. Although no attempt
was made to identify or evaluate best practices,
ways to reduce the frequency or severity of im-
pacts from activities in the hydraulic fracturing
water cycle are described in this report when
they were reported in the scientific literature.
Laws, regulations, and policies also exist to pro-

tect drinking water resources, but a comprehen-
sive summary and broad evaluation of current or
proposed regulations and policies was beyond the
scope of this report.

Relevant scientific literature and data were 
evaluated for each stage of the hydraulic fractur-
ing water cycle. Literature included articles pub-

and state government reports, non-governmental
organization reports, and industry publications.
Data sources included federal- and state-collected 
data sets, databases maintained by federal and 
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state government agencies, other publicly avail-
able data, and industry data provided to the EPA.1 

The relevant literature and data complement re-
search conducted by the EPA under its Plan to 
Study the Potential Impacts of Hydraulic Fracturing 
on Drinking Water Resources (Text Box ES-3). 

A draft of this report underwent peer review
by the EPA’s Science Advisory Board (SAB). The
SAB is an independent federal advisory committee
that often conducts peer reviews of high-profile
scientific matters relevant to the EPA. Members of 
the SAB and ad hoc panels formed under the aus-
pices of the SAB are nominated by the public and
selected based on factors such as technical exper-

tise, knowledge, experience, and absence of any
real or perceived conflicts of interest. Peer review
comments provided by the SAB and public com-
ments submitted to the SAB during their peer re-

and technical content, were carefully considered
in the development of this final document.

A summary of the activities in the hydraulic
fracturing water cycle and their potential to im-
pact drinking water resources is provided below,
including what is known about human health haz-
ards associated with chemicals identified across 
all stages of the hydraulic fracturing water cycle.
Additional details are available in the full report. 

This Report EPA Research Projects 

Public Comments 
Science

Literature Science Advisory Board Advisory Board Technical Workshops 
and Roundtables 

study and the progress made on the research projects. The SAB also conducted a peer review of both the Plan to Study the 
Study Plan in this 

1 Industry data was provided to the EPA in response to two separate information requests to oil and gas service compa-

under the Toxic Substances Control Act and were treated as such in this report. 
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The median volume of water used, per well, for hy-
draulic fracturing was approximately 1.5 million gal-
lons (5.7 million liters) between January 2011 and
February 2013, as reported in FracFocus 1.0 (Text
Box ES-4). There was wide variation in the water vol-
umes reported per well, with 10th and 90th percentiles
of 74,000 gallons (280,000 liters) and 6 million gal-
lons (23 million liters) per well, respectively. There
was also variation in water use per well within and
among states (Table ES-1). This variation likely re-
sults from several factors, including the type of well, 

the fracture design, and the type of hydraulic fractur-
-

id data from Gallegos et al. (2015) indicates that wa-
ter volumes used per well have increased over time
as more horizontal wells have been drilled. 

Water used for hydraulic fracturing is typically
fresh water taken from available groundwater and/
or surface water resources located near hydrauli-
cally fractured oil and gas production wells. Water
sources can vary across the United States, depending
on regional or local water availability; laws, regula-
tions, and policies; and water management practices.
Hydraulic fracturing operations in the humid east-
ern United States generally rely on surface water 

enhance data searchability, increase system security, provide greater data accuracy, and further increase data transparency. 



Arkansas 
California 711 76,818 

Colorado 4,898 147,353 

Kansas 1,453,788 
Louisiana 966 
Montana 1,455,757 
New Mexico 1,145 35,638 1,871,666 
North Dakota 

146 3,887,499 
1,783 

Pennsylvania 4,184,936 6,615,981 
Texas 6,115,195 
Utah 
West Virginia 
Wyoming 

resources, whereas operations in the arid and semi-
arid western United States generally rely on ground-
water or surface water. Geographic differences in
water use for hydraulic fracturing are illustrated in
Figure ES-4, which shows that most of the water used
for hydraulic fracturing in the Marcellus Shale region
of the Susquehanna River Basin came from surface
water resources between approximately 2008 and
2013. In comparison, less than half of the water used
for hydraulic fracturing in the Barnett Shale region
of Texas came from surface water resources between 
approximately 2011 and 2013.

lic fracturing wastewater varies by location (Figure 
ES-4).1 Overall, the proportion of water used in hy-
draulic fracturing that comes from reused hydraulic 
fracturing wastewater appears to be low. In a survey 
of literature values from 10 states, basins, or plays, 

that came from reused hydraulic fracturing waste-
water was 5% between approximately 2008 and 
2014.2 There was an increase in the reuse of hydrau-
lic fracturing wastewater as a percentage of the in-

and West Virginia between approximately 2008 and 
Hydraulic fracturing wastewater and other low-

er-quality water can also be used in hydraulic fractur-

-

2014. This increase is likely due to the limited avail-
ability of Class II wells, which are commonly used to 
dispose of oil and gas wastewater, and the costs of 
trucking wastewater to Ohio, where Class II wells are 

1

that is managed through reuse in other hydraulic fracturing operations. For example, in the Marcellus Shale region of the 
-

proximately 90% of produced water was managed through reuse in other hydraulic fracturing operations (Figure ES-4a). 
2See Section 4.2 in Chapter 4. 
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4.1-4.6 million gallons 
injected produced 

Well Reuse in hydraulic fracturing 
Class II well 

discharge status is uncertain. 

Surface Water water volumes over 10 years are approximately 10-30% of 
Reused hydraulic fracturing wastewater 

3.9-4.5 million gallons 
injected 

3.9-4.5 million gallons 
produced 

Well 

Surface Water 
Reused hydraulic fracturing wastewater 

Reuse in hydraulic fracturing 
Class II well 

Produced water volumes over three years can be 

more prevalent.1 Class II wells are also prevalent in 
Texas, and the reuse of wastewater in hydraulic frac-

than in the Marcellus Shale (Figure ES-4).

ing water, withdrawals for hydraulic fracturing can 
directly impact drinking water resources by chang-
ing the quantity or quality of the remaining water. 
Although every water withdrawal affects water quan-

Because the same water resource can be used to 
support hydraulic fracturing and to provide drink-

tity, we focused on water withdrawals that have the 
-

12

1 See Chapter 8 for additional information on Class II wells. 



sources by limiting the availability of drinking water 
or altering its quality. Water withdrawals for a single 
hydraulically fractured oil and gas production well 

-
ter resources, because the volume of water needed to 
hydraulically fracture a single well is unlikely to limit 
the availability of drinking water or alter its quality. 
If, however, multiple oil and gas production wells 
are located within an area, the total volume of water 
needed to hydraulically fracture all of the wells has 

available and impacts on drinking water resources 
can occur. 

To assess whether hydraulic fracturing opera-
tions are a relatively large or small user of water, we
compared water use for hydraulic fracturing to total
water use at the county level (Text Box ES-5). In most
counties studied, the average annual water volumes
reported in FracFocus 1.0 were generally less than 1%
of total water use. This suggests that hydraulic frac-
turing operations represented a relatively small user
of water in most counties. There were exceptions,
however. Average annual water volumes reported in
FracFocus 1.0 were 10% or more of total water use in 
26 of the 401 counties studied, 30% or more in nine 
counties, and 50% or more in four counties.1 In these 
counties, hydraulic fracturing operations represented
a relatively large user of water.

The above results suggest that hydraulic fractur-

of water withdrawn in particular areas. Increased wa-

-
ter available in the area to accommodate all users. To 
assess the potential for these impacts, we compared
hydraulic fracturing water use to estimates of wa-
ter availability at the county level.2 In most counties 
studied, average annual water volumes reported for 

hydraulic fracturing were less than 1% of the esti-
mated annual volume of readily-available fresh water.
However, average annual water volumes reported for
hydraulic fracturing were greater than the estimated
annual volume of readily-available fresh water in 17
counties in Texas. This analysis suggests that there
was enough water available annually to support the
level of hydraulic fracturing reported to FracFocus 1.0
in most, but not all, areas of the country. This observa-
tion does not preclude the possibility of local impacts
in other areas of the country, nor does it indicate that
local impacts have occurred or will occur in the 17
counties in Texas. To better understand whether lo-
cal impacts have occurred, and the factors that affect
those impacts, local-level studies, such as the ones de-
scribed below, are needed. 

Local impacts on drinking water quantity have
occurred in areas with increased hydraulic fracturing
activity. In 2011, for example, drinking water wells
in an area overlying the Haynesville Shale ran out of
water due to higher than normal groundwater with-
drawals and drought (Louisiana Ground Water Re-
sources Commission, 2012). Water withdrawals for
hydraulic fracturing contributed to these conditions,
along with other water users and the lack of precipi-
tation. Groundwater impacts have also been reported
in Texas. In a detailed case study, Scanlon et al. (2014)
estimated that groundwater levels in approximately
6% of the area studied dropped by 100 feet (31 me-
ters) to 200 feet (61 meters) or more after hydraulic
fracturing activity increased in 2009.

In contrast, studies in the Upper Colorado and
Susquehanna River basins found minimal impacts on
drinking water resources from hydraulic fracturing.
In the Upper Colorado River Basin, the EPA found that
high-quality water produced from oil and gas wells in
the Piceance tight sands provided nearly all of the wa-
ter for hydraulic fracturing in the study area (U.S. EPA, 

1 Hydraulic fracturing water consumption estimates followed the same general pattern as the water use estimates pre-
sented here, but with slightly larger percentages in each category (Section 4.4 in Chapter 4). 
2 County-level water availability estimates were derived from the Tidwell et al. (2013) estimates of water availability for  
siting new thermoelectric power plants (see Text Box 4-2 in Chapter 4 for details). The county-level water availability  
estimates used in this report represent the portion of water available to new users within a county.  
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2015b). Due to this high reuse rate, the EPA did not
identify any locations in the study area where hydrau-
lic fracturing contributed to locally high water use. In
the Susquehanna River Basin, multiple studies and

-
lic fracturing water withdrawals in the Marcellus Shale
to impact surface water resources. Evidence suggests,
however, that current water management strategies,

-
ing wastewater, help protect streams from depletion
by hydraulic fracturing water withdrawals. A passby

which water withdrawals are not allowed. 
The above examples highlight factors that can af-

fect the frequency or severity of impacts on drinking
water resources from hydraulic fracturing water with-
drawals. In particular, areas of the United States that
rely on declining groundwater resources are vulner-
able to more frequent and more severe impacts from
all water withdrawals, including withdrawals for hy-
draulic fracturing. Extensive groundwater withdraw-
als can limit the availability of belowground drink-
ing water resources and can also change the qual-
ity of the water remaining in the resource. Because
groundwater recharge rates can be low, impacts can
last for many years. Seasonal or long-term drought
can also make impacts more frequent and more se-
vere for groundwater and surface water resources.
Hot, dry weather reduces or prevents groundwater
recharge and depletes surface water bodies, while
water demand often increases simultaneously (e.g.,
for irrigation). This combination of factors—high hy-
draulic fracturing water use and relatively low water
availability due to declining groundwater resources
and/or frequent drought—was found to be present in
southern and western Texas. 

Water management strategies can also affect the
frequency and severity of impacts on drinking water 

resources from hydraulic fracturing water withdraw-
als. These strategies include using hydraulic fractur-
ing wastewater or brackish groundwater for hydrau-
lic fracturing, transitioning from limited groundwater
resources to more abundant surface water resources, 

from surface water resources. Examples of these wa-
ter management strategies can be found throughout
the United States. In western and southern Texas, for 
example, the use of brackish water is currently reduc-
ing impacts on fresh water sources, and could, if in-
creased, reduce future impacts. Louisiana and North
Dakota have encouraged well operators to withdraw
water from surface water resources instead of high-
quality groundwater resources. And, as described
above, the Susquehanna River Basin Commission lim-
its surface water withdrawals during periods of low

Water Acquisition Conclusions
With notable exceptions, hydraulic fracturing

uses a relatively small percentage of water when
compared to total water use and availability at large
geographic scales. Despite this, hydraulic fracturing
water withdrawals can affect the quantity and qual-
ity of drinking water resources by changing the bal-
ance between the demand on local water resources 
and the availability of those resources. Changes that
have the potential to limit the availability of drinking
water or alter its quality are more likely to occur in
areas with relatively high hydraulic fracturing water
withdrawals and low water availability, particularly
due to limited or declining groundwater resources.
Water management strategies (e.g., encouragement
of alternative water sources or water withdrawal 
restrictions) can reduce the frequency or severity of
impacts on drinking water resources from hydraulic
fracturing water withdrawals. 
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surface water resources. 

H -
ate and grow fractures in the targeted rock for-

mation and to carry proppant through the oil and
gas production well into the newly-created fractures.

make up the largest proportion of hydraulic fractur-

the slickwater example) or can be a mixture of sub-
stances (e.g., water and nitrogen in the energized

-

between January 2011 and February 2013 (U.S. EPA,
2015a). Non-water substances, such as gases and hy-
drocarbon liquids, were reported to be used alone or

3% of wells in FracFocus 1.0. 
Proppant makes up the second largest propor-

Sand (i.e., quartz) was the most commonly reported
proppant between January 2011 and February 2013,
with 98% of wells in FracFocus 1.0 reporting sand as
the proppant (U.S. EPA, 2015a). Other proppants can
include man-made or specially engineered particles,
such as high-strength ceramic materials or sintered 

bauxite.1 

Additives generally make up the smallest pro-
portion of the overall composition of hydraulic frac-

potential to impact the quality of drinking water re-
-

tives, which can be a single chemical or a mixture of

or limit bacterial growth). The choice of which ad-
ditives to use depends on the characteristics of the
targeted rock formation (e.g., rock type, tempera-
ture, and pressure), the economics and availability of
desired additives, and well operator or service com-
pany preferences and experience.

The variability of additives, both in their purpose 
and chemical composition, suggests that a large num-
ber of different chemicals may be used in hydraulic 

2005 and 2013.2,3 The EPA’s analysis of FracFocus 
1.0 data indicates that between 4 and 28 chemicals 
were used per well between January 2011 and Febru-
ary 2013 and that no single chemical was used in all 
wells (U.S. EPA, 2015a). Three chemicals—methanol, 
hydrotreated light petroleum distillates, and hydro-

1 Sintered bauxite is crushed and powdered bauxite that is fused into spherical beads at high temperatures. 
2 This list includes 1,084 unique Chemical Abstracts Service Registration Numbers (CASRNs), which can be assigned 
to a single chemical (e.g., hydrochloric acid) or a mixture of chemicals (e.g., hydrotreated light petroleum distillates). 

 
3 Dayalu and Konschnik (2016)  

 
(Appendix H). Only one of the 263 chemicals was reported at greater than 1% of wells, which suggests that these chemi-
cals were used at only a few sites. 
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Wastewater 
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71% Fresh Water 

Acid Dissolves minerals and creates pre-fractures in the rock 
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Hydrotreated light petroleum 65 
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c 48 
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Peroxydisulfuric acid, 
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Solvent naphtha, petroleum, heavy 

19 

16 

14 
14 
14 

Carbonic acid, dipotassium salt 13 

13 
Quaternary ammonium compounds, 

11 
11 

11 

11 

a  
 

b   
c   

chloric acid—were reported in 65% or more of the 
wells in FracFocus 1.0; 35 chemicals were reported in 
at least 10% of the wells (Table ES-2).

-
sands of gallons of additives can be stored on site and 
used during hydraulic fracturing. 

Concentrated additives are delivered to the well 
site and stored until they are mixed with the base 

production well (Text Box ES-7). While the overall 
-

ids is generally small (typically 2% or less of the total 
-

ditives delivered to the well site can be large. Because 
over 1 million gallons (3.8 million liters) of hydraulic 

As illustrated in Text Box ES-7, additives are often 
stored in multiple, closed containers [typically 200 
gallons (760 liters) to 375 gallons (1,420 liters) per 
container] and moved around the site in hoses and 
tubing. This equipment is designed to contain addi-

can occur. Changes in drinking water quality can oc-
-

ter resources. 
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Source: Adapted from Olson (2011) and BJ Services Company (2009) 

and pumped to the manifold, where high pressure 

hydraulic fracturing job. 

Equipment set up for hydraulic fracturing. 
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Several studies have documented spills of hydrau-

-
tabases. Data gathered for these studies suggest that 

primarily caused by equipment failure or human er-
ror. For example, an EPA analysis of spill reports from 
nine state agencies, nine oil and gas well operators, 
and nine hydraulic fracturing service companies 

or additives on or near well sites in 11 states between 
January 2006 and April 2012 (U.S. EPA, 2015c). These 
spills were primarily caused by equipment failure 
(34% of the spills) or human error (25%), and more 

(e.g., tanks, totes, and trailers). Similarly, a study of 
spills reported to the Colorado Oil and Gas Conser-

stimulation (i.e., a part of the life of an oil and gas well 
that often, but not always, includes hydraulic fractur-
ing) between January 2010 and August 2013 (COGCC, 
2014). Of these spills, 51% were caused by human er-
ror and 46% were due to equipment failure.

additives provide insights on spill volumes, but little 

Among the 151 spills characterized by the EPA, the 

liters), although the volumes spilled ranged from 5 
gallons (19 liters) to 19,320 gallons (73,130 liters). 

friction reducers, crosslinkers, gels, and blended hy-

were mentioned.1 Considine et al. (2012) 
spills related to oil and gas development in the Mar-
cellus Shale that occurred between January 2008 and 
August 2011 from Notices of Violations issued by the 
Pennsylvania Department of Environmental Protec-

gallons (1,500 liters) and spills less than 400 gallons 
(1,500 liters). 

have reached, and therefore impacted, surface water 
resources. Thirteen of the 151 spills characterized 
by the EPA were reported to have reached a surface 
water body (often creeks or streams). Among the 13 
spills, reported spill volumes ranged from 28 gallons 
(105 liters) to 7,350 gallons (27,800 liters). Addition-
ally, Brantley et al. (2014) and Considine et al. (2012)

than 400 gallons (1,500 liters) that reached surface 
waters in Pennsylvania between January 2008 and 
June 2013. Reported spill volumes for these spills 
ranged from 3,400 gallons (13,000 liters) to 227,000 
gallons (859,000 liters).

Although impacts on surface water resources have 

used to describe factors that affect the frequency or 
severity of impacts were not available. In the absence 

principles to identify factors that affect how hydrau-

the environment to drinking water resources. Be-

reach groundwater and surface water resources, they 
affect the frequency and severity of impacts on drink-
ing water resources from spills during the chemical 
mixing stage of the hydraulic fracturing water cycle. 

-
water or surface water resources depends on the 
characteristics of the spill, the environmental fate 

affect how spilled liquids move through soil into the 
subsurface or over the land surface. Generally, highly 
permeable soils or fractured rock can allow spilled liq-
uids to move quickly into and through the subsurface, 
limiting the opportunity for spilled liquids to move 
over land to surface water resources. In low perme-
ability soils, spilled liquids are less able to move into 
the subsurface and are more likely to move over the 

1



land surface. In either case, the volume spilled and 
the distance between the location of the spill and 
nearby water resources affects whether spilled liq-
uids reach drinking water resources. Large-volume 
spills are generally more likely to reach drinking wa-
ter resources because they are more likely to be able 
to travel the distance between the location of the spill 
and nearby water resources. 

In general, chemical and physical properties, 
which depend on the identity and structure of a 
chemical, control whether spilled chemicals evapo
rate, stick to soil particles, or move with water. The 

physical properties for 455 of the 1,084 chemicals 

-

and 2013.1 The properties of these chemicals varied 

1

property and environmental fate estimation programs developed by the EPA and Syracuse Research Corporation. It can 
be used to estimate chemical and physical properties of individual organic compounds. Of the 1,084 hydraulic fractur-

used to estimate their chemical and physical properties. 
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widely, from chemicals that are more likely to move 
quickly through the environment with a spilled liq-
uid to chemicals that are more likely to move slowly 
through the environment because they stick to soil 
particles.1 Chemicals that move slowly through the 
environment may act as longer-term sources of con-
tamination if spilled.

Spill prevention practices and spill response ac-

reaching groundwater or surface water resources
-

federal, state, and local regulations and company
practices. Spill prevention practices include second-
ary containment systems (e.g., liners and berms),

-
vent them from reaching soil, groundwater, or sur-
face water. Spill response activities include activities

deployment of emergency containment systems),
-

nated soil). It was beyond the scope of this report

prevention practices and spill response activities.
The severity of impacts on water quality from

-
pends on the identity and amount of chemicals that
reach groundwater or surface water resources, the
toxicity of the chemicals, and the characteristics of
the receiving water resource.2 Characteristics of the 
receiving groundwater or surface water resource

the magnitude and duration of impacts by reducing
the concentration of spilled chemicals in a drinking
water resource. Impacts on groundwater resources 

have the potential to be more severe than impacts
on surface water resources because it takes longer
to naturally reduce the concentration of chemicals

to remove chemicals from groundwater resourc-
es. Due to a lack of data, particularly in terms of
groundwater monitoring after spill events, little is
publicly known about the severity of drinking water

additives. 

Chemical Mixing Conclusions

during the chemical mixing stage of the hydraulic
fracturing water cycle have reached surface water
resources in some cases and have the potential to
reach groundwater resources. Although the avail-
able data indicate that spills of various volumes
can reach surface water resources, large volume
spills are more likely to travel longer distances to
nearby groundwater or surface water resources.
Consequently, large volume spills likely increase the
frequency of impacts on drinking water resources.
Large volume spills, particularly of concentrated ad-
ditives, are also likely to result in more severe im-
pacts on drinking water resources than small vol-
ume spills because they can deliver a large quantity
of potentially hazardous chemicals to groundwater
or surface water resources. Impacts on groundwater
resources are likely to be more severe than impacts
on surface water resources because of the inherent 
characteristics of groundwater. Spill prevention and
response activities are designed to prevent spilled

1

-
cals in a mixture can affect the fate and transport of a chemical. 
2

in the “Chemicals in the Hydraulic Fracturing Water Cycle” section below. 
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drinking water resources. 

H
oil and gas production well and the newly-created
fracture network. Oil and gas production wells are

the targeted rock formation without leaking and to

This is generally accomplished by installing multiple
layers of casing and cement within the drilled hole (Text
Box ES-2), particularly where the well intersects oil-,
gas-, and/or water-bearing rock formations. Casing
and cement, in addition to other well components

movement (e.g., from the inside of the casing to the
surrounding environment or vertically along the
well from the targeted rock formation to shallower
formations).1 An EPA survey of oil and gas production
wells hydraulically fractured between approximately
September 2009 and September 2010 suggests
that hydraulically fractured wells are often, but
not always, constructed with multiple casings that
have varying amounts of cement surrounding each
casing (U.S. EPA, 2015d). Among the wells surveyed,
the most common number of casings per well was
two: surface casing and production casing (Text Box
ES-2). The presence of multiple cemented casings 

that extend from the ground surface to below the
designated drinking water resource is one of the
primary well construction features that protects
underground drinking water resources.

to greater pressure and temperature changes than
during any other activity in the life of the well. As

the pressure applied to the well increases until the
targeted rock formation fractures; then pressure
decreases. Maximum pressures applied to wells
during hydraulic fracturing have been reported to
range from less than 2,000 pounds per square inch
(psi) [14 megapascals (MPa)] to approximately
12,000 psi (83 MPa).2 A well can also experience
temperature changes as cooler hydraulic fracturing

temperatures have been observed to drop from
212°F (100°C) to 64°F (18°C). A well can experience
multiple pressure and temperature cycles if 
hydraulic fracturing is done in multiple stages or
if a well is re-fractured.3 Casing, cement, and other
well components need to be able to withstand
these changes in pressure and temperature, so that

rock formation without leaking.
The fracture network created during hydraulic

fracturing is the other primary pathway along 

1

space between the outside of the casing and the surrounding rock or casing. 
2 For comparison, average atmospheric pressure is approximately 15 psi. 
3

the total desired length of the well has been hydraulically fractured. 
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growth during hydraulic fracturing is complex and
depends on the characteristics of the targeted rock
formation and the characteristics of the hydraulic
fracturing operation. In general, rock characteristics,
particularly the natural stresses placed on the 
targeted rock formation due to the weight of the
rock above, affect how the rock fractures, including
whether newly-created fractures grow vertically (i.e.,
perpendicular to the ground surface) or horizontally
(i.e., parallel to the ground surface) (Text Box ES-8).

and grow fractures, fracture growth during hydraulic
fracturing can be controlled by limiting the rate and

well. 
Publicly available data on fracture growth are

currently limited to microseismic and tiltmeter data
collected during hydraulic fracturing operations in

data by Fisher and Warpinski (2012) and Davies et al.
(2012) indicate that the direction of fracture growth
generally varied with depth and that upward vertical
fracture growth was often on the order of tens to
hundreds of feet in the shale formations studied 
(Text Box ES-8). One percent of the fractures had a
fracture height greater than 1,148 feet (350 meters),
and the maximum fracture height among all of the
data reported was 1,929 feet (588 meters). These
reported fracture heights suggest that some fractures
can grow out of the targeted rock formation and into
an overlying formation. It is unknown whether these
observations apply to other hydraulically fractured
rock formations because similar data from hydraulic
fracturing operations in other rock formations are
not currently available to the public.

to reach, and therefore impact, underground
drinking water resources is related to the pathways

move during hydraulic fracturing: the oil and gas 

production well itself and the fracture network
created during hydraulic fracturing. Because the well

integrity of the well is an important factor that affects
the frequency and severity of impacts from the well

cycle.1 

the inside to the outside of the well (pathway 1 in
Figure ES-6) or vertically along the outside of the
well (pathways 2-5). The existence of one or more
of these pathways can result in impacts on drinking

groundwater resources. Impacts on drinking
water resources can also occur if gases or liquids
released from the targeted rock formation or other
formations during hydraulic fracturing travel along
these pathways to groundwater resources.

The pathways shown in Figure ES-6 can exist
because of inadequate well design or construction
(e.g., incomplete cement around the casing where
the well intersects with water-, oil-, or gas-bearing
formations) or can develop over the well’s lifetime,
including during hydraulic fracturing. In particular,
casing and cement can degrade over the life of the
well because of exposure to corrosive chemicals,
formation stresses, and operational stresses (e.g.,
pressure and temperature changes during hydraulic
fracturing). As a result, some hydraulically fractured
oil and gas production wells may develop one or more
of the pathways shown in Figure ES-6. Changes in
mechanical integrity over time have implications for
older wells that are hydraulically fractured because
these wells may not be able to withstand the stresses
applied during hydraulic fracturing. Older wells may
also be hydraulically fractured at shallower depths,
where cement around the casing may be inadequate
or missing.

Examples of mechanical integrity problems
have been documented in hydraulically fractured
oil and gas production wells. In one case, hydraulic 
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When hydraulic fracturing occurs at depths less than 

When hydraulic fracturing occurs at depths 

or perpendicular to the ground surface. 

The 

Eagle Ford 
Woodford 

Marcellus 
Niobrara 

Source: Davies et  (2012) 
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fracturing of an inadequately cemented gas well
in Bainbridge Township, Ohio, contributed to the
movement of methane into local drinking water 
resources.1 In another case, an inner string of casing
burst during hydraulic fracturing of an oil well near
Killdeer, North Dakota, resulting in a release of 

impacted a groundwater resource.

resources is also related to the fracture network 

26

1 Although ingestion of methane is not considered to be toxic, methane can pose a physical hazard. Methane can accumu-
late to explosive levels when allowed to exsolve (degas) from groundwater in closed environments. 



travel through the newly-created fractures, the
location of these fractures relative to underground
drinking water resources is an important factor
affecting the frequency and severity of potential
impacts on drinking water resources. Data on the
relative location of induced fractures to underground
drinking water resources are generally not available,
because fracture networks are infrequently mapped
and because there can be uncertainty in the depth
of the bottom of the underground drinking water

Without these data, we were often unable 
to determine with certainty whether fractures
created during hydraulic fracturing have reached
underground drinking water resources. Instead, we
considered the vertical separation distance between
hydraulically fractured rock formations and the 
bottom of underground drinking water resources.
Based on computer modeling studies, Birdsell et al.
(2015) concluded that it is less likely that hydraulic

water resource if (1) the vertical separation distance
between the targeted rock formation and the drinking
water resource is large and (2) there are no open
pathways (e.g., natural faults or fractures, or leaky
wells). As the vertical separation distance between
the targeted rock formation and the underground
drinking water resource decreases, the likelihood of

the drinking water resource increases (Birdsell et al.,
2015). 

Figure ES-7 illustrates how the vertical 
separation distance between the targeted rock
formation and underground drinking water 
resources can vary across the United States. The two
example environments depicted in panels a and b
represent the range of separation distances shown in
panel c. In Figure ES-7a, there are thousands of feet
between the bottom of the underground drinking
water resource and the hydraulically fractured rock

of deep shale formations (e.g., Haynesville Shale), 

vertically and then horizontally along the targeted
rock formation. Microseismic data and modeling
studies suggest that, under these conditions, 
fractures created during hydraulic fracturing are
unlikely to grow through thousands of feet of rock
into underground drinking water resources.

When drinking water resources are co-located
with oil and gas resources and there is no vertical
separation between the hydraulically fractured
rock formation and the bottom of the underground

of the drinking water resource. According to the
information examined in this report, the overall
occurrence of hydraulic fracturing within a drinking
water resource appears to be low, with the activity
generally concentrated in some areas in the western
United States (e.g., the Wind River Basin near
Pavillion, Wyoming, and the Powder River Basin
of Montana and Wyoming).1 Hydraulic fracturing 
within drinking water resources introduces 

currently serve, or in the future could serve, as a
drinking water source for public or private use. This
is of concern in the short-term if people are currently
using these formations as a drinking water supply. It
is also of concern in the long-term, because drought
or other conditions may necessitate the future use of
these formations for drinking water.

Regardless of the vertical separation between
the targeted rock formation and the underground
drinking water resource, the presence of other wells
near hydraulic fracturing operations can increase

resources. There have been cases in which hydraulic
fracturing at one well has affected a nearby oil and gas
well or its fracture network, resulting in unexpected
pressure increases at the nearby well, damage to the
nearby well, or spills at the surface of the nearby
well. These well communication events, or “frac hits,” 

1 Section 6.3.2 in Chapter 6. 
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Distance in 
Measured Depth 

Drinking Water Resource 

Drinking Water Resource
Distance 

have been reported in New Mexico, Oklahoma, and
other locations. Based on the available information, 
frac hits most commonly occur when multiple wells
are drilled from the same surface location and when 
wells are spaced less than 1,100 feet (335 meters)
apart. Frac hits have also been observed at wells
up to 8,422 feet (2,567 meters) away from a well
undergoing hydraulic fracturing.

an abandoned well in Pennsylvania produced a 30-
foot (9-meter) geyser of brine and gas for more than
a week after hydraulic fracturing of a nearby gas well.

oil and gas exploration and production. Various
studies estimate the number of abandoned wells 

the Interstate Oil and Gas Compact Commission
estimates that over 1 million wells were drilled in 
the United States prior to the enactment of state
oil and gas regulations (IOGCC, 2008). The location
and condition of many of these wells are unknown, 

Abandoned wells near a well undergoing
hydraulic fracturing can provide a pathway for

if those wells were not properly plugged or if the plugs
and cement have degraded over time. For example, 
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abandoned wells. 

Well Injection Conclusions
Impacts on drinking water resources associated

fracturing water cycle have occurred in some
instances. In particular, mechanical integrity failures
have allowed gases or liquids to move to underground
drinking water resources. Additionally, hydraulic
fracturing has occurred within underground
drinking water resources in parts of the United
States. This practice introduces hydraulic fracturing 

Consequently, the mechanical integrity of the well
and the vertical separation distance between the
targeted rock formation and underground drinking
water resources are important factors that affect
the frequency and severity of impacts on drinking
water resources. The presence of multiple layers
of cemented casing and thousands of feet of rock
between hydraulically fractured rock formations
and underground drinking water resources can
reduce the frequency of impacts on drinking water

hydraulic fracturing water cycle. 

Spills of produced water can reach groundwater and surface water resources. 

Aapplied to the oil or gas production well is re-
-

returns to the surface after hydraulic fracturing is 

and economic quantities of oil and/or gas that are 
separated and collected. Water that returns to the 
surface during oil and gas production is similar in 

-
ed rock formation and is typically called “produced 
water.” The term “produced water” is also used to re-

the surface through the production well as a by-prod-

“produced water” is used in this report.
Produced water can contain many constituents, 

-

fractured. Knowledge of the chemical composition of 
produced water comes from the collection and analy-
sis of produced water samples, which often requires 
advanced laboratory equipment and techniques that 
can detect and quantify chemicals in produced water. 
In general, produced water has been found to contain: 

Salts, including those composed from chloride,
bromide, sulfate, sodium, magnesium, and cal-
cium;
Metals, including barium, manganese, iron, and
strontium;
Naturally-occurring organic compounds, includ-
ing benzene, toluene, ethylbenzene, xylenes
(BTEX), and oil and grease;
Radioactive materials, including radium; and
Hydraulic fracturing chemicals and their chemi-
cal transformation products.

The amount of these constituents in produced
water varies across the United States, both within 
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New chemicals that are formed when chemicals in 

fracturing is generally greater than the volume of water produced 

and among different rock formations. Produced wa-
ter from shale and tight gas formations is typically 
very salty compared to produced water from coalbed 
methane formations. For example, the salinity of pro-
duced water from the Marcellus Shale has been re-
ported to range from less than 1,500 milligrams per 
liter (mg/L) of total dissolved solids to over 300,000 
mg/L, while produced water from coalbed methane 

formations has been reported to range from 170 mg/L 
of total dissolved solids to nearly 43,000 mg/L.1 Shale 
and sandstone formations also commonly contain ra-
dioactive materials, including uranium, thorium, and 
radium. As a result, radioactive materials have been 
detected in produced water from these formations.

Produced water volumes can vary by well, rock
formation, and time after hydraulic fracturing. Vol-

1 For comparison, the average salinity of seawater is approximately 35,000 mg/L of total dissolved solids. 



umes are often described in terms of the volume of 

For example, Figure ES-4 shows that wells in the
Marcellus Shale typically produce 10-30% of the

fracturing. In comparison, some wells in the Barnett

Because of the large volumes used for hydraulic
fracturing [about 4 million gallons (15 million li-
ters) per well in the Marcellus Shale and the Barnett
Shale], hundreds of thousands to millions of gallons
of produced water need to be collected and handled
at the well site. The volume of water produced per
day generally decreases with time, so the volumes
handled on site immediately after hydraulic fractur-
ing can be much larger than the volumes handled
when the well is producing oil and/or gas (Text Box
ES-9).

(Text Box ES-10) before being transported offsite via
trucks or pipelines for disposal or reuse. While pro-
duced water collection, storage, and transportation
systems are designed to contain produced water,
spills can occur. Changes in drinking water quality
can occur if produced water spills reach groundwa-
ter or surface water resources. 

Produced water spills have been reported across
the United States. Median spill volumes among the
datasets reviewed for this report ranged from ap-
proximately 340 gallons (1,300 liters) to 1,000 gal-
lons (3,800 liters) per spill.1 There were, however, a 
small number of large volume spills. In North Dakota,
for example, there were 12 spills greater than 21,000

gallons (160,000 liters), and one spill of 2.9 million
gallons (11 million liters) in 2015. Common causes
of produced water spills included human error and
equipment leaks or failures. Common sources of pro-

duced water spills included hoses or lines and stor-
age equipment.

Spills of produced water have reached ground-
water and surface water resources. In U.S. EPA 
(2015c), 30 of the 225 (13%) produced water spills
characterized were reported to have reached surface
water (e.g., creeks, ponds, or wetlands), and one was
reported to have reached groundwater. Of the spills
that were reported to have reached surface water, re-
ported spill volumes ranged from less than 170 gal-
lons (640 liters) to almost 74,000 gallons (280,000
liters). A separate assessment of produced water

Services between January 2009 and December 2014
reported that 18% of the spills impacted waterways
(CCST, 2015).

Documented cases of water resource impacts
from produced water spills provide insights into
the types of impacts that can occur. In most of the
cases reviewed for this report, documented impacts
included elevated levels of salinity in groundwa-
ter and/or surface water resources.2 For example,
the largest produced water spill reported in this
report occurred in North Dakota in 2015, when ap-
proximately 2.9 million gallons (11 million liters)
of produced water spilled from a broken pipeline.

-
creased the concentration of chloride and the electri-
cal conductivity of the creek; these observations are
consistent with an increase in water salinity. Elevat-
ed levels of electrical conductivity and chloride were
also found downstream in the Little Muddy River and
the Missouri River. In another example, pits holding

-
ing the pH of the creek and increasing the electrical
conductivity.

-
ter releases highlight the role of local geology in the
movement of produced water through the environ-

1 See Section 7.4 in Chapter 7. 
2 Groundwater impacts from produced water management practices are described in Chapter 8 and summarized in the 
“Wastewater Disposal and Reuse” section below. 
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be stored onsite in tanks or pits before being 

or aboveground disposal. 

Source: Adapted from Olson (2011) and 
BJ Services Company (2009) 

32



ment. Whittemore (2007) described a site in Kansas
where low permeability soils and rock caused pro-

to nearby surface water resources, reducing the

contrast, Otton et al. (2007) explored the release of
produced water and oil from two pits in Oklahoma.

through thin soil and into the underlying, permeable

less permeable rock. The authors suggest that pro-
duced water moved into the deeper, less permeable
rock through natural fractures. Together, these stud-

paths of least resistance) in the movement of pro-
duced water through the environment.

Spill response activities likely reduce the sever-
ity of impacts on groundwater and surface water
resources from produced water spills. For example,
in the North Dakota example noted above, absor-
bent booms were placed in the affected creek and
contaminated soil and oil-coated ice were removed 
from the site. In another example, a pipeline leak in
Pennsylvania spilled approximately 11,000 gallons

a nearby stream. In response, the pipeline was shut
off, a dam was constructed to contain the spilled pro-
duced water, water was removed from the stream, 

examples, it was not possible to quantify how spill
response activities reduced the severity of impacts
on groundwater or surface water resources. How-
ever, actions taken after the spills were designed to
stop produced water from entering the environment
(e.g., shutting off a pipeline), remove produced water
from the environment (e.g., using absorbent booms),
and reduce the concentration of produced water 

constituents introduced into water resources (e.g.,

The severity of impacts on water quality from
spills of produced water depends on the identity and
amount of produced water constituents that reach
groundwater or surface water resources, the toxicity
of those constituents, and the characteristics of the 
receiving water resource.1 In particular, spills of pro-
duced water can have high levels of total dissolved

greater levels of total dissolved solids than ground-

through groundwater resources. Depending on the

resource, impacts from produced water spills can
last for years. 

Produced Water Handling Conclusions
Spills of produced water during the produced

water handling stage of the hydraulic fracturing wa-
ter cycle have reached groundwater and surface wa-
ter resources in some cases. Several cases of water 
resource impacts from produced water spills sug-
gest that impacts are characterized by increases in
the salinity of the affected groundwater or surface
water resource. In the absence of direct pathways to
groundwater resources (e.g., fractured rock), large
volume spills are more likely to travel further from
the site of the spill, potentially to groundwater or
surface water resources. Additionally, saline pro-
duced water can migrate downward through soil and
into groundwater resources, leading to longer-term
groundwater contamination. Spill prevention and

reaching groundwater or surface water resources

1 Human health hazards associated with chemicals detected in produced water are discussed in Chapter 9 and summa-
rized in the “Chemicals in the Hydraulic Fracturing Water Cycle” section below. 
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The disposal and reuse of hydraulic fracturing wastewater. 

fracturing wastewater to groundwater and surface water resources. 

In general, produced water from hydraulically frac-
tured oil and gas production wells is managed

hydraulic fracturing operations, or various aboveg-
round disposal practices (Text Box ES-11). In this
report, produced water from hydraulically fractured
oil and gas wells that is being managed through one
of the above management strategies is referred to as
“hydraulic fracturing wastewater.” Wastewater man-
agement choices are affected by cost and other fac-
tors, including: the local availability of disposal meth-
ods; the quality of produced water; the volume, dura-

and local regulations; and well operator preferences.
Available information suggests that hydraulic

fracturing wastewater is mostly managed through
Veil (2015) estimated that

93% of produced water from the oil and gas indus-

this estimate included produced water from oil and
gas wells in general, it is likely indicative of nation-
wide management practices for hydraulic fracturing
wastewater. Disposal of hydraulic fracturing waste-
water in Class II wells is often cost-effective, espe-
cially when a Class II disposal well is located within
a reasonable distance from a hydraulically fractured
oil or gas production well. In particular, large num-
bers of active Class II disposal wells are found in Tex-
as (7,876), Kansas (5,516), Oklahoma (3,837), Loui-
siana (2,448), and Illinois (1,054) (U.S. EPA, 2016). 
Disposal of hydraulic fracturing wastewater in Class
II wells has been associated with earthquakes in sev-

-
tion in Class II wells as a wastewater disposal option
in these states. 

Nationwide, aboveground disposal and reuse of
hydraulic fracturing wastewater are currently prac-

Class II wells, and these management strategies ap-
pear to be concentrated in certain parts of the United
States. For example, approximately 90% of hydraulic
fracturing wastewater from Marcellus Shale gas wells
in Pennsylvania was reused in other hydraulic frac-
turing operations in 2013 (Figure ES-4a). Reuse in
hydraulic fracturing operations is practiced in some
other areas of the United States as well, but at lower 
rates (approximately 5-20%). Evaporation ponds
and percolation pits have historically been used in
the western United States to manage produced wa-
ter from the oil and gas industry and have likely been
used to manage hydraulic fracturing wastewater. Per-
colation pits, in particular, were commonly reported
to have been used to manage produced water from
stimulated wells in Kern County, California, between
2011 and 2014.1 -
ing and irrigation) are also practiced in the western
United States if the water quality is considered ac-
ceptable, although available data on the use of these
practices are incomplete.

Aboveground disposal practices generally re-
lease treated or, under certain conditions, untreated 
wastewater directly to surface water or the land sur-
face (e.g., wastewater treatment facilities, evapora-
tion pits, or irrigation). If released to the land surface, 
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1 Hydraulic fracturing was the predominant stimulation practice. Other stimulation practices included acid fracturing 
and matrix acidizing. California updated its regulations in 2015 to prohibit the use of percolation pits for the disposal of 



Most oil and gas wastewater—including hydraulic fracturing 
wastewater—is injected in Class II wells, which are regulated 

Safe Drinking Water Act. 

Class II wells are used to inject wastewater associated with oil and 

Reused Hydraulic  
Fracturing  

Wastewater 

and local water demand for hydraulic fracturing. 

Aboveground disposal of treated and untreated hydraulic fracturing wastewater can take many forms, including release to 

Some 
 treat hydraulic 

fracturing wastewater 
and release the treated 
wastewater to surface 
water. Solid or liquid 
by-products of the 
treatment process can be 

underground. 

 and 
 can be used 

for hydraulic fracturing 
wastewater disposal. 

liquid waste to naturally 

allow wastewater to move 
into the ground, although 

generally prevent the direct release of wastewater pollutants to waters of the United States from onshore oil and gas 

quality criteria when discharged. 
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treated or untreated wastewater can move through
soil to groundwater resources. Because the ultimate
fate of the wastewater can be groundwater or surface
water resources, the aboveground disposal of hy-
draulic fracturing wastewater, in particular, can im-
pact drinking water resources.

Impacts on drinking water resources from the
aboveground disposal of hydraulic fracturing waste-
water have been documented. For example, early
wastewater management practices in the Marcel-
lus Shale region in Pennsylvania included the use of
wastewater treatment facilities that released (i.e.,
discharged) treated wastewater to surface waters
(Figure ES-8). The wastewater treatment facilities
were unable to adequately remove the high levels of
total dissolved solids found in produced water from
Marcellus Shale gas wells, and the discharges con-
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tributed to elevated levels of total dissolved solids 
(particularly bromide) in the Monongahela River Ba-
sin. In the Allegheny River Basin, elevated bromide
levels were linked to increases in the concentration 
of hazardous disinfection byproducts in at least one
downstream drinking water facility and a shift to
more toxic brominated disinfection byproducts.1 In 
response, the Pennsylvania Department of Environ-
mental Protection revised existing regulations to
prevent these discharges and also requested that oil
and gas operators voluntarily stop bringing certain
kinds of hydraulic fracturing wastewater to facilities
that discharge inadequately treated wastewater to
surface waters.2 

Pennsylvania Department of Environmental Protec-
tion suggest that other produced water constituents 

Includes non-hydraulic fracturing oil 

Wastewater is treated and either 
discharged to surface waters or 
reused in other hydraulic fracturing 

Wastewater is treated and 
discharged to surface waters 

Wastewater is injected into Class II 
wells 

 

1 Disinfection byproducts form through chemical reactions between organic material and disinfectants, which are used 
in drinking water treatment. Human health hazards associated with disinfection byproducts are described in Section 
9.5.6 in Chapter 9.  
2 See Text Box 8-1 in Chapter 8. 

36



(e.g., barium, strontium, and radium) may have been
introduced to surface waters through the release of
inadequately treated hydraulic fracturing wastewa-
ter. In particular, radium has been detected in stream
sediments at or near wastewater treatment facili-
ties that discharged inadequately treated hydraulic
fracturing wastewater. Such sediments can migrate if

Additionally, residuals from the treatment of hydrau-
lic fracturing wastewater (i.e., the solids or liquids
that remain after treatment) are concentrated in the
constituents removed during treatment, and these
residuals can impact groundwater or surface water
resources if they are not managed properly.

Impacts on groundwater and surface water re-
sources from current and historic uses of lined and 
unlined pits, including percolation pits, in the oil
and gas industry have been documented. For ex-
ample, Kell (2011) reported 63 incidents of non-
public water supply contamination from unlined or
inadequately constructed pits in Ohio between 1983
and 2007, and 57 incidents of groundwater contami-
nation from unlined produced water disposal pits
in Texas prior to 1984. Other cases of impacts have

-
ico, Oklahoma, Pennsylvania, and Wyoming.1 Impacts
among these cases included the detection of vola-
tile organic compounds in groundwater resources,
wastewater reaching surface water resources from

resources through liner failures. Based on document-
ed impacts on groundwater resources from unlined
pits, many states have implemented regulations that
prohibit percolation pits or unlined storage pits for
either hydraulic fracturing wastewater or oil and gas
wastewater in general. 

The severity of impacts on drinking water re-
sources from the aboveground disposal of hydraulic
fracturing wastewater depends on the volume and
quality of the discharged wastewater and the charac-
teristics of the receiving water resource. In general,

can reduce the severity of impacts through dilution,
although impacts may not be eliminated. In con-
trast, groundwater is generally slow moving, which
can lead to an accumulation of hydraulic fracturing
wastewater contaminants in groundwater from con-
tinuous or repeated discharges to the land surface;
the resulting contamination can be long-lasting. The
severity of impacts on groundwater resources will

and other factors that control the movement or deg-
radation of wastewater constituents. 

Wastewater Disposal and Reuse Conclusions
The aboveground disposal of hydraulic fractur-

ing wastewater has impacted the quality of ground-
water and surface water resources in some instanc-
es. In particular, discharges of inadequately treated
hydraulic fracturing wastewater to surface water
resources have contributed to elevated levels of haz-
ardous disinfection byproducts in at least one down-
stream drinking water system. Additionally, the use
of lined and unlined pits for the storage or disposal
of oil and gas wastewater has impacted surface and
groundwater resources. Unlined pits, in particular,
provide a direct pathway for contaminants to reach
groundwater. Wastewater management is dynamic,
and recent changes in state regulations and practices
have been made to limit impacts on groundwater and
surface water resources from the aboveground dis-
posal of hydraulic fracturing wastewater. 

1 See Section 8.4.5 in Chapter 8. 



  

Chemicals are present in the hydraulic fracturing 
water cycle. During the chemical mixing stage of 

the hydraulic fracturing water cycle, chemicals are in-
tentionally added to water to alter its properties for 
hydraulic fracturing (Text Box ES-6). Produced water, 
which is collected, handled, and managed in the last 
two stages of the hydraulic fracturing water cycle, 

-
ids, naturally occurring chemicals found in hydrau-
lically fractured rock formations, and any chemical 
transformation products (Text Box ES-9). By evalu-
ating available data sources, we compiled a list of 
1,606 chemicals that are associated with the hydrau-
lic fracturing water cycle, including 1,084 chemicals 
reported to have been used in hydraulic fracturing 

This list represents a national analysis; an individual 
well would likely have a fraction of the chemicals on 
this list and may have other chemicals that were not 
included on this list. 

In many stages of the hydraulic fracturing water 
cycle, the severity of impacts on drinking water re-
sources depends, in part, on the identity and amount 
of chemicals that enter the environment. The proper-

-
forms in the environment and how it interacts with 
the human body. Therefore, some chemicals in the 
hydraulic fracturing water cycle are of more concern 
than others because they are more likely to move 

drinking water resources, persist in the environment 
(e.g., chemicals that do not degrade), and/or affect 
human health. 

Evaluating potential hazards from chemicals in 
the hydraulic fracturing water cycle is most useful 
at local and/or regional scales because chemical use 
for hydraulic fracturing can vary from well to well 
and because the characteristics of produced water 

characteristics (e.g., the local landscape, and soil and 
subsurface permeability) can affect whether and how 
chemicals enter drinking water resources, which in-

compiled toxicity values for chemicals in the hydrau-
lic fracturing water cycle from federal, state, and in-
ternational sources that met the EPA’s criteria for in-
clusion in this report.1,2 

The EPA was able to identify chronic oral toxic-
ity values from the selected data sources for 98 of 
the 1,084 chemicals that were reported to have been 

2013. Potential human health hazards associated 
with chronic oral exposure to these chemicals in-
clude cancer, immune system effects, changes in body 
weight, changes in blood chemistry, cardiotoxicity, 
neurotoxicity, liver and kidney toxicity, and repro-
ductive and developmental toxicity. Of the chemicals 
most frequently reported to FracFocus 1.0, nine had 
toxicity values from the selected data sources (Table 
ES-3). Critical effects for these chemicals include kid-
ney/renal toxicity, hepatotoxicity, developmental tox-
icity (extra cervical ribs), reproductive toxicity, and 
decreased terminal body weight. 

1

value describes the dose of a chemical that is likely to be without an appreciable risk of adverse health effects. In the 
context of this report, the term “reference value” generally refers to reference values for noncancer effects occurring via 
the oral route of exposure and for chronic durations. An oral slope factor is an upper-bound estimate on the increased 
cancer risk from a lifetime oral exposure to an agent. 
2 The EPA’s criteria for inclusion in this report are described in Section 9.4.1 in Chapter 9. Sources of information that 
met these criteria are listed in Table 9-1 of Chapter 9. 
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c Renal and hepatotoxicity 33 
c 13 

c Decreased terminal body 
weight 19 

c 11 

c 

in the liver 
Quaternary ammonium compounds, 

d Decreased body weight and 
weight gain 

e 11 
c Kidney toxicity 47 
c Extra cervical ribs 73 

a  
 

b   
c

d

eFrom the EPA Provisional Peer-Reviewed Toxicity Value database. 

Chronic oral toxicity values from the selected data 

detected in produced water. Potential human health 
hazards associated with chronic oral exposure to 
these chemicals include liver toxicity, kidney toxicity, 
neurotoxicity, reproductive and developmental toxic-

-
ues are included in Chapter 9. 

Chemicals in the Hydraulic Fracturing Water 
Cycle Conclusions

Some of the chemicals in the hydraulic fractur-
ing water cycle are known to be hazardous to human 

173 had chronic oral toxicity values from federal, 
state, and international sources that met the EPA’s 
criteria for inclusion in this report. These data alone, 

-
cals have the greatest potential to impact drinking 
water resources and human health. To understand 

through their presence in drinking water, data on 
chemical concentrations in drinking water would be 
needed. In the absence of these data, relative hazard 
potential assessments could be conducted at local 
and/or regional scales using the multi-criteria deci-
sion analysis approach outlined in Chapter 9. This ap-
proach combines available chemical occurrence data 
with selected chemical, physical, and toxicological 
properties to place the severity of potential impacts 

-
text of factors that affect the likelihood of impacts (i.e., 
frequency of use, and chemical and physical proper-
ties relevant to environmental fate and transport). 
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The information reviewed for this report included 
cases of impacts on drinking water resources

from activities in the hydraulic fracturing water cy-
cle. Using these cases and other data, information,
and analyses, we were able to identify factors that
likely result in more frequent or more severe im-
pacts on drinking water resources. However, there
were instances in which we were unable to form 
conclusions about the potential for activities in the
hydraulic fracturing water cycle to impact drinking

the frequency or severity of impacts. Below, we pro-
vide perspective on the data gaps and uncertainties
that prevented us from drawing additional conclu-
sions about the potential for impacts on drinking
water resources and/or the factors that affect the
frequency and severity of impacts.

In general, comprehensive information on the lo-
cation of activities in the hydraulic fracturing water
cycle is lacking, either because it is not collected, not

-
gate. This includes information on the: 

Above- and belowground locations of water
withdrawals for hydraulic fracturing; 
Surface locations of hydraulically fractured oil
and gas production wells, where the chemical

-
dling stages of the hydraulic fracturing water
cycle take place; 
Belowground locations of hydraulic fracturing,
including data on fracture growth; and 
Locations of hydraulic fracturing wastewater
management practices, including the disposal of
treatment residuals. 

There can also be uncertainty in the location
of drinking water resources. In particular, depths
of groundwater resources that are, or in the future 

could be, used for drinking water are not always
known. If comprehensive data about the locations of
both drinking water resources and activities in the
hydraulic fracturing water cycle were available, it
would have been possible to more completely iden-
tify areas in the United States in which hydraulic
fracturing-related activities either directly interact
with drinking water resources or have the potential
to interact with drinking water resources.

In places where we know activities in the hy-
draulic fracturing water cycle have occurred or are
occurring, data that could be used to characterize the
presence, migration, or transformation of hydrau-
lic fracturing-related chemicals in the environment
before, during, and after hydraulic fracturing were

to compare pre- and post-hydraulic fracturing con-
ditions are not usually collected or readily available.
The limited amount of data collected before, during,
and after activities in the hydraulic fracturing water
cycle reduces the ability to determine whether these
activities affected drinking water resources.

-
ground drinking water resources during the well

-
cle are particularly challenging to understand (e.g.,
methane migration in Dimock, Pennsylvania; the Ra-
ton Basin of Colorado; and Parker County, Texas1). 
This is because the subsurface environment is com-

observable. In cases of alleged impacts, activities in
the hydraulic fracturing water cycle may be one of
several causes of impacts, including other oil and gas
activities, other industries, and natural processes.

-
sary to narrow down the list of potential causes to a

Additionally, information on chemicals in the
hydraulic fracturing water cycle (e.g., chemical iden-

1 See Text Boxes 6-2 (Dimock, Pennsylvania), 6-3 (Raton Basin), and 6-4 (Parker County, Texas) in Chapter 6. 



tity; frequency of use or occurrence; and physical,
chemical, and toxicological properties) is not com-
plete. Well operators claimed at least one chemical

to FracFocus 1.0 (U.S. EPA, 2015a).1 The identity and
concentration of these chemicals, their transfor-
mation products, and chemicals in produced water
would be needed to characterize how chemicals as-
sociated with hydraulic fracturing activities move
through the environment and interact with the hu-
man body. Identifying chemicals in the hydraulic
fracturing water cycle also informs decisions about
which chemicals would be appropriate to test for
when establishing pre-hydraulic fracturing baseline
conditions and in the event of a suspected drinking
water impact.

173 had toxicity values from sources that met the
EPA’s criteria for inclusion in this report. Toxicity
values from these selected data sources were not 
available for 1,433 (89%) of the chemicals, although
many of these chemicals have toxicity data available
from other data sources.2 Given the large number of 

This report describes how activities in the hydrau
lic fracturing water cycle can impact—and have 

impacted—drinking water resources and the factors 

impacts. It also describes data gaps and uncertain
ties that limited our ability to draw additional con
clusions about impacts on drinking water resources 
from activities in the hydraulic fracturing water cycle. 
Both types of information—what we know and what 
we do not know—provide stakeholders with scien

-

-
-

-

-
ter cycle, this missing information represents a sig-

-
derstand the severity of potential impacts on drink-
ing water resources.

-
tainties in the available data, it was not possible to
fully characterize the severity of impacts, nor was
it possible to calculate or estimate the national fre-
quency of impacts on drinking water resources from
activities in the hydraulic fracturing water cycle. We
were, however, able to estimate impact frequencies
in some, limited cases (i.e., spills of hydraulic frac-

integrity failures).3 The data used to develop these
estimates were often limited in geographic scope or
otherwise incomplete. Consequently, national es-
timates of impact frequencies for any stage of the
hydraulic fracturing water cycle have a high degree
of uncertainty. Our inability to quantitatively deter-
mine a national impact frequency or to characterize
the severity of impacts, however, did not prevent us
from qualitatively describing factors that affect the
frequency or severity of impacts at the local level. 

throughout this report can be used to identify future 
efforts to further our understanding of the potential 
for activities in the hydraulic fracturing water cycle to 
impact drinking water resources and the factors that 
affect the frequency and severity of those impacts. Fu-
ture efforts could include, for example, groundwater 
and surface water monitoring in areas with hydrau-
lically fractured oil and gas production wells or tar-

1 Chemical withholding rates in FracFocus have increased over time. Konschnik and Dayalu (2016) reported that 92% of 
wells reported in FracFocus 2.0 between approximately March 2011 and April 2015 used at least one chemical that was 

2 Chapter 9 describes the availability of data in other data sources. The quality of these data sources was not evaluated as  
part of this report.  
3 See Chapter 10. 
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geted research programs to better characterize the 
environmental fate and transport and human health 
hazards associated with chemicals in the hydraulic 
fracturing water cycle. Future efforts could identify 
additional vulnerabilities or other factors that affect 
the frequency and/or severity of impacts. 

In the near term, decision-makers could focus 
their attention on the combinations of hydraulic frac-
turing water cycle activities and local- or regional-
scale factors that are more likely than others to result 
in more frequent or more severe impacts. These in-
clude: 

Water withdrawals for hydraulic fracturing in 
times or areas of low water availability, particu-
larly in areas with limited or declining groundwa-
ter resources; 
Spills during the management of hydraulic frac-

that result in large volumes or high concentra-
tions of chemicals reaching groundwater re-
sources; 

wells with inadequate mechanical integrity, 
allowing gases or liquids to move to groundwater 

resources; 

into groundwater resources; 
Discharge of inadequately treated hydraulic frac-
turing wastewater to surface water resources; 
and 
Disposal or storage of hydraulic fracturing waste-
water in unlined pits, resulting in contamination 
of groundwater resources. 

The above combinations of activities and factors 
highlight, in particular, the vulnerability of ground-
water resources to activities in the hydraulic fractur-
ing water cycle. By focusing attention on the situa-
tions described above, impacts on drinking water 
resources from activities in the hydraulic fracturing 
water cycle could be prevented or reduced. 

Overall, hydraulic fracturing for oil and gas is a 
practice that continues to evolve. Evaluating the po-
tential for activities in the hydraulic fracturing water 
cycle to impact drinking water resources will need to 
keep pace with emerging technologies and new sci-

these efforts, while helping to reduce current vulner-
abilities to drinking water resources. 

Source: U.S. EPA 
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January 26, 2017 
 
Montana Board of Oil and Gas Conservation 
2535 St. Johns Ave 
Billings, MT 59102 
 
Dear Board Members, 
 
My name is Anne Moses.  In July 2016 I signed the petition to reform the Montana Board of Oil 
and Gas Conservation’s fracking chemical disclosure rules because it is critical to our health and 
welfare that we have greater access to fracking chemical information. Today I ask again that 
you take responsible action on this matter before you.  
 
Along with my three sisters, I own property on the banks of the Stillwater River approximately 
fifteen miles upstream from Absarokee, Montana.  My parents bought the cabin property in the 
mid-1970s.  They later added to the cabin and moved there full-time in the mid-1980s, residing 
there until their deaths roughly ten years ago.  Since that time, my husband, children and I, as 
well as my sisters and their families, have continued to spend significant parts of the spring, 
summer, and fall there.  My husband, David Katz, and I spend about three to four weeks there 
each year.  We also periodically rent the cabin to vacationers when the family is not there.  
  
My family does not own the mineral rights on our property, so we could not prevent or control 
oil and gas development there. 
   
The things I value most about our family property on the Stillwater River are the river itself and 
the surrounding environment.  The river is the biggest attraction.  A passion for fishing has been 
part of my family for generations. My parents taught me to fly-fish in Montana when I was a 
young girl, and with these lessons they also gave me a reverence for the rare and precious pure 
waters of Montana. In turn, I taught my three sons how to fish and how to respect and 
conserve the local streams, including the Stillwater River and its tributaries. We all enjoy fishing 
in the river and my family goes rafting and tubing as well.  The surrounding landscape—the 
foothills of the Custer National Forest and lower-lying ranchlands—is beautiful and peaceful. 
The water we use for drinking and domestic purposes comes from a well on our property.  We 
use river water to irrigate our property.  The water from our well is delicious and pure.  In fact, I 
remember my father getting the quality of our well water tested every year and bragging about 
its purity.  He passed that pride in our water on to me.  
  
I first became concerned about the impact of extractive industry on our family land when my 
parents became involved in public debate surrounding the Stillwater Mine, which is just a few 
miles from our property.  I became concerned about mine safety as well as the potential for 
contamination—particularly the potential for mine tailings to contaminate nearby 
groundwater.  As the North Dakota fracking boom picked up speed in the past decade, I also 
became concerned about the potential for oil and gas development in our area.  These 
concerns intensified when Energy Corporation of America announced in 2013 that it wanted to 
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bring “something like the Bakken” boom to the Stillwater Valley and other areas along the 
Beartooth Front.  At that time, I began educating myself about fracking and my husband and I 
became involved in local efforts to protect the Stillwater River, our property, and the 
surrounding environment from contamination and other harm threatened by oil and gas 
development. 
   
As I learned more about fracking and how it is regulated, I was horrified to discover how little 
control governments exert over the industry and the scant protections for local people, land, 
livestock, and livelihoods.  My concerns about the potential harm to our family property and 
the local environment became more urgent when Energy Corporation of America drilled a test 
well in neighboring Carbon County in 2014.  
  
I am very concerned about the risk of fracking contaminating the Stillwater River, the well on 
our property, or the groundwater system in our area.  We depend entirely on clean water to 
use and enjoy our cabin—we use the well for drinking, cooking, and bathing, and we rely on the 
river for irrigation and recreation.  I also am concerned about the risk of harm to fish and other 
wildlife from contamination of the local watershed.  If our well or the river near our land were 
contaminated, our whole reason for being there would be poisoned and our investment in our 
property would be damaged or destroyed.  We would be unable to rent our cabin to 
vacationers in the area because it would be completely undesirable. Water contamination in 
our area also would threaten the livelihoods of our friends and neighbors who ranch nearby. 
 
I want to be able to research the environmental and health effects of the specific chemicals 
proposed for use on or near our land so I can understand the risks, including the risks of toxic 
exposure for me and my family.  I also want access to specific chemical information so I can 
effectively test the quality of the well water on our family property before fracking occurs and 
monitor it afterwards for evidence of contamination. Likewise, the river water should be tested 
before and after any oil and gas activity. We need to know what to test for in order to 
determine if we have or might be harmed, and we cannot get this information now. I believe it 
is critical for individuals to have direct access to this information so they can decide how best to 
protect their property and their health.   
 
Action by the Board of Oil and Gas Conservation to make rules regarding fracking chemical 
disclosure and require greater disclosure of fracking chemical information would be an essential 
public service. This would help protect my interests in safeguarding the water and surrounding 
environment on my family property on the Stillwater River, and in understanding the risks to 
my family and our property from fracking operations in our area. 
 
Sincerely, 
 
Anne B. Moses 
1473 Stillwater River Road 
Nye, MT 59061 



550 Elbow Creek Road 
Roberts MT 59070 

January 25, 2017 

Montana Board of Oil and Gas 
2535 St. Johns Avenue 
Billings, MT 59102 

Dear colleagues, 

I would like to express my appreciation for the Board’s decision to reconsider our 
rulemaking petition concerning fracking disclosure. My concerns about this issue are both 
personal and professional.  

I was raised on a ranch in Richland County, and have family still living there. We have 
several active oil wells on this family property that have been fracked. Observations several 
years ago of the various processes used in drilling the wells left me very concerned about the 
possible toxicity of the chemicals used. Accidents happen, and we have no way of knowing 
what may be happening to the land as a result of the oil drilling and fracking operations there, 
including the pollution that may be left behind when all that oil has been extracted. Another 
reason for my personal interest is that my husband and I have ranch property near Roberts, 
which is a setting of potential oil drilling activity.    

But I am also concerned about the possible impacts of fracking because of my public health 
background. I have doctoral and masters degrees in public health and I teach on the topic of 
maternal and newborn health at the university level. From a public health perspective, the 
potential exposure to large numbers of unknown and possibly toxic chemicals used in the 
fracking process could be a significant problem. I don’t think we currently have enough 
information on the chemicals being used to assess the hazards they may pose to the quality of 
surface water, ground water, human health, and the environment overall. The petition that we 
have submitted aims to improve our ability to assess those risks. 

I am confident that as the responsible body for overseeing oil development in Montana, the 
Board will take every reasonable precaution to minimize the damaging effects of fracking 
chemicals on human health. Thank you again for your decision to reconsider out petition. 

Sincerely, 

 

Mary Anne Mercer, DrPH 
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Montana Board of Oil and Gas Conservation 
2535 St. Johns Avenue 
Billings, MT 59102 
 
January 26, 2017 
 
Re:  Rulemaking on Hydraulic Fracturing Chemical Disclosure 
 
To the Members of the Montana Board of Oil and Gas Conservation: 
 

 My name is Willis D. Weight.  I have a Ph.D. in mathematical geology and I am a 
certified Professional Engineer in the State of Montana, practicing since 1992.  My academic and 
professional background is in earth sciences and engineering, and I have nearly thirty years of 
experience with water contamination issues.   
 
 I began teaching in the department of geological engineering at Montana Tech in Butte in 
1989 and subsequently served as head of the department.  During my twenty-year tenure at 
Montana Tech, I taught undergraduate and graduate-level courses in geology, hydrogeology, 
groundwater monitoring, contaminant transport modeling, and field methods.  I have written two 
books on field hydrogeology for McGraw-Hill publishing and am currently working on a book 
proposal for a 3rd Edition.  For the past nine years, I have taught at Carroll College in Helena, 
where I have developed the environmental engineering program in the engineering department 
and have served as head of the environmental studies program for three years. I currently teach 
classes in hydrology, hydrogeology, water quality, public health and the environment, air quality, 
groundwater modeling, and field methods.   
 
 Since 1989 I also have operated as President of a consulting business providing 
groundwater studies for landowners and expert witness support in a variety of water cases.   
 
 In 2015, I co-authored a white paper entitled “Fracking in Montana:  Asking Questions, 
Finding Answers,” which was funded by the Montana Farmers Union and aimed to provide a 
Montana-focused perspective on fracking and its potential impacts.  I authored the paper’s 
chapters on water quantity, water quality, and air quality impacts.   
 
 Through my work on the white paper and other research, I have developed a number of 
concerns about the potential environmental and public health impacts of fracking in Montana.  
As a result, I am supportive of the Board’s decision to take a second look at the need for 
rulemaking to expand public access to information about the chemicals used for hydraulic 
fracturing, or “fracking,” in our state.  The issue of fracking chemical disclosure is of vital 
importance to Montana landowners and citizens who live, work, farm, and ranch near oil and gas 
operations.  
 
 Approximately 0.5-1.5% of the fracking fluid volume is composed of chemical additives, 
meaning that tens of thousands of gallons of chemical additives are used for each fracking job.  
According to the U.S. Environmental Protection Agency, at least 1,076 different chemicals are 
used in fracking fluids, including acids, volatile organic chemicals, alcohols, surfactants, and 
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hydrocarbons.  A number of these chemicals are known human carcinogens.  However, the 
contents of the chemical cocktail used to frack a particular well are often not disclosed to the 
public because of industry claims that the chemical ingredients constitute “trade secrets.”   
 
 There are many pathways for fracking chemicals to contaminate surface water  and 
groundwater supplies; including surface spills of fracking fluids, flowback and produced water, 
blowouts, poorly maintained surface pits, and improper well completion that leads to well casing 
failure.   
 
 I also have concerns about the quantity of water used for fracking.  Several million 
gallons of water are used for each fracking job.  In Montana, fracking uses over 2.5 times more 
groundwater than all livestock uses state-wide.  Because chemicals—including some that are 
carcinogenic or toxic—are added to the water used for fracking, this water is effectively removed 
from the usable water budget.  Given the hydrological conditions in Montana as a headwater 
state, I am concerned about whether we will have adequate clean water to satisfy our other needs, 
over the long-term, given the substantial demand fracking places on our water resources.   
 
 I am also concerned about several air quality impacts from fracking.  First, I am 
concerned about the potential for workers and nearby residents to be exposed to silica dust—a 
primary component of proppants used for fracking—and other chemicals, some of which are 
associated with skin and respiratory problems, are carcinogenic, or are mutagenic.  I also have 
concerns about methane flaring, which has both local air quality impacts and climate impacts.   
 
 I signed the rulemaking petition to reform the Board’s fracking chemical disclosure rules 
in July 2016 because I believe that broader public access to information about the specific 
chemicals used for fracking operations is critical to protect landowners’ interests and public 
health.  Landowners cannot effectively establish a baseline quality of water sources they rely on 
for stock watering, irrigation, and domestic purposes without knowledge of the specific 
chemicals proposed for use on or near their property.  Access to fracking chemical information is 
also important for ongoing research into public health impacts.   
 
 As a private consultant, I work with landowners concerned about petroleum hydrocarbon 
contamination, including activities associated with preparing baseline water-quality studies.  I 
need to have access to comprehensive information identifying the chemicals used for fracking on 
or near my clients’ property to conduct the most effective studies possible.   
 
 The Board has undisputed authority to do the right thing by reforming its rules to provide 
greater public disclosure of fracking chemical information.  I ask that the Board take this 
opportunity to do so by granting the rulemaking petition and reforming the flawed aspects of its 
existing disclosure rules as requested in the petition.    

 
Sincerely, 

Willis D. Weight, PhD PE 
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