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Environmental Quality Council

Williams Production RMT Company
300 North Works Avenue
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. 307.686.1636

307.686.7574 (fax)

Terri A. Lorenzon, Director

Wyoming Environmental Quality Council
122 W. 25th Street

Herschler Building, Room 1714
Cheyenne, Wyoming 82002

Re: Petition to Amend Wyoming Water Quality Rule, Chapter 2, Appendix H
Dear Director Lorenzon:

On December 7, 2005, The Powder River Basin Resource Council et al.
(“Petitioners”) filed a Petition with the Environmental Quality Council (“EQC™) to
amend Wyoming Water Quality Rules and Regulations (“WQRR”), Chapter 2, Permit
Regulations for Discharges to Wyoming Surface Waters. Williams Production RMT :
Company (“Williams”) believes that the current Water Quality Rules adequately control
coalbed methane (“CBM?”) facility discharges. The proposed amendments would
interfere with the current water appropriation, distribution and diversion system in
Wyorming, and would expand the current Wyoming Polutant Discharge Elimination
System (“WYPDES”) permitting program beyond the limits of its statutery authority.

More importantly, the PRBRC proposal would not meet the purported objective
of maximizing the beneficial use of Wyoming water. To the contrary, by forcing re-
injection and other alternative disposal methods, it would have the unintended
consequence of wasting water and limiting its availability for use by Wyoming farmers,
ranchers and others. The Petitioners’ purported support of treatment options is only a
panacea, since many of the treatments are not technologically proven and each creates
its own disposal issues.

No amendment of the WQRR is needed at this time. Williams respectfully
requests that the EQC deny the petition to initiate rulemaking,

I. Background

The Wyoming Constitution provides that the Board of Control, which includes :
the State Engineer and superintendents of water divisions, shall “have the supervision
of the waters of the state and of their appropriation, distribution and diversion.” Wyo. :
Const. Art. §, § 2; Wyo. Stat. Ann. § 97-8-002. The State Engineer’s Office has the
primary responsibility for the regulation of quantities of water used, discharged and
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distributed throughout Wyoming. It is the State Engineer’s job to make sure that State
waters are put to beneficial use.

In contrast, the Wyoming Department of Environmental Quality’s (“DEQ™)
authority to regulate water is focused on the quality of State waters and discharges into
these waters. DEQ regulates water quality by implementing regulations developed to
‘meet requirements under both the Wyoming Environmental Quality Act and the federal
Clean Water Act (“CWA™)., Wyo. Stat. Ann. § 35-11-101 et seq.; 33 U.S.C. § 1251 et
seq. The broad purpose of the Environmental Quality Act is to protect State air, land
and water resources. Wyo. Stat. Ann. § 35-11-102. Similarly, in the area of water
quality protection, the CWA prohibits the unauthorized discharge of pollutants into
waters of the United States. 33 U.S.C. § 1311. At the time the United States Congress
passed the CWA, it wanted to control the amount of various contaminating substances
discharged so that water quality could be improved or maintained. The CWA originally
focused on the control of the discharge of conventional polluting substances e.g., BOD,
TSS and pH, and was amended to include toxic and priority polluting substances.

33 U.S.C. §§ 1314(a)(4), 1317(a)(1).!

The WYPDES permit program, Wyoming’s version of the CWA’s pollutant
discharge permit program, establishes limits on the discharge of specific chemical
compounds. By controlling the discharge of specific chemical compounds, the
WYPDES permit program ensures that water discharges have the potential to meet
certain uses, e.g., agricultural or wildlife. The purpose of this program is not to ensure
that such discharges are 100% used since the program must operate within existing
constraints for the control of water within the State. The CWA expressly states, “[T}he
authority of each State to allocate quantities of water within its jurisdiction shall not be
superseded, abrogated or otherwise impaired [by the CWA permit program]. 33 U.S.C.

§ 1251(g); Wyo. Stat. Ann. § 35-1-1104(a).

11. State Engineer Controls Water Quantity and Beneficial Use

The Petitioners request that the EQC change the WYPDES permit program in a
fundamental way. The Petitioners want DEQ to police and control the quantities and
distribution of waters in the State and want DEQ to ensure that each and every drop of
CBM water discharged is used. Such a request is misguided. The amendment the
Petitioners request cannot be implemented for practical reasons and should not be
considered for constitutional and statutory reasons.

DEQ currently evaluates and regulates CBM facility discharges in a
comprehensive, thorough way. DEQ authorizes certain produced water discharges from
CBM production facilities, if such discharges meet specified standards. WQRR, Chs. 1,
2. The standards have been methodically and carefully developed. The Appendix

' Coal bed methane produced water contains certain conventional pollutant parameters
which are regulated. '




Terri A. Lorenzon, Director
February 9, 2006
Page 3

H(a)(i) standard is one of many limits placed on CBM produced water discharges.
Appendix H(a)(i) requires that discharged produced water be suitable for agriculture or
wildlife use and be put to such use during periods of discharge. This current standard
makes sense.

The Petitioners seek to maximize the beneficial use of produced water discharges
by demanding proof of 100% actual use of discharges by livestock, wildlife or
agriculture. This is unreasonable and impractical. Wyoming adopted the Appendix
H(a)(1) standard because it knew that discharges of produced water from facilities in the
arid western United States could be used beneficially. See Exhibit 1 (Petitioners’
Exhibit 5). However, in an arid climate, the goal has never been to consume 100% of
existing surface water or to dispose of discharged water without any use. Such
assumptions remain true of CBM produced water today,

In Wyoming, where surface water has generally been scarce, water use develops
from the presence of water. Contrary to Petitioners’ assertion, produced water in
Wyoming is generally being used. Wildlife, livestock and plants are attracted to and
collect where they find water. It is impossible to predict how much water an animal or
plant will use from a water source or on what schedule in any given year. Petitioners’
proposed amendment to the WQRR would require WYPDES permit applicants to
forecast animal and plant consumption patterns which cannot be determined. The
proposed amendment would require DEQ to confirm such predictions for a specific
drainage and then regulate quantities of produced water discharged under WYPDES
permits to ensure that such consumption needs were met. Permittees would be required
to adjust the timing and amount of discharges to meet agricultural irrigation schedules
and livestock and wildlife drinking schedules. Requiring WYPDES permittees to
release water with such precision is impractical.

The Petitioners’ proposed amendment also would have an effect beyond how oil
and gas operations, whether conventional or CBM, are operated. It would have a direct
effect on and interfere with appropriated water rights. Despite the claims of many of
the Petitioners, farmers and ranchers in many drainages depend on and frequently use
substantial quantities of discharged produced water for agricultural and livestock
propagation purposes. Appropriated water rights incorporate certain assumptions about
produced water discharge levels and are dependent on the release of such water. The
proposed amendment would adversely affect many of these appropriated water rights,
again interfering with water quantity allocations established by the State Engineer. If
100% use criteria were required before a permittee could discharge water, the operator
could choose to cease producing gas in a certain area or choose to consider options
where there is-no beneficial use, thus depriving Wyoming farmers and ranchers of a
plentiful source of water for their crops and livestock. In many cases, the Petitioners’
proposal, if adopted, would harm the very citizens in rural agricultural communities it
seeks to protect. The Petitioners’ “all or nothing” approach does not meet the water
needs of many landowners in arid Wyoming.
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On the other hand, assuming a WYPDES permittee could prove 100% use of
produced water, the permitee could continue to discharge as much water as it produced,
without ever reducing the quantity of water discharged. This would meet Petitioners’
100% use goal but could exacerbate rather than solve flooding or other issues
accurately or inaccurately attributed to produced water discharges.

The proposed amendment would distort the purpose of the WYPDES program
and would interfere enormously with the distribution of water in the State. The State
Engineer, not the DEQ, is the regulatory entity authorized to distribute and divert
waters of the State on specific schedules to meet the multiple water resource demands
within the State. For that reason, our legislature expressly precluded the DEQ from
interfering with the jurisdiction, duties or authority of the State Engineer or the Board
of Control. Wyo Stat. Ann. § 35-1-1104(a).

The practical effects of the Petitioners’ proposal would be significant. The
WYPDES permit pro gram is not a program meant to manipulate the quantity and
distribution of water in Wyoming. It is essenually a water quality permit program and
should remain one.

II1. Appropriate WYPDES Standards Exist

Chapters 1 and 2 of the WQRR currently provide DEQ with appropriate
directions and standards to protect Wyoming water quality consistent with the mandates
of the Wyoming Environmental Quality Act and the CWA. Wyoming very recently
completed its triennial review of Chapter 2 of WQRR. Citizens had numerous
opportunities to comment and participate in the amendment of the WQRR, including
any revisions to Appendix H. The EQC already considered: and rejected proposals
strikingly similar to that of the Petitioners during the 2004 deliberations. No revisions
to these rules are necessary, particularly to regulate water quantity per se.

The WYPDES permit application is detailed and extensive. See Exhibit 2
(WYPDES Permit Application). DEQ evaluates requests for WPDES discharges on an
area-specific basis; DEQ considers the type of facility whose discharges will be
authorized and the nature of downstream facilities which require protection. Before
granting a WYPDES permit, the permit applicant supplies data and DEQ evaluates
whether the proposed representative discharge centains any of 25 chemical parameters,
including barium, pH, chlorides and sodium adsorption ratio. Id. at § 14. DEQ also
evaluates control measures that the applicant proposes to implement to prevent erosion
of the receiving water channel and measures used to meet chemical parameters. Id. at
§§ 9, 10. DEQ reviews the applicant’s flow volume estimates and considers the nature
and quality of the receiving water before issuing a WYPDES permit. Id. at §§ 15, 16;
WQRR, Ch. 1.

The Appendix H(a)(i) limit is not the only basis for determining whether a CBM
facility can discharge produced water in Wyoming. Appendix H also identifies multiple
additional criteria which a permittee must meet in order to discharge CBM produced
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water. Some of these criteria include numeric limits on certain identified substances
e.g., chlorides, sulfates, total dissolved solids, and other criteria describe general
principles which must be met e.g., erosion control. Appendix H, b(ii), (iv), (vii).

DEQ has not turned a blind eye to quantity, but rather has incorporated it
appropriately into its regulatory control of specific contaminant discharges. The
combination of the numeric limits and other general principles makes the Appendix H
criteria more stringent than the federal discharge criteria for conventional oil and gas
operations, Exhibit 1; 40 C.F.R. § 135.52. '

Iv. ' Nexus Required Between Water Quality and Water Quantity

The Petitioners readily admit that DEQ evaluates the interplay of water quantity
and water quality in many contexts. Exhibit 3 (Petition to Amend Wyoming Water
Quality Rule, Ch. 2 Appendix H, pp. 13-14). However, the CWA and implementing
regulations in Wyoming do not and should not require that DEQ establish volume limits
per se on produced water discharges in WYPDES permits. The CWA cases the
Petitioners cite also do not support such an interpretation of DEQ’s WYPDES
permitting authority.

The Petitioners cite no 10th Circuit cases which involved requests for NPDES
authorization. of discharges, much less authorization for discharges of produced water in
an arid region.’ Several of the cases cited involved requests for authorization to
discharge dredged and fill materials into waters of the United States in connection with
the proposed construction of dams. PUD No. I of Jefferson County v. Washington
Dept. of Ecology, 511 U.S. 700 (1994); Riverside Irrigation District, 758 F.2d 508
(10th Cir. 1985); Adlameda Water & Sanitation Dist. v. Reilly, 930 F. Supp. 486 (D.
Colo. 1996). Section 404 of the CWA authorizes the U.S. Army Corps of Engineers
(“Corps™) to issue permits for the discharge of dredged or fill material into regulated
waters. 33 U.S.C. § 1344(a). Before issuing a Section 404 permit, the Corps must
evaluate whether a proposed discharge of fill material complies with certain EPA
guidelines; the guidelines require the agency to evaluate potential impacts of the
discharge to the physical, chemical and biological characteristics of the aquatic
ecosystem including current patterns and downstream flows. 40 C.F.R. § 230.11.
(Emphasis added).

The CWA discharge authorization requested in the cases cited by the Petitioners
is not the same authorization requested under the WYPDES program. By definition,
dam construction requires that fill material (dirt, rock, concrete) be placed in an

? The Petitioners did cite one 9th Circuit case that dealt with CBM produced water.
Northern Plains Resource Council v. Fidelity Exploration and Development Co., 325
F.3d 1155 (9th Cir. 2003). However, this case addressed the question of whether the
discharge of produced water required an NPDES discharge permit in the first instance,
and not whether the quantity of water was appropriately regulated under such a permit.
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existing stream or channel which typically transports water. The fill material blocks the
regular flow of the water, thus impacting the physical characteristic of the aquatic
ecosystem. The courts in each of these cases discussed water quality in connection with
water quantity since water quantity (the existing stream flows) would be altered
(significantly reduced) if the CWA permits were granted.

The Petitioners have not identified any cases where a state asserted authority to
regulate the volume of water discharged directly into a waterway, as opposed to cases
where the discharge of fill material was regulated due to potential impacts on stream
flow. The Petitioners quote language from United States v. Earth Sciences, 599 F.2d
368 (10th Cir. 1979) and Quivira Mining Co. v. U.S. Envt’l Prot. Agency, 765 F.2d 126
(10th Cir. 1985) in support of the assertion that the DEQ should regulate water quantity
as part of the WYPDES program. The courts in these cases did not evaluate a state’s
ability to regulate the quantity of water discharged under a program like the WYPDES
permit program. The language the Petitioners quoted from these cases merely offers a
general paraphrasing of the purposes of the CWA, unsubstantiated by statutory analysis.

V. Request for Petition Denial

DEQ must ensure and regulate the quality of whatever quantities of water a
WYPDES permit applicant proposes to discharge into the State’s surface waters. DEQ,
through the WYPDES permit program, allows certain discharges which the Department
determines will not degrade the quality of Wyoming’s waters. There is no need to
amend Chapter 2, Permit Regulations for Discharges to Wyoming Surface Waters. The
Petition should be denied.

Sincerely,

(:\'\L P O ‘\.:‘ - :
oo 665,
i s

jéle Olson
Facilities Engineer
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To protect, conserve and enhance the quality of Wyoming's
enweonmgﬁt for the benefit of cumrent an’q' futlre ;)%eraﬁgns.

April 25, 2005 ' | - o F I L E B

| M. Stephen Tuber « o » O
Assistant Regional Administrator o EB 10 2008
Office of Partnerships and Regulatory Assistance Tem A. Lorenzon, Director

U.S. BPA, Region 8 Environmental Quality Counc

999 18% Strest - Suite 300
Denver, CO 80202-2466

RE:  Factors Considered for Developing BPJ Limits for Coal Bed Natural Gas

Dear Mr. Tuber:

This document has been prepared in responsé to EPA’s September 16, 2004 letter to
‘WDEQ in response to the March 5, 2001 Petition for Corrective Action or Withdrawal of
the State of Wyoming's Authority to Administer the Clean Water Act’s National Pollutant '
Discharge Elimination System Program filed by the Wyoming Outdoor Council and the.

"Powder River Basin Resowrce Council. More specifically, this document addresses’

Allegation LA.2 “The WDEQ does not apply the Best Professional Judgment factors, a
violation of the CWA” md the request by EPA for WDEQ to explain how it considered
the factors for developing BPT limits (40 CFR 125.3), deciding to rely on the oil and gas-
effluent limitations giideline (40 CFR 435) as guidance for developing BPJ limitations
for coal bed methane (CBNG), - . . ' ’

Please foel free to contact Todd Parfitt of my staff at 307-777-6709 or tparfi@state. wy.us
with any questions regarding this matter. , ‘

‘ Sincerely,

Lot brn_

Corra
frector
Department of Environmental Quality

TVCHA/5-0488
Attachment
ge:”  John Wagner, WQD Administrator
Todd Parfitt, WYPDES Program Manager
Vicei-Colgan, Senior Assistant Attorney General WILLIAMS
EXHIBIT 1
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(307) 777-7758
FAX777-3610
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Wyommg Pollutant stcharge Elimination System (VVY‘PDES) Program
Basxs for Technolo gy~Based Efﬂuent ants

in
Coal Bed Methane (Natural -Gas) VVYI’DES Permits

This document provides the basis for the technology-based effluent 1imits that have been
incorporated into WYPDES permits for the coal bed natural gas (CBNG) industry. These
limits are based upon review and consideration of current knowledge and factual
_ information about CBNG production; the national effluent limitations gridelines (ELGs) for
the Coal Mining Point Source Category (40.CFR 434); ELGs for the Oil and Gas Extraction
Point Source Category (40 CFR 435); U.S. EPANPDES Permit Writers’ Manual, December
1996; and the 1976 Development D;mument for the Oil and Gas Extractlon Point Source

L Category

'Ihe Wyommg Department of Env:ronmental Quality (WDEQ), Water Quality Division,
Wyoming Pollution Discharge Blimination System (WYPDES) program was granted
authority to implcmeht the NPDES program under the Federal Water Pollution Control Act
in 1974. The federal Clean Water Act, Wyoming Environmental Quality Act and Wyoming

' Water Quality Rules and Regulations Chapter 2 require operators who discharge pollutants
‘o a water of the United States, ora surface water of the state nnder state statute, to obtaina
WY?DES permlt for the dlschsrge '

. The pnmary mdustaal actxvfty with surface water discharge in the State of Wyormng is the
oil and gas industry, In the early 1970s, conventional oil production was the predommate oil
‘and gas activity within the state. Natural gas development has also been occumng within the
state since'the 1970°s, but n 2 more limited capacity. 'CBNG development in Wyoming
began in the late 1980°s and by the end of 1997; there were 578 active WYPDES permits for
oil and natoral gas production facilities, 47 of these permits were for CBNG facilities. ‘

During the late 1990s, technological advances provided. the oil and gas industry with the
ability to extract methane from coal bearing formations in a more econormic, efficient and
prolific manmer. As a result, CBNG development spread rapidly throughout the Greater
Powder River Basin. Initial developrment occurred in the Belle Fourche River Basin and
eventually moved intc the Cheyerme, Tongue and Powder River Basins. The number of
active CBNG permits began to rapidly increase in 1999 and 2000. As of March 3, 2005
there were 1268 acmve oi] and natural gas permits; 823 of these permits were for CBNG

- facilities, .

“When establishing effluent limits in WYPDES permits, water quality-based and technology-
based effluent limits are always evaluated, taking fnto consideration &1l appropriate federal
and state regulations, Determination of water quality-based limits is based upon Chapter 1 of
the Wyommg Water Quality Rules and Regulations, Technology-based limits can be based.
upon ELGs or, in the absence of ELGs, best professional jadgment (40 CFR 125.3).
Technology-based effluent limits for the oil @nd gas industry in Wyoming are based upon
Wyoming Water Quality Rules and Regulations Chapter 2 Appendix H which are consistent
with the federal ELGs for the Oil and Gas Extraction Point Source Category (40 CFR Part




43 5) except that the WDEQ rules provide more stringent controls than the federal rules and
thc WDEQ rules spec1ﬁoa11y addresses CBNG produced watcr

EPA has -takcn the position that no ELGs apply to CBNG. However, EPA has recognized
thaf NPDES: petmit writers can develop BPJ limits by using one oftwo differenf methods. A
. permit writer can éither transfer numerical limitations from an existing source such as 2

similar NPDES permit or an-existing ELG, or derive new numerical imitations. WDEQ has
used the first mathod to develop CBNG BPJ limits.

EA summary of WDBQ s rationale for developing BPJ limits (40 CFR 125.3) for CBNG
relying on the oil and gas cfﬂuent Imntahons guideline (40 CFR 435) as guidance are as
~ follows: :

1. 'Comparison of CBNG Discharges to 40 CFR 434 Coal Mining Point Source
Category and 40 CFR 435 Oil and Gas Extraction Point Source Category

A.  Comparison of CBNG Discharges to 40 CFR 434

The WYPDES Program evaluated ELGs for the Coal Mining Point Scurce Catéegory (40
CFR, Part 434). The ELG for the Coal Mining Industry applies to discharges from any coal

* ‘mine at which the extraction of coal is takxngplace or is plammed to be undertaken and to coal
preparation plants and associated areas. The primary Standard Industrial Classification
Caiegones evaluated by the Development Documént are:

1111- - Anfliracite Mining
1112 Anfhracite Mining Services

1211 Bituminous >Ccal and Lignite Mining, and
1213 Bituminous Coal and Lignite Mining Services

- The efﬂucnt Himitations for the coal mining industry inciude: pH, Total Suspended Solids,

+Total Tron and Total Manganése. CBNG discharges typically have a pH of7.5-8.0 standard
units; Total Jron is typically a constitnent of concern, Total Suspendsd Sohds are typically
not a concerm and Total Manganese isnota consutuent of concern. _

The activities conducted by the coal mining mdusny were compared to those of the CBNG
industry. The activities typxcally conducted by the mining industry were clearly dissimilar.
-Specifically, the coal mining industry does not rely on drilling activities, commercial
extraction of methane gas or the discharge of similar volumes of produced water for their .
operations.

Based on the review, the WDEQ concluded that there was valuable insight to be gained from

. evaluating water quality dats fromi coal mine operations, however, because the industrial
activities were so dissimilar, using 40 CFR 434 ps guidance for developmg BPJ limpitations
for (CBNG) was deemed inappropriate. , N




B, Comparison of CBNG Discharges to 40 CFR 435 .

]

CBNG development is a subset of the.oil and gas indusiry as is conventional oil and -

conventional natural gas devnlopment CBNG operations are reviewed in the context of oil

and gas development as a whole. Comparisons are made fo conventional oil and gas -

technology based on regulations, which have been in place for nezrly 30 years.

To determine the appropriateness of rclymg on 40 CFR 435 as per 40 CFR 1253, the
WYPDES Program conducted an evaluation of 40 CFR 435 and the 1976 Development
Document for the QOil and Gas Extraction Pomnt Sowrce Category. According to the
development docurnent, the stndy covered pollutants arising from the production of crude
petroleum and natural gas, drilling oil' and gas wells, and oil and gas field exploration
services. The document makes no explicit exclusion of varying types of oil and gas
operations.

CBNG is except\onally pure compared to convcntmnal natural gas, in that it contaims very
small proportions of heavier hydrocarbons and other gases. Natural gas is termed “dry” when
© it is almost pure methane, lacking other commonly associated hydrocarbons, which is the
case with CBNG. When other hydrocarbons are present the natural gas is réferred to as

" . “wet”, The concept of “dry” natural gas is recognized in the 1976 Development Document

for the Oil and Gas Extraction Point Source Category, which states *...Gas wells may

produce dry gas but usually also produce varying quantmes of light hyd:ocarbon liquids
(known as gas liquids or condensate) and salt waier » .

chments ofthe industry covered by the Oil and Gas Extraction Point Scurce Category ae

“based on the following Standard Tndustrial Classification (SIC) Codes:
1311 Crude Petroloum and Natural Gas
1381 'Dﬁi;ingOﬂdeasWeﬁs |

" 1382  Oil and Gas Field Exploration Services ‘
1389 Oil and Gas Field Services, not classified elsgwhere

. These SIC coﬁes were compared to the 1987 Standard Tndustrial Classification Manual

which defines SIC codes for various industrial activities, The Major Group for the Oil and -

Gas Extraction Category (Major GIOUP 13) mcludes estabhshments -engaged in:

(1) producmg crude petroleum and natural gas;

(2) extracting oil from-oil sands and oil shale;

(3) producing natural gaséline and cycle condensate; and

(4) producing gas hydrocarbon lignids from coal at the mine site.

Types of activitics_ inclided tn this majdr category include exploration, drilling, oil and gas
well operation and maintenance, the operation of natural gasoline and cycle plants, and the
gasification, liguefaction and pyrolysis of coal at the mine site.




Based on the review of Part 435, the Development Document and the 1987 Standard
Industrial Classification Manual, the WDEQ ‘concludes that CBNG activities are similarin
nature to those activities ouilined in 40 CFR 435, CBNG is clearly within the Major Group
13 and more specifically within the SIC code 1311, which i is clearly an mdustry that was
evainated and inclnded m the Development Document.

EPA cstabhshedBPT ELGs for the Onshore subcat.,gory (Subpart B).and Agncultm'al and

- ‘Wildlife Water Use subcategory (Subpart E) for the Oil and Gas Exiraction Point Source
Category, on April 13, 1979, EPA imposed azero discharge reqmremcnt for all pollutants in
the Onshore subcategory (40 CFR 435.32):

R here shall be no dischargé of wastewater pollutants info navi gable waters from
any source associated with production, field explo;aﬁ'on, drilling, well completion, of well
treatment (i.e., produced water, drilling muds, drill cuttings, and produced sand).”

For théAgricxdtural. and Wildlife Water Use subcategory, EPA imposed a zero discharge
requirement for all pollutants with the exception of some produced waters (40 CFR 435,
Subpart E). To qualify this exemption:

(1) The produced water mnst be generated from facilities that are engaged in
production, drilling, well completion, and well treatment in the oil and gas
extrachon industry and be located in the conhnantal United States and west

. of the 98 meridian (40 CFR 435. 50). :
(2)  Theproduced waie:rmustbe used in agnculture or wildFife propagation when

o discharged into navigable waters (40 CFR.435.50). :

(3) The producsd water discharges must not exceed an oil and grease daﬂy
‘ ‘maximum-limitation of 35 mg/l (40 CFR 435 52Cb)) .

EPA defined the term “usc in agncultural or wildlife propagation” by stating “the produced
" water is of good enough quality to be used for wildlife or livestock water or other
agricultiral uses, and the produced water is actually put to.such vse during periods of-
discharge.” (40 CFR 435.51(c)). The provisions of 40 CFR 435 make no mention of water
quantity necessary to support stock and/or wildlife use.

-In 1979, WDEQ promulgated Water Qualify Rules and Regulations Chapter 7, “Surface:

. Discharge of Water Associated with the Production of Oil and Gas,” which was the WDEQ
equivalent 1o the federal BLG 40 CFR 435 except that the Chapter 7 rules provided more
stringent confrols then. the federal rules. In the early development stages of CBNG the
WDEQ zpplied the requirements of Chapter 7 as the technology based effluent limitations.
In November 2004, WDEQ promulgated revised Chapter 2 rules, which incorporated and
updated the provisions of Chapter 7 as Appendix H and explicitly identified CBNG as an
industrial activity covered under the oil and gas technology based limitations.

For o1l and gas discharges, including CBNG, permits issued from 1974 through 2000 by
Wyoming, it was assumed that in the arid west region, the produced water would be used for
* agricultural or'wildlife propagation as long as water quality standards and effluent limitations
were met.  Historically, documentatlon related to this requirement Was not contamed or




. required in the permit applications or permit files for WYPDES permits. It is WDEQ's

belief and understanding that federal permits 13sued on Indian Lands have been processedin
a similar manner. However, in 2000, at the request-ofRegion 8 EPA, the WYPDES Program
modified the CBNG permit application to rcqmrc the applicant to prowde a demonstaﬁon of

compliance with Subpart E.

" ‘In Septémber 2001, the EPA provided written comments related to several CBNG permits
that the WYPDES Program was proposing to issue. The comments primarily focused on the
statements of basis (SOBs) for CBNG permits which invoked WWQRR Chapter 7 and 40
CFR 435, The EPA suggested that the SOBs should describe the beneficial use for the
discharged water and that the quality support such a use. The nature of EPA’s comments

.. clearly suggested to WDEQ that EPA concurred with fhe approach of relying on the oil and

- . gas effluent limitations gmdelme (40 CFR 435 and WWQRR Chapter 7) as gmdance for

developing BPJ 11m1tat10ns for CBNG.

' Wblle not initially stated in the SOBs for the proposed permits, the permit files contamed :
application information regarding the identification of the nse(s) for the discharged waterand -
the potential water quality of the proposed discharge. In December 2001, the WYPDES
Program -began including statements in the SOBs of each CBNG pe,m:it to ‘specifically
address how the produced water would be nsed. ' ‘

Although the ELG associated w1th the Oil and Gas Pomt Source Category’ predates the
development of CBNG extraction technology, based on the comparison outlined above, itis
the professional judgment of WDEQ that discharges related to CBNG facilities are similar
-emough to other types of natural gas extraction that the technology-based efffuent imits
contained in WWQRR Chapter 7 (now WWQRR Chapter 2, Appendix H) and 40 CFR 435
-are appropriately apphed EPA acknowledged acceptance of Wyoming’s reliance on the .
technical and economic assumptions of the federal effluent guidelines for the oil and gas
" extraction point souwrce category (40 CFR 435) 1o’ establish technology based effluent
. lmitations for CBNG in its February 26, 2003 letter to WDRQ. ,

2; Comparison of Water Management Options

The oil and gas industry has historically been forced to manage produced water and other
productiori related wastes based on the constraints of water quality based effluent limitations,
technology based effluent limitations and other state regulatory requirezhents, such as
compHance with the Colorado River Salinity Control Forum policies. Because of these
constraints the oil and gas mdustry has historically disposed of produced water by injection,
disposal pits and ponds, land application, discharge to surface waters of the state that are niot
waters of the United States, and discharge to surface waters of the state that are waters of the

United States.
Injection:

Injection has been used by the oﬁ and gas industry primarily in the Green River and Snake
River Drainage Basins due to high total dissolved solids concentrations in the produced
water and the Colorado River Salinity Control Forum policies that are enforced through the




. WYPDES program under W WQRR Chapter 6. Similarly, inj cctlon hasg been successftﬂly
- utilized for CBNG produced water disposal, but on a limited scale, largely due to
technological constraints, . .

Disposal Pits and Ponds:

One method of produced water management hlstoncally used by the 011 and gas industryhas

been the use of disposal pits and ponds, typically for evaporation and concentration of brine

waste. Similarly, CBNG prodnced water has been disposed of in pits and ponds, However,

" because the quality of CBNG produced water is of much higher quality (i.e. meets all Class 4 -

"and mo&t Class 3 water quality criteria at the point of discharge), evaporation plays a small
role in the actual management of the produced water. The pits and ponds associated with

" CBNG produced water are categorized a§ surface waters of the state and are designed to
infiltrate into and recharge shallow aquifers Versus evaporatlon ponds, which are constructed

with a liner. : X .

‘ ‘D'is'cliarge to Surface Waters of the State éhat are Not Waters of the United States

- As mentioned garlier, water quahty—based and technology—based effluent limits are always
evaluated for all ol and gas discharges. Waters of the state that are not waters of the United
States, such as off-charmel pits and ponds, are not subject to federal oversight or federal rules
including BPJ or ELGs. However, because the WDEQ proruulgated rules consistent with the
federal rules for all surface waters of the state, WWQRR Chapter 2 is applied to these
dlscharges '

4 Disc.harge to Sfxrface Watefs of vﬂAre State that are Waters of the Uxil:teﬂ States

" Historical oil and gas.produced water discharges to surface waters of thie state that are waters
of the United States have beén and continue to be sibject to the provisions of WWQRR
Chapter 7 (now Chapter 2, Appendix H) and 40 CFR 433, as well as, WWQRR Chapter 1.
Similarly, CBNG discharges are subject to the same regulations, including the management
of drilling muds and other Hquids associated with the drilling of wells. In all cases these

. drilling muds and other associated Liquids are ot pmmtted to be discharged to surface
waters of the state,

" Land Application

~ Land application hes historically been an option for the oil and gas industry to manage
disposal of produced water provided they meet the criteria of WWQRR Chapter 3 and obtain

a permit from the WDEQ. Simiterly, land- applicaiion is an option for CBNG produced

water and has been utilized by several companies for production of a variety of crops and
vegetation,




3, Comparison of Water Quality Data

Since the beginning of 1argé scale CBNG development in Wysﬁ:{}:lg, the DEQ has evaluated
the range of possible ground water quahty from coal seams based on the following data

© sources:

Land Quality Division records.

Water Quality Division records.

State Engineers Office recoids. .

Oil and Gas Censzrvanon Com:mssmn records.
USGS records.

‘Wyoming Gmlogmal Survey re:cords

Indostry records.

H. Ofther miscellaneous sources.

@Iﬁ-mpﬂ‘?ﬁ?

. Based on these reviews the DEQ has identified copstituents of concern associated with the

groundwater being produced and discharged from CBNG operationis across the state. These
constituents have been continually monitored. Findings from the evaluation of the data have

. revealed that iron, SAR and Ec are-the primary constituents/parameters of concern. Other

paramsters. such as barium, arsenic and whole ﬁfﬂusa’t to:ucxty havs bsen 1denmﬁsd as

.conce:ms in isolated areas.

"I‘he 1876 I)ev::lopment Document for the 011 and Gas Extraction ?csmt Scurce Catzgory

identified the significant orpotentially significant wastewater constituents as oil and grease,
fecal coliform, oxygen dermanding parameters, heavy metals, total dissolved solids; and toxic

'miterials. T is the WDEQ’s opinion that the fecal coliform and oxygen demanding
" parameters referenced in the Development Document relate to the off-shore drilling

operations where disposal of sewage wastewater would beinvolved in the process. Because
the op-shores category doesnot include the dzscharge of sewage wastewater they are excinded

. from the comparison evaluation. The remaining constituents of concern in the Development

Document are the same as the constituents :)f concexn identified for CBNG dlscharges

Additionally, the Development Document states that “...the Wastes associated with this -

category result from the discharge of produced water, drlling muds, drill cutting, well

treatment and produced sands for all subcategories...” Similar to conventional oil and pas -

operations, CBNG operations produce drilling muds, ddll cuttings and ‘other associated
liquids. Appendix H(b)(ix) of Chapter 2 prohibits discharges sssociated with drilling and
well completion (i.e. dnllmg mmuds and cuttings) to be discharged to the surface, conmstmt
with 40 CFR 435.

Over the years, the WYPDES Program has collected a:ad reviewed thousands of water
guality data from bundreds of facilities. Based upon this data, there have beenrelatively few

instances where additional constituents have required mumerical efflnent limits to be -

incorporated into CBNG pemmits. Concentrations of dissolved iron typically have high
concentrations regardless of the location of the discharge point within the Greater Powder
River Basin. However, because iron oxidizes rapidly, concentrations are easily and

 commonly managed through aeration. Metals, such as total barium, total aluminum, total




49senic, dissolved copper, dissolved lead, dissolved zinc and chiorides, on occasion have
been identified as having a potential to exceed water qualzty standards. However, elevated
concentrations of these metals are not qonsmtcnﬂy seen in the produced water.

T certain aress of CBNG development the discharge water has exhibited high sodium
adsorpﬁnn ratio (SAR) values, primarily due to the relative absence of calcium and
" magnesium. Discharges of CBNG produced water have been managed to ensure protection
of Wyoming’s narrative standard, Chapter 1, Section 20 “Agnclﬂmral Use” and to ensure
protection of down stream surface Water quahty standards of adjacent states (Montana.and
South Dakota). CBNG sixface discharges have been managed primarily through the use of
containment ponds in thé headwaters. Fowever, other management techniques, such as
reverse osmogis and ion exchange, for treatment of the prodiced water for SAR and specific
conductance, are beginning to emerge as potential options on a small scale. As the .
technology and economics of these altcmanve management techmqucs evolve, they will
Likely become more widely used.

Qnmma_rv

" After consideration of information déscribed above, the WYPDES Program concluded and
maintains that it is appropnate to rely on WWQRR Chapter 2 Appendix H' (formerly
WWQRR Chapter 7) and the ELGs for the-Oil and Gas Extraction Point Source Category
(40 CFR Part 435) for establishing technology based effluent Hmits and equalty appmpnatc
. for developing BPJ limits (40 CFR 125.3) for CBNG.

. Fma]ly, the  state is aware that EPA is cun‘enﬂy devalopmg a guldance document for
*. deyeloping technology—bascd Timits for CBNG operations and an economic analysis of the

- Powder River Basin. This document is draff and not available for quoting or citing at this
* time. However, if and when this document is ﬁnahzcd, the WDEQ will review and consider
. the merits of The guidance document '

'.If EPA dcte:rmmes that it i JS neceseary to develop a federal BLG for CBNG and proceeds to
develop 2a CBNG BELG the WDEQ worild defer to the federal ELG. :

TTP/id/5-0492
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SUBMIT IN TRIPLICATE Yot A1 |

it Clusdlity Chgnglizency Use Only
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM o

APPLICATION FOR PERMIT TO SURFACE DISCHARGE PRODUCED WATER Application Number
FROM COAL BED METHANE NEW DISCHARGES, RENEWALS, OrR MAJOR
MODIFICATIONS WY00

) Date Received;
. Revised 12-19-03
PLEASE PRINT OR TYPE

(mo/day/yr)

1. Check the box corresponding to the type of application being applied for
(] New CBM permit

] CBM permit renewal Permit number

[} CBM permit major modification Permit number

2. Select a permit option

[[J Option 1A - complete containment to an off-channel man made containment unit(s) (class 4C), no
discharge allowed to surface waters of the state outside the containment unit.

"] Option 1B - complete containment to a natural closed basin or playa lake (class 3A), no chscha:rge
allowed to surface waters of the state outside the basin or playa.

[[] Option 2 - surface discharge to class 2 or 3 receiving stream of the Belle Fourche River or Cheyenne
River drainage (class 2ABWW).

{1 Option 2 - surface discharge to class 2 or 3 receiving stream of the Powder River or Little Powdef
Rivers (class 2ABWW).

[] Option 2 — surface discharge to class 2 or 3 receiving streams of the Tongue, Clear Creek, or Crazy
Woman Creek (class 2AB)- this option requires the permittee to demonstrate that quality of the
effluent at the discharge point is equal to or better than the ambient quality of the perennial class 2
receiving water.

3. Name, mailing address, e-mail address, location and telephone number of the individual or company
which owns the facility producing the discharge.
Name:

Street Address:

City, State, and Zip Code:

Telephone Number:

E-Mail Address:

NPDES Application for Permit to Discharge Produced Water: Application for Coal Bed Methane New Discharges, Renewals, or
Major Modifications, revised 11-06-03

Unique Footer ID

Company Name/Year/Month/Day/Application Type/10 Digit HUC code/Permil # or Application #/Document # Page |
KES/bb/3-1192.DOC
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4, Name(s) and mailing address(es) of owner(s) of the surface rights on whose land the discharge occurs (in
cases where the land is owned by the state or federal government but surface rights are leased to a private
individual, provide lessee’s name and address)

Name:

Street Address:

City, State, and Zip Code:

Telephone Number:

5. Name of the facility producing the discharge (this is the facility name that will appear on the NPDES
permit. It is not necessary to name every well contributing to this facility’s discharge in this section)

6. For Option 1A or 1B permit, attach a water balance that demonstrates, considering total maximum
projected discharge inflows, natural precipitation, evaporation and infiltration, that the containment unit
will be adequately sized to contain all projected discharge and stormwater runoff from a 100 year, 24
hour storm event. If actual flow rates are available, use the maximum flow rate from all active wells
within the previous six months of operation in the water balance. -

7. For an Option 2 permit utilizing on-channel reservoirs, attach a water balance and mixing analysis
documenting the amount of CBM discharge that, under normal operating conditions, can be contained
within the reservoirs, the amount and circumstances under which the reservoirs will discharge, and the
expected water quality upon discharge from the reservoirs.

8. Attach a description and a clear, legible, detailed topographic map of the discharging facility. Include
the following:

a. A legend

b. Well locations

¢. Ponds

d. Reservoirs

e. Stock tanks

f. Discharge points (outfalls)

g. Immediate receiving streams

h. Water quality monitoring stations

i. Irrigation compliance points

j- Location of nearest downstream irrigator.

k. Section, Township, and Range information

Ifany of the above are not applicable please indicate in the description and include a brief explanation as to :

why the item is not applicable)

9. Describe the control measures that will be implemented to prevent significant damage to or erosion of
the receiving water channel at the point of discharge.

NPDES Application for Permit to Discharge Produced Water: Application for Coal Bed Methane New Discharges, Renewals, or
Major Modifications, revised 11-06-03
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10. Describe the control measures that will be implemented to achieve water quality standards and effluent
limits. [f proposing to utilize a treatment process, provide a detailed description of the treatment process,
including, but not limited to: Water quality analyses demonstrating the effluent quality before and after
treatment; waste stream volumes and planned method of disposal; aquatic life toxicity data for any

" chemicals being used in the freatment process; description of how the chemicals will be handled at the
facility and the potential for any impacts to waters of the state in the event of a spill; and diagrams of the
facility indicating the water treatment path. Additional sheets and diagrams may be attached.

11. Outfall locations must be established as part of a preliminary field reconnaissance survey using GPS or
conventional survey equipment and documented in Table 1. Please document the type of equipment
used, the expected accuracy of your measurements, and a brief rationale for locating the outfalls at the
requested sites below,

12. Complete the attached Table 1. Provide all the information in the table for each proposed discharge
point or monitoring point. If proposing changes (a major modification) to an existing facility, clearly
- indicate the desired changes on the table. Additional tables may be attached. Use the format provided. - -

- 13. Complete the attached Table 2. Provide all the information in the table for each well associated with this .
proposed discharge authorization. If proposing changes (a major modification) to an existing facility,
clearly indicate the desired changes on the table. Additional tables may be attached. Use the format
provided.

14. Provide the results of water analyses for a sample collected from a location representative of the quality
of the water being proposed for discharge for the 25 chemical parameters listed below. The sample must
be collected from well(s) or outfall(s) within a twenty mile radius of the proposed facility’s location, and
from the same coal formation(s) and the same approximate depth(s) as proposed in this application. If
filing an application for a permit renewal or modification, the representative sample must be collected
from the facility being proposed for renewal or modification. Explain why this sample is representative
of the produced water to be discharged.

Samples from co-mingled coal seams are acceptable as long as the sample(s) meet the following criteria:
A. all of the coal seams being proposed for development are represented in the co-mingled
sample,

B. the ratio of each-coal seam’s contribution is approximately the same in the sample and the
proposed development,
C. documentation is provided (o verify the criteria listed in A. and B.

The analyses must be conducted in accordance with approved EPA test procedures (40 CFR Part 136).
Include a signed copy of your lab report that includes the following:
a. detection limits
b. results of each of the 25 chemical parameters at the chemical state given below
c. quarter/quarter, section, township and range of the sample collection location
d. Time and date of sample collection
NPDES Application for Permit to Discharge Produced Water: Application for Coal Bed Methane New Discharges, Renewals, or

Major Modifications, revised 11-06-03
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Time and date of analysis for each parameter

Analyst's initials for each parameter

Detection limit for each parameter as achieved by the laboratory

NPDES permit number and outfall number, where the sample was collected.
Origin of produced water (coal seam)

~ooan e

If more than one coal seam is being proposed for development, the permittee must submit a lab analysis
and complete information characterizing water quality from each coal seam being proposed for
development. If the permittee is proposing to include discharges from a coal seam not previously
developed at this facility, the permittee must submit a lab analysis and complete information
characterizing water quality from the new coal seam being proposed for development. Analyses must be
provided in the units listed below.

Parameter® (See notes following Required Detection Limits and Required Units
the table on chemical states)
Alkalinity, Total 1 mg/l as CaCO,
\luminom, Total Recoverable 50 ug/l

Arsenic, Total 1pg/l
Barium, Total 100 pg/l
Bicarbonate 10 mg/l
Cadmium, Dissolved Spgh
Calcium, Total -. 50.ug/l, report as meq/l
Calcium, Total 50 pg/l, report as mg/1

- Chlorides - Smgll
Chlorides Smg/l -
Copper, Dissolved 10 pg/t
Dissolved Solids, Total 5 mg/l
Hardness, Total 10 mg/l as CaCO;,
Iron, Dissolved 50 pg/
Lead, Dissolved 2 pg/l
Magnesium, Total 100 pg/l, report as meq/1
Maguoesium, Total 100 pg/l, report as mg/l
Manganese, Dissolved 50 pg/l
Mercury, Dissolved 1 g/l
pH to 0.1 pH unit
Radium 226, Total 0.2 pCinl
Selenium, Total Recoverable 5 ug/
Sodium Adsorption Ratio Calculated as upadjusted ratio
Sodium, Total 100 pg/l, report as meq/}
Sodium, Total 100 pg/l, report as mg/l
Specific Conductance 5 micromhos/cm
Sulfates 10 mg/l
Zinc, Dissolved 50 ug/l

*Discharges into drainages other than the Powder River geologic basin may require analysis of additional
paramelers, please contact the WDEQ for a separate list.

NPDES Application for Permit to Discharge Produced Water: Application for Coal Bed Methane New Discharges, Renewals, or
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15. For new facilities, provide the expected (estimated) flow volume from each well in gallons per day, and
provide the rationale behind the flow volume estimate. For existing facilities, provide actual flow data
from all wells within the last six months.

16. For applications for new facilities, are any of the required chemical constituents in the laboratory
analysis present in concentrations above Wyoming Water Quality Standards?

] YES ] NO
If the answer to question # 16 is yes, answer 16.a. — 16.b below. If no, proceed to question 18.

a. Which constituents?

b. Has this constituent been addressed in the response to question 10?7

17. For applications for existing facilities, has the facility ever exceeded permit limits or water quality
standards? ' S

[ ] YES O No
If the answer to question 17 is yes, answer 17.a,— 17.b. Ifno, proceed to question 18.

a. Which constituents?

b. Has the exceedance been addressed?

c. Describe how the exceedance is being addressed.

18. Is there active irrigation, (including but not limited to irrigation of cultivars or flood irrigation) in the
drainage of the discharge?

[] YES [:] NO

If the answer to questjon #18 is yes, then doeumentation demonstrating one of the following must be
provided:
A. Effluent will meet SAR and specific conductance (EC) values that are equal or of better quality
to ambient values in the mainstem or highest quality receiving stream; or
B. Demonstrate that a higher level of EC and SAR at the point of irrigation diversion can be
tolerated by irrigated soils and crops without a significant reduction in crop yield and soil
quality/permeability.
This information should include, but is not limited to the following:
NPDES Application for Permit to Discharge Produced Water: Application for Coal Bed Methane New Discharges, Renewals, or
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Location and description of irrigated crop land between the discharge points and mainstem,

a.
including maximum local tolerance thresholds to SAR, EC, and sodium of each crop.

b. Description of irrigation practices including when and how frequent irrigation oceurs.

¢. Soil characteristics for each area where irrigation occurs which includes:Classification of
soils and soil type (i.e. sandy loam, clay, etc.) Composition of soils (% clay, silt, sand), type
of soils, texture and permeability

d. Baseline soil parameters in all actively irrigated areas which includes soil SAR, EC, Na, Mg,
Ca, permeability, and exchangeable sodium percentage (ESP).

e. Determine the maximum SAR and EC of water that can be applied to the least tolerant and
most sensitive identified irrigated soil type and crop, which would not result in a short and/or
long-term reduction in soil infiltration/permeability or yield.

f. Provide the location (township, range, section, quarter quarter and lat/long coordinates) of
point(s) upstream from the first downstream point of irrigation diversionfuse between the
outfalls and mainstem and/or provide the location(s) of the irrigation diversion/use that
requires the least flow to operate.

g. An evaluation that demonstrates the proposed discharge will be in compliance with Section
20, Chapter 1 of the Wyoming Water Quality Rules and Regulations.

h. Ifnecessary to protect irrigated crops and/or soils, describe changes that must be made in
traditional irrigation practices to protect downstream irrigation activities.

i. A monitoring plan, if necessary to gauge changes in water/soil quality and make adjustments
before substantial reduction in crop production and soil permeability would occur.

j. Citations of reference for all the above information must be provided.

19. Name(s) and address(es) of all downstream irrigators between the outfalls and the mainstem must be
provided. '

Name:

Street Address:

City, State, and Zip Code:

Telephone Number:

20. Section 40 CFR Part 435 Subpart E requires that the permittee document agricultural and wildlife uses of
produced water. Provide documentation that the produced water will be used for agriculture or wildlife
during periods. of discharge. Agriculture and wildlife use includes irrigation, livestock watering, wildlife
watering and other agricultural uses. Agricultural and wildlife use documentation includes (but is not
limited to) a certified letter from a landowner(s), a formal written statement from a state, federal or Jocal
resource management agency, or a formal written statement with supporting documentation from a
natural resources or environmental professional accompanied by the credentials of the natural resources
or environmental professional. Agriculture and wildlife use documentation must be provided for each
outfall included in the application. Agricultural and wildlife certification must be submitted for each
outfall’s discharge, and must have original signatures.

1 (CEO or other authorized person) certify that 1 am familiar with the information contained in this
application and that to the best of my knowledge and belief, such information is true, complete, and accurate.
I am requesting

outfalls in this application.

Printed Name of Person signing* Title*

NPDES Application for Permit to Discharge Produced Water: Application lor Coal Bed Methane New Discharges, Renewals, or
Major Modifications, revised 11-06-03
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Signature Date

*All permit applications must be signed in accordance with 40 CFR Part 122.22, “for” or “by” signatures are
not acceptable.

Section 35-11-90]1 of Wyoming Statutes provides that:
Any person who knowingly makes any false staternent, representation, or certification in any application ...
shall upon conviction be fined not more than $10,000 or imprisoned for not more than one year, or both.

Mai! this application to:

NPDES Permits Section
Department of Environmental Quality/WQD
122 West 25th Street, Herschler Building, 4W
Cheyenne, WY 82002

Please include unique footer information on each page of this application and on all supporting documentation using
the following format: '

Company Name. Year/idonth/Day/NEW, MOD, RENEWAL/10 Digit HUC Code/Permit # (if a modification or renewal)
or Application # (from this particular compary) for that particular day
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TABLE 1: OUTFALL INFORMATION

Point

Discharge | Immediate

# | Receiving

{Outfall) Stream

Mainstem

Distance
from outfall
to
mainsftem
{stream
miles)

Quarter
/
Quarter

Section

Township

Range

Latitude
{decimal
degree
format,
accuracy to
nearest 5
seconds)

Longitude
(decimal
degree
format,
accuracy lo
nearest §

seconds) | County

Reservoir
Permit
Application
Submitted
to SEO?

SEO
Reservoir
Permit #

Reservoir
Name

SEO Reservoir
Requirements

001

002

003

004

005

006

007

008

009

010

ICP1

ICP2

TRIB

Up

WQMS -

WQMS -
Down

ICP - Irrigation Compliance Point, TRIB - Tributary water qua
mainsiem waler quality monitoring station

ity monitoring station, WQMS - Up - upstream mainsfem water quality monitoring station, WQMS- Down - downstream

Addilional sheets may be attached as necessary. Use the format provided.
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TABLE 2 - WELL INFORMATION

_ Well |Discharges to
Well Name | APl Number| Coal Seam | Depth Qutfall #*

*AWAQ - all wells to all outfalls
Additional sheets may be attached as necessary. Use the format provided.
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| FEB 10 206
time. To sustain irrigation, irrigators must add additional water afgye ﬁhﬂﬂ%’l
of the crop to leach excess salt from the root zone.'’ Endommad @m@ munsﬂ

- Increased flows can raise local ground water tables and slow infiltration that is
crucial to leaching salts from soils.

- Timing of ﬂoWs, regardless of quality, is important for seedling growth and soil
leaching.

- Salt loading is ti}e effect of quality times volume. For example, if a billion
gallons of water is produced per day, and it contains 2000 ppm salts, then 8,000
tons of salt per day will be generated. The salt will go either into the soil or down
the creek, where there will be significant adverse consequences to crops or
aquatic habitat. |
DEQ recognizes the interplay of water quantity and water quality in many

contexts.  Consider, for example, the Mixing Zone and Dilution Allowances

Implementation Policy, which can only be calculated if one of the factors is the mean

daily flow."® The majority of WYPDES permit applications in the Powder River Basin

fraction are the most important factors affecting the salinity of the soil
water. The salinity of the soil water is important, since the salinity of the
soil water, rather than the salinity of the irrigation water itself, is the
critical factor resulting in any decrease in crop yield. Continued irrigation
will result in the salinity of the soil water coming into equilibrium with the
salinity of the irrigation water, The actual relationship will be dependent §
on the average salinity of the irrigation water and the actual leaching
fraction.
Horpestad, Abe, Water Quality Technical Report, Water Quality Impacts from Coal Bed
Methane Development in the Powder River Basin, Wyoming and Montana, Dec. 10,
2001. Exhibit 9. i
" Munn, Ex. 6.
'8 Wyoming Surface Water Quality Standards, Implementation Policies for
Antidegredation Mixing Zones Turbidity and Use Aftainability Analysis, p. 16, 3™ draft,
November, 2005. htip:/deq.state.wy.us /wqd/surfacestandards/Triennial/Policies 3rd.pdf
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are submitted with mixing calculations and water budgets. This is because they count on
natural flows fo_r dilution, and none of those calculations can be made without
considering the quantity factor. WYPDES permits do in fact contain a limit to the
quantity of water discharged under the permits. This is because the concentration of a
particular constituent is only one factor in determination of the total load — quantity is
essential to that calculation. DEQ is in the process of implementing a new policy to
control total salt load in order to meet limits in flows to Montana. The Powder River
Basin sodium management plan allocates total sodium discharges to producers,
calculated by TDS (quality) times quantity. Here again, DEQ cannot regulate load
without repulating water quantity. Yet DEQ turns a blind eye to quantity in Chapter 2,
Appendix H, and in doing so it hamstrings its own ability to effectively regulate CBM
water.

EPA has also recognized the various impacts that can result from both quantity
and quality of CBM water, and advised DEQ that “large quantities of produced water
discharged to small tributaries with erosive soils and geology can have unanticipated
adverse impacts on wildlife habitat and/or agriculture.””® EPA has further explained:

The many potential environmental impacts from CBM operations

are diverse. Possible impacts include: reduced flow or loss of domestic

water wells, mortality and reduced growth and vigor of vegetation,

erosion, soil compaction, and loss of topsoil. One of the major concerns

associated with CBM production in the Powder River Basin is disposal of

the produced water. The surface disposal of CBM-produced water may

result in erosion or damage to drainages and associated vegetation within

the area. Even though CBM discharge is essentially sediment-free,

discharge to streams and creeks can increase sediment loading due to
increased erosion.”’

'91/5/01 Reed letter to Krafft, Ex. 3.
% EPA Guidance for Developing Technology-Based Limits for Coalbed Methane
Operations: Economic Analysis of the Powder River Basin, February, 2003. Interagency
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May 8, 2006

Mr. Bill DiRienzo
Wyoming Department.of Enviremmentd]l Quality - Water Quality Division
Herscliler B ng, 4W

- 122 West 25th Stre:
Cheyenne, WY 82002

Re: Comments op Proposed Wyoming Department of Environmental Quality
Draft Agricultural Use Protection Policy (4th Draft, 2006}

Dear Mr. DiRienzo:

‘*N lliams Productwn RMT Cempmy {Wll mms) appt ecmles the opportumty to

' D\pemii ons.

As you know, a collaborative effort was undertaken last summer to define an
implementation policy to afford protection under Section 20. Experts were contacted
and asked to participate with WDEQ in drafting that policy, and that version of the
policy was published in late summer, 2005. At a mesting of the Water and Waste
Ad¥visory in September, 2005, the policy was discussed at length, and a decision was
madeto extend the public comment petiod into October. In December of 2005,
comimenis were received from twbd professors from the University of Wyoming
coneerning this policy. ‘WDEQ then made the decision to significantly alter the policy
‘based on those comments, even though they were received after the comment period had
ended. Those comments affected significant changes to the policy.

In its current draft, the draft Agricultural Use Protection Policy has the potentml
to impose significant costs and technical burdens upon CBNG operators. Yet, there is
no evidence that DEQ considered these impacts, nor balanced the burdens imposed
against the purported environmental effects sought to be protected. Our legislature
expressly imposed such a requirement upon the DEQ with regard to any standards,
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rules, -or regulations proposed by the Water Quality Administrator. Pursnant to W.S.
35-11-302 (a):

“In recommending any s;t.and_ardas, rules, regulations, or permits, the administrator
and advisory board shall consider all the facts and circumstances bearing upon
the reasonableness of the pollution involved including:
(A) the-character and degree of injury to or interference withthe health
and well being of people, ammals wildlife, aquatic life and plant life
affected:
B) The:sogcial and economie value of the souree of pollufion:

(C) The priority of location in the area invelved;

(D) The technical practicability and economic reasonableness of reducing
or eliminating the source-of pollution; and

(E) The effect upon the environment.”

‘fn pmposmg the Agricultural Protection Policy, which implements existing rules, the
T &gl —beund to ccmmder these same crltcnd Yet basad upen this draft, there is

based upo:n ,ihe.cemmmn:ts s_gtbmltted on hd_ ‘ o:f Williarns and ether.s We. mspec’cﬁuﬂy
ask that DEQ do 'so i1 the-context of the 6 criteria set forth above, Williars also
questions the use of a “Policy” to establish effluent limitations mere restrictive than
those established through formal rule-making.

Our specific comments regarding the text of the policy follow.

1. Purpose - Lhapter 1, Section 20 Should Not be Implemented to Protect
Iilegal Tr r:gatwn,

We agree with DEQ that the purpose of Ch. 1, Section 20 is to protect irrigation
that existed priorto an application for a WYPDES discharge pexmit. As DEQ has
noted, the language infers a pre-existing agricultural use prior to an application for a

' Sce comments on page 9 infra.
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WYPDES permit, which can serve.as a baseline from which a decrease in crop or
livestock production ¢ould be measured. We also agree that, to be afforded the
protection of Section 20, a landowner must have an existing irrigation structure or
mechanism inplace fordiverting water. However, in its Draft Policy, DEQ proposes
the centinuation of its historic practice of protecting illegal diversions, i.e., irrigation
which occurs in the dbsence of a valid existing water tight. Williams takes ssue with
ﬂns pmchce partwu’larly when DEQ recomim ends in wntten gmdance fhat thxs ﬂlegal

mto approprlatc WYPDES fpemm lumts

If a landowner is irrigating without the benefit of a water rigﬁt from the office of
the State Engineecr, then the nngatxon is illegal. Since there is ne right to the use of the
watex in 1he dramage ﬁm irrd atlo;n oould be erdmbd t@ cease. emd d,esxst at zmy ‘mme

prdc‘gmﬁ @f protectmg _11 gail gmfi .
regulating the use of water:

"Wa‘tez bemg always thepmparty- ef the stdte nghts to-its use

‘thereby W S §41 3 1()1

By allowing unauthorized structures to trigger application of the standard, the
DEQ protects unlawful irrigation use, sanctions the unlawful conduct, and rewards the
offender for its offense. In effect, the Department is aiding and #betting the offending
behavior in direct conflict with the requirements set out above. We submit that this
practice constitutes egregiously bad public policy and produces an absurd result in
viglation of the canons of statutery and regulatory interpretation declared by the
Wyoming Supreme Count. See n re KP v. State, 102 P.3d 217 (Wiyo. 2004), 2004 Wyo.
LEXIS 213, *23 (*[Tlhis Court will not iriterpret a statute in a manner producing absurd
results™); Corkill v, Knowles, 955 P.2d 438, 444 (Wyo, 1998).

Lastly, the Environmental Quality Act (EQA) expressly states that the actions of
thie DEQ shall not limit or interfere with the jurisdiction, duties or authority of the State
Engineer in administering water rights, W.S, §35-11-1104.a. (i). Protection of illegal
diversions could certainly be construed as m‘cerfenng with these jurisdictional
constraints, as it aids conduct directly contrary to the requirements for use of ‘water set
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out above.” CBNG dischargers should not be required fo protect such illegsl practices.
We therefore request the DEQ amend its Draft Policy to expressly state that in the
future unauthorized irrigation use will not be protected and that existing diversion
structures not covered by an existing water right will not trigger application of the
agricultural standard.

Ii. Presumption of Naturally Irrigated Lands is Overly Broad

The Draft Policy tmplies there is a pre-existing agricultural use of a stream or
drainage when “a substantial acreage of naturally sub-irrigated pasture within a stream
floodplain” exists. The Draft Policy states that infra-red photo graphy, surficidl
geologic maps, wetland mapping, landowner testimony ;o1 any combination of these
sources may be used to establish that lands are naturally Jvrrigated Each of these
information sources presents a snaps‘hot of condmons at a-specific time, and conditions
may have changed e.g., wetlands mapping. 5 In addition, a permit applicant has no
method by which it could disprove the presumption of sub-irrigation presented in the
Draft Policy. The application of EC and SAR effluent limits should not be applied
unless there is some presence and evidence of the ability to irrigate with a-surficial flow
~--period. '

»gxeatcr thdn 20 acres or muilt p]e pqroels in near pre\ hattotdl more than ’70
dcres.” Given the size of parcels in Wyomm g. the defimition of agricultural
significance could be easily met through single parcels or the sum of smaller parcels.
The practical effect of this definition combined with an easily triggered (unrefutable)
definition of sub-irrigated land is that the Draft Policy’s irrigation effluent limits would
be applied to discharges into viTma‘H'y any and every drainage in fhe State. The Draft
Policy, if implemented, would result in a gross over-extension of the prior agricultural
use presumption, would be overly protective of established agricultural uses which may

* The lack of a water right is often an indicdtion that the drainage did not maintain
adequate flows or water quality to fagilitate irrigation or that the soils or other
conditions were simply not supportive of irrigation adeguate to allow the landowner to
prove up its beneficial use of water and thus obtain a valid water right. And, in the
absence of a valid existing water right, applicants for a discharge permit have no notice
of irrigation use by such downstream landowners and no way to account for them in
their WYPDES permit applications.

* The DEQ should not be able to rely solely upon landowner testimony which is
inherently biased to establish the existence of naturally irrigated lands.
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no longer exist and would significantly restrict CBNG operators’ ability to discharge
into State waters without expensive treatment of discharges to protect nominally useful
parcels of land.

1. Irrigation Pata and Information

The Draft Policy:indicates that *. .the goal is to-ensure-that preexisting 1rr1gated
crop production will not be dsmmxsbad as a result.of the Towering of water quality.”
The difficulty, ‘of conrse, is in assessing the preexisting or baseline crop production that
existed prior to any proposed discharge. Often there aie no tecotrds of crop yield,
stream flows, historic water quality, fﬁtc,,» making it very difficult for all parties to apply
the “no measurable decreéase” standard. This has caused DEQ to historically take an
overly conservdtive approach in developing numeric permit effluent limitations to
assure no measurable decregse in orop production. Forthat feason, we recommend that
the following be added to the data and information required under Section II1. B:

»  Extent of irrigation permitted by office of thie State Bngineer under a valid and
existing Wyoming water right.

» Rate of flow requived to activate irrigation under the system in place.

®  Aslo the season of use, DEQ sheuld further refing its definition of “irrigation
season.” The BC and SAR hmﬂ:q will 'lppl during these-periods when crop

Cfrowth is occu _ 2 Wis exist. hriaabie flows are

vwen the va;: ition and mtensu}/ @F st@rm cv.ems. sty ng water to ephemeral or
intermittent drainages used forirrigation purposes. Ii the absence of such
events, the na“mr.a,lly -occurring salinity in these drainages limits their utility for
irfigation. When irrigation cannot occur, the water quality standards protective
of irrigation should not be applied. Operators should not be required to make the
waler quality in the stream system better year round than mother nature
provided,

® Most importantly, in place of using published tolerance values for the most
sensitive crops grown, we suggest use of the FHanson Diagram to manage the
SAR limit for two reasons. First, the published tolerance values for most crops
generally assume conditions exist for attaining a 100% crop vield. Our
experience throughout the PRB 1is that, given the growing conditions, e.g., a lack
of precipitation, poor alkaline and saline soils, and intermittent flows, ete.,
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irrigators in the PRB achieve a crop yigld well below the 100% value. Second,
as DEQ has noted, the significant irrigation-related effluent Limits in the PRB are
EC and SAR. DEQ is aware that, within certain broad Limits, it is the ratio of EC
and :SAR that determine the suitability of water quality for irrigation purposes
for any given crop. We therefore suggest that DEQ apply the Hanson Diagram in
establishing SAR limits. As stated above, these limits should be applied only
when adequate water is available to create an irrigable flow. At all other times,
to apply effluent limitations which are adequate to irrigate the most sensitive
crop would require the dischargers to make the water in the stream better than
mother nature provides. That is an undue burden, with no environmental benefit,
which will not in any meaningful way enhance the crop production. It will only
impose unnecessary additional expense and effort on dischargers of water from
CBNG operations.

1V. . Tiered Approach Should Protect Measurable Decrease in Crop Production.

The Draft Policy establishes a tiered approach which is desi gned to establish
appropriate effluent limits to ensure there is no measurable decrease in crop production.
‘Williams agrees that a tiered approach is absolutehr necessary to address the variety of
‘oackcn ound oondmons and quahty of dlschaj e5 m d1 fferent dramages thhm the PRB.

PRB and Wyomm g, not Ca _‘,;oxma ‘The Tier 1 approach is overly consérvative and
protects against any decrease in crop production, not merely a measurdble decrease in
such preduction. The Draft Pohcy propeses the apphcatmn of effluent limits to achieve
an end beyond that described in the narrative goals stated in Chapter 1, Section 20 and
does so without sufficient supporting cre:c']ﬁible evidence. This point is well made and
fully documented in letters dated May 5, 2006 submitted by Kevin C. Harvey on behalf
of several CBM operators ingluding Williams, and we urge the DEQ to carefully and
fully consider Mr. Harvey's comments and conclusions and modify its draft proposal
accordingly.

Tier 2 offers Williams and other dischargers a viable permitting opiion in
instances in which background water quality is worse than its CBNG effluent quality.
In such circumstances, Tier 1 default limits should be inapplicable. Williams requests
that DEQ amend the Draft Policy to state that if such circumstances exist, EC and SAR
effluent limits must be based upon those background conditions rather than tolerance
values for the most sensitive crop.
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V.  The BQA Does Not Give DEQ Aunthority fo Regulate Water Duantity Per Se

‘While DEQ has deleted the previons Section IV, “Bottomlanad Forage™ from the
Draft Policy, it cites in, support of this delerion the Environmental Quality Gouneil’s.
(BQC) February 18, 2006 decision 1o initiate rulemaking concemning the regnlation of
the volume of water which could be discharged into naturally low flow stream channels.
In his February 3, 2006 letter, 1o the EQC, John Wagner, Admiinistrator, Water Queality
Conwrel Division, expressly stared thet the DEQ did norhave the authozity 1o regulate
effluent quentity as proposed in the petition to the BQC, Attachmment 1. In his April 12,
2006 opinion relating to the EQC’s decision to juitiate rulemdking, Wyannug Amnorney
GGeneral, Patrick Crank, confizmed Mr. Wagner’s interpretation of DEQ’s limited
antharity o-fegulate volumes of water discharged underthe WYPDES permit program.
Attachment 2.

thority to:amend the
nte:; the DEQ ’che

ey, Mmeaver, Wﬂhzms

in ephe'nemi ﬂzamages m prﬂvmns aterazmns of the Draft P

zal{es ﬂs“ pasmcm that ther ‘ agﬂcwage easement which attaches togll naturd] water
S A ;cmmg, and zherc isne bas:s far mamaﬁno o7

Foe Olson
Facilities Engineer
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Mr. Bill DiRienzo

Wyoming Department of Environmental Quality
Water Quality Division ‘
Herschler Building, 4™ Floor West

122 West 25® Street

Cheyenne, Wyoming 82002

Subject: Comments pertaining to the derivation of default effluent limits for EC in the
Draft Section 20 Agricultural Use Protection Policy.

Dear Mr. DiRienzo:

I respectfully submit for your consideration the following comments regarding the fourth draft of
the Section 20 Agricultural Use Protection Policy as it pertains to the derivation of default
effluent limits for EC. These comments are being submitted on behalf of Yates Petroleum
Company, Williams Production RMT Company, Petro-Canada Resources (USA) Inc., Marathon
0il Company, Lance Oil & Gas Company, Inc., Fidelity Exploration & Production Company,
Devon Energy Production Company L.P., Bill Barrett Corporation, and Anadarko Petroleum
Corporation. Ihave submitted additional comments regarding the derivation of SAR limits and
the proposed SAR cap to you in a separate letter.

By way of introduction, I am a board-certified professional soil scientist having practiced as an
environmental consultant in Montana and Wyoming, and throughout the world, for nearly 25
years. For the past seven years, my practice has focused on water management and soil and
water salinity/sodicity issues associated with oil and gas development. I am credited as the first
to research, develop, and apply managed irrigation techniques for the beneficial use of coalbed
natural gas produced water. I have directed or participated in over 75 separate projects related to
produced water management, WPDES permitting, soil and water chemistry investigations, and
reclamation for coalbed and conventional natural gas projects in Wyoming, Colorado, and
Montana. Thave a M.S. degree in land rehabilitation (soil science emphasis) from Montana State

University, and a B.S. in Resource Conservation (soil science emphasis) from the University of
Montana.

I would like to comment on the proposed changes made to the Agricultural Use Protection Policy
by the WDEQ subsequent to the January 26, 2006 meeting of the Water and Waste Advisory
Board. My comments will focus on the comments provided by Dr. Larry Munn in his letter to
the DEQ dated December 5, 2005. It is my understanding that Dr. Munn’s comments resulted in
the changes made to the proposed Policy. Specifically, I comment on Dr. Munn’s request that
the California-based soil salinity tolerance thresholds be used to establish default effluent limits
for electrical conductivity (EC) under the Tier 1 process.

233 EDELWEISS DRIVE, UNIT 11, BOZEMAN, MONTANA 59718
VOICE:; 406/585-7402, FAX: 406/ 585-7428, EMAIL. INFO@KCHARVEY.COM
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Summary of Findings

The fourth draft of the Agricultural Use Protection Policy describes a 3-tiered decision making
process for deriving appropriate effluent limits for EC and SAR whenever a proposed discharge
may reach irrigated lands. The Tier 1 process would be followed for deriving “defanlt” limits,
and as such, this procedure would require a minimum of background information from the
applicant. Specifically, the default EC limits would be based on the species-specific 100 percent
yield potential values for soil EC reported by the USDA Agricultural Research Service (ARS)
Salt Tolerance Database (USDA ARS, 2006).

Alfalfa is considered to be the most salt sensitive plant irrigated in northeastern Wyoming,
Given this, my comments focus on the relevant information regarding alfalfa salinity tolerance.
The ramifications of the concepts and data discussed herein for alfalfa can be applied to the more
tolerant irrigated forage species commonly found in northeastern Wyoming, for example,
western wheatgrass and smooth brome.

A considerable amount of research went into preparing these comments, including three months
searching and reviewing the relevant scientific literature, and compiling and analyzing available
and relevant soil, plant, and water data. The key conclusions of the literature review and data
analysis are presented below and will be substantiated by the discussion that follows.

California Based Salinity Thresholds

e The ARS Salt tolerance database relies on California based salinity thresholds developed
to approximate the specific plant, soil and environmental variables associated with that
region.

e Regional differences in soil chemistry, climate and agricultural practices are likely to
have a profound effect on the applicability of California based salinity threshold data to

alfalfa growing in Wyoming.

Chloridic Versus Sulfatic Soils

¢ The natural soil salinity in the Powder River Basin is dominated by the sulfate ion;
California soils are dominated by chloride. This conclusion is supported herein by the
literature and by an evaluation of actual soil chemistry data provided by the USDA
National Soil Survey Center.

e The term “gypsiferous” refers to sulfatic soils and is applicable to the Powder River
Basin of Wyoming. Numerous documents, including the ARS Salt Tolerance Database,
indicate that in sulfatic (or “gypsiferous”) soils, plants will tolerate about 2 dS/m higher
salinity than indicated.
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The Influence of Soil Salinity on Alfalfa Yield

o Alfalfa is considered the most salt sensitive plant irrigated in northeastern Wyoming,.
Conditions required for the growth of alfalfa at 100 percent of its physiological yield
potential probably do not exist anywhere in northeastern Wyoming and place doubt on
the application of this benchmark value there.

e Sources of research and field guidance outside of California suggest alfalfa has a higher
relative 100 percent yield soil EC tolerance than 2 dS/m, perhaps as high as 4 to 8 dS/m.

o Alfalfa yield comparisons between California and Wyoming show actual harvest values
independent of soil salinity. Identical yields were reported in Wyoming for soil EC
values ranging from 1.8 dS/m to 6.5 dS/m.

Based on the review summarized herein, we respectfully suggest that the WDEQ consider
adopting an acceptable average root zone EC threshold of 4 dS/m for protection of alfalfa. This
would equate to a defanlt (Tier 1) effluent limit 0f 2.7 dS/m based on the 1.5 concentration factor
cited by the draft Agricultural Use Protection Policy. The EC limits for protecting other species
of concern in the Powder River Basin, e.g., western wheatgrass, should also be adjusted

- accordingly, based on the inherent differences in soil chemistry and climate between the northern
Great Plans and the California agricultural areas. These conclusions and recommendatlons are
substantiated by the discussion below.

California-based Salinity Thresholds

The majority of salinity tolerance data generated in the United States have been a product of field
and laboratory trials conducted by the U.S. Salinity Laboratory (USSL) in Riverside, California.
The salinity tolerance data generated by the USSL were prompted in response to agricultural
production in the areas of the San Joaquin and Imperial Valleys of California. In 1977, Maas
and Hoffman compiled the California research in a seminal article titled "Crop Salt Tolerance -~
Current Assessment,” listing salt tolerance levels for various crops. The subsequent year,
Francois and Maas (1978) published an indexed bibliography of plant responses to salinity from
1900 to 1977 with 2,357 references to about 1,400 species. These articles serve as the primary
references regarding crop tolerance and yield potential of selected crops as influenced by
irrigation water (ECy,) or the average root zone soil salinity level (EC.). This information was
updated by Mass (1990). The ARS Salt Tolerance Database relies entirely on the Mass (1990)
summary as the primary source of relative salt tolerance levels among crops. With respect to
alfalfa, the original salt tolerance listings remain unchanged from the original Mass and Hoffman
(1977) article.

The Mass and Hoffman (1977) and Mass (1990) listings of salt tolerance levels include the
establishment of the 100 percent yield threshold for soil salinity. This value refers to the
maximum allowable average root zone salinity level (EC,) that results in no yield reduction for
crops grown in chloritic soils. The term chloritic soil refers to the dominant salt type found in
California soils (see below). For alfalfa, Mass and Hoffman (1977) and Mass (1990) list the 100
percent yield potential for alfalfa grown in chloritic soils as 2.0 dS/m (EC.). The Mass and
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Hoffman (1977) and Mass (1990) assessments also contain a disclaimer that the yield potentials
listed should only serve as a guide to relative tolerances among crops, and that the absolute salt
tolerance of crops is not simply a function of soil EC but is dependent on "many plant, soil,
water, and environmental variables."

Six studies conducted at the US Salinity Laboratory in Riverside, California, served as the
foundation for the determination of Maas and Hoffman's 2.0 dS/m threshold value (Gauch and
Magistad, 1943; Brown and Hayward, 1956; Bernstein and Ogata, 1966; Bower et al., 1969;
Bernstein and Francois, 1973; Hoffman et al., 1975). These studies vary in their methodology,
including greenhouse and field experiments, different growth mediums (sand, gravel and soil),
various watering regimes (automatic watering, tension-based watering), and multiple sources of
chloritic salinity (NaCl, CaCl,, and MgCl,). These studies were designed to assess relative yield
values, irrigation leaching fractions, root zone salt profiles, or salinity-ozone interactions. They
were not specifically designed to determine a threshold salinity value for alfalfa. Usually, only
four salinity levels were tested, with data used to produce a crop yield reduction line.

Furthermore, the source of salinity in the six studies was consistently chloride dominated, with
either NaCl or a blend of NaCl, CaCl,, and MgCl, added to the irrigation water. In Southern
California, where these studies occurred, salts found in the soils are largely chloride-dominated.
None of these studies were conducted using sulfate-dominated salts, such as are found in
Wyoming soils (see below). Such regional differences in soil salinity are likely to have a
profound effect on the application of existing salinity threshold data to alfalfa growing in the
Northern Great Plains. Recognizing this, Mass (1990), Ayers and Westcot (1985), Hanson et al.
(1999), as well as the ARS Salt Tolerance Database, all indicate that plants grown in sulfatic
soils will tolerate average root zone EC, values about 2 dS/m higher than indicated by each of
these references. For alfalfa, this would equate to a 100 percent yield threshold of approximately
4 dS/m. This fact is discussed in detail below.

Chloridic Versus Sulfatic Soils

Research efforts of the USSL in California identified adjustments in effective plant salinity
tolerance expressed or repressed in the field by physiological responses to climate, cultural
practices, soil fertility, irrigation methods, physical condition of the soils and the distribution and
speciation of salts within soil profiles. A critical difference between the environmental
conditions in California and the northern Great Plains (including northeastern Wyoming) is soil
chemistry and the primary salt constituents found in these soils. It is widely accepted that the
soils of the agricultural areas of California are dominated by salts where chloride is the dominant
anion, and that the soils of the northern Great Plains are dominated by salts where sulfate is the
dominant anion. In earlier publications, sulfatic soils are sometimes termed “gypsiferous,”
referring to the most common sulfate salt found in semi-arid soils -- gypsum (calcium sulfate
dehydrate). The correct term used today is sulfatic soils.

To incorporate the variation of salinity tolerance exhibited by plant response to different salt
distributions and dominant salt species, the authors of salt tolerance research included a
provision for sulfatic soils. Soils may contain amounts of sparingly soluble salts, such as
gypsum and other sulfate salts, many times greater than can be held in solution in the field water-
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content range. Sulfatic soils may appear to be saline when exhaustively extracted in the lab (i.e.,
saturated paste extract), but the in-situ soil solution may be nonsaline because of the limited
solubility of gypsum and other sulfate salts (Bernstein, 1975). Thus, the EC measured in a
saturated paste extract is higher than the actual concentration of salts seen by plants in sulfatic

- soils. It was suggested originally by Bernstein (1962) that plants will tolerate about 2 dS/m

higher soil salinity (EC,) than indicated in sulfatic soils due to this solubility effect. Since
calcium sulfate is disproportionately dissolved in preparing saturated-soil extracts, the EC, of
sulfatic soils will range an average of 2 dS/m higher than that of chloritic soils with the same
water conductivity at field capacity (Bernstein 1962). Therefore, plants grown in sulfatic soils
will tolerate an EC, of approximately 2 dS/m higher than those grown where chloride is the
predominant ion (Maas, 1990). This narrative provision for sulfatic soils is included in the ARS

Salt Tolerance Database, and the classic irrigation guidelines presented in Ayers and Wescot
(1985).

Sulfatic soils are the rule not the exception in Wyoming and the northern Great Plains. Sulfatic
soils identified by salinity tolerance references are characterized by the presence and influence of
gypsum, or calcium sulfate dihydrate (CaSO4-2H,0), within the soil profile, as well as the
geological and climactic prerequisites for sulfatic soil conditions. Soil gypsum may stem from
one of several sources. Soils formed from geologic material containing anhydrite or gypsum
often contains gypsum. The amount of rainfall and the topographic setting will strongly
influence the amount and location of gypsum in the soil (Dixon and Weed, 1989).
Accumulations of soluble salts, including sulfates in the surface layers, are characteristic of
saline soils of arid and semiarid regions (Brady, 1974), including Wyoming. Research
conducted by the U.S. Geological Survey confirms the presence of gypsiferous parent materials
in the Powder River Basin (Johnson, 1993). At this point, it is important to differentiate between
the soil taxonomic terms “gypsic” or “petrogypsic,” which are used to describe significant
gypsum accumulation within soil horizons, from the terms “gypsiferous” or “sulfatic” soils
which refer to the dominate salt type in soils of Wyoming and the northern Great Plains.

Published research has addressed the issue of prevailing salt distribution and climate influenced
salt dominance. In Springer et al. (1999), Curtin et al. (1993) and Trooien (2001), northern Great
Plains prairie soil chemistry is comparatively summarized and/or contrasted to soils of
California. Research suggests that recommendations developed for the western United States,
where chloride is the major anion in soil and water chemistry, may not be appropriate for sulfatic
soils (Springer et al., 1999). Trooien (2001) notes that most plant salinity tolerance information
is developed in California and that the chemistry of salinity is different in the northern Great
Plains (i.e., sulfate dominated salinity). Therefore, Trooien (2001) indicates that salinity
thresholds are greater and yield losses are somewhat smaller in the Northern Great Plains
compared to those of California (i.e., chloride dominated salinity). Research in Canadian prairie
soils by Curtin et al. (1993) and Wentz (2001) suggest that salt tolerance testing at the Swift
Current, Saskatchewan, salinity laboratory (and also at the US Salinity Laboratory) has mostly
involved the determination of crop responses to chloride salinity. However, there is reason to
suspect that responses to sulfate salinity, which is the predominant form of salinity in prairie
soils, may differ from those observed in chloride salt systems. Wentz (2001) summarizes that
crop tolerances developed for chloride dominated soils, such as those in California, may not be
applicable to crops grown on the sulfate dominated soils typically found in western Canada.
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Comparison of actual soil analytical data from the NSSC Soil Survey Laboratory, Lincoln,
Nebraska, supports the chloride and sulfate salt dominance designations suggested by Springer et
al. (1999), Curtin et al. (1993), Trooien (2001), and Wentz (2001). Analyses from the U.S. Soil
Survey Laboratory are available online at http:/ssldata.nrcs.usda.gov/ and organized by soil
pedon. Data from selected counties in Wyoming and California were obtained from the NSSC
Soil Survey Laboratory Research Database in order to determine the dominance of chloride or
sulfate soil chemistry in the respective regions. Soil chemistry data were downloaded for use in
this study for counties of the Powder River Basin in Wyoming (Sheridan, Campbell and Johnson
Counties). Soil chemistry data were also downloaded for counties in California where intensive
agricultural production takes place (Imperial, Fresno, Kem, Kings and Tulare).

Data pertaining to soil chloride and sulfate in the saturated paste extract are arranged and
averaged by county and state in Table 1 below. These values are based on all of the available
data provided by the U.S. Soil Survey Laboratory.

Table 1

A Comparison of Average Soil Saturated Paste Extract Sulfate and Chloride Levels from
Counties in Wyoming and California.

County Average Soil Sulfate Level | Average Soil Chloride Level
' (meq/L) ' _(meq/L)

Sheridan, WY 14.9 4.1
Campbell, WY 130.4 3.0
Johnson, WY 30.9 1.8
Wyoming Average 58.7 2.9
Imperial, CA 48.4 295.7
Fresno, CA 98.6 26.3
Kem, CA . 443 73.0
Kings, CA 110.7 23.9
Tulare, CA 9.3 21.6
California Average 62.3 88.1

The summary data suggest that the relative proportion of chloride salts in the selected California
counties outweigh the proportion of sulfate salts and verify the chloride dominance suggested by
the literature summarized above. In northeastern Wyoming, the relative proportion of sulfate
salts in selected counties outweigh the proportion of chloride by an order of magnitude and
verify the sulfate dominance and sulfatic conditions implied by the literature. Therefore, the
recommendation by the ARS Salt Tolerance Database signifying that plants grown in sulfatic
soils will tolerate average root zone EC, values about 2 dS/m higher than indicated, is valid for
the Powder River Basin, and probably all of Wyoming. For alfalfa, this would equate to a 100
percent yield threshold of 4 dS/m.
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The Influence of Soil Salinity on Alfalfa Yield

As indicated above, the relative 100 percent yield potential reported for alfalfa in the ARS Salt
Tolerance Database is 2 dS/m (EC.). As such, alfalfa is regarded in the California-based
literature as “moderately sensitive” to salinity. An absolute salinity tolerance would reflect
predictable inherent physiological responses by plants, but cannot be determined because
interactions among plant, salt, water and environmental factors influence the plant’s ability to
tolerate salt. Relative salt tolerance is a value based on the climatic and cultural conditions under -
which a crop is grown (Maas and Hoffman, 1977). Research generated outside the U.S. Salinity
Laboratory in the U.S. and Canada has introduced alternative salinity tolerance values for alfalfa
influenced by these climatic and cultural conditions.

In a study based on field trials in western Canada, McKenzie (1988) reported the “relative
maximum salinity crops will tolerate when combined with intermittent moisture stress
throughout the growing season.” McKenzie (1988) places alfalfa within a moderate tolerance
category, as opposed to moderate sensitivity, and extends alfalfa’s 100 percent yield tolerance to
an EC range of 4-8 dS/m, as opposed to 2 dS/m. Similar tolerance descriptors and EC values for
alfalfa can be found associated with Britton et al. (1977), who supports moderate salt tolerance
and an EC range of 5-10 dS/m for alfalfa. Likewise, Milne and Rapp (1968) present alfalfa with
a moderate tolerance and an EC range of 4-8 dS/m. Cavers (2002); Wentz (2001); Schafer
(1983); Holzworth and Wiesner (1990) and Dodds and Vasey (1985) also contribute to a
departure from the established Maas classification of alfalfa salinity tolerance and threshold
values. Bower et al., suggests an alfalfa tolerance somewhat between the previous authors and
Maas (1990), suggesting maximum alfalfa yield is obtained when the average EC, value for the
root zone is 3 dS/m. Using salinized field plots in southern Saskatchewan, Holm (1983) reported
a small, 0.037 ton/acre, reduction in alfalfa yields resulting from an increase in the surface EC,
(0 to 15 cm sample) from a 0 to 4 dS/m range to a 4 to 8 dS/m range. Holm presented these
scales as representative of low and medium EC levels.

Relative salinity tolerances reported outside of peer reviewed literature stem from professional
observations and judgments, roundtable discussions, experience in the field, and experience with
the region, culture and climate; not from experimental data. Incorporation of field experience,
observation, and limited data into supporting documents of the Salt Tolerance Database is
acknowledged in Ayers and Wescot (1985). Alternative sources listed herein do not always
report EC values in terms of 100 percent yield thresholds for alfalfa, but should not be
discounted, as they pertain to what is realistic in the field. As an example, the Montana Salinity
Control Association reports forage salt tolerances in terms of marginal establishment levels, not
100 percent yield potentials. Conditions allowing alfalfa to produce at 100 percent of its
physiochemical yield potential probably do not exist anywhere within the northern Great Plains.

A suggested field-yield value corresponding to the 100 percent yield of alfalfa has never been
reported by authors of salinity literature. Specifically, what yield of alfalfa, in tons per acre,
could one expect if it was grown under conditions supporting 100 percent yield? Conditions
supporting 100 percent alfalfa yields recommended by the ARS Salt Tolerance Database and its
supporting documents would be: a soil EC, of 2 dS/m or less, an irrigation water EC,, less than
or equal to 1.3 dS/m, water contents maintained at field capacity, available N, P and K nutrient
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levels maximized for alfalfa growth, a sufficiently long growing season, no associated
phytotoxicity or pest issues, etc. This data limitation precludes the direct comparison of alfalfa
yields generated in an agricultural area to the potential yields theoretically available under
optimized conditions. The only available analysis is to compare an alfalfa yield to the average
yield generated in its area, or generated between areas.

Using data available from the National Agricultural Statistics Service, selected county
agricultural commissioner’s data, and the U.S. Census of Agriculture (2002, 1997), irrigated
alfalfa yield data were obtained for periods of interest. Alfalfa yield data for Wyoming counties
are available from 1959 through 2005, but were averaged from 1970-2005 to reflect the
integration of new irrigation technologies. Alfalfa yield data were summarized for the area
encompassing the Powder River Basin: Sheridan, Johnson and Campbell counties. Alfalfa yield
data for California counties are available from 1980-2004 so the entire dataset was averaged.
Alfalfa data were summarized for counties in California related to intensive agriculture:
Imperial, Fresno, Kern, Kings and Tulare counties.

Soil salinity data (as measured by EC) collected by the USDA National Soil Survey and
analyzed by the National Soil Survey Center (NSSC) Soil Survey Laboratory were also obtained
and summarized for the aforementioned counties. Average root zone EC values were calculated
to a maximum depth of five feet. The county alfalfa yield and average root zone EC summaries
are presented in Table 2 below.

Table 2
Comparison of Average Root Zone Soil Salinity (EC) Values with Historical Alfalfa Yields
for Selected Counties in Wyoming and California.

County Average Root Zone Soil Historical Average Alfalfa
Salinity (EC as dS/m) Yield (tons/acre)
Sheridan, WY 1.5 2.7
Johnson, WY 1.9 2.4
Campbell, WY 2.0 2.4
Wyoming Average 1.8 2.5
Tulare, CA 2.8 8.4
Kings, CA ' 6.9 6.9
Kem, CA 4.6 8.0
Fresno, CA 6.7 7.9
Imperial, CA 6.7 7.8
California Average 5.5 8.0

Values expressed in Table 2 show substantially higher average root zone salinities in California
than in Wyoming. Alfalfa yields reported in California are three times greater than those in
Wyoming, even though, on average, the soil salinity values are nearly three times higher than
those reported for the Wyoming counties. The values generated in this exercise suggest that
environmental factors other than salinity, e.g., climate, may be dictating the obtainable degree of
alfalfa yield produced. However, the data also suggest that the California-based 100 percent
yield threshold of 2 dS/m may not be appropriate for even the chloritic soils of California. For
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example, the historical average yield of alfalfa in Tulare County is 8.4 tons per acre with a
corresponding average root zone EC of 2.8 dS/m. The yield from Tulare County is actually
slightly greater than the yields from Fresno and Imperial Counties where the corresponding
average root zone EC values are substantially higher at 6.7 and 6.7 dS/m, respectively.
Regardless, there does not appear to be a substantial difference in yields reported by the
California counties with soil EC values ranging from 2.8 to 6.7 dS/m.

Other field data from Wyoming have been reviewed that also suggest an alternative to the
California-based salinity tolerance values. The Use Attainability Analysis (UAA) report for
Cottonwood Creek (SWWRC et al., 2002) was downloaded from the Wyoming Department of
Quality, Water Quality Division webpage. Cottonwood Creek is located in Hot Springs County
within the Bighorn Basin of Wyoming. This is an area of extensive conventional oil and gas
production. According to the UAA report, discharge of produced water from the Hamilton
Dome oil field to Cottonwood Creek constitutes the majority of flow to the ephemeral stream
and constitutes the only irrigation water source for approximately 35 ranching operations. The
waters of Cottonwood Creek exhibit an EC,, between 4.1 and 4.5 dS/m. At an average EC,, of
4.3 dS/m, an average root zone soil EC, value can be calculated using the widely accepted
relationship: EC, = 1.5 EC,, (Ayers and Wescot, 1985). This relationship is expressed in the
draft Section 20 Agricultural Use Protection Policy. From this relationship, an average root zone
soil EC value of 6.5 is estimated for the fields irrigated long-term with water from Cottonwood
Creek. Average alfalfa hay yields reported in the UAA amount to 2.5 tons per acre. This yield is
identical to the average of the three Wyoming counties reported in Table 2 above. This is
compelling given that the average soil EC value for the three other Wyoming counties is 1.8
dS/m, while the estimated soil EC for the fields irrigated with water from Cottonwood Creek 1is
6.5.

Closing Statement

Based on the review summarized herein, we respectfully suggest that the WDEQ consider
adopting an acceptable average root zone EC threshold of 4 dS/m for protection of alfalfa. This
would equate to a default (Tier 1) effluent limit of 2.7 dS/m based on the 1.5 concentration factor
cited by the draft Agricultural Use Protection Policy. Other species of concern, including
western wheatgrass, should be given equal consideration due to the inherent differences in soil
chemistry between the northern Great Plains and the California agricultural areas for which the
ARS Salt Tolerance Database is based. Factors such as extreme climate, periodic drought, soil
moisture regime, duration of growing season, soil depth, and fertility limitations can collectively
exert an overriding regional influence on the yield potential of forage crops. Based on this, we
ask that the WDEQ exercise caution interpreting the applicability of specific salinity tolerances
outlined by the ARS Salt Tolerance Database and thoughtfully consider the difficulty in
detecting a “measurable” change in plant production due to soil salinity alone.
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Thank you very much for your time and consideration of this review and the recommendations
stemming from it. If you, your WDEQ colleagues, or the members of the Water and Waste
Advisory Board have any questions or comments regarding our findings, please contact me.

Sincerely,

Kevin C. Harvey, M.Sc., CPSSc.
Principal Soil Scientist
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May 4, 2006

Mr. Bill DiRienzo

Wyoming Department of Environmental Quality
Water Quality Division

Herschler Building, 4™ Floor West

122 West 25" Street

Cheyenne, Wyoming 82002

Subject: Comments pertaining to the proposed default SAR effluent limit cap of 10 in the
Draft Section 20 Agricultural Use Protection Policy.

Dear Mr. DiRienzo:

I respectfully submit for your consideration the following comments regarding the fourth draft of
the Section 20 Agricultural Use Protection Policy as it pertains to the derivation of effluent limits
for SAR, particularly the proposed SAR cap of 10. These comments are being submitted on
behalf of Yates Petroleum Company, Williams Production RMT Company, Petro-Canada
Resources (USA) Inc., Marathon Oil Company, Lance Oil & Gas Company, Inc., Fidelity
Exploration & Production Company, Devon Energy Production Company L.P., Bill Barrett
Corporation, and Anadarko Petroleum Corporation. I have submitted additional comments
regarding the derivation of EC limits in a separate letter.

By way of introduction, I am a board-certified professional soil scientist having practiced as an
environmental consultant in Montana and Wyoming, and throughout the world, for nearly 25
years. For the past seven years, my practice has focused on water management and soil and
water salinity/sodicity issues associated with oil and gas development. I am credited as the first
to research, develop, and apply managed irrigation techniques for the beneficial use of coalbed
natural gas produced water. I have directed or participated in over 75 separate projects related to
produced water management, WPDES permitting, soil and water chemistry investigations, and
reclamation for coalbed and conventional natural gas projects in Wyoming, Colorado, and
Montana. I have a M.S. degree in land rehabilitation (soil science emphasis) from Montana State
University and a B.S. in Resource Conservation (soil science emphasis) from the University of
Montana.

I would like to comment on the proposed changes made to the Agricultural Use Protection Policy
by the WDEQ subsequent to the January 26, 2006 meeting of the Water and Waste Advisory
Board. My comments will focus on the comments provided by Dr. Larry Munn in his letter to
the DEQ dated December 5, 2005. It is my understanding that Dr. Munn’s comments resulted in
the changes made to the proposed Policy. Specifically, I comment on Dr. Munn'’s proposal that
all WPDES default effluent limits for SAR be capped at 10 under the Tier 1 process.

233 EDELWEISS DRIVE, UNIT 11, BOZEMAN, MONTANA 59718
VOICE: 406/585-7402, FAX: 406/585-7428, EMAIL. INFO@KCHARVEY.COM
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Summary of Findings

The fourth draft of the Agricultural Use Protection Policy describes a 3-tiered decision making
process for deriving appropriate effluent limits for EC and SAR whenever a proposed discharge
may reach irrigated lands. The Tier 1 process would be followed for deriving “default” limits,
and as such, this procedure would require a minimum of background information from the
applicant. The default SAR limits would be extrapolated from the Hanson et al. (1999) chart
relating the established EC effluent limit to SAR, up to a2 maximum default value of 10. The
effluent limit for SAR will be determined in conjunction with EC so that the relationship of SAR
to EC remains within the “no reduction in rate of infiltration” zone of the Hanson et al. (1999)
diagram. '

Two key concerns arise from Dr. Munn’s letter regarding sodicity and the discharge of CBNG
produced water in the Powder River Basin: (1) the potential impacts on the hydraulic function of
irrigated soils during produced water discharge; and (2) the potential impacts of residual
adsorbed sodium on the hydraulic function of irrigated fields after produced water discharge has
ceased and rainfall/snowmelt leaches salts from the upper root zone. It is assumed that these
concerns led Dr. Munn and the WDEQ to propose the SAR effluent limit cap of 10 under the
Tier 1 process. '

In addressing these concerns, I performed a considerable amount of research, including three

months searching and reviewing the relevant scientific literature, and compiling and analyzing
available and relevant soil, plant, and water data. The key conclusions of the literature review
and data analysis are presented below and will be substantiated by the discussion that follows.

Review of Soil Sodicity

e Plant growth problems associated with excess sodium adsorption are in response to
negative changes in soil structure resulting in reduced air exchange, water infiltration and
hydraulic conductivity. ‘

e The universally applied sodic soil threshold is an exchangeable sodium percentage (ESP)
greater than 15.

* SAR is a measure of the sodicity risk in irrigation water. The higher the salinity of
irrigation water, the higher the SAR can be without impacting soil structure and

impairing soil infiltration and permeability.

The ESP-SAR Relationship for Soils in Northeastern Wyoming

o Using regression analysis, the relationship between ESP and soil SAR was determined
for the Powder River Basin (n=382, R?=.74).

e A 1:1 relationship of soil SAR to water SAR exists for soils in equilibrium with irrigation
water. This relationship is widely accepted and confirmed by recent research led by Dr.
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James Bauder at Montana State University. The relationship of ESP to soil SAR is
therefore equivalent to the relationship of ESP to water SAR.

s Based on the regional specific relationship of ESP and SAR, an effluent limit of SAR =
16 corresponds to an ESP of 10, and provides a 33% margin of safety against the
formation of sodic conditions (i.e., exceeding an ESP of 15). The proposed default SAR
cap of 10 is, therefore, unnecessarily conservative.

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water

e Concern has been raised that subsequent rainfail/snowmelt leaching of residual soil
salinity may lower the electrolyte concentration and naturally raise the ESP past the
dispersive sodic soil threshold.

e Research demonstrates that arid land soils can release 0.3 to 0.5 dS/m of Ca and Mg to
solution as a result of the dissolution of primary minerals and the inherent calcium
carbonate content of surface soils. Shainberg et al. (1981) indicates that these
concentrations are sufficient to counter the deleterious effects of exchangeable sodium,
even when the soil is leached with rainwater.

A Review of Soil Sodicity

The physical and chemical phenomena associated with soil sodicity are complex. Therefore, a
brief summary is provided regarding the soil and water chemistry associated with the physical
affects of soil sodicity.

A large body of research concerning sodic, or “black alkali” soils has been generated in response
to the negative effects of high sodium concentrations on soils. Toxicity effects of sodium are
rarely expressed in forage and grass crops, but do cause injury to selected woody plants (Lilleand
et al., 1945; Ayers et al., 1951; Brown et al., 1953). Plant growth problems associated with high
concentrations of sodium are generally a response to negative changes in soil structure. Sodic
soils are “nonsaline soils containing sufficient exchangeable sodium to adversely affect crop
production and soil structure (Soil Science Society of America, 2001).” High levels of adsorbed
sodium tend to disperse soil particles thereby sealing the soil. The result can produce clogged
soil pores, hard surface crusts, reduced infiltration, reduced permeability, and reduced oxygen
diffusion rates, all of which interfere with or prevent plant growth. By definition, sodic soils are
those that have an exchangeable sodium percentage (ESP) greater than 15. The universally
applied ESP threshold of 15 percent is acknowledged in numerous publications, including Levy
et al. (1998), Abrol et al., (1988), Evangelou (1998), McNeal and Coleman (1966), Sparks
(1995), Sumner et al. (1998) Shainberg et al. (1971) the Soil Improvement Committee (2002),
university extension publications, etc.

Clay minerals are the most physically and chemically reactive components of the sand, silt, and
clay matrix in soil. The structural arrangement of clay minerals in soil is akin to a deck of cards;
the clay mineral itself can be thought of as the deck, and the cards as individual layers. The



KC HARVEY, LLC May 4, 2006

properties of the deck depend upon the arrangement of the cards and the electrochemical
interlayer forces holding the cards together.

Clay minerals in soils are negatively charged and consequently attract ions with a positive charge
such as calcium, magnesium, potassium, and sodium. Positively charged ions are called cations.
Each cation competes with others in the soil solution for access to the bonding sites based on its
valence and hydrated size. Every soil has a definite capacity to adsorb the positively charged
cations. This is termed the cation exchange capacity (CEC). The various adsorbed cations (such
as calcium and sodium) can be exchanged one for another and the extent of exchange depends
upon their relative concentrations in the soil solution (dissolved), the ionic charge (valence), the
nature and amount of other cations, etc. ESP is, accordingly, the amount of adsorbed sodium on
the soil exchange complex expressed in percent of the cation exchange capacity in
milliequivalents per 100 grams of soil (meq/100 g). Thus,

ESP = (exchangeable sodium / cation exchange capacity) x 100.

Sodic soil conditions arise when greater than 15 percent of the ions bonded to the deck are
sodium, which has a +1 valence and a large hydrated radius. When the ESP exceeds 15, the
large hydrated sodium ions can wedge in-between the individual cards and cause “swelling” of
the deck (Levy et al.,, 1998). This causes negative effects on the physical structure of the soil.
Upon re-wetting, the individual decks may disperse and settle into soil pores, effectively
clogging them and reducing the efficiency of air exchange, water infiltration, and permeability
(i.e., hydraulic conductivity). In general, soils with moderately high, to high, clay contents are at
higher risk. '

Excessive adsorbed or exchangeable sodium can result from sustained use of irrigation water that
is high in sodium and low in calcium and magnesium. Consequently, the ratio of sodium to
calcium and magnesium ions in water is an important property affecting the infiltration and
permeability hazard. The water quality index used to measure the hazard related to sodium
abundance or sodicity in irrigation water is the sodium adsorption ratio or SAR.

The SAR is the ratio of the dissolved sodium concentration in water divided by the square root of
the average calcium plus magnesium concentration. The SAR can be calculated from the
sodium, calcium and magnesium concentrations via the formula:

SAR = [sodium] / (([calcium] + [magnesium])/2)"
where the concentrations are in milliequivalents per liter (meg/L).

What is not apparent from the SAR formula is the fact that the higher the salinity of the water,
the higher the SAR can be without impacting soil structure and impairing soil infiltration and
permeability. Put another way, for a given SAR, infiltration rates generally increase as salinity
(measured by the EC) increases. The changes in soil infiltration and permeability occur at
varying SAR levels, higher if the salinity is high, and lower if the salinity is low. Therefore, in
order to evaluate the sodicity risk of irrigation water, the EC must be considered. To this end,
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the SAR-EC guidelines presented in Ayers and Westcot (1985) and Hanson et al. (1999) are used
to assess the potential sodicity risk of irrigation water.

The ESP-SAR Relationship for Soils in Northeastern Wyoming

In addition to measuring the SAR of irrigation water, one can also measure the SAR of the soil
solution via a saturated paste extract (i.e., the dissolved concentrations of sodium, calcium, and
magnesium are measured in a saturated paste extract and applied via the SAR formula presented
above). The soil SAR was developed to serve as a rapid and relatively inexpensive index of
ESP. Itis widely accepted that the SAR of the soil in equilibrium with the SAR of the irrigation
water is equal to the long-term average SAR of the irrigation water.

The fourth draft of the Agricultural Use Protection Policy includes a proposed SAR cap of 10 for
Tier 1 default effluent limits. To evaluate the appropriateness of the proposed cap, an analysis
was performed using 382 ESP-SAR data pairs generated from ongoing soils assessment work in
the Powder River Basin of Wyoming (KC Harvey LLC, 2006). This database represents flood
plain soils associated with tributaries to the Powder River and the Tongue River, including
spreader dike irrigated fields. This database represents baseline soil chemical conditions. In no
case were any of these soils irrigated with or influenced by coalbed natural gas produced water.
‘The soil samples from which the analyses were made were collected during soil profile
descriptions to five feet, and with a Giddings hydraulic probe up to eight feet in depth. The
numerous soil investigations involved were required for various coalbed natural gas water
management planning, permitting, and design purposes.

The ESP-SAR data pairs were graphed in Microsoft Excel using simple scatter-plot and trend
line analysis. The best fit line resulted in a linear regression which yielded the equation:

ESP = 0.5(SAR) + 1.96, with an R value of 0.74.
The regional-specific “Powder River Basin” relationship, based on 382 soil samples, is shown on

Figure 1. According to the Powder River Basin equation, a soil SAR of 26 corresponds to the
critical ESP threshold of 15 percent.

Figure 1: Powder River Basin ESP / SAR Relationship Itis Wlde]y accepted that the SAR of
soil in equilibrium with irrigation
water equals the long-term average
SAR of irrigation water. Recent
Department of Energy funded
research directed by Dr. James
Bauder at Montana State University
(Robinson and Bauder, 2003)
confirms this relationship. Their
LT e e research, which is related to the

. oo 50 00 180 20 0 300 potential effects of coalbed natural
Sodium Adsorption Ratio (SAR) gas produced water on soils, reports
- o ’ 7777 thatin general, soil solution SAR
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represents the SAR of the applied water. The 1:1 soil SAR to water SAR relationship allows one
to relate the SAR of discharge water to the SAR of the soil in the Powder River Basin ESP-SAR
graph and equation described above. For example, after long-term irrigation with water
exhibiting an SAR of 15, the equilibrated ESP of the irrigated soil would be approximately 9.5
percent. The proposed SAR cap of 10 would equate to a corresponding ESP of 7. An ESP cap
of 7 appears to be unnecessarily conservative given the regional specific relationship of ESP and
SAR. While an ESP threshold of 15 is widely accepted to be the point at which clay swelling
and dispersion occurs, we respectfully suggest that the WDEQ consider establishing a Tier 1
default SAR effluent limit cap of 16, which corresponds to an ESP of 10. An ESP value of 10
provides a 33 percent margin of safety.

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water

In his December 5, 2005 letter, Dr. Munn indicates his concern about the potential effects of
rainwater leaching of fields that had received produced water due to upstream permitted
discharges. In particular, what is the effect of leaching on the sodicity status and hydraulic
function of soils after discharge and irrigation with produced water ceases? Fortunately, the
considerable research on this subject has been well documented in the scientific literature.

Discontinuation of produced water discharge in the Powder River Basin will effectively reduce
the EC and SAR of irrigation waters from tributaries and mainstems so long as the surface water
is of higher quality than the produced water. In the case of fields that are irrigated
opportunistically (e.g., in response to runoff events that are captured behind spreader dike
systems), there can be three sources of water supplying soil moisture: (1) meteoric water (rain
and snowmelt); (2) natural runoff water; and (3) subirrigation from a shallow aquifer. In the case
of rainfall and snowmelt, the EC of these waters will be similar to that of distilled water, i.e.,
they will exhibit very low dissolved solids. Owing to the dissolution of soluble constituents
within the watershed, natural runoff EC values can range up to 5 dS/m or higher. Regarding
subirrigation, shallow aquifers can be relatively saline due to the entrainment of dissolved
minerals along the groundwater flowpath.

The concern arises from leaching of residual surface soil salinity with rainfall and snowmelt.
Intermittent rainfall and snowmelt may lower the electrolyte concentration (i.e., EC) sufficiently
to promote clay dispersion, depending on soil properties (Levy et al., 1998). Conversely, when
the electrolyte concentration in the soil solution reaches a moderate level (1-2 dS/m), high
sodicity levels (ESP between 10 and 30) cause only small to moderate changes in the physical
and hydraulic properties of the soils, which are mostly reversible (Levy et al., 1998). Shainberg
et al. (1981) showed that a major factor causing differences among various sodic soils in their
susceptibility to hydraulic failure when leached with low electrolyte concentrations (i.e., a low
EC) was their rate of salt release from mineral dissolution.

Arid land soils can release 0.3 to 0.5 dS/m of calcium and magnesium to solution as a result of
the dissolution of plagioclase, feldspars, hornblends and other sparingly soluble minerals within
the soil matrix (Rhoades et al. 1968). The solution composition of a calcareous soil at a given.
ESP in contact with distilled water (i.e., rainwater or snowmelt) can be calculated (Shainberg et
al., 1981). As calcium carbonate (CaCOs3) dissolves, the EC of the soil solution increases and
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calcium replaces sodium on exchange sites until the solution is in equilibrium with the cation
exchange system and the CaCO; solid phase. Shainberg et al. (1981) calculated that the EC
values of solutions in equilibrium with soils having ESP values of 5, 10, and 20 are 0.4, 0.6, and
1.2 dS/m, respectively. Shainberg et al. (1981) indicates that these concentrations are sufficient
to counter the deleterious effects of exchangeable sodium, even when the soil is leached with
rainwater.

It is evident that water equilibrated with a calcareous soil can never be a very low salinity
(Shainberg et al., 1981). Using the same database discussed above for evaluation of the ESP-
SAR relationship in 382 soil samples from the Powder River Basin, we can compute an average
percent lime (CaCOs) content in surface soil samples (n=81), which is 5.1 percent. This
represents a considerable reserve of calcium. Other sources of calcium include residual gypsum
(CaSO4) which we know to be prevalent in Wyoming soils.

Various soil SAR-EC relationships (not to be confused with irrigation water SAR-EC
relationships) have been reported in the literature by introducing low electrolyte concentration
waters to sodic soils. Felhendler et al. (1974) measured the hydraulic conductivity of two
montmorillonitic soils as a function of the SAR and found that both were only slightly affected
by the SAR of the percolating solution up to a SAR of 20 as long as the concentration of the
percolating solution exceeded 1 dS/m. Shainberg et al. (1981) studied the effects of leaching a
1:1 sand-soil column with distilled water and increasing concentrations of a weak electrolyte
solution. His findings concluded that an electrolyte concentration of 0.3 dS/m in the percolating
solution was adequate to prevent the adverse effects of a SAR of 15 on the hydraulic
conductivity of the soil-sand mixture. These findings are very similar to the conclusions of the
U.S. Salinity Laboratory Staff (1954) who used electrolyte concentrations equal to or greater
than 0.3 dS/m in their regression analysis to determine the sodic soils threshold of ESP = 15.

As areview, an electrolyte concentration of 0.3 dS/m is the minimum value of calcium and
magnesium contributions to soil solution associated solely to arid soil weathering. This suggests
that an arid Powder River Basin soil with a SAR of 16 (ESP = 10), will have no sodicity related
impacts to the hydraulic conductivity, even when the salt concentration of the irrigation or
rainwater is equal to that of distilled water.

Of course, irrigation water in the Powder River Basin has an intrinsic electrical conductivity
greater than that of distilled water. Use of surface water for irrigation will actually supplement
the inputs of calcium and magnesium from weathering and carbonate dissolution alone.

Using the aforementioned Powder River Basin soils assessment database (KC Harvey LLC,
2006), an average surface soil ECe of 1.64 dS/m was calculated from 81 individual surface soil
samples. This value suggests that electrolyte concentrations in surface soils of the Powder River
Basin, in equilibrium with mineral dissolution, the salinity of runoff irrigation water, and
rainwater/snowmelt, is about 1.6 dS/m, or five times (1.6 dS/m divided by 0.3 dS/m) the
concentration required to maintain the hydraulic conductivity of a soil at an ESP of 16.
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Closing Statement

- Results of the Powder River Basin regression analysis indicates that a relationship between ESP
and soil/water SAR exists, which allows the calculation of one parameter from the other. Using
the proposed, default ESP cap of 10 percent, the scientific literature indicates that water with a
SAR of 16 can be effectively used for irrigation without adverse effects on the physical structure
or hydraulic conductivity of Powder River Basin soils during irrigation. Furthermore, it has been
shown that inputs of Ca and Mg from the natural dissolution of plagioclase, feldspars,
hornblends and other sparingly soluble minerals, especially calcium carbonate and gypsum, will
provide an effective buffer to residual soil sodicity after the discontinuation of produced water
discharge and the transition back to native irrigation, precipitation, and runoff regimes.
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Thank you very much for your time and consideration of this review and the recommendations
stemaming from it. If you, your WDEQ colleagues, or the members of the Water and Waste
Advisory Board have any questions or comments regarding our findings, please contact me.

Sincerely,

Kevin C. Harvey, M.Sc., CPSSc.
Principal Soil Scientist
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Williams Production RMT Company
300 North Works Avenue
Gillette, WY 82716
’ ' 307.686.1636
February 14, 2007 ' 307.686.7574 (fax)

Wyoming Department of Environmental Quality
Water Quality Division

Herschler Building — 4W

122 West 25th Street

Cheyenne, WY 82002

Attn: Bill DiRienzo

Re: Comments on Proposed Revisions to Chapter 1 of the Wyoming Water
Quality Rules and Regulations, Appendix H, Agricultural Use Protection

Dear Mr. DiRienzo:

Williams Production RMT Company (Williams) appreciates the opportunity to
submit comments to the Environmental Quality Council (EQC) regarding the adoption
of Appendix H, Agricultural Use Protection standards, as part of the revisions to
Chapter 1 of the Wyoming Water Quality Rules and Regulations. Williams is a
significant operator in Wyoming and, in particular, in the Powder River Basin (PRB).
Williams is concerned about Appendix H’s potential to affect its coalbed natural gas
(CBNG) operations adversely.

Appendix H has undergone significant changes over two years and four public
comment periods. Throughout that time, the agricultural use protection standards in
Appendix H were proposed as a Wyoming Department of Environmental Quality (DEQ)
implementing policy. It was only in the last several months that DEQ decided to submit
the Agricultural Use Protection Policy to the EQC as a rule rather than a policy. DEQ
has failed to consider the mandatory factors specified in the Environmental Quality Act
(EQA) for proposing Appendix H as a rule to the EQC. W.S. § 35-11-302 (a)(vi).

The Agricultural Use Protection standards in Appendix H have the potential to
impose significant costs and technical burdens upon CBNG operators. Yet, DEQ failed
to consider these impacts, and failed to balance the burdens imposed against the
purported environmental effects sought to be protected, prior to recommending the
adoption of Appendix H as a rule. Williams believes Appendix H would be
significantly different in its requirements and breadth if the DEQ had thoroughly
considered the factors set forth in W.S. § 35-11-302(a)(vi).
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Williams’ specific comments regarding the text of the proposed Appendix H
follow. In addition, Williams encourages the EQC to consider seriously the
development of a risk-based approach to implementation of the agricultural protection
narrative standard, as opposed to the one-size-fits-all approach of the currently
proposed Appendix H.

I. Purpose - Chapter 1. Section 20 Should Not be Implemented to Protect
Iilegal Irrigation.

We agree with DEQ that the purpose of Ch. 1, Section 20 is to protect irrigation
that existed prior to an application for a WYPDES discharge permit. As the DEQ has
noted, the language infers a pre-existing agricultural use prior to an application for a
WYPDES permit, which can serve as a baseline from which a decrease in crop or
livestock production could be measured. We also agree that, to be afforded the
protection of Section 20, a landowner must have an existing irrigation structure or
mechanism in place for diverting water, However, in Appendix H, the DEQ proposes
the continuation of its historic practice of protecting illegal diversions, i.e., irrigation
which occurs in the absence of a valid existing water right. Williams takes issue with
this practice, particularly when the DEQ endorses in a rule this illegal practice be
followed by State personnel when translating the Section 20 narrative goals into
appropriate WYPDES permit limits.

If a landowner is irrigating without the benefit of a water right from the office of
the State Engineer, then the irrigation is illegal. Since there is no right to the use of the
water in the drainage, the irrigation could be ordered to cease and desist at any time.
Therefore, there is really nothing for the DEQ to protect. Moreover, the DEQ’s current
practice of protecting illegal irrigation is in direct conflict with the Wyommg law
regulating the use of water:

Water being always the property of the state, rights to its use
shall attach to the land for irrigation, or to such other
purposes or object for which acquired in accordance with the
beneficial use made for which the right receives public
recognition, under the law and the administration provided
thereby. W.S. § 41-3-101.

By allowing unauthorized structures to trigger application of the standard,
Appendix H protects unlawful irrigation use, sanctions the unlawful conduct, and
rewards the offender for its offense. We submit that this practice constitutes
egregiously bad public policy and produces an absurd result in violation of the canons
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of statutory and regulatory interpretation declared by the Wyoming Supreme Court. See
Inre KP v. State, 102 P.3d 217, 224 (Wyo. 2004) (“[T]his Court will not interpret a
statute in a manner producing absurd results™); Corkill v. Knowles, 955 P.2d 438, 444
(Wyo. 1998).

Lastly, the EQA expressly states that the actions of the DEQ shall not limit or
interfere with the jurisdiction, duties or authority of the State Engineer in administering
water rights. W.S. §35-11-1104(a)(iii). Protection of illegal diversions could certainly
be construed as interfering with these jurisdictional constraints, as it aids conduct
directly contrary to the requirements for use of water set out above.! CBNG dischargers
should not be required to protect such illegal practices. Appendix H should expressly
state that in the future unauthorized irrigation use will not be protected and that existing
diversion structures not covered by an existing water right will not trigger application
of the agricultural standard.

11. Presumption of Naturally Irrigated Lands is Overly Broad

Appendix H implies there is a pre-existing agricultural use of a stream or
drainage when “a substantial acreage of naturally sub-irrigated pasture within a stream
floodplain” exists. Appendix H states that infra-red photography, surficial geologic
maps, wetland mapping, landowner testimony or any combination of these sources may
be used to establish that lands are naturally irrigated. Each of these information sources.
presents a snapshot of conditions at a specific time, and conditions may have changed
e.g., wetlands mapping.? In addition, a permit applicant has no method by which it
could disprove the presumption of sub-irrigation presented in Appendix H. The
application of EC and SAR effluent limits should not be applied unless there is some
presence and evidence of the ability to irrigate with a surficial flow.

The EC and SAR effluent limits will be applied where the naturally irrigated
land reaches a threshold deemed “agriculturally significant.” This threshold is
triggered when a stream segment contains “single parcels of naturally irrigated land

! The lack of a water right is often an indication that the drainage did not maintain
adequate flows or water quality to facilitate irrigation or that the soils or other
conditions were simply not supportive of irrigation adequate to allow the landowner to
prove up its beneficial use of water and thus obtain a valid water right. And, in the
absence of a valid existing water right, applicants for a discharge permit have no notice

of irrigation use by such downstream landowners and no way to account for them in
their WYPDES permit applications.

? The DEQ should not be able to rely solely upon landowner testimony which is
inherently biased to establish the existence of naturally irrigated lands.
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greater than 20 acres or multiple parcels in near proximity that total more than 20
acres,” Given the size of parcels in Wyoming, the definition of agricultural
significance could be easily met through single parcels or the sum of smaller parcels.
The practical effect of this definition combined with an easily triggered (unrefutable)
definition of sub-irrigated land is that Appendix H’s irrigation effluent limits would be
applied to discharges into virtually any and every drainage in the State. The
agricultural protection standards in Appendix H, if implemented, would result in a gross
over-extension of the prior agricultural use presumption, would be overly protective of
established agricultural uses which may no longer exist and would significantly restrict
CBNG operators’ ability to discharge into State waters without expensive treatment of
discharges to protect nominally useful parcels of land.

III. Irrigation Data and Information

Appendix H indicates that “the goal is to ensure that preexisting irrigated crop
production will not be diminished as a result of the lowering of water quality.” The
difficulty, of course, is in assessing the preexisting or baseline crop production that
existed prior to any proposed discharge. Often there are no records of crop yield,
stream flows, historic water quality, etc., making it very difficult for all parties to apply
the “no measurable decrease” standard, This has caused DEQ to historically take an
overly conservative approach in developing numeric permit effluent limitations to
assure no measurable decrease in crop production, For that reason, we recommend that
the following be added to the data and information required under Section d:

¢ Extent of irrigation pérmitted by Office of the State Engineer under a valid and
existing Wyoming water right.

» Rate of flow required to activate irrigation under the system in place.

* As to the season of use, the EQC should further refine the definition of
“irrigation season.” The EC and SAR limits will apply during those periods
when crop growth is occurring and then only when irrigable flows exist.
Irrigable flows are those in which adequate water exists to activate a spreader
dike system for artificially irrigated lands or to cause natural flooding or sub-
irrigation on naturally irrigated lands. It is not reasonable to assume that the
irrigation season is generally considered year-round in Wyoming for passively
irrigated lands, given the variation and intensity of storm events supplying water
to ephemeral or intermittent drainages used for irrigation purposes. In the
absence of such events, the naturally-occurring salinity in these drainages limits
their utility for irrigation. When irrigation cannot occur, the water quality
standards protective of irrigation should not be applied. Operators should not be
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required to make the water quality in the stream system better year round than
mother nature provided.

e Most importantly, in place of using published tolerance values for the most
sensitive crops grown, we suggest use of the Hanson Diagram to manage the
SAR limit for two reasons. First, the published tolerance values for most crops
generally assume conditions exist for attaining a 100% crop yield. Our
experience throughout the PRB is that, given the growing conditions, e.g., a lack
of precipitation, poor alkaline and saline soils, and intermittent flows, etc.,
irrigators in the PRB achieve a crop yield well below the 100% value. Second,
as Appendix H acknowledges, the significant irrigation-related effluent limits in
the PRB are EC and SAR. The EQC is aware that, within certain broad limits, it
is the ratio of EC and SAR that determine the suitability of water quality for
irrigation purposes for any given crop. We therefore suggest that the EQC apply
the Hanson Diagram in establishing SAR limits. As stated above, these limits
should be applied only when adequate water is available to create an irrigable
flow. At all other times, to apply effluent limitations which are adequate to
irrigate the most sensitive crop would require the dischargers to make the water
in the stream better than mother nature provides. That is an undue burden, with

' no environmental benefit, which will not in any meaningful way enhance the’
crop production. It will only impose unnecessary additional expense and effort
on dischargers of water from CBNG operations.

IV. Tiered Approach Should Protect Measurable Decrease in Crop Production.

. The agricultural protection standards in Appendix H establish a tiered approach
which is designed to establish appropriate effluent limits to ensure there is no
measurable decrease in crop production. While a tiered approach is absolutely
necessary to address the variety of background conditions and quality of discharges in
different drainages within the PRB, the default EC and SAR limits in Tier 1 require
revision. As discussed above, Williams does not believe that the use of default EC
limits should be based on tolerance values for the most sensitive crop or upon 100%
yield threshold values. To the extent the EQC decides to use such criteria, calculated
values should be based on data which more accurately reflects soil chemistry and crop
production in the PRB and Wyoming, not California. The Tier 1 approach is overly
conservative and protects against any decrease in crop production, not merely a
measurable decrease in such production. Appendix H proposes the application of
effluent limits to achieve an end beyond that described in the narrative goals stated in
Chapter 1, Section 20 and does so without sufficient supporting credible evidence. This
point is well made and fully documented in letters dated May 5, 2006 submitted to the
Water and Waste Advisory Board by Kevin C. Harvey on behalf of several CBMG
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operators including Williams, and we urge the EQC to carefully and fully consider Mr.
Harvey’s comments and conclusions and modify Appendix H accordingly. See attached
letters.

Tier 2 offers dischargers a viable permitting option in instances in which
background water quality is worse than its CBNG effluent quality. In such
circumstances, Tier 1 default limits should be inapplicable. Williams requests that the
EQC amend Appendix H to state that if such circumstances exist, EC and SAR effluent
limits must be based upon those background conditions rather than tolerance values for
the most sensitive crop. ‘

v, A New Approach

The agricultural protection standards in Appendix H have undergone a number of
changes over the past two years as DEQ and the Water and Waste Advisory Board have
struggled with how best to implement Chapter 1, Section 20’s prohibition against
measurable decrease in crop or livestock production. The agricultural use protection
standards were originally contemplated as internal policy guidance, giving DEQ
sufficient flexibility to change the standards as needed. Given the renewed
consideration of the standard as a rule rather than a policy, Williams believes it is time
for the EQC and DEQ to step back and consider whether Appendix H truly addresses its
originally intended purpose—to provide a practical, workable, and predictable solution
for applying the narrative measurable decrease standard in Chapter 1, Section 20. The
last two years of consideration by the Water and Waste Advisory Board, DEQ, and the
public has culminated in proposed rule that Williams believes fails to achieve that
purpose. Appendix H does not in any practical or realistic way define what is a
“measurable decrease” and what is the best way to avoid it.

Williams suggests that the EQC and DEQ take a fresh look at the no measurable
decrease standard and work with all stakeholders to develop a new rule that reflects the
realities of agricultural production in an arid environment. Measurable decrease must
be considered in the context of the background conditions. Not all waters of the State
have the same quality and not all agricultural use has the same value. For example,
where water quality is poor and agricultural use is limited to low-yield production from
naturally irrigated native plants, less protection may be necessary than in situations
where the background water quality is high and artificial irrigation supports high-yield
commercial crops. Any new rule should take into account site-specific conditions and

uses of water in each drainage, rather than applying blanket standards which are derived
from data generated in California.

Williams recommends that the newly drafted rule take a risk-based approach to
measurable decrease. Effluent limits should reflect that agricultural production in most
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areas of Wyoming is not at 100% yield under natural conditions due to lack of
precipitation, poor alkaline and saline soils, and intermittent flows., EC and SAR
standards should not be set to protect 100% yield, but should reflect the actual yield
where produced water may actually be applied. Further, in many cases, stream
conditions are such that there is little risk that produced water will reach irrigated acres
unless mixed with substantial quantities of natural flows. Any rule should require
consideration of whether the water being discharged will be applied to irrigated
acreage, the impact of irrigation practices (the amount of water necessary to activate
artificial and natural irrigation systems), and the condition of the soil being irrigated.
Though Appendix H as currently drafted attempts to address these issues, it does so in
an inflexible manner that does not acknowledge varied applications in the field.

Williams appreciates the opportunity to comment on the agricultural use
protection standards in Appendix H and appreciates your consideration of our
comments. We would be pleased to discuss our comments further with you and respond
to any questions you may have.

Sincerely,

/s/

Joe Olson
Facilities Engineer

Attachments

3668614_1.DOC



May 4, 2006

Mr. Bill DiRienzo

Wyoming Department of Environmental Quality
Water Quality Division

Herschler Building, 4" Floor West

122 West 25" Street

Cheyenne, Wyoming 82002

Subject: Comments pertaining to the derivation of default effluent limits for EC in the
Draft Section 20 Agricultural Use Protection Policy.

Dear Mr. DiRienzo:

1 respectfully submit for your consideration the following comments regarding the fourth draft of
the Section 20 Agricultural Use Protection Policy as it pertains to the derivation of default
effluent limits for EC. These comments are being submitted on behalf of Yates Petroleum
Company, Williams Production RMT Company, Petro-Canada Resources (USA) Inc., Marathon
Oil Company, Lance Qil & Gas Company, Inc., Fidelity Exploration & Production Company,
Devon Energy Production Company L.P., Bill Barrett Corporation, and Anadarko Petroleum
Corporation. I have submitted additional comments regarding the derivation of SAR limits and
the proposed SAR cap to you in a separate letter.

By way of introduction, I am a board-certified professional soil scientist having practiced as an
environmental consultant in Montana and Wyoming, and throughout the world, for nearly 25
years. For the past seven years, my practice has focused on water management and soil and
water salinity/sodicity issues associated with oil and gas development. I am credited as the first
to research, develop, and apply managed irrigation techniques for the beneficial use of coalbed
natural gas produced water. I have directed or participated in over 75 separate projects related to
produced water management, WPDES permitting, soil and water chemistry investigations, and
reclamation for coalbed and conventional natural gas projects in Wyoming, Colorado, and
Montana. I have a M.S. degree in land rehabilitation (soil science emphasis) from Montana State

University, and a B.S. in Resource Conservation (soil science emphasis) from the University of
Montana.

I would like to comment on the proposed changes made to the Agricultural Use Protection Policy
by the WDEQ subsequent to the January 26, 2006 meeting of the Water and Waste Advisory
Board. My comments will focus on the comments provided by Dr. Larry Munn in his letter to
the DEQ dated December 5, 2005. It is my understanding that Dr. Munn’s comments resulted in
the changes made to the proposed Policy. Specifically, I comment on Dr. Munn’s request that
the California-based soil salinity tolerance thresholds be used to establish default effluent limits
for electrical conductivity (EC) under the Tier 1 process.

233 EDELWEISS DRIVE, UNIT 11, BOZEMAN, MONTANA 59718
VOICE: 406/585-7402, FAX: 406/585-7428, EMAIL: INFO@KCHARVEY.COM
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Summary of Findings

The fourth draft of the Agricultural Use Protection Policy describes a 3-tiered decision making
process for deriving appropriate effluent limits for EC and SAR whenever a proposed discharge
may reach irrigated lands. The Tier 1 process would be followed for deriving “default” limits,
and as such, this procedure would require a minimum of background information from the
applicant. Specifically, the default EC limits would be based on the species-specific 100 percent
yield potential values for soil EC reported by the USDA Agricultural Research Service (ARS)
Salt Tolerance Database (USDA ARS, 2006).

Alfalfa is considered to be the most salt sensitive plant irrigated in northeastern Wyoming,.
Given this, my comments focus on the relevant information regarding alfalfa salinity tolerance.
The ramifications of the concepts and data discussed herein for alfalfa can be applied to the more
tolerant irrigated forage species commonly found in northeastern Wyoming, for example,
western wheatgrass and smooth brome.

A considerable amount of research went into preparing these comments, including three months
searching and reviewing the relevant scientific literature, and compiling and analyzing available
and relevant soil, plant, and water data. The key conclusions of the literature review and data
analysis are presented below and will be substantiated by the discussion that follows.

California Based Salinity Thresholds

e The ARS Salt tolerance database relies on California based salinity thresholds developed
to approximate the specific plant, soil and environmental variables associated with that
region.

J Regioﬁal differences in soil chemistry, climate and agricultural practices are likely to
have a profound effect on the applicability of California based salinity threshold data to

alfalfa growing in Wyoming.

Chloridic Versus Sulfatic Soils

e The natural soil salinity in the Powder River Basin is dominated by the sulfate ion;
California soils are dominated by chloride. This conclusion is supported herein by the
literature and by an evaluation of actual soil chemistry data provided by the USDA
National Soil Survey Center.

e The term “gypsiferous” refers to sulfatic soils and is applicable to the Powder River
Basin of Wyoming. Numerous documents, including the ARS Salt Tolerance Database,
indicate that in sulfatic (or “gypsiferous”) soils, plants will tolerate about 2 dS/m higher
salinity than indicated.
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The Influence of Soil Salinity on Alfalfa Yield

e Alfalfa is considered the most salt sensitive plant irrigated in northeastern Wyoming.
Conditions required for the growth of alfalfa at 100 percent of its physiological yield
potential probably do not exist anywhere in northeastern Wyoming and place doubt on
the application of this benchmark value there.

e Sources of research and field guidance outside of California suggest alfalfa has a higher
relative 100 percent yield soil EC tolerance than 2 dS/m, perhaps as high as 4 to 8 dS/m.

o Alfalfa yield comparisons between California and Wyoming show actual harvest values
independent of soil salinity. Identical yields were reported in Wyoming for soil EC
values ranging from 1.8 dS/m to 6.5 dS/m.

Based on the review summarized herein, we respectfully suggest that the WDEQ consider
adopting an acceptable average root zone EC threshold of 4 dS/m for protection of alfalfa. This
would equate to a default (Tier 1) effluent limit of 2.7 dS/m based on the 1.5 concentration factor
cited by the draft Agricultural Use Protection Policy. The EC limits for protecting other species
of concern in the Powder River Basin, e.g., western wheatgrass, should also be adjusted
accordingly, based on the inherent differences in soil chemistry and climate between the northern
Great Plans and the California agricultural areas. These conclusions and recommendations are
substantiated by the discussion below.

California-based Salinity Thresholds

The majority of salinity tolerance data generated in the United States have been a product of field
and laboratory trials conducted by the U.S. Salinity Laboratory (USSL) in Riverside, California.
The salinity tolerance data generated by the USSL were prompted in response to agricultural
production in the areas of the San Joaquin and Imperial Valleys of California. In 1977, Maas
and Hoffman compiled the California research in a seminal article titled "Crop Salt Tolerance --
Current Assessment," listing salt tolerance levels for various crops. The subsequent year,
Francois and Maas (1978) published an indexed bibliography of plant responses to salinity from
1900 to 1977 with 2,357 references to about 1,400 species. These articles serve as the primary
references regarding crop tolerance and yield potential of selected crops as influenced by
irrigation water (EC,,) or the average root zone soil salinity level (EC). This information was
updated by Mass (1990). The ARS Salt Tolerance Database relies entirely on the Mass (1990)
summary as the primary source of relative salt tolerance levels among crops. With respect to

alfalfa, the original salt tolerance listings remain unchanged from the original Mass and Hoffman
(1977) article.

The Mass and Hoffman (1977) and Mass (1990) listings of salt tolerance levels include the
establishment of the 100 percent yield threshold for soil salinity. This value refers to the
maximum allowable average root zone salinity level (EC.) that results in no yield reduction for
crops grown in chloritic soils. The term chloritic soil refers to the dominant salt type found in
California soils (see below). For alfalfa, Mass and Hoffman (1977) and Mass (1990) list the 100
percent yield potential for alfalfa grown in chloritic soils as 2.0 dS/m (EC.). The Mass and
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Hoffman (1977) and Mass (1990) assessments also contain a disclaimer that the yield potentials
listed should only serve as a guide to relative tolerances among crops, and that the absolute salt
tolerance of crops is not simply a function of soil EC but is dependent on "many plant, soil,
water, and environmental variables."

Six studies conducted at the US Salinity Laboratory in Riverside, California, served as the
foundation for the determination of Maas and Hoffman's 2.0 dS/m threshold value (Gauch and
Magistad, 1943; Brown and Hayward, 1956; Bernstein and Ogata, 1966; Bower et al., 1969;
Bernstein and Francois, 1973; Hoffman et al., 1975). These studies vary in their methodology,
including greenhouse and field experiments, different growth mediums (sand, gravel and soil),
various watering regimes (automatic watering, tension-based watering), and multiple sources of
chloritic salinity (NaCl, CaCl,, and MgCl,). These studies were designed to assess relative yield
values, irrigation leaching fractions, root zone salt profiles, or salinity-ozone interactions. They
were not specifically designed to determine a threshold salinity value for alfalfa. Usually, only
four salinity levels were tested, with data used to produce a crop yield reduction line.

Furthermore, the source of salinity in the six studies was consistently chloride dominated, with
either NaCl or a blend of NaCl, CaCl,, and MgCl, added to the irrigation water. In Southern
California, where these studies occurred, salts found in the soils are largely chloride-dominated.
None of these studies were conducted using sulfate-dominated salts, such as are found in
Wyoming soils (see below). Such regional differences in soil salinity are likely to have a
profound effect on the application of existing salinity threshold data to alfalfa growing in the
Northern Great Plains. Recognizing this, Mass (1990), Ayers and Westcot (1985), Hanson et al.
(1999), as well as the ARS Salt Tolerance Database, all indicate that plants grown in sulfatic
soils will tolerate average root zone EC, values about 2 dS/m higher than indicated by each of
these references. For alfalfa, this would equate to a 100 percent yield threshold of approximately
4 dS/m. This fact is discussed in detail below.

Chloridic Versus Sulfatic Soils

Research efforts of the USSL in California identified adjustments in effective plant salinity
tolerance expressed or repressed in the field by physiological responses to climate, cultural
practices, soil fertility, irrigation methods, physical condition of the soils and the distribution and
speciation of salts within soil profiles. A critical difference between the environmental
conditions in California and the northern Great Plains (including northeastern Wyoming) is soil
chemistry and the primary salt constituents found in these soils. It is widely accepted that the
soils of the agricultural areas of California are dominated by salts where chloride is the dominant
anion, and that the soils of the northern Great Plains are dominated by salts where sulfate is the
dominant anion. In earlier publications, sulfatic soils are sometimes termed “gypsiferous,”
referring to the most common sulfate salt found in semi-arid soils -- gypsum (calcium sulfate
dehydrate). The correct term used today is sulfatic soils.

To incorporate the variation of salinity tolerance exhibited by plant response to different salt
distributions and dominant salt species, the authors of salt tolerance research included a
provision for sulfatic soils. Soils may contain amounts of sparingly soluble salts, such as
gypsum and other sulfate salts, many times greater than can be held in solution in the field water-



KC HARVEY, LLC May 4, 2006

content range. Sulfatic soils may appear to be saline when exhaustively extracted in the lab (i.e.,
saturated paste extract), but the in-situ soil solution may be nonsaline because of the limited
solubility of gypsum and other sulfate salts (Bernstein, 1975). Thus, the EC measured in a
saturated paste extract is higher than the actual concentration of salts seen by plants in sulfatic
soils. It was suggested originally by Bernstein (1962) that plants will tolerate about 2 dS/m
higher soil salinity (EC.) than indicated in sulfatic soils due to this solubility effect. Since
calcium sulfate is disproportionately dissolved in preparing saturated-soil extracts, the EC, of
sulfatic soils will range an average of 2 dS/m higher than that of chloritic soils with the same
water conductivity at field capacity (Bernstein 1962). Therefore, plants grown in sulfatic soils
will tolerate an EC, of approximately 2 dS/m higher than those grown where chloride is the
predominant ion (Maas, 1990). This narrative provision for sulfatic soils is included in the ARS
Salt Tolerance Database, and the classic irrigation guidelines presented in Ayers and Wescot
(1985).

Sulfatic soils are the rule not the exception in Wyoming and the northern Great Plains. Sulfatic
soils identified by salinity tolerance references are characterized by the presence and influence of
gypsum, or calcium sulfate dihydrate (CaSO,-2H,0), within the soil profile, as well as the
geological and climactic prerequisites for sulfatic soil conditions. Soil gypsum may stem from
one of several sources. Soils formed from geologic material containing anhydrite or gypsum
often contains gypsum. The amount of rainfall and the topographic setting will strongly
influence the amount and location of gypsum in the soil (Dixon and Weed, 1989).
Accumulations of soluble salts, including sulfates in the surface layers, are characteristic of
saline soils of arid and semiarid regions (Brady, 1974), including Wyoming. Research
conducted by the U.S. Geological Survey confirms the presence of gypsiferous parent materials
in the Powder River Basin (Johnson, 1993). At this point, it is important to differentiate between
the soil taxonomic terms “gypsic” or “petrogypsic,” which are used to describe significant
gypsum accumulation within soil horizons, from the terms “gypsiferous” or “sulfatic” soils
which refer to the dominate salt type in soils of Wyoming and the northern Great Plains.

Published research has addressed the issue of prevailing salt distribution and climate influenced
salt dominance. In Springer et al. (1999), Curtin et al. (1993) and Trooien (2001), northern Great
Plains prairie soil chemistry is comparatively summarized and/or contrasted to soils of
California. Research suggests that recommendations developed for the western United States,
where chloride is the major anion in soil and water chemistry, may not be appropriate for sulfatic
soils (Springer et al., 1999). Trooien (2001) notes that most plant salinity tolerance information
is developed in California and that the chemistry of salinity is different in the northern Great
Plains (i.e., sulfate dominated salinity). Therefore, Trooien (2001) indicates that salinity
thresholds are greater and yield losses are somewhat smaller in the Northern Great Plains
compared to those of California (i.e., chloride dominated salinity). Research in Canadian prairie
soils by Curtin et al. (1993) and Wentz (2001) suggest that salt tolerance testing at the Swift
Current, Saskatchewan, salinity laboratory (and also at the US Salinity Laboratory) has mostly
involved the determination of crop responses to chloride salinity. However, there is reason to
suspect that responses to sulfate salinity, which is the predominant form of salinity in prairie
soils, may differ from those observed in chloride salt systems. Wentz (2001) summarizes that
crop tolerances developed for chloride dominated soils, such as those in California, may not be
applicable to crops grown on the sulfate dominated soils typically found in western Canada.
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Comparison of actual soil analytical data from the NSSC Soil Survey Laboratory, Lincoln,
Nebraska, supports the chloride and sulfate salt dominance designations suggested by Springer et
al. (1999), Curtin et al. (1993), Trooien (2001), and Wentz (2001). Analyses from the U.S. Soil
Survey Laboratory are available online at http://ssldata.nrcs.usda.gov/ and organized by soil
pedon. Data from selected counties in Wyoming and California were obtained from the NSSC
Soil Survey Laboratory Research Database in order to determine the dominance of chloride or
sulfate soil chemistry in the respective regions. Soil chemistry data were downloaded for use in
this study for counties of the Powder River Basin in Wyoming (Sheridan, Campbell and Johnson
Counties). Soil chemistry data were also downloaded for counties in California where intensive
agricultural production takes place (Imperial, Fresno, Kem, Kings and Tulare).

Data pertaining to soil chloride and sulfate in the saturated paste extract are arranged and
averaged by county and state in Table 1 below. These values are based on all of the available
data provided by the U.S. Soil Survey Laboratory.

Table 1
A Comparison of Average Soil Saturated Paste Extract Sulfate and Chloride Levels from
Counties in Wyoming and California.

(Coun ty Average Soil Sulfate Level | Average Soil Chloride Level
(meq/L) (meq/L)
Shenidan, WY 14.9 4.1
Campbell, WY 130.4 3.0
Johnson, WY 30.9 1.8
Wyoming Average 58.7 2.9
Imperial, CA 48.4 295.7
Fresno, CA 98.6 26.3
Kem, CA 44.3 73.0
Kings, CA 110.7 23.9
Tulare, CA 9.3 21.6
California Average 62.3 88.1

The summary data suggest that the relative proportion of chloride salts in the selected California
counties outweigh the proportion of sulfate salts and verify the chloride dominance suggested by
the literature summarized above. In northeastern Wyoming, the relative proportion of sulfate
salts in selected counties outweigh the proportion of chloride by an order of magnitude and
verify the sulfate dominance and sulfatic conditions implied by the literature. Therefore, the
recommendation by the ARS Salt Tolerance Database signifying that plants grown in sulfatic
soils will tolerate average root zone EC, values about 2 dS/m higher than indicated, is valid for
the Powder River Basin, and probably all of Wyoming. For alfalfa, this would equate to a 100
percent yield threshold of 4 dS/m.




KC HARVEY, LLC May 4, 2006

The Influence of Soil Salinity on Alfalfa Yield

As indicated above, the relative 100 percent yield potential reported for alfalfa in the ARS Salt
Tolerance Database is 2 dS/m (EC,). As such, alfalfa is regarded in the California-based
literature as “moderately sensitive” to salinity. An absolute salinity tolerance would reflect
predictable inherent physiological responses by plants, but cannot be determined because
interactions among plant, salt, water and environmental factors influence the plant’s ability to
tolerate salt. Relative salt tolerance is a value based on the climatic and cultural conditions under
which a crop is grown (Maas and Hoffman, 1977). Research generated outside the U.S. Salinity
Laboratory in the U.S. and Canada has introduced alternative salinity tolerance values for alfalfa
influenced by these climatic and cultural conditions.

In a study based on field trials in western Canada, McKenzie (1988) reported the “relative
maximum salinity crops will tolerate when combined with intermittent moisture stress
throughout the growing season.” McKenzie (1988) places alfalfa within a moderate tolerance
category, as opposed to moderate sensitivity, and extends alfalfa’s 100 percent yield tolerance to
an EC range of 4-8 dS/m, as opposed to 2 dS/m. Similar tolerance descriptors and EC values for
alfalfa can be found associated with Britton et al. (1977), who supports moderate salt tolerance
and an EC range of 5-10 dS/m for alfalfa. Likewise, Milne and Rapp (1968) present alfalfa with
a moderate tolerance and an EC range of 4-8 dS/m. Cavers (2002); Wentz (2001); Schafer
(1983); Holzworth and Wiesner (1990) and Dodds and Vasey (1985) also contribute to a
departure from the established Maas classification of alfalfa salinity tolerance and threshold
values. Bower et al., suggests an alfalfa tolerance somewhat between the previous authors and
Maas (1990), suggesting maximum alfalfa yield is obtained when the average EC. value for the
root zone is 3 dS/m. Using salinized field plots in southern Saskatchewan, Holm (1983) reported
a small, 0.037 ton/acre, reduction in alfalfa yields resulting from an increase in the surface EC,
(0 to 15 cm sample) from a 0 to 4 dS/m range to a 4 to 8 dS/m range. Holm presented these
scales as representative of low and medium EC levels.

Relative salinity tolerances reported outside of peer reviewed literature stem from professional
observations and judgments, roundtable discussions, experience in the field, and experience with
the region, culture and climate; not from experimental data. Incorporation of field experience,
observation, and limited data into supporting documents of the Salt Tolerance Database is
acknowledged in Ayers and Wescot (1985). Alternative sources listed herein do not always
report EC values in terms of 100 percent yield thresholds for alfalfa, but should not be
discounted, as they pertain to what is realistic in the field. As an example, the Montana Salinity
Control Association reports forage salt tolerances in terms of marginal establishment levels, not
100 percent yield potentials. Conditions allowing alfalfa to produce at 100 percent of its
physiochemical yield potential probably do not exist anywhere within the northern Great Plains.

A suggested field-yield value corresponding to the 100 percent yield of alfalfa has never been
reported by authors of salinity literature. Specifically, what yield of alfalfa, in tons per acre,
could one expect if it was grown under conditions supporting 100 percent yield? Conditions
supporting 100 percent alfalfa yields recommended by the ARS Salt Tolerance Database and its
supporting documents would be: a soil EC, of 2 dS/m or less, an irrigation water ECy, less than
or equal to 1.3 dS/m, water contents maintained at field capacity, available N, P and K nutrient
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levels maximized for alfalfa growth, a sufficiently long growing season, no associated
phytotoxicity or pest issues, etc. This data limitation precludes the direct comparison of alfalfa
yields generated in an agricultural area to the potential yields theoretically available under
optimized conditions. The only available analysis is to compare an alfalfa yield to the average
yield generated in its area, or generated between areas.

Using data available from the National Agricultural Statistics Service, selected county
agricultural commissioner’s data, and the U.S. Census of Agriculture (2002, 1997), irrigated
alfalfa yield data were obtained for periods of interest. Alfalfa yield data for Wyoming counties
are available from 1959 through 2005, but were averaged from 1970-2005 to reflect the
integration of new irrigation technologies. Alfalfa yield data were summarized for the area
encompassing the Powder River Basin: Sheridan, Johnson and Campbell counties. Alfalfa yield
data for California counties are available from 1980-2004 so the entire dataset was averaged.
Alfalfa data were summarized for counties in California related to intensive agriculture:
Imperial, Fresno, Kern, Kings and Tulare counties.

Soil salinity data (as measured by EC) collected by the USDA National Soil Survey and
analyzed by the National Soil Survey Center (NSSC) Soil Survey Laboratory were also obtained
and summarized for the aforementioned counties. Average root zone EC values were calculated
to a maximum depth of five feet. The county alfalfa yield and average root zone EC summaries
are presented in Table 2 below.

Table 2
Comparison of Average Root Zone Soil Salinity (EC) Values with Historical Alfalfa Yields
for Selected Counties in Wyoming and California.

County Average Root Zone Soil Historical Average Alfalfa
Salinity (EC as dS/m) Yield (tons/acre)
Sheridan, WY 1.5 2.7
Johnson, WY 1.9 2.4
Campbell, WY 2.0 2.4
Wyoming Average 1.8 2.5
Tulare, CA 2.8 8.4
Kings, CA 6.9 6.9
Kem, CA 4.6 8.0
Fresno, CA 6.7 7.9
Imperial, CA 6.7 7.8
California Average 5.5 8.0

Values expressed in Table 2 show substantially higher average root zone salinities in California
than in Wyoming. Alfalfa yields reported in California are three times greater than those in
Wyoming, even though, on average, the soil salinity values are nearly three times higher than
those reported for the Wyoming counties. The values generated in this exercise suggest that
environmental factors other than salinity, e.g., climate, may be dictating the obtainable degree of
alfalfa yield produced. However, the data also suggest that the California-based 100 percent
yield threshold of 2 dS/m may not be appropriate for even the chloritic soils of California. For
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example, the historical average yield of alfalfa in Tulare County is 8.4 tons per acre with a
corresponding average root zone EC of 2.8 dS/m. The yield from Tulare County is actually
slightly greater than the yields from Fresno and Imperial Counties where the corresponding
average root zone EC values are substantially higher at 6.7 and 6.7 dS/m, respectively.
Regardless, there does not appear to be a substantial difference in yields reported by the
California counties with soil EC values ranging from 2.8 to 6.7 dS/m.

Other field data from Wyoming have been reviewed that also suggest an alternative to the
California-based salinity tolerance values. The Use Attainability Analysis (UAA) report for
Cottonwood Creek (SWWRC et al., 2002) was downloaded from the Wyoming Department of
Quality, Water Quality Division webpage. Cottonwood Creek is located in Hot Springs County
within the Bighorn Basin of Wyoming. This is an area of extensive conventional oil and gas
production. According to the UAA report, discharge of produced water from the Hamilton
Dome oil field to Cottonwood Creek constitutes the majority of flow to the ephemeral stream
and constitutes the only irrigation water source for approximately 35 ranching operations. The
waters of Cottonwood Creek exhibit an EC,, between 4.1 and 4.5 dS/m. At an average EC,, of
4.3 dS/m, an average root zone soil EC, value can be calculated using the widely accepted
relationship: EC, = 1.5 EC,, (Ayers and Wescot, 1985). This relationship is expressed in the
draft Section 20 Agricultural Use Protection Policy. From this relationship, an average root zone
soil EC value of 6.5 is estimated for the fields irrigated long-term with water from Cottonwood
Creek. Average alfalfa hay yields reported in the UAA amount to 2.5 tons per acre. This yield is
identical to the average of the three Wyoming counties reported in Table 2 above. This is
compelling given that the average soil EC value for the three other Wyoming counties is 1.8
dS/m, while the estimated soil EC for the fields irrigated with water from Cottonwood Creek is
6.5.

Closing Statement

Based on the review summarized herein, we respectfully suggest that the WDEQ consider
adopting an acceptable average root zone EC threshold of 4 dS/m for protection of alfalfa. This
would equate to a default (Tier 1) effluent limit of 2.7 dS/m based on the 1.5 concentration factor
cited by the draft Agricultural Use Protection Policy. Other species of concern, including
western wheatgrass, should be given equal consideration due to the inherent differences in soil
chemistry between the northern Great Plains and the California agricultural areas for which the
ARS Salt Tolerance Database is based. Factors such as extreme climate, periodic drought, soil
moisture regime, duration of growing season, soil depth, and fertility limitations can collectively
exert an overriding regional influence on the yield potential of forage crops. Based on this, we
ask that the WDEQ exercise caution interpreting the applicability of specific salinity tolerances
outlined by the ARS Salt Tolerance Database and thoughtfully consider the difficulty in
detecting a “measurable” change in plant production due to soil salinity alone.
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Thank you very much for your time and consideration of this review and the recommendations
stemming from it. If you, your WDEQ colleagues, or the members of the Water and Waste
Advisory Board have any questions or comments regarding our findings, please contact me.

Sincerely,

Kevin C. Harvey, M.Sc., CPSSc.
Principal Soil Scientist
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May 4, 2006

Mr. Bill DiRienzo

Wyoming Department of Environmental Quality
Water Quality Division

Herschler Building, 4™ Floor West

122 West 25" Street

Cheyenne, Wyoming 82002

Subject: Comments pertaining to the proposed default SAR effluent limit cap of 10 in the
Draft Section 20 Agricultural Use Protection Policy.

Dear Mr. DiRienzo:

I respectfully submit for your consideration the following comments regarding the fourth draft of
the Section 20 Agricultural Use Protection Policy as it pertains to the derivation of effluent limits
for SAR, particularly the proposed SAR cap of 10. These comments are being submitted on
behalf of Yates Petroleum Company, Williams Production RMT Company, Petro-Canada
Resources (USA) Inc., Marathon Oil Company, Lance Oil & Gas Company, Inc., Fidelity
Exploration & Production Company, Devon Energy Production Company L.P., Bill Barrett
Corporation, and Anadarko Petroleum Corporation. I have submitted additional comments
regarding the derivation of EC limits in a separate letter.

By way of introduction, I am a board-certified professional soil scientist having practiced as an
environmental consultant in Montana and Wyoming, and throughout the world, for nearly 25
years. For the past seven years, my practice has focused on water management and soil and
water salinity/sodicity issues associated with oil and gas development. I am credited as the first
to research, develop, and apply managed irrigation techniques for the beneficial use of coalbed
natural gas produced water. I have directed or participated in over 75 separate projects related to
produced water management, WPDES permitting, soil and water chemistry investigations, and
reclamation for coalbed and conventional natural gas projects in Wyoming, Colorado, and
Montana. Ihave a M.S. degree in land rehabilitation (soil science emphasis) from Montana State
University and a B.S. in Resource Conservation (soil science emphasis) from the University of
Montana.

I would like to comment on the proposed changes made to the Agricultural Use Protection Policy
by the WDEQ subsequent to the January 26, 2006 meeting of the Water and Waste Advisory
Board. My comments will focus on the comments provided by Dr. Larry Munn in his letter to
the DEQ dated December 5, 2005. It is my understanding that Dr. Munn’s comments resulted in
the changes made to the proposed Policy. Specifically, I comment on Dr. Munn’s proposal that
all WPDES default effluent limits for SAR be capped at 10 under the Tier 1 process.
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Summary of Findings

The fourth draft of the Agricultural Use Protection Policy describes a 3-tiered decision making
process for deriving appropriate effluent limits for EC and SAR whenever a proposed discharge
may reach irrigated lands. The Tier 1 process would be followed for deriving “default” limits,
and as such, this procedure would require a minimum of background information from the
applicant. The default SAR limits would be extrapolated from the Hanson et al. (1999) chart
relating the established EC effluent limit to SAR, up to a maximum default value of 10. The
effluent limit for SAR will be determined in conjunction with EC so that the relationship of SAR
to EC remains within the “no reduction in rate of infiltration” zone of the Hanson et al. (1999)
diagram.

Two key concerns arise from Dr. Munn’s letter regarding sodicity and the discharge of CBNG
produced water in the Powder River Basin: (1) the potential impacts on the hydraulic function of
irrigated soils during produced water discharge; and (2) the potential impacts of residual
adsorbed sodium on the hydraulic function of irrigated fields after produced water discharge has
ceased and rainfall/snowmelt leaches salts from the upper root zone. It is assumed that these
concerns led Dr. Munn and the WDEQ to propose the SAR effluent limit cap of 10 under the
Tier 1 process.

In addressing these concerns, I performed a considerable amount of research, including three

months searching and reviewing the relevant scientific literature, and compiling and analyzing
available and relevant soil, plant, and water data. The key conclusions of the literature review
and data analysis are presented below and will be substantiated by the discussion that follows.

Review of Soil Sodicity

e Plant growth problems associated with excess sodium adsorption are in response to
negative changes in soil structure resulting in reduced air exchange, water infiltration and
hydraulic conductivity.

¢ The universally applied sodic soil threshold is an exchangeable sodium percentage (ESP)
greater than 15.

e SAR is a measure of the sodicity risk in irrigation water. The higher the salinity of
irrigation water, the higher the SAR can be without impacting soil structure and
impairing soil infiltration and permeability.

The ESP-SAR Relationship for Soils in Northeastern Wyoming

e Using regression analysis, the relationship between ESP and soil SAR was determined
for the Powder River Basin (=382, R*=.74).

e A 1:1 relationship of soil SAR to water SAR exists for soils in equilibrium with irrigation
water. This relationship is widely accepted and confirmed by recent research led by Dr.
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James Bauder at Montana State University. The relationship of ESP to soil SAR is
therefore equivalent to the relationship of ESP to water SAR.

e Based on the regional specific relationship of ESP and SAR, an effluent limit of SAR =
16 corresponds to an ESP of 10, and provides a 33% margin of safety against the
formation of sodic conditions (i.e., exceeding an ESP of 15). The proposed default SAR
cap of 10 is, therefore, unnecessarily conservative.

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water

e Concern has been raised that subsequent rainfall/snowmelt leaching of residual soil
salinity may lower the electrolyte concentration and naturally raise the ESP past the
dispersive sodic soil threshold.

e Research demonstrates that arid land soils can release 0.3 to 0.5 dS/m of Ca and Mg to
solution as a result of the dissolution of primary minerals and the inherent calcium
carbonate content of surface soils. Shainberg et al. (1981) indicates that these
concentrations are sufficient to counter the deleterious effects of exchangeable sodium,
even when the soil is leached with rainwater.

A Review of Soil Sodicity

The physical and chemical phenomena associated with soil sodicity are complex. Therefore, a

brief summary is provided regarding the soil and water chemistry associated with the physical
affects of soil sodicity.

A large body of research concerning sodic, or “black alkali” soils has been generated in response
to the negative effects of high sodium concentrations on soils. Toxicity effects of sodium are
rarely expressed in forage and grass crops, but do cause injury to selected woody plants (Lilleand
et al.,, 1945; Ayers et al., 1951; Brown et al.,, 1953). Plant growth problems associated with high
concentrations of sodium are generally a response to negative changes in soil structure. Sodic
soils are “nonsaline soils containing sufficient exchangeable sodium to adversely affect crop
production and soil structure (Soil Science Society of America, 2001).” High levels of adsorbed
sodium tend to disperse soil particles thereby sealing the soil. The result can produce clogged
soil pores, hard surface crusts, reduced infiltration, reduced permeability, and reduced oxygen
diffusion rates, all of which interfere with or prevent plant growth. By definition, sodic soils are
those that have an exchangeable sodium percentage (ESP) greater than 15. The universally
applied ESP threshold of 15 percent is acknowledged in numerous publications, including Levy
et al. (1998), Abrol et al., (1988), Evangelou (1998), McNeal and Coleman (1966), Sparks
(1995), Sumner et al. (1998), Shainberg et al. (1971), the Soil Improvement Committee (2002),
university extension publications, etc.

Clay minerals are the most physically and chemically reactive components of the sand, silt, and
clay matrix in soil. The structural arrangement of clay minerals in soil is akin to a deck of cards;
the clay mineral itself can be thought of as the deck, and the cards as individual layers. The
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properties of the deck depend upon the arrangement of the cards and the electrochemical
interlayer forces holding the cards together.

Clay minerals in soils are negatively charged and consequently attract ions with a positive charge
such as calcium, magnesium, potassium, and sodium. Positively charged ions are called cations.
Each cation competes with others in the soil solution for access to the bonding sites based on its
valence and hydrated size. Every soil has a definite capacity to adsorb the positively charged
cations. This is termed the cation exchange capacity (CEC). The various adsorbed cations (such
as calcium and sodium) can be exchanged one for another and the extent of exchange depends
upon their relative concentrations in the soil solution (dissolved), the ionic charge (valence), the
nature and amount of other cations, etc. ESP is, accordingly, the amount of adsorbed sodium on’
the soil exchange complex expressed in percent of the cation exchange capacity in
milliequivalents per 100 grams of soil (meq/100 g). Thus,

ESP = (exchangeable sodium / cation exchange capacity) x 100.

Sodic soil conditions arise when greater than 15 percent of the ions bonded to the deck are
sodium, which has a +1 valence and a large hydrated radius. When the ESP exceeds 15, the
large hydrated sodium ions can wedge in-between the individual cards and cause “swelling” of
the deck (Levy et al., 1998). This causes negative effects on the physical structure of the soil.
Upon re-wetting, the individual decks may disperse and settle into soil pores, effectively
clogging them and reducing the efficiency of air exchange, water infiltration, and permeability
(i.e., hydraulic conductivity). In general, soils with moderately high, to high, clay contents are at
higher risk.

Excessive adsorbed or exchangeable sodium can result from sustained use of irrigation water that
is high in sodium and low in calcium and magnesium. Consequently, the ratio of sodium to
calctum and magnesium ions in water is an important property affecting the infiltration and
permeability hazard. The water quality index used to measure the hazard related to sodium
abundance or sodicity in irrigation water is the sodium adsorption ratio or SAR.

The SAR is the ratio of the dissolved sodium concentration in water divided by the square root of
the average calcium plus magnesium concentration. The SAR can be calculated from the
sodium, calcium and magnesium concentrations via the formula:

SAR = [sodium] / (([calcium] + [magnesium])/2)"
where the concentrations are in milliequivalents per liter (meg/L).

What is not apparent from the SAR formula is the fact that the higher the salinity of the water,
the higher the SAR can be without impacting soil structure and impairing soil infiltration and
permeability. Put another way, for a given SAR, infiltration rates generally increase as salinity
(measured by the EC) increases. The changes in soil infiltration and permeability occur at
varying SAR levels, higher if the salinity is high, and lower if the salinity is low. Therefore, in
order to evaluate the sodicity risk of irrigation water, the EC must be considered. To this end,
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the SAR-EC guidelines presented in Ayers and Westcot (1985) and Hanson et al. (1999) are used
to assess the potential sodicity risk of irrigation water.

The ESP-SAR Relationship for Soils in Northeastern Wyoming

In addition to measuring the SAR of irrigation water, one can also measure the SAR of the soil
solution via a saturated paste extract (i.e., the dissolved concentrations of sodium, calcium, and
magnesium are measured in a saturated paste extract and applied via the SAR formula presented
above). The soil SAR was developed to serve as a rapid and relatively inexpensive index of
ESP. It is widely accepted that the SAR of the soil in equilibrium with the SAR of the irrigation
water is equal to the long-term average SAR of the irrigation water.

The fourth draft of the Agricultural Use Protection Policy includes a proposed SAR cap of 10 for
Tier 1 default effluent limits. To evaluate the appropriateness of the proposed cap, an analysis
was performed using 382 ESP-SAR data pairs generated from ongoing soils assessment work in
the Powder River Basin of Wyoming (KC Harvey LLC, 2006). This database represents flood
plain soils associated with tributaries to the Powder River and the Tongue River, including
spreader dike irrigated fields. This database represents baseline soil chemical conditions. In no
case were any of these soils irrigated with or influenced by coalbed natural gas produced water.
The soil samples from which the analyses were made were collected during soil profile
descriptions to five feet, and with a Giddings hydraulic probe up to eight feet in depth. The
numerous soil investigations involved were required for various coalbed natural gas water
management planning, permitting, and design purposes.

The ESP-SAR data pairs were graphed in Microsoft Excel using simple scatter-plot and trend
line analysis. The best fit line resulted in a linear regression which yielded the equation:

ESP = 0.5(SAR) + 1.96, with an R* value of 0.74.

The regional-specific “Powder River Basin” relationship, based on 382 soil samples, is shown on
Figure 1. According to the Powder River Basin equation, a soil SAR of 26 corresponds to the
critical ESP threshold of 15 percent.

Figure 1: Powder River Basin ESP / SAR Relationship Itis Wldely accepted that t]Ele SAR of
soil in equilibrium with irrigation
# Dalred ESP/ water equals the long-term average
. SAR of irrigation water. Recent
Department of Energy funded

research directed by Dr. James

Bauder at Montana State University

(Robinson and Bauder, 2003)

confirms this relationship. Their

research, which is related to the

0.0 50 100 150 200 250 30.0 potential effects of coalbed natural

Sodlum Adsorption Ratlo (SAR) gas produced water on soils, reports

o T e that in general, soil solution SAR

Exchangeable Sodlum Percentage
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represents the SAR of the applied water. The 1:1 soil SAR to water SAR relationship allows one
to relate the SAR of discharge water to the SAR of the soil in the Powder River Basin ESP-SAR
graph and equation described above. For example, after long-term irrigation with water
exhibiting an SAR of 15, the equilibrated ESP of the irrigated soil would be approximately 9.5
percent. The proposed SAR cap of 10 would equate to a corresponding ESP of 7. An ESP cap
of 7 appears to be unnecessarily conservative given the regional specific relationship of ESP and
SAR. While an ESP threshold of 15 is widely accepted to be the point at which clay swelling
and dispersion occurs, we respectfully suggest that the WDEQ consider establishing a Tier 1
default SAR effluent limit cap of 16, which corresponds to an ESP of 10. An ESP value of 10
provides a 33 percent margin of safety.

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water

In his December 5, 2005 letter, Dr. Munn indicates his concern about the potential effects of
rainwater leaching of fields that had received produced water due to upstream permitted
discharges. In particular, what is the effect of leaching on the sodicity status and hydraulic
function of soils after discharge and irrigation with produced water ceases? Fortunately, the
considerable research on this subject has been well documented in the scientific literature.

Discontinuation of produced water discharge in the Powder River Basin will effectively reduce
the EC and SAR of irrigation waters from tributaries and mainstems so long as the surface water
is of higher quality than the produced water. In the case of fields that are irrigated
opportunistically (e.g., in response to runoff events that are captured behind spreader dike
systems), there can be three sources of water supplying soil moisture: (1) meteoric water (rain
and snowmelt); (2) natural runoff water; and (3) subirrigation from a shallow aquifer. In the case
of rainfall and snowmelt, the EC of these waters will be similar to that of distilled water, i.e.,
they will exhibit very low dissolved solids. Owing to the dissolution of soluble constituents
within the watershed, natural runoff EC values can range up to 5 dS/m or higher. Regarding
subirrigation, shallow aquifers can be relatively saline due to the entrainment of dissolved
minerals along the groundwater flowpath.

The concem arises from leaching of residual surface soil salinity with rainfall and snowmelt.
Intermittent rainfall and snowmelt may lower the electrolyte concentration (i.e., EC) sufficiently
to promote clay dispersion, depending on soil properties (Levy et al., 1998). Conversely, when
the electrolyte concentration in the soil solution reaches a moderate level (1-2 dS/m), high
sodicity levels (ESP between 10 and 30) cause only small to moderate changes in the physical
and hydraulic properties of the soils, which are mostly reversible (Levy et al., 1998). Shainberg
et al. (1981) showed that a major factor causing differences among various sodic soils in their
susceptibility to hydraulic failure when leached with low electrolyte concentrations (i.e., a low
EC) was their rate of salt release from mineral dissolution.

Arid land soils can release 0.3 to 0.5 dS/m of calcium and magnesium to solution as a result of
the dissolution of plagioclase, feldspars, hornblends and other sparingly soluble minerals within
the soil matrix (Rhoades et al. 1968). The solution composition of a calcareous soil at a given
ESP in contact with distilled water (i.e., rainwater or snowmelt) can be calculated (Shainberg et
al., 1981). As calcium carbonate (CaCOs) dissolves, the EC of the soil solution increases and
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calcium replaces sodium on exchange sites until the solution is in equilibrium with the cation
exchange system and the CaCOj solid phase. Shainberg et al. (1981) calculated that the EC
values of solutions in equilibrium with soils having ESP values of 5, 10, and 20 are 0.4, 0.6, and
1.2 dS/m, respectively. Shainberg et al. (1981) indicates that these concentrations are sufficient
to counter the deleterious effects of exchangeable sodium, even when the soil is leached with
rainwater.

It is evident that water equilibrated with a calcareous soil can never be a very low salinity
(Shainberg et al., 1981). Using the same database discussed above for evaluation of the ESP-
SAR relationship in 382 soil samples from the Powder River Basin, we can compute an average
percent lime (CaCQs) content in surface soil samples (n=81), which is 5.1 percent. This
represents a considerable reserve of calcium. Other sources of calcium include residual gypsum
(CaS0O4) which we know to be prevalent in Wyoming soils.

Various soil SAR-EC relationships (not to be confused with irrigation water SAR-EC
relationships) have been reported in the literature by introducing low electrolyte concentration
waters to sodic soils. Felhendler et al. (1974) measured the hydraulic conductivity of two
montmorillonitic soils as a function of the SAR and found that both were only slightly affected
by the SAR of the percolating solution up to a SAR of 20 as long as the concentration of the
percolating solution exceeded 1 dS/m. Shainberg et al. (1981) studied the effects of leaching a
1:1 sand-soil column with distilled water and increasing concentrations of a weak electrolyte
solution. His findings concluded that an electrolyte concentration of 0.3 dS/m in the percolating
solution was adequate to prevent the adverse effects of a SAR of 15 on the hydraulic
conductivity of the soil-sand mixture. These findings are very similar to the conclusions of the
U.S. Salinity Laboratory Staff (1954) who used electrolyte concentrations equal to or greater
than 0.3 dS/m in their regression analysis to determine the sodic soils threshold of ESP = 15.

As areview, an electrolyte concentration of 0.3 dS/m is the minimum value of calcium and
magnesium contributions to soil solution associated solely to arid soil weathering. This suggests
that an arid Powder River Basin soil with a SAR of 16 (ESP = 10), will have no sodicity related
impacts to the hydraulic conductivity, even when the salt concentration of the irrigation or
rainwater is equal to that of distilled water.

Of course, irrigation water in the Powder River Basin has an intrinsic electrical conductivity
greater than that of distilled water. Use of surface water for irrigation will actually supplement
the inputs of calcium and magnesium from weathering and carbonate dissolution alone.

Using the aforementioned Powder River Basin soils assessment database (KC Harvey LLC,
2006), an average surface soil ECe of 1.64 dS/m was calculated from 81 individual surface soil
samples. This value suggests that electrolyte concentrations in surface soils of the Powder River
Basin, in equilibrium with mineral dissolution, the salinity of runoff irrigation water, and
rainwater/snowmelt, is about 1.6 dS/m, or five times (1.6 dS/m divided by 0.3 dS/m) the
concentration required to maintain the hydraulic conductivity of a soil at an ESP of 16.
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Closing Statement

Results of the Powder River Basin regression analysis indicates that a relationship between ESP
and soil/water SAR exists, which allows the calculation of one parameter from the other. Using
the proposed, default ESP cap of 10 percent, the scientific literature indicates that water with a
SAR of 16 can be effectively used for irrigation without adverse effects on the physical structure
or hydraulic conductivity of Powder River Basin soils during irrigation. Furthermore, it has been
shown that inputs of Ca and Mg from the natural dissolution of plagioclase, feldspars,
hornblends and other sparingly soluble minerals, especially calcium carbonate and gypsum, will
provide an effective buffer to residual soil sodicity after the discontinuation of produced water
discharge and the transition back to native irrigation, precipitation, and runoff regimes.
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Thank you very much for your time and consideration of this review and the recommendations
stemming from it. If you, your WDEQ colleagues, or the members of the Water and Waste
Advisory Board have any questions or comments regarding our findings, please contact me.

Sincerely,

Kevin C. Harvey, M.Sc., CPSSc.
Principal Soil Scientist
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Willisms Production RMT Company
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David Watersizeel
Hessehler Building ~ 4W
122 West 25th Sireet
Cheyennz, WY 82002
Re: Comments on Revisions to Appendix H, Agricultural Use

Protection and Associated Language in Section 20 of Chapter 1
Dear Mr. Waterstreet;

Williams Production RMT Company (*Williams™ appreciates the opportunity to
submit comments to the Wyoming Water and Waste Advisory Board ("WWAB™)
regarding revisions to Appendix B Agricultural Use Protection and agsociated language
in Section 20 of Chapter 1 of the Wyoming Water Quality Rules and Regulations.
Williams is a signiihcant eperator in Wyoeming and. in particular. in the Power River
Basin. Williams is coneerned about Appendix H's potential 1o affect its coalbed natural
pas operations adversely.

Appendix H has undergence significant changes over the past two and a hall years
and multiple public comment periods. Williams continues to have concerns about
multiple provisions of Appendix H which is cwrrently under consideration by the
WWAB, Williams incorporates by reference its most recent coniments on Febroary 14,
2007 to the Wyoming Environmemal Quality Council. See Auachment 1. However, a1
this time, Williams wishes to focus its commenis on 1) the definition of historical
discharges which would not be subject to Appendix H: and 2) clarification of the effect
of 2 landowner’s depjal of aceess on an applicant’s daia collection and application
phligations.

The revised Appendix M oestablishes a bright line of applicability. The Wyoming
Depariment of Environmental Qualtity ("DEQ™Y will not use Appendix H 1o establish
new effluent Hmits on discharges of produced water that began prior 1o January 1, 1997,
DEQ has issued permits with effluent limits on discharges of produced water both prior
to and since January 1, 1997, To date. discharges of praduced water pursuant lo valid.
existing permits have protected agriculiural uses. having mel the narrative standard of
Section 20 t.e., no measurable decrease in existing livesiock or crop production. As
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David Watersireet
June 12,2007
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currently drafted, Appendix H arbitrarily protects certain historical convemional oil and

gas discharges while expressly targeting eoalbed natural gas operations for application
of the new. more stringent standards, DEQ does not present any rationale for the
selection of the January 1, 1997 cutoff date or for the selective application of the new,
more stringent standards 1o coalbed nawral gas operations — nor condd it. The historical
discharges of record are the best empirical evidence thal no measurable decrease 1o
gxisting livestock and crop production has ocourred. Therefore. Appendix H should not
apply w establish elfluent Iimits on discharges which have been ccewring pursuant 1o a
valid and existing permit as of the date of the adoption of Appendix H. See
Attachment 2.

Appendix Hineludes a seciion entitled “Reasonable Access Requirement.” To
the exient the applicant for a discharge permit secks effluent limits other than the Tier |
default limiis, the applicant has the burden of proof to provide data supporting the use
of Tiers 2 and 3 of Appendin M. Appendix H sheuld agknowledge that the applicant
can develop only 5o much data for 4 Section 20 analysis without landowner cooperation
on access issues. In erder 1o prove that no measurable deerease in agricultural
production will oceur, the applicant must have access 1o collect data 1o meet that
burden. Williams believes that Reasonable Access Requirement section reguires some
minimal but important revisions to ensure thal the applicant will be able 1o obtain a
permit based upon the best information that can reasonahly be abtained by the
applicant. Similarly, the identification of naturally irrigated lands should not be made
solely op the basis of landowner testimony in the absence of granting an applicant
reasonable accessto determune the extent of the claimed naturally irrigated lands. See

Attachment 2.

Williams appreciates the opportunity to comment on the Agricaltural Use
Protection Standards in Appendix H. and appreciates vour consideration of our
comments. We would be pleased to discuss our comments further with you and respond
10 any guestions vou may have,

Sincerely,
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Williams Production RMT Company
300 North Works Avenue
Gillette, WY 82716
307.686.1636
February 14, 2007 ' 307.686.7574 (fax)

Wyoming Department of Environmental Quality
Water Quality Division

Herschler Building — 4W

122 West 25th Street

Cheyenne, WY 82002

Atin: Bill DiRienzo

Re: Comments on Proposed Revisions to Chapter 1 of the Wyoming Water
Quality Rules and Regulations, Appendix H, Agricultural Use Protection

Dear Mr. DiRienzo:

Williams Production RMT Company (Williams) appreciates the opportunity to
submit comments to the Environmental Quality Council (EQC) regarding the adoption
of Appendix H, Agricultural Use Protection standards, as part of the revisions to
Chapter | of the Wyoming Water Quality Rules and Regulations. Williams is a
significant operator in Wyoming and, in particular, in the Powder River Basin (PRB).
Williams is concerned about Appendix H’s potential to affect its coalbed natural gas
(CBNGQG) operations adversely.

Appendix H has undergone significant changes over two years and four public
comment periods. Throughout that time, the agricultural use protection standards in
Appendix H were proposed as a Wyoming Department of Environmental Quality (DEQ)
implementing policy. It was only in the last several months that DEQ decided to submit
the Agricultural Use Protection Policy to the EQC as a rule rather than a policy. DEQ
has failed to consider the mandatory factors specified in the Environmental Quality Act
(EQA) for proposing Appendix H as a rule to the EQC. W.S. § 35-11-302 (a)(vi).

The Agricultural Use Protection standards in Appendix H have the potential to
impose significant costs and technical burdens upon CBNG operators. Yet, DEQ failed
to consider these impacts, and failed to balance the burdens imposed against the
purported environmental effects sought to be protected, prior to recommending the
adoption of Appendix H as a rule. Williams believes Appendix H would be
significantly different in its requirements and breadth if the DEQ had thoroughly
considered the factors set forth in W.S. § 35-11-302(a)(vi).
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Williams’ specific comments regarding the text of the proposed Appendix H
follow. In addition, Williams encourages the EQC to consider seriously the
development of a risk-based approach to implementation of the agricultural protection
narrative standard, as opposed to the one-size-fits-all approach of the currently
proposed Appendix H.

I. Purpose - Chapter 1, Section 20 Should Not be Implemented to Protect
Illegal Irrigation.

We agree with DEQ that the purpose of Ch. 1, Section 20 is to protect irrigation
that existed prior to an application for a WYPDES discharge permit. As the DEQ has
noted, the language infers a pre-existing agricultural use prior to an application for a
WYPDES permit, which can serve as a baseline from which a decrease in crop or
livestock production could be measured. We also agree that, to be afforded the
protection of Section 20, a landowner must have an existing irrigation structure or
mechanism in place for diverting water. However, in Appendix H, the DEQ proposes
the continuation of its historic practice of protecting illegal diversions, i.e., irrigation
which occurs in the absence of a valid existing water right. Williams takes issue with
this practice, particularly when the DEQ endorses in a rule this illegal practice be
followed by State personnel when translating the Section 20 narrative goals into
appropriate WYPDES permit limits.

If a landowner is irrigating without the benefit of a water right from the office of
the State Engineer, then the irrigation is illegal. Since there is no right to the use of the
water in the drainage, the irrigation could be ordered to cease and desist at any time.
Therefore, there is really nothing for the DEQ to protect. Moreover, the DEQ’s current
practice of protecting illegal irrigation is in direct conflict with the Wyoming law
regulating the use of water:

Water being always the property of the state, rights to its use
shall attach to the land for irrigation, or to such other
purposes or object for which acquired in accordance with the
beneficial use made for which the right receives public
recognition, under the law and the administration provided
thereby. W.S. § 41-3-101.

By allowing unauthorized structures to trigger application of the standard,
Appendix H protects unlawful irrigation use, sanctions the unlawful conduct, and
rewards the offender for its offense. We submit that this practice constitutes
egregiously bad public policy and produces an absurd result in violation of the canons
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of statutory and regulatory interpretation declared by the Wyoming Supreme Court. See
Inre KP v. State, 102 P.3d 217, 224 (Wyo. 2004) (“[T]his Court will not interpret a
statute in a manner producing absurd results™); Corkill v. Knowles, 955 P.2d 438, 444
(Wyo. 1998).

Lastly, the EQA expressly states that the actions of the DEQ shall not limit or
interfere with the jurisdiction, duties or authority of the State Engineer in administering
water rights. W.S. §35-11-1104(a)(iii). Protection of illegal diversions could certainly
be construed as interfering with these jurisdictional constraints, as it aids conduct
directly contrary to the requirements for use of water set out above.! CBNG dischargers
should not be required to protect such illegal practices. Appendix H should expressly
state that in the future unauthorized irrigation usc will not be protected and that existing
diversion structures not covered by an existing water right will not trigger application
of the agricultural standard.

11. Presumption of Naturally Irrigated Lands is Overly Broad

Appendix H implies there is a pre-existing agricultural use of a stream or
drainage when “a substantial acreage of naturally sub-irrigated pasture within a stream
floodplain” exists. Appendix H states that infra-red photography, surficial geologic
maps, wetland mapping, landowner testimony or any combination of these sources may
be used to establish that lands are naturally irrigated. Each of these information sources
presents a snapshot of conditions at a specific time, and conditions may have changed
c.g., wetlands mapping.® In addition, a permit applicant has no method by which it
could disprove the presumption of sub-irrigation presented in Appendix H. The
application of EC and SAR effluent limits should not be applied unless there is some
presence and evidence of the ability to irrigate with a surficial flow.

The EC and SAR effluent limits will be applied where the naturally irrigated
land reaches a threshold deemed “agriculturally significant.” This threshold is
triggered when a stream segment contains “single parcels of naturally irrigated land

' The lack of a water right is often an indication that the drainage did not maintain
adequate flows or water quality to facilitate irrigation or that the soils or other
conditions were simply not supportive of irrigation adequate to allow the landowner to
prove up its beneficial use of water and thus obtain a valid water right. And, in the
absence of a valid existing water right, applicants for a discharge permit have no notice

of irrigation use by such downstream landowners and no way to account for them in
their WYPDES permit applications.

> The DEQ should not be able to rely solely upon landowner testimony which is
inherently biased to establish the existence of naturally irrigated lands.
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greater than 20 acres or multiple parcels in near proximity that total more than 20
acres.” Given the size of parcels in Wyoming, the definition of agricultural
significance could be easily met through single parcels or the sum of smaller parcels.
The practical effect of this definition combined with an easily triggered (unrefutable)
definition of sub-irrigated land is that Appendix H’s irrigation effluent limits would be
applied to discharges into virtually any and every drainage in the State. The
agricultural protection standards in Appendix H, if implemented, would result in a gross
over-extension of the prior agricultural use presumption, would be overly protective of
established agricultural uses which may no longer exist and would significantly restrict
CBNG operators’ ability to discharge into State waters without expensive treatment of
discharges to protect nominally useful parcels of land.

III. Ixrigation Data and Information

Appendix H indicates that “the goal is to ensure that preexisting irrigated crop
production will not be diminished as a result of the lowering of water quality.” The
difficulty, of course, is in assessing the preexisting or baseline crop production that
existed prior to any proposed discharge. Often there are no records of crop yield,
stream flows, historic water quality, etc., making it very difficult for all parties to apply
the “no measurable decrease” standard. This has caused DEQ to historically take an
overly conservative approach in developing numeric permit effluent limitations to
assure no measurable decrease in crop production. For that reason, we recommend that
the following be added to the data and information required under Section d:

e Extent of irrigation permitted by Office of the State Engineer under a valid and
existing Wyoming water right.

e Rate of flow required to activate irrigation under the system in place.

e Asto the season of use, the EQC should further refine the definition of
“irrigation season.” The EC and SAR limits will apply during those periods
when crop growth is occurring and then only when irrigable flows exist.
Irrigable flows are those in which adequate water exists to activate a spreader
dike system for artificially irrigated lands or to cause natural flooding or sub-
irrigation on naturally irrigated lands. It is not reasonable to assume that the
irrigation season is gencrally considered year-round in Wyoming for passively
irrigated lands, given the variation and intensity of storm events supplying water
to ephemeral or intermittent drainages used for irrigation purposes. In the
absence of such cvents, the naturally-occurring salinity in these drainages limits
their utility for irrigation. When irrigation cannot occur, the water quality
standards protective of irrigation should not be applied. Operators should not be
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required to make the water quality in the stream system better year round than
mother nature provided.

e Most importantly, in place of using published tolerance values for the most
sensitive crops grown, we suggest use of the Hanson Diagram to manage the
SAR limit for two reasons. First, the published tolerance values for most crops
generally assume conditions exist for attaining a 100% crop yield. Our
experience throughout the PRB is that, given the growing conditions, e.g., a lack
of precipitation, poor alkaline and saline soils, and intermittent flows, etc.,
irrigators in the PRB achieve a crop yield well below the 100% value. Second,
as Appendix H acknowledges, the significant irrigation-related effluent limits in
the PRB are EC and SAR. The EQC is aware that, within certain broad limits, it
is the ratio of EC and SAR that determine the suitability of water quality for
irrigation purposes for any given crop. We therefore suggest that the EQC apply
the Hanson Diagram in establishing SAR limits. As stated above, these limits
should be applied only when adequate water is available to create an irrigable
flow. At all other times, to apply effluent limitations which are adequate to
irrigate the most sensitive crop would require the dischargers to make the water
in the stream better than mother nature provides. That is an undue burden, with
no environmental benefit, which will not in any meaningful way enhance the
crop production. It will only impose unnecessary additional expense and effort
on dischargers of water from CBNG operations.

IV. Tiered Approach Should Protect Measurable Decrease in Crop Production.

The agricultural protection standards in Appendix H establish a tiered approach
which is designed to establish appropriate effluent limits to ensure there is no
measurable decrease in crop production. While a tiered approach is absolutely
necessary to address the variety of background conditions and quality of discharges in
different drainages within the PRB, the default EC and SAR limits in Tier 1 require
revision. As discussed above, Williams does not believe that the use of default EC
limits should be based on tolerance values for the most sensitive crop or upon 100%
yield threshold values. To the extent the EQC decides to use such criteria, calculated
values should be based on data which more accurately reflects soil chemistry and crop
production in the PRB and Wyoming, not California. The Tier 1 approach is overly
conservative and protects against any decrease in crop production, not merely a
measurable decrease in such production. Appendix H proposes the application of
effluent limits to achieve an end beyond that described in the narrative goals stated in
Chapter 1, Section 20 and does so without sufficient supporting credible evidence. This
point is well made and fully documented in letters dated May 5, 2006 submitted to the
Water and Waste Advisory Board by Kevin C. Harvey on behalf of several CBMG
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operators including Williams, and we urge the EQC to carefully and fully consider Mr,
Harvey’s comments and conclusions and modify Appendix H accordingly. See attached
letters.

Tier 2 offers dischargers a viable permitting option in instances in which
background water quality is worse than its CBNG effluent quality. In such
circumstances, Tier 1 default limits should be inapplicable. Williams requests that the
EQC amend Appendix H to state that if such circumstances exist, EC and SAR effluent
limits must be based upon those background conditions rather than tolerance values for
the most sensitive crop.

V. A New Avnproach

The agricultural protection standards in Appendix H have undergone a number of
changes over the past two years as DEQ and the Water and Waste Advisory Board have
struggled with how best to implement Chapter 1, Section 20°s prohibition against
measurable decrease in crop or livestock production. The agricultural use protection
standards were originally contemplated as internal policy guidance, giving DEQ
sufficient flexibility to change the standards as needed. Given the renewed
consideration of the standard as a rule rather than a policy, Williams believes it is time
for the EQC and DEQ to step back and consider whether Appendix H truly addresses its
originally intended purpose—to provide a practical, workable, and predictable solution
for applying the narrative measurable decrease standard in Chapter 1, Section 20. The
last two years of consideration by the Water and Waste Advisory Board, DEQ, and the
public has culminated in proposed rule that Williams believes fails to achieve that
purpose. Appendix H does not in any practical or realistic way define what is a
“mcasurable decrease” and what is the best way to avoid it.

Williams suggests that the EQC and DEQ take a fresh look at the no measurable
decrease standard and work with all stakeholders to develop a new rule that reflects the
realities of agricultural production in an arid environment, Measurable decrease must
be considered in the context of the background conditions. Not all waters of the State
have the same quality and not all agricultural use has the same value. For example,
where water quality is poor and agricultural use is limited to low-yield production from
naturally irrigated native plants, less protection may be necessary than in situations
where the background water quality is high and artificial irrigation supports high-yield
commercial crops. Any new rule should take into account site-specific conditions and
uses of water in each drainage, rather than applying blanket standards which are derived
from data generated in California.

Williams recommends that the newly drafted rule take a risk-based approach to
measurable decrease. Effluent limits should reflect that agricultural production in most
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areas of Wyoming is not at 100% yield under natural conditions due to lack of
precipitation, poor alkaline and saline soils, and intermittent flows. EC and SAR
standards should not be set to protect 100% yield, but should reflect the actual yield
where produced water may actually be applied. Further, in many cases, stream
conditions are such that there is little risk that produced water will reach irrigated acres
uniess mixed with substantial quantities of natural flows. Any rule should require
consideration of whether the water being discharged will be applied to irrigated
acreage, the impact of irrigation practices (the amount of water necessary to activate
artificial and natural irrigation systems), and the condition of the soil being irrigated.
Though Appendix H as currently drafted attempts to address these issues, it does so in
an inflexible manner that does not acknowledge varied applications in the field.

Williams appreciates the opportunity to comment on the agricultural use
protection standards in Appendix H and appreciates your consideration of our
comments, We would be pleased to discuss our comments further with you and respond
to any questions you may have.

Sincerely,

s/

Joe Olson
Facilities Engineer

Attachments

3668614_1.DOC



ID WATER RESOURCE CONSULTANTS . *

May 4, 2006

Mr. Bill DiRienzo

Wyoming Department of Environmental Quality
Water Quality Division

Herschler Building, 4™ Floor West

122 West 25" Street

Cheyenne, Wyoming 82002

Subject: Comments pertaining to the derivation of default effluent limits for EC in the
Draft Section 20 Agricultural Use Protection Policy.

Dear Mr. DiRienzo:

I respectfully submit for your consideration the following comments regarding the fourth draft of
the Section 20 Agricultural Use Protection Policy as it pertains to the derivation of default
effluent limits for EC. These comments are being submitted on behalf of Yates Petroleum
Company, Williams Production RMT Company, Petro-Canada Resources (USA) Inc., Marathon
Oil Company, Lance Oil & Gas Company, Inc., Fidelity Exploration & Production Company,
Devon Energy Production Company L.P., Bill Barrett Corporation, and Anadarko Petroleum
Corporation. I have submitted additional comments regarding the derivation of SAR limits and
the proposed SAR cap to you in a separate letter.

By way of introduction, I am a board-certified professional soil scientist having practiced as an
environmental consultant in Montana and Wyoming, and throughout the world, for nearly 25
years. For the past seven years, my practice has focused on water management and soil and
water salinity/sodicity issues associated with oil and gas development. I am credited as the first
to research, develop, and apply managed irrigation techniques for the beneficial use of coalbed
natural gas produced water. I have directed or participated in over 75 separate projects related to
produced water management, WPDES permitting, soil and water chemistry investigations, and
reclamation for coalbed and conventional natural gas projects in Wyoming, Colorado, and
Montana. I have a M.S. degree in land rehabilitation (soil science emphasis) from Montana State
University, and a B.S. in Resource Conservation (soil science emphasis) from the University of
Montana.

I would like to comment on the proposed changes made to the Agricultural Use Protection Policy
by the WDEQ subsequent to the January 26, 2006 meeting of the Water and Waste Advisory
Board. My comments will focus on the comments provided by Dr. Larry Munn in his letter to
the DEQ dated December 5, 2005. It is my understanding that Dr. Munn’s comments resulted in
the changes made to the proposed Policy. Specifically, I comment on Dr. Munn’s request that
the California-based soil salinity tolerance thresholds be used to establish default effluent limits
for electrical conductivity (EC) under the Tier 1 process.

233 EDELWEISS DRIVE, UNIT 11, BOZEMAN, MONTANA 59718
VOICE: 406 /585-7402, FAX: 406/585-7428, EMAIL: INFO@KCHARVEY.COM
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Summary of Findings

The fourth draft of the Agricultural Use Protection Policy describes a 3-tiered decision making
process for deriving appropriate effluent limits for EC and SAR whenever a proposed discharge
may reach irrigated lands. The Tier 1 process would be followed for deriving “default” limits,
and as such, this procedure would require a minimum of background information from the
applicant. Specifically, the default EC limits would be based on the species-specific 100 percent
yield potential values for soil EC reported by the USDA Agricultural Research Service (ARS)
Salt Tolerance Database (USDA ARS, 2006).

Alfalfa is considered to be the most salt sensitive plant irrigated in northeastern Wyoming.
Given this, my comments focus on the relevant information regarding alfalfa salinity tolerance.
The ramifications of the concepts and data discussed herein for alfalfa can be applied to the more
tolerant irrigated forage species commonly found in northeastern Wyoming, for example,
western wheatgrass and smooth brome.

A considerable amount of research went into preparing these comments, including three months
searching and reviewing the relevant scientific literature, and compiling and analyzing available
and relevant soil, plant, and water data. The key conclusions of the literature review and data
analysis are presented below and will be substantiated by the discussion that follows.

California Based Salinity Thresholds

o The ARS Salt tolerance database relies on California based salinity thresholds developed

to approximate the specific plant, soil and environmental variables associated with that
region.

e Regional differences in soil chemistry, climate and agricultural practices are likely to
have a profound effect on the applicability of California based salinity threshold data to

alfalfa growing in Wyoming.

Chloridic Versus Sulfatic Soils

o The natural soil salinity in the Powder River Basin is dominated by the sulfate ion;
California soils are dominated by chloride. This conclusion is supported herein by the
literature and by an evaluation of actual soil chemistry data provided by the USDA
National Soil Survey Center.

e The term “gypsiferous” refers to sulfatic soils and is applicable to the Powder River
Basin of Wyoming. Numerous documents, including the ARS Salt Tolerance Database,
indicate that in sulfatic (or “gypsiferous”) soils, plants will tolerate about 2 dS/m higher
salinity than indicated.
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The Influence of Soil Salinity on Alfalfa Yield

e Alfalfa is considered the most salt sensitive plant irrigated in northeastern Wyoming.
Conditions required for the growth of alfalfa at 100 percent of its physiological yield
potential probably do not exist anywhere in northeastern Wyoming and place doubt on
the application of this benchmark value there.

e Sources of research and field guidance outside of California suggest alfalfa has a higher
relative 100 percent yield soil EC tolerance than 2 dS/m, perhaps as high as 4 to 8 dS/m.

o Alfalfa yield comparisons between California and Wyoming show actual harvest values
independent of soil salinity. Identical yields were reported in Wyoming for soil EC
values ranging from 1.8 dS/m to 6.5 dS/m.

Based on the review summarized herein, we respectfully suggest that the WDEQ consider
adopting an acceptable average root zone EC threshold of 4 dS/m for protection of alfalfa. This
would equate to a default (Tier 1) effluent limit of 2.7 dS/m based on the 1.5 concentration factor
cited by the draft Agricultural Use Protection Policy. The EC limits for protecting other species
of concem in the Powder River Basin, e.g., western wheatgrass, should also be adjusted
accordingly, based on the inherent differences in soil chemistry and climate between the northern
Great Plans and the California agricultural areas. These conclusions and recommendations are
substantiated by the discussion below.

California-based Salinity Thresholds

The majority of salinity tolerance data generated in the United States have been a product of field
and laboratory trials conducted by the U.S. Salinity Laboratory (USSL) in Riverside, California.
The salinity tolerance data generated by the USSL were prompted in response to agricultural
production in the areas of the San Joaquin and Imperial Valleys of California. In 1977, Maas
and Hoffman compiled the California research in a seminal article titled "Crop Salt Tolerance --
Current Assessment," listing salt tolerance levels for various crops. The subsequent year,
Francois and Maas (1978) published an indexed bibliography of plant responses to salinity from
1900 to 1977 with 2,357 references to about 1,400 species. These articles serve as the primary
references regarding crop tolerance and yield potential of selected crops as influenced by
irrigation water (EC,,) or the average root zone soil salinity level (EC,). This information was
updated by Mass (1990). The ARS Salt Tolerance Database relies entirely on the Mass (1990)
summary as the primary source of relative salt tolerance levels among crops. With respect to
alfalfa, the original salt tolerance listings remain unchanged from the original Mass and Hoffman
(1977) article.

The Mass and Hoffman (1977) and Mass (1990) listings of salt tolerance levels include the
establishment of the 100 percent yield threshold for soil salinity. This value refers to the
maximum allowable average root zone salinity level (EC.) that results in no yield reduction for
crops grown in chloritic soils. The term chloritic soil refers to the dominant salt type found in
California soils (see below). For alfalfa, Mass and Hoffman (1977) and Mass (1990) list the 100
percent yield potential for alfalfa grown in chloritic soils as 2.0 dS/m (EC). The Mass and
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Hoffman (1977) and Mass (1990) assessments also contain a disclaimer that the yield potentials
listed should only serve as a guide to relative tolerances among crops, and that the absolute salt
tolerance of crops is not simply a function of soil EC but is dependent on "many plant, soil,
water, and environmental variables."

Six studies conducted at the US Salinity Laboratory in Riverside, California, served as the
foundation for the determination of Maas and Hoffman's 2.0 dS/m threshold value (Gauch and
Magistad, 1943; Brown and Hayward, 1956; Bernstein and Ogata, 1966; Bower et al., 1969;
Bernstein and Francois, 1973; Hoffman et al., 1975). These studies vary in their methodology,
including greenhouse and field experiments, different growth mediums (sand, gravel and soil),
various watering regimes (automatic watering, tension-based watering), and multiple sources of
chloritic salinity (NaCl, CaCl,, and MgCly). These studies were designed to assess relative yield
values, irrigation leaching fractions, root zone salt profiles, or salinity-ozone interactions. They
were not specifically designed to determine a threshold salinity value for alfalfa. Usually, only
four salinity levels were tested, with data used to produce a crop yield reduction line.

Furthermore, the source of salinity in the six studies was consistently chloride dominated, with
either NaCl or a blend of NaCl, CaCl,, and MgCl, added to the irrigation water. In Southern
California, where these studies occurred, salts found in the soils are largely chloride-dominated.
None of these studies were conducted using sulfate-dominated salts, such as are found in
Wyoming soils (see below). Such regional differences in soil salinity are likely to have a
profound effect on the application of existing salinity threshold data to alfalfa growing in the
Northern Great Plains. Recognizing this, Mass (1990), Ayers and Westcot (1985), Hanson et al.
(1999), as well as the ARS Salt Tolerance Database, all indicate that plants grown in sulfatic
soils will tolerate average root zone EC, values about 2 dS/m higher than indicated by each of
these references. For alfalfa, this would equate to a 100 percent yield threshold of approximately
4 dS/m. This fact is discussed in detail below.

Chloridic Versus Sulfatic Soils

Research efforts of the USSL in California identified adjustments in effective plant salinity
tolerance expressed or repressed in the field by physiological responses to climate, cultural
practices, soil fertility, irrigation methods, physical condition of the soils and the distribution and
speciation of salts within soil profiles. A critical difference between the environmental
conditions in California and the northern Great Plains (including northeastern Wyoming) is soil
chemistry and the primary salt constituents found in these soils. It is widely accepted that the
soils of the agricultural areas of California are dominated by salts where chloride is the dominant
anion, and that the soils of the northern Great Plains are dominated by salts where sulfate is the
dominant anion. In earlier publications, sulfatic soils are sometimes termed “gypsiferous,”
referring to the most common sulfate salt found in semi-arid soils -- gypsum (calcium sulfate
dehydrate). The correct term used today is sulfatic soils.

To incorporate the variation of salinity tolerance exhibited by plant response to different salt
distributions and dominant salt species, the authors of salt tolerance research included a
provision for sulfatic soils. Soils may contain amounts of sparingly soluble salts, such as
gypsum and other sulfate salts, many times greater than can be held in solution in the field water-




KC HARVEY, LLC May 4, 2006

content range. Sulfatic soils may appear to be saline when exhaustively extracted in the lab (i.e.,
saturated paste extract), but the in-situ soil solution may be nonsaline because of the limited
solubility of gypsum and other sulfate salts (Bernstein, 1975). Thus, the EC measured in a
saturated paste extract is higher than the actual concentration of salts seen by plants in sulfatic
soils. It was suggested originally by Bemstein (1962) that plants will tolerate about 2 dS/m
higher soil salinity (EC,) than indicated in sulfatic soils due to this solubility effect. Since
calcium sulfate is disproportionately dissolved in preparing saturated-soil extracts, the EC, of
sulfatic soils will range an average of 2 dS/m higher than that of chloritic soils with the same
water conductivity at field capacity (Bernstein 1962). Therefore, plants grown in sulfatic soils
will tolerate an EC, of approximately 2 dS/m higher than those grown where chloride is the
predominant ion (Maas, 1990). This narrative provision for sulfatic soils is included in the ARS

Salt Tolerance Database, and the classic irrigation guidelines presented in Ayers and Wescot
(1985). '

Sulfatic soils are the rule not the exception in Wyoming and the northern Great Plains. Sulfatic
soils identified by salinity tolerance references are characterized by the presence and influence of
gypsum, or calcium sulfate dihydrate (CaSO42H,0), within the soil profile, as well as the
geological and climactic prerequisites for sulfatic soil conditions. Soil gypsum may stem from
one of several sources. Soils formed from geologic material containing anhydrite or gypsum
often contains gypsum. The amount of rainfall and the topographic setting will strongly
influence the amount and location of gypsum in the soil (Dixon and Weed, 1989).
Accumulations of soluble salts, including sulfates in the surface layers, are characteristic of
saline soils of arid and semiarid regions (Brady, 1974), including Wyoming. Research
conducted by the U.S. Geological Survey confirms the presence of gypsiferous parent materials
in the Powder River Basin (Johnson, 1993). At this point, it is important to differentiate between
the soil taxonomic terms “gypsic” or “petrogypsic,” which are used to describe significant
gypsum accumulation within soil horizons, from the terms “gypsiferous” or “sulfatic” soils
which refer to the dominate salt type in soils of Wyoming and the northern Great Plains.

Published research has addressed the issue of prevailing salt distribution and climate influenced
salt dominance. In Springer et al. (1999), Curtin et al. (1993) and Trooien (2001), northern Great
Plains prairie soil chemistry is comparatively summarized and/or contrasted to soils of
California. Research suggests that recommendations developed for the western United States,
where chloride is the major anion in soil and water chemistry, may not be appropriate for sulfatic
soils (Springer et al., 1999). Trooien (2001) notes that most plant salinity tolerance information
is developed in California and that the chemistry of salinity is different in the northern Great
Plains (i.e., sulfate dominated salinity). Therefore, Trooien (2001) indicates that salinity
thresholds are greater and yield losses are somewhat smaller in the Northern Great Plains
compared to those of California (i.e., chloride dominated salinity). Research in Canadian prairie
soils by Curtin et al. (1993) and Wentz (2001) suggest that salt tolerance testing at the Swift
Current, Saskatchewan, salinity laboratory (and also at the US Salinity Laboratory) has mostly
involved the determination of crop responses to chloride salinity. However, there is reason to
suspect that responses to sulfate salinity, which is the predominant form of salinity in prairie
soils, may differ from those observed in chloride salt systems. Wentz (2001) summarizes that
crop tolerances developed for chloride dominated soils, such as those in California, may not be
applicable to crops grown on the sulfate dominated soils typically found in western Canada.
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Comparison of actual soil analytical data from the NSSC Soil Survey Laboratory, Lincoln,
Nebraska, supports the chloride and sulfate salt dominance designations suggested by Springer et
al. (1999), Curtin et al. (1993), Trooien (2001), and Wentz (2001). Analyses from the U.S. Soil
Survey Laboratory are available online at http://ssldata.nrcs.usda.gov/ and organized by soil
pedon. Data from selected counties in Wyoming and California were obtained from the NSSC
Soil Survey Laboratory Research Database in order to determine the dominance of chloride or
sulfate soil chemistry in the respective regions. Soil chemistry data were downloaded for use in
this study for counties of the Powder River Basin in Wyoming (Sheridan, Campbell and Johnson
Counties). Soil chemistry data were also downloaded for counties in California where intensive
agricultural production takes place (Imperial, Fresno, Kem, Kings and Tulare).

Data pertaining to soil chloride and sulfate in the saturated paste extract are arranged and
averaged by county and state in Table 1 below. These values are based on all of the available
data provided by the U.S. Soil Survey Laboratory.

Table 1
A Comparison of Average Soil Saturated Paste Extract Sulfate and Chloride Levels from
Counties in Wyoming and California.

County Average Soil Sulfate Level | Average Soil Chloride Level
(meq/L) (meq/L)

Sheridan, WY 14.9 4.1
Campbell, WY ; 130.4 3.0
Johnson, WY 30.9 1.8
Wyoming Average 58.7 2.9
Imperial, CA 48.4 295.7
Fresno, CA 98.6 26.3
Kern, CA 44.3 73.0
Kings, CA 110.7 239
Tulare, CA 9.3 21.6
California Average 62.3 88.1

The summary data suggest that the relative proportion of chloride salts in the selected California
counties outweigh the proportion of sulfate salts and verify the chloride dominance suggested by
the literature summarized above. In northeastern Wyoming, the relative proportion of sulfate
salts in selected counties outweigh the proportion of chloride by an order of magnitude and
verify the sulfate dominance and sulfatic conditions implied by the literature. Therefore, the
recommendation by the ARS Salt Tolerance Database signifying that plants grown in sulfatic
soils will tolerate average root zone EC, values about 2 dS/m higher than indicated, is valid for
the Powder River Basin, and probably all of Wyoming. For alfalfa, this would equate to a 100
percent yield threshold of 4 dS/m.
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The Influence of Soil Salinity on Alfalfa Yield

As indicated above, the relative 100 percent yield potential reported for alfalfa in the ARS Salt
Tolerance Database is 2 dS/m (EC.). As such, alfalfa is regarded in the California-based
literature as “moderately sensitive” to salinity. An absolute salinity tolerance would reflect
predictable inherent physiological responses by plants, but cannot be determined because
interactions among plant, salt, water and environmental factors influence the plant’s ability to
tolerate salt. Relative salt tolerance is a value based on the climatic and cultural conditions under
which a crop is grown (Maas and Hoffman, 1977). Research generated outside the U.S. Salinity
Laboratory in the U.S. and Canada has introduced alternative salinity tolerance values for alfalfa
influenced by these climatic and cultural conditions.

In a study based on field trials in western Canada, McKenzie (1988) reported the “relative
maximum salinity crops will tolerate when combined with intermittent moisture stress
throughout the growing season.” McKenzie (1988) places alfalfa within a moderate tolerance
category, as opposed to moderate sensitivity, and extends alfalfa’s 100 percent yield tolerance to
an EC range of 4-8 dS/m, as opposed to 2 dS/m. Similar tolerance descriptors and EC values for
alfalfa can be found associated with Britton et al. (1977), who supports moderate salt tolerance
and an EC range of 5-10 dS/m for alfalfa. Likewise, Milne and Rapp (1968) present alfalfa with
a moderate tolerance and an EC range of 4-8 dS/m. Cavers (2002); Wentz (2001); Schafer
(1983); Holzworth and Wiesner (1990) and Dodds and Vasey (1985) also contribute to a
departure from the established Maas classification of alfalfa salinity tolerance and threshold
values. Bower et al., suggests an alfalfa tolerance somewhat between the previous authors and
Maas (1990), suggesting maximum alfalfa yield is obtained when the average EC, value for the
root zone is 3 dS/m. Using salinized field plots in southern Saskatchewan, Holm (1983) reported
a small, 0.037 ton/acre, reduction in alfalfa yields resulting from an increase in the surface EC,
(0 to 15 cm sample) from a 0 to 4 dS/m range to a 4 to 8 dS/m range. Holm presented these
scales as representative of low and medium EC levels.

Relative salinity tolerances reported outside of peer reviewed literature stem from professional
observations and judgments, roundtable discussions, experience in the field, and experience with
the region, culture and climate; not from experimental data. Incorporation of field experience,
observation, and limited data into supporting documents of the Salt Tolerance Database is
acknowledged in Ayers and Wescot (1985). Alternative sources listed herein do not always
report EC values in terms of 100 percent yield thresholds for alfalfa, but should not be
discounted, as they pertain to what is realistic in the field. As an example, the Montana Salinity
Control Association reports forage salt tolerances in terms of marginal establishment levels, not
100 percent yield potentials. Conditions allowing aifalfa to produce at 100 percent of its
physiochemical yield potential probably do not exist anywhere within the northern Great Plains.

A suggested field-yield value corresponding to the 100 percent yield of alfalfa has never been
reported by authors of salinity literature. Specifically, what yield of alfalfa, in tons per acre,
could one expect if it was grown under conditions supporting 100 percent yield? Conditions
supporting 100 percent alfalfa yields recommended by the ARS Salt Tolerance Database and its
supporting documents would be: a soil EC, of 2 dS/m or less, an irrigation water EC,, less than
or equal to 1.3 dS/m, water contents maintained at field capacity, available N, P and K nutrient
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levels maximized for alfalfa growth, a sufficiently long growing season, no associated
phytotoxicity or pest issues, etc. This data limitation precludes the direct comparison of alfalfa
yields generated in an agricultural area to the potential yields theoretically available under
optimized conditions. The only available analysis is to compare an alfalfa yield to the average
yield generated in its area, or generated between areas.

Using data available from the National Agricultural Statistics Service, selected county
agricultural commissioner’s data, and the U.S. Census of Agriculture (2002, 1997), irrigated
alfalfa yield data were obtained for periods of interest. Alfalfa yield data for Wyoming counties
are available from 1959 through 2005, but were averaged from 1970-2005 to reflect the
integration of new irrigation technologies. Alfalfa yield data were summarized for the area
encompassing the Powder River Basin: Sheridan, Johnson and Campbell counties. Alfalfa yield
data for California counties are available from 1980-2004 so the entire dataset was averaged.
Alfalfa data were summarized for counties in California related to intensive agriculture:
Imperial, Fresno, Kern, Kings and Tulare counties.

Soil salinity data (as measured by EC) collected by the USDA National Soil Survey and
analyzed by the National Soil Survey Center (NSSC) Soil Survey Laboratory were also obtained
and summarized for the aforementioned counties. Average root zone EC values were calculated
to a maximum depth of five feet. The county alfalfa yield and average root zone EC summaries
are presented in Table 2 below.

Table 2
Comparison of Average Root Zone Soil Salinity (EC) Values with Historical Alfalfa Yields
for Selected Counties in Wyoming and California.

County Average Root Zone Soil Historical Average Alfalfa
Salinity (EC as dS/m) Yield (tons/acre)
Sheridan, WY 1.5 2.7
Johnson, WY 1.9 2.4
Campbell, WY 2.0 2.4
Wyoming Average 1.8 2.5
Tulare, CA 2.8 8.4
Kings, CA 6.9 6.9
Kern, CA 4.6 8.0
Fresno, CA 6.7 7.9
Imperial, CA 6.7 7.8
California Average 5.5 8.0

Values expressed in Table 2 show substantially higher average root zone salinities in California
than in Wyoming. Alfalfa yields reported in California are three times greater than those in
Wyoming, even though, on average, the soil salinity values are nearly three times higher than
those reported for the Wyoming counties. The values generated in this exercise suggest that
environmental factors other than salinity, e.g., climate, may be dictating the obtainable degree of
alfalfa yield produced. However, the data also suggest that the California-based 100 percent
yield threshold of 2 dS/m may not be appropriate for even the chloritic soils of California. For
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example, the historical average yield of alfalfa in Tulare County is 8.4 tons per acre with a
corresponding average root zone EC of 2.8 dS/m. The yield from Tulare County is actually
slightly greater than the yields from Fresno and Imperial Counties where the corresponding
average root zone EC values are substantially higher at 6.7 and 6.7 dS/m, respectively.
Regardless, there does not appear to be a substantial difference in yields reported by the
California counties with soil EC values ranging from 2.8 to 6.7 dS/m.

Other field data from Wyoming have been reviewed that also suggest an alternative to the
California-based salinity tolerance values. The Use Attainability Analysis (UAA) report for
Cottonwood Creek (SWWRC et al., 2002) was downloaded from the Wyoming Department of
Quality, Water Quality Division webpage. Cottonwood Creek is located in Hot Springs County
within the Bighorn Basin of Wyoming. This is an area of extensive conventional oil and gas
production. According to the UAA report, discharge of produced water from the Hamilton
Dome oil field to Cottonwood Creek constitutes the majority of flow to the ephemeral stream
and constitutes the only irrigation water source for approximately 35 ranching operations, The
waters of Cottonwood Creek exhibit an ECy, between 4.1 and 4.5 dS/m. At an average ECy, of
4.3 dS/m, an average root zone soil EC, value can be calculated using the widely accepted
relationship: ECe = 1.5 EC,, (Ayers and Wescot, 1985). This relationship is expressed in the
draft Section 20 Agricultural Use Protection Policy. From this relationship, an average root zone
soil EC value of 6.5 is estimated for the fields irrigated long-term with water from Cottonwood
Creek. Average alfalfa hay yields reported in the UAA amount to 2.5 tons per acre. This yield is
identical to the average of the three Wyoming counties reported in Table 2 above. This is
compelling given that the average soil EC value for the three other Wyoming counties is 1.8

dS/m, while the estimated soil EC for the fields irrigated with water from Cottonwood Creek is
6.5.

Closing Statement

Based on the review summarized herein, we respectfully suggest that the WDEQ consider
adopting an acceptable average root zone EC threshold of 4 dS/m for protection of alfalfa. This
would equate to a default (Tier 1) effluent limit of 2.7 dS/m based on the 1.5 concentration factor
cited by the draft Agricultural Use Protection Policy. Other species of concern, including
western wheatgrass, should be given equal consideration due to the inherent differences in soil
chemistry between the northern Great Plains and the California agricultural areas for which the
ARS Salt Tolerance Database is based. Factors such as extreme climate, periodic drought, soil
moisture regime, duration of growing season, soil depth, and fertility limitations can collectively
exert an overriding regional influence on the yield potential of forage crops. Based on this, we
ask that the WDEQ exercise caution interpreting the applicability of specific salinity tolerances
outlined by the ARS Salt Tolerance Database and thoughtfully consider the difficulty in
detecting a “measurable” change in plant production due to soil salinity alone.
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Thank you very much for your time and consideration of this review and the recommendations
stemming from it. If you, your WDEQ colleagues, or the members of the Water and Waste
Advisory Board have any questions or comments regarding our findings, please contact me.

Sincerely,

Kevin C. Harvey, M.Sc., CPSSc.
Principal Soil Scientist
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May 4, 2006

Mr. Bill DiRienzo

Wyoming Department of Environmental Quality
Water Quality Division

Herschler Building, 4™ Floor West

122 West 25™ Street

Cheyenne, Wyoming 82002

Subject: Comments pertaining to the proposed default SAR effluent limit cap of 10 in the
Draft Section 20 Agricultural Use Protection Policy.

Dear Mr. DiRienzo:

I respectfully submit for your consideration the following comments regarding the fourth draft of
the Section 20 Agricultural Use Protection Policy as it pertains to the derivation of effluent limits
for SAR, particularly the proposed SAR cap of 10. These comments are being submitted on
behalf of Yates Petroleum Company, Williams Production RMT Company, Petro-Canada
Resources (USA) Inc., Marathon Oil Company, Lance Oil & Gas Company, Inc., Fidelity
Exploration & Production Company, Devon Energy Production Company L.P., Bill Barrett
Corporation, and Anadarko Petroleum Corporation. I have submitted additional comments
regarding the derivation of EC limits in a separate letter.

By way of introduction, I am a board-certified professional soil scientist having practiced as an
environmental consultant in Montana and Wyoming, and throughout the world, for nearly 25
years. For the past seven years, my practice has focused on water management and soil and
water salinity/sodicity issues associated with oil and gas development. I am credited as the first
to research, develop, and apply managed irrigation techniques for the beneficial use of coalbed
natural gas produced water. I have directed or participated in over 75 separate projects related to
produced water management, WPDES permitting, soil and water chemistry investigations, and
reclamation for coalbed and conventional natural gas projects in Wyoming, Colorado, and
Montana. I have a M.S. degree in land rehabilitation (soil science emphasis) from Montana State
University and a B.S. in Resource Conservation (soil science emphasis) from the University of
Montana.

I would like to comment on the proposed changes made to the Agricultural Use Protection Policy
by the WDEQ subsequent to the January 26, 2006 meeting of the Water and Waste Advisory
Board. My comments will focus on the comments provided by Dr. Larry Munn in his letter to
the DEQ dated December 5, 2005. It is my understanding that Dr. Munn’s comments resulted in
the changes made to the proposed Policy. Specifically, I comment on Dr. Munn’s proposal that
all WPDES default effluent limits for SAR be capped at 10 under the Tier 1 process.

233 EDELWEISS DRIVE, UNIT 11, BOZEMAN, MONTANA 59718
VOICE: 406/585-7402, FAX: 406/585-7428, EMAIL. INFO@KCHARVEY.COM
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Summary of Findings

The fourth draft of the Agricultural Use Protection Policy describes a 3-tiered decision making
process for deriving appropriate effluent limits for EC and SAR whenever a proposed discharge
may reach irrigated lands. The Tier 1 process would be followed for deriving “default” limits,
and as such, this procedure would require a minimum of background information from the
applicant. The default SAR limits would be extrapolated from the Hanson et al. (1999) chart
relating the established EC effluent limit to SAR, up to a maximum default value of 10. The
effluent limit for SAR will be determined in conjunction with EC so that the relationship of SAR
to EC remains within the “no reduction in rate of infiltration” zone of the Hanson et al. (1999)
diagram.

Two key concerns arise from Dr. Munn’s letter regarding sodicity and the discharge of CBNG
produced water in the Powder River Basin: (1) the potential impacts on the hydraulic function of
irrigated soils during produced water discharge; and (2) the potential impacts of residual
adsorbed sodium on the hydraulic function of irrigated fields after produced water discharge has
ceased and rainfall/snowmelt leaches salts from the upper root zone. It is assumed that these
concerns led Dr. Munn and the WDEQ to propose the SAR effluent limit cap of 10 under the
Tier 1 process.

In addressing these concerns, I performed a considerable amount of research, including three

months searching and reviewing the relevant scientific literature, and compiling and analyzing
‘available and relevant soil, plant, and water data. The key conclusions of the literature review
and data analysis are presented below and will be substantiated by the discussion that follows.

Review of Soil Sodicity

o Plant growth problems associated with excess sodium adsorption are in response to
negative changes in soil structure resulting in reduced air exchange, water infiltration and
hydraulic conductivity.

¢ The universally applied sodic soil threshold is an exchangeable sodium percentage (ESP)
greater than 15.

* SAR is a measure of the sodicity risk in irrigation water. The higher the salinity of
irrigation water, the higher the SAR can be without impacting soil structure and
impairing soil infiltration and permeability.

The ESP-SAR Relationship for Soils in Northeastern Wyoming

o Using regression analysis, the relationship between ESP and soil SAR was determined
for the Powder River Basin (n=382, R’=.74).

¢ A 1:1 relationship of soil SAR to water SAR exists for soils in equilibrium with irrigation
water. This relationship is widely accepted and confirmed by recent research led by Dr.
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James Bauder at Montana State University. The relationship of ESP to soil SAR is
therefore equivalent to the relationship of ESP to water SAR.

* Based on the regional specific relationship of ESP and SAR, an effluent limit of SAR =
16 corresponds to an ESP of 10, and provides a 33% margin of safety against the
formation of sodic conditions (i.e., exceeding an ESP of 15). The proposed default SAR
cap of 10 is, therefore, unnecessarily conservative.

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water

e Concern has been raised that subsequent rainfall/snowmelt leaching of residual soil
salinity may lower the electrolyte concentration and naturally raise the ESP past the
dispersive sodic soil threshold.

o Research demonstrates that arid land soils can release 0.3 to 0.5 dS/m of Ca and Mg to
solution as a result of the dissolution of primary minerals and the inherent calcium
carbonate content of surface soils. Shainberg et al. (1981) indicates that these
concentrations are sufficient to counter the deleterious effects of exchangeable sodium,
even when the soil is leached with rainwater.

A Review of Soil Sodicity

The physical and chemical phenomena associated with soil sodicity are complex. Therefore, a
brief summary is provided regarding the soil and water chemistry associated with the physical
affects of soil sodicity.

A large body of research concerning sodic, or “black alkali” soils has been generated in response
to the negative effects of high sodium concentrations on soils. Toxicity effects of sodium are
rarely expressed in forage and grass crops, but do cause injury to selected woody plants (Lilleand
et al., 1945; Ayers et al., 1951; Brown et al., 1953). Plant growth problems associated with high
concentrations of sodium are generally a response to negative changes in soil structure. Sodic
soils are “nonsaline soils containing sufficient exchangeable sodium to adversely affect crop
production and soil structure (Soil Science Society of America, 2001).” High levels of adsorbed
sodium tend to disperse soil particles thereby sealing the soil. The result can produce clogged
soil pores, hard surface crusts, reduced infiltration, reduced permeability, and reduced oxygen
diffusion rates, all of which interfere with or prevent plant growth. By definition, sodic soils are
those that have an exchangeable sodium percentage (ESP) greater than 15. The universally
applied ESP threshold of 15 percent is acknowledged in numerous publications, including Levy
et al. (1998), Abrol et al., (1988), Evangelou (1998), McNeal and Coleman (1966), Sparks
(1995), Sumner et al. (1998), Shainberg et al. (1971), the Soil Improvement Committee (2002),
university extension publications, etc.

Clay minerals are the most physically and chemically reactive components of the sand, silt, and
clay matrix in soil. The structural arrangement of clay minerals in soil is akin to a deck of cards;
the clay mineral itself can be thought of as the deck, and the cards as individual layers. The
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properties of the deck depend upon the arrangement of the cards and the electrochemical
interlayer forces holding the cards together.

Clay minerals in soils are negatively charged and consequently attract ions with a positive charge
such as calcium, magnesium, potassium, and sodium. Positively charged ions are called cations.
Each cation competes with others in the soil solution for access to the bonding sites based on its
valence and hydrated size. Every soil has a definite capacity to adsorb the positively charged
cations. This is termed the cation exchange capacity (CEC). The various adsorbed cations (such
as calcium and sodium) can be exchanged one for another and the extent of exchange depends
upon their relative concentrations in the soil solution (dissolved), the ionic charge (valence), the
nature and amount of other cations, etc. ESP is, accordingly, the amount of adsorbed sodium on
the soil exchange complex expressed in percent of the cation exchange capacity in
milliequivalents per 100 grams of soil (meq/100 g). Thus,

ESP = (exchangeable sodium / cation exchange capacity) x 100.

Sodic soil conditions arise when greater than 15 percent of the ions bonded to the deck are
sodium, which has a +1 valence and a large hydrated radius. When the ESP exceeds 15, the
large hydrated sodium ions can wedge in-between the individual cards and cause “swelling” of
the deck (Levy et al., 1998). This causes negative effects on the physical structure of the soil.
Upon re-wetting, the individual decks may disperse and settle into soil pores, effectively
clogging them and reducing the efficiency of air exchange, water infiltration, and permeability
(i.e., hydraulic conductivity). In general, soils with moderately high, to high, clay contents are at
higher risk.

Excessive adsorbed or exchangeable sodium can result from sustained use of irrigation water that
is high in sodium and low in calcium and magnesium. Consequently, the ratio of sodium to
calcium and magnesium ions in water is an important property affecting the infiltration and
permeability hazard. The water quality index used to measure the hazard related to sodium
abundance or sodicity in irrigation water is the sodium adsorption ratio or SAR.

The SAR is the ratio of the dissolved sodium concentration in water divided by the square root of
the average calctum plus magnesium concentration. The SAR can be calculated from the
sodium, calcium and magnesium concentrations via the formula:

SAR = [sodium] / (([calcium] + [magnesium])/2)"*
where the concentrations are in milliequivalents per liter (meg/L).

What is not apparent from the SAR formula is the fact that the higher the salinity of the water,
the higher the SAR can be without impacting soil structure and impairing soil infiltration and
permeability. Put another way, for a given SAR, infiltration rates generally increase as salinity
(measured by the EC) increases. The changes in soil infiltration and permeability occur at
varying SAR levels, higher if the salinity is high, and lower if the salinity is low. Therefore, in
order to evaluate the sodicity risk of irrigation water, the EC must be considered. To this end,



KC HARVEY, LLC May 4, 2006

the SAR-EC guidelines presented in Ayers and Westcot (1985) and Hanson et al. (1999) are used
to assess the potential sodicity risk of irrigation water.

The ESP-SAR Relationship for Soils in Northeastern Wyoming

In addition to measuring the SAR of irrigation water, one can also measure the SAR of the soil
solution via a saturated paste extract (i.e., the dissolved concentrations of sodium, calcium, and
magnesium are measured in a saturated paste extract and applied via the SAR formula presented
above). The soil SAR was developed to serve as a rapid and relatively inexpensive index of
ESP. It is widely accepted that the SAR of the soil in equilibrium with the SAR of the irrigation
water is equal to the long-term average SAR of the irrigation water.

The fourth draft of the Agricultural Use Protection Policy includes a proposed SAR cap of 10 for
Tier 1 default effluent limits. To evaluate the appropriateness of the proposed cap, an analysis
was performed using 382 ESP-SAR data pairs generated from ongoing soils assessment work in
the Powder River Basin of Wyoming (KC Harvey LLC, 2006). This database represents flood
plain soils associated with tributaries to the Powder River and the Tongue River, including
spreader dike irrigated fields. This database represents baseline soil chemical conditions. In no
case were any of these soils irrigated with or influenced by coalbed natural gas produced water.
The soil samples from which the analyses were made were collected during soil profile
descriptions to five feet, and with a Giddings hydraulic probe up to eight feet in depth. The
numerous soil investigations involved were required for various coalbed natural gas water
management planning, permitting, and design purposes.

The ESP-SAR data pairs were graphed in Microsoft Excel using simple scatter-plot and trend
line analysis. The best fit line resulted in a linear regression which yielded the equation:

ESP = 0.5(SAR) + 1.96, with an R? value of 0.74.

The regional-specific “Powder River Basin” relationship, based on 382 soil samples, is shown on
Figure 1. According to the Powder River Basin equation, a soil SAR of 26 corresponds to the
critical ESP threshold of 15 percent.

Figure 1: Powder River Basin ESP / SAR Relationship Itis w1dely accepted that the SAR of
soil in equilibrium with irrigation
water equals the long-term average
SAR of irrigation water. Recent
Department of Energy funded
research directed by Dr. James
Bauder at Montana State University
e (Robinson and Bauder, 2003)
% o confirms this relationship. Their
W research, which is related to the
0.0 50 100 150 200 250 300 potential effects of coalbed natural
Sodium Adsorption Ratlo ($AR) gas produced water on soils, reports
that in general, soil solution SAR
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represents the SAR of the applied water. The 1:1 soil SAR to water SAR relationship allows one
to relate the SAR of discharge water to the SAR of the soil in the Powder River Basin ESP-SAR
graph and equation described above. For example, after long-term irrigation with water
exhibiting an SAR of 15, the equilibrated ESP of the irrigated soil would be approximately 9.5
percent. The proposed SAR cap of 10 would equate to a corresponding ESP of 7. An ESP cap
of 7 appears to be unnecessarily conservative given the regional specific relationship of ESP and
SAR. While an ESP threshold of 15 is widely accepted to be the point at which clay swelling
and dispersion occurs, we respectfully suggest that the WDEQ consider establishing a Tier 1
default SAR effluent limit cap of 16, which corresponds to an ESP of 10. An ESP value of 10
provides a 33 percent margin of safety.

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water

In his December 5, 2005 letter, Dr. Munn indicates his concern about the potential effects of
rainwater leaching of fields that had received produced water due to upstream permitted
discharges. In particular, what is the effect of leaching on the sodicity status and hydraulic
function of soils after discharge and irrigation with produced water ceases? Fortunately, the
considerable research on this subject has been well documented in the scientific literature.

Discontinuation of produced water discharge in the Powder River Basin will effectively reduce
the EC and SAR of irrigation waters from tributaries and mainstems so long as the surface water
is of higher quality than the produced water. In the case of fields that are irrigated
opportunistically (e.g., in response to runoff events that are captured behind spreader dike
systems), there can be three sources of water supplying soil moisture: (1) meteoric water (rain
and snowmelt); (2) natural runoff water; and (3) subirrigation from a shallow aquifer. In the case
of rainfall and snowmelt, the EC of these waters will be similar to that of distilled water, i.e.,
they will exhibit very low dissolved solids. Owing to the dissolution of soluble constituents
within the watershed, natural runoff EC values can range up to 5 dS/m or higher. Regarding
subirrigation, shallow aquifers can be relatively saline due to the entrainment of dissolved
minerals along the groundwater flowpath.

The concern arises from leaching of residual surface soil salinity with rainfall and snowmelt.
Intermittent rainfall and snowmelt may lower the electrolyte concentration (i.e., EC) sufficiently
to promote clay dispersion, depending on soil properties (Levy et al., 1998). Conversely, when
the electrolyte concentration in the soil solution reaches a moderate level (1-2 dS/m), high
sodicity levels (ESP between 10 and 30) cause only small to moderate changes in the physical
and hydraulic properties of the soils, which are mostly reversible (Levy et al., 1998). Shainberg
etal. (1981) showed that a major factor causing differences among various sodic soils in their
susceptibility to hydraulic failure when leached with low electrolyte concentrations (i.e., a low
EC) was their rate of salt release from mineral dissolution.

Arid land soils can release 0.3 to 0.5 dS/m of calcium and magnesium to solution as a result of
the dissolution of plagioclase, feldspars, hornblends and other sparingly soluble minerals within
the soil matrix (Rhoades et al. 1968). The solution composition of a calcareous soil at a given
ESP in contact with distilled water (i.e., rainwater or snowmelt) can be calculated (Shainberg et
al., 1981). As calcium carbonate (CaCOs3) dissolves, the EC of the soil solution increases and
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calcium replaces sodium on exchange sites until the solution is in equilibrium with the cation
exchange system and the CaCOs solid phase. Shainberg et al. (1981) calculated that the EC
values of solutions in equilibrium with soils having ESP values of 5, 10, and 20 are 0.4, 0.6, and
1.2 dS/m, respectively. Shainberg et al. (1981) indicates that these concentrations are sufficient
to counter the deleterious effects of exchangeable sodium, even when the soil is leached with
rainwater.

It is evident that water equilibrated with a calcareous soil can never be a very low salinity
(Shainberg et al., 1981). Using the same database discussed above for evaluation of the ESP-
SAR relationship in 382 soil samples from the Powder River Basin, we can compute an average
percent lime (CaCOs;) content in surface soil samples (n=81), which is 5.1 percent. This
represents a considerable reserve of calcium. Other sources of calcium include residual gypsum
(CaSOy4) which we know to be prevalent in Wyoming soils.

Various soil SAR-EC relationships (not to be confused with irrigation water SAR-EC
relationships) have been reported in the literature by introducing low electrolyte concentration
waters to sodic soils. Felhendler et al. (1974) measured the hydraulic conductivity of two
montmorillonitic soils as a function of the SAR and found that both were only slightly affected
by the SAR of the percolating solution up to a SAR of 20 as long as the concentration of the
percolating solution exceeded 1 dS/m. Shainberg et al. (1981) studied the effects of leaching a
1:1 sand-soil column with distilled water and increasing concentrations of a weak electrolyte
solution. His findings concluded that an electrolyte concentration of 0.3 dS/m in the percolating
solution was adequate to prevent the adverse effects of a SAR of 15 on the hydraulic
conductivity of the soil-sand mixture. These findings are very similar to the conclusions of the
U.S. Salinity Laboratory Staff (1954) who used electrolyte concentrations equal to or greater
than 0.3 dS/m in their regression analysis to determine the sodic soils threshold of ESP = 15.

As a review, an electrolyte concentration of 0.3 dS/m is the minimum value of calcium and
magnesium contributions to soil solution associated solely to arid soil weathering. This suggests
that an arid Powder River Basin soil with a SAR of 16 (ESP = 10), will have no sodicity related
impacts to the hydraulic conductivity, even when the salt concentration of the irrigation or
rainwater is equal to that of distilled water.

Of course, irrigation water in the Powder River Basin has an intrinsic electrical conductivity
greater than that of distilled water. Use of surface water for irrigation will actually supplement
the inputs of calcium and magnesium from weathering and carbonate dissolution alone.

Using the aforementioned Powder River Basin soils assessment database (KC Harvey LLC,
2006), an average surface soil ECe of 1.64 dS/m was calculated from 81 individual surface soil
samples. This value suggests that electrolyte concentrations in surface soils of the Powder River
Basin, in equilibrium with mineral dissolution, the salinity of runoff irrigation water, and
rainwater/snowmelt, is about 1.6 dS/m, or five times (1.6 dS/m divided by 0.3 dS/m) the
concentration required to maintain the hydraulic conductivity of a soil at an ESP of 16.
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Closing Statement

Results of the Powder River Basin regression analysis indicates that a relationship between ESP
and soil/water SAR exists, which allows the calculation of one parameter from the other. Using
the proposed, default ESP cap of 10 percent, the scientific literature indicates that water with a
SAR of 16 can be effectively used for irrigation without adverse effects on the physical structure
or hydraulic conductivity of Powder River Basin soils during irrigation. Furthermore, it has been
shown that inputs of Ca and Mg from the natural dissolution of plagioclase, feldspars,
homblends and other sparingly soluble minerals, especially calcium carbonate and gypsum, will
provide an effective buffer to residual soil sodicity after the discontinuation of produced water
discharge and the transition back to native irrigation, precipitation, and runoff regimes.
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Thank you very much for your time and consideration of this review and the recommendations
stemming from it. If you, your WDEQ colleagues, or the members of the Water and Waste
Advisory Board have any questions or comments regarding our findings, please contact me.

Sincerely,

Kevin C. Harvey, M.Sc., CPSSc.
Principal Soil Scientist



ATTACHMENT 2

Williams Production RMT Company
Proposed Revisions to Appendix H
Agricultural Use Protection and Associated Language
in Section 20 of Chapter 1

Page H-1, Parag"raph 3, “Measurable Decrease” — delete “prior to January 1, 1997”;
insert “pursuant to a valid and existing permit issued prior to the date of the adoption of
Appendix H”

Page H-3, Paragraph 1, “Naturally Irrigated Lands” — Insert at the end of the paragraph,
“However, landowner testimony may be used only if the landowner provides the
discharge permit applicant with reasonable access to the landowner’s lands to determine
the extent of the-claimed naturally irrigated lands.”

Page H-7, Paragraph 2, Final Sentence, “Reasonable Access Requirement” — 1) Insert at
the beginning of the sentence “Since the applicant has the burden of proof under Tiers 2

and 3,”; 2) insert after “access” “to the applicant”; and 3) insert after “obtained” “by the
applicant”.

3722474_1.D0OC



Appendix I

Agricultural Use Protection

ts where

1&@&9&@.&@@&41;1 Lodu__o__& 1@1__.& .r__tmn.ne ving
Therefore, the implementation of the narrative oriteria through WYPDES permits w1H always

involve making reasonable judements and assumptions.




L Livy : Waterin

MJ.L

assaciat B(___JL‘J db_djgrg ......

Selenium 50ugfl,  Total Recoverable
Fluoride 4000 po/l, Dissolved
Arsenic 20 updl,  Total Recoverable
Copper 500 ue/l, Dissolved
Cadmium 50 o/l Dissolved
Baron 2000 up/l, Dissolved
Chromium 1000 po/l, Dissolved
Lead 100 ue/l, Dissolved
Mercury 10 pe/l Dissolved
Zinc 2500 ue/l Dissolved

(i) Livestock watering waiver - An exception to the 1imi1s above may be made

whenever the_hgg ceround water quality of the recejving wa the value listed
for the as pollutant or when the livestock producer req emm@lmm
thereby accepts anv potential risk to his livestock,

{c) Irrigation

Electrical conductivity (BC) and sodium adsorption rate (SAR) limits will be derived in

nermits where effluent discharges are used for itigation. Each limit must be achieved at the
end-of-pipe prior to mixing with the receiving stream,

" (A)_“Artificially Irvigated Tands” means the artificially irrigated lands where
wmm&_ mmm m nally applied for agricultural purposes, mAmmu:z_xm gm@langﬁmlu
‘u‘hed b resence of canals. ditches, spreader dik igs

sm aflewm 1agg!','_:- a



(B) “thumllv I maa’c;dL;l& mm_l.ands.glgng stream lgaa_lsﬂmhu_
enhanced vegetativ ;

, SAR limits will be applied to WYPDES permits where the grgdycegi
water djs ha:ge Q ) ;eag‘lju__am segments ¢ _Qlltgjmgg single .gzcels s of naturalls oa
land greater than 20 acre in size or multi lc, arceh in neat

LQGLMLQ&_J}&Q; egilc Q[l

Q g istent active channel and un; unggngohdglg ﬂo dplam mg §1“t,§ Whlgh are g ner: aﬂx Jess than 50
feet in width,

will be xmgmmded or managed 50 gs th 10 rgach a dngs;on durmg th Irriga t;on season! or

if the discharge will nc \\1]1 not reach ral conditions or water
2k es, then €

us_es_&ngL&Qsi ratering,. m

'111\31;: reach i irri gatégm ngd;_,

(A) Tier | -Default BC and SAR limits. Default limits for EC and SAR may
bg used where the quality ¢ mmmm&MLQM&gm;mmmmm
salt-tolerant, The default values shall be based upon the published soil BC tolerance values

H-3




for the most sensitive crop and shall be calculated as follows:

D_e_fq__t_”g limiiq wi]l bgga 1 upon ] 00 erce. 1t vield threshold

(1) Hanson et al, 1999, Agricultyral Saliniiv and Drainage,
DANR Pub. 3375, Univ. of Calif. Davis;

Agriculre. 1 LMAQ_LHLMLOJ_L and Drain Jrainage TQLZQ_(J : ng and

)\ _CPHA. 2002, Western Fertilizer Handbook. 9™ Edition.

values will be: EC ( soxl\ = 1 3 EC‘ {w ater) 1.e.. the nubhshed 9011 EC thresho]d obta ned ﬁ'gm
the appro; ‘chmgLu.LL_@ﬂMJm_&mlgmngtxMMLLQ_.L;:%@bILsh_tb_c‘

of the dxschat ge is obs ed To be of h1gher guaht'» th@n _t_h_e_ gﬁuﬂbLs_qu_gi_gfj_ult COﬂCCn'CI"itIOH
QLILI[:{C SAR limity n_{;v i

thg_mm\m_m d@fa,muunm_'r._ ] :.'L.g_t.ng@ﬁauii_Um_t_s_sz ;n;nded_q_agnJLtQ
calculating Tier 1 limits and may be modified according to the provisions of sections B and

C below.

adv) Ata mmlmum the EC and SAR limits will dDD]Y during the

LII?.,&;Q;Q 33_




_f&tedjmls_z&.n_an.aﬁngci ,.gﬂ_umz_mgu re&J__&_s _ngn_sy_bﬂm gﬁ.ﬁ.d.].@@f«h%

Jinimom Number of Sample
Zone Areg N S
05 aeres 3
5-10acres 5
10 + acres Z
(3§

S,glag[ml;goﬂectmn Gamj Ig_sutgg must be lg eda

must be ana vzed ei thg] ;pgag:dpg!lv or comb _1;«..(1 'g' gpgggéuteg_) gg_t gtlc_r coﬂg_sgo_p__ci_@g

dc:

h sa.m

J__s_fmm_ulg_g_t&eam le si ‘L_c 3

H Q- j

H-5



soi] gexture and exch; ge (ESP) 1o ave uplicate th
sampling if the results md cate _Lhdt a “no harm analvcnx" (zte (C) beiow) mgeds 10 be

completed. Percent organic matter shall be analyzed in the surface 0-12 inch samples only,
In addition. analyses to identify the clav mineralogy types present in the soils mav also be
wartanted.

< -

dID__Soil Report Preparation, At a minimum the applicant shall

submit:

L_.:L...__f_&___mz._s.v_r._:eimm_dm‘
ple sites is located, At a minimum, the map or dia

and stream course, 113‘_1g3L.1..(2]_1.‘~‘LLUGLHLSJJM%JEQb_ﬂLﬂ_ZQ%QLdJmLQr ZLc._gi,ggf_g)

mw W e_lge gﬁ;h Q__h_(LSQ_l

estimated boundaries of the irricated acreage. surface ownership of the irrigated acreage

Lmuggﬁ, dfmmg_cmmoaz:eia_eq,s)_mim_gruim nshi ZMQ e deuhﬁ.aixm.llm

€y _Tier3 - No Harm

prodyction are varmble basf-,d ugon soil type and chemis and chem st1 r and may b be nutlgated to some
intenf _ma,mﬁ ,r g irrig: .igtz.sg_ELCLa,ud_SAB_ejiﬂlmt_ limits mav also be established
le fic §iudv thget anmmes lQ al s0il

______I_j _t_i__g_;x ay m,ed tobec _11:,1 ered tbere xs a burden gf 100 oot lace

Lm.anMLgbmn@mM¢ led.,

(vi)__Irrigation Waiver, An exception to EC or SAR, limits established under the
’ H-6



ILﬂibr_Q._gQL_ﬁg__J s may be made when affected landowners request use of the
nd Lbc,rebﬁ accept gn;y_; (_)_Le:gt_t__:ﬂ _g'L;_L__Q crop:

& water
roduct their lands. Imoatlon Waivers

xgmgwga,s;m;ggmu_mm, §&ML&@Q§§Q&M@QQ&%@@EA
procedure will only apply where permitted discharges are of exceptionally high quality. In
many applications, appropriate | gmns for EC and SAR wﬂl be based Qn refmed Qrgc,t,dgreE

,{__iber Lh@ dejau_lz, Bgca 4

i .' !n cug lms_f‘@_g_g }v[ her g g !augo;vgg; ggggg §;g g acee =§§g{_‘=;
i i lysi Q@&i‘iA_RJumJi\‘:ﬂLQbaLﬂ pon the

d_e_f ault Hmits,

H-7



Figure | Hangon Chart
: 35
| : ) _ Slight to Moderate
: : ' ' ' Reduction’ in Infiltration
: 30 : : |
Severe Reduction ‘ - »
' o ©in Infiltration - ; .
| % 25
-1
¥ 20
&
15
§ 10
' 5
0 |

EC of Irrigation Water (dS/m)
H-8

Document Number

(Ref. Harsou et.al.,, 1999)

;
|
|




