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February 9, 2006 

Terri A. Lorenzon, Director 
Wyoming Environmental Quality Council 
122 W. 25th Street 
Herschler Building, Room 1714 
Cheyenne, Wyoming 82002 

FILED 
'''·,\!iI.~ FEB 1 0 2006 rr/,ilamS_ . . 
~ Tern A. Lorenzonj Director 

Environmental Qualliy Councll 

Williams Production RMT Company 
300 North Works Avenue 
Gillette, WY 82716 
307.686.1636 
307.686.7574 (fax) 

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 
Wyoming, and would expand· the current Wyoming Pollutant Discharge Elimination 
System ("WYPDES") permitting program beyond the Limits of its statutory 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. 8, § 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 C'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 CW A, it wanted to control the amount of various contaminating substances 
discharged so that water quality could be improved or maintained. The CW A 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)(l).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 CW A expressly states, "[TJhe 
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). 

II. State Engineer Cont.rols Water Quantity and Beneficial Us.e 

The Petitioners request that the EQC change the WYPDES permit program in a 
fundamental way. The Petitioners wl:i.nt 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 carefuHy developed. The Appendix 

I Coal bed methane produced water contains certain conventional pollutant parameters 
which are regulated. 
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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 he 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)(i) 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 clim.ate, the goal has neverbeen 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 ranch.ers 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 program is not a program meant to manipulate the quantity and 
distri:bution of water in Wyoming. It is essentially a water quality permit program and 
should remain one. 

III. 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 CW A. Wyoming very recently 
completed its triennial r~view 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 contains any of 25 chemical parameters, 
including barium, pH, chlorides and sodium adsorption ratio. Id. at § 14. DEQ also 
evaluates control m.easures that the applicant proposes to implement to prevent erosion 
of the receiving water channel and measures used to meet chem.ical parameters. rd. 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 identifi·ed 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 CW A 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.2 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.1 of Jefferson County v. Washington 
Dept. of Ecology, 511 U.S. 700 (1994); Riverside Irrigation District, 758 F.2d 508 
(10th Cir. 1985)~ Alameda 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 dis·charge 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 aq:uatic 
ecosystem including current patterns and downstream flows. 40 C.F.R. § 230.11. 
(Emphasis added). 

The CW A 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) he placed in an 

2 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 CW A 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 (lOth Cir. 1979) and Quivira Mining Co. v. U.S. Envt'/ Prot. Agency, 765 F.2d 126 
(10th Cir. 1985) in support ofthe 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 ofthe 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, 

'}Je.- C~;V\ . ;' ! I (2.0-"..-
: I 

Me Olson 
Facilities Engineer 
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.Department of Erivkonment~l Quality 

To protect, conserve and enhanGe the QualitY of Wyoming's 
enVIronment for the benefit of current and future generations. 

John Corn!, Dire( 

April 25, 2005 F I lED 
:MI. Stephen Tuber 
Assistant Regional Administrator 
Office ofPartne.rsbips and Regulatory Assistance 
U.S. EPA, Region 8 
999 18~ Street - Suite 300 
Pen:yer, CO 80202·2466 

FEB f 0 2006 
Tern A. lorenzen, Director 

EnVIronmental Qualify poundl 

RB: Factors Co~dered for. Developing BPJ Limits for Coal Bed Natural Gas 

Dear Mr. Tuber: 

This documenf has been prepared :in response to EPA's Septen;tb~ 16, 2004 letter to 
WDEQ :in response to the ;M:a:rch $, 2001 Pe.tition for Corrective Aption or W-ahdrawal of 
the State of Wyoming's Authority to Ad:ininister the Clean Water Act's Na:t:ional Pollutant '. 
Disqharge Elimination. System Program filed by the Wyoming Outdoor Council and ·the. . 

. Powder River Basin. Resource Council More' speci:fically, this document addresses' 
Allegation I.A.2. "The Ff'DBQ does not apply the Best Professional Judgntent faeto1"Sr a 
violation of the CWA" and the requeSt by EPA for WDBQ to explain how it considered 
the ~ctors for develOping BPJ 1f.mits (40 CFR 1253), deciding tQ rely on the oil and gas· 
effiuent limitations gtIideI:ine (40 CFR 435) as guidance for deyeloping BPJ limitatio:p.s 
for coal bed methane (<;:!BNG). . . 

Please feel free to contact Todd Parfitt of my staff at 3{j7~ 777-6709 or tparfi@gtate.wy.us 
~th any quesnollB regaTding tbiS matter.. . . . 
Sincerely, 

hector 
Department of:En.V.tIOnmental Quality 

JVC/jdlS-0488 
Attachment 
co:· John Wagnery WQD Administrator 

Todd Pa:rfitt, WYPDES Program Manager 
Vied -Colgan, Sernar Assistant Attorney General WILLIAMS 

EXHIBIT 1 

Herschler Building ·122 West 25th Street • .!cheyenne, WY 82002 • http://deq.state.wy.u5 
ADMIN/OtrrREACH ABANDONED MINES AIR QUALITY INDUSTRIAL SITlN.G LAND QUALITY SOl.ID I:. HAZ. WASTE WATER QUALITY . 
(i307) 777-7758 (307) m-6145 (307) 777·7391 (307) 7TT·73OO (307) TT7·7756 (307) 777-7752 (307) m.7781 
FAX 777·3610 FAX 777·B462 FAXm·5616 FAXm·6937 FAX 777·5864 FAX 777:5973 FAX 777·S973 



Wyoming Pollutant Discharge Eiimiriafion System (wypDES.) Program 
Basis for Technology-Based Effluent Liniits ' 

in 
Coal Bed Methane (Natural 'Gas) WYPDES P.ermits 

This doctrn;lent provides the basis for the technology-based effluent limits that have been 
incorporated into WYPDES permits for the coal bed natural gas (CBNG) industry. These 

. 1i:nllts are based' upon review and oonsideration of: current '1mowledg~ and factual 
inforination about CBNG production; the national effluent limitations gr;ridelines (BLGs) for 
the Coal N.fining Point Soutc~ Category (40, CPR 434); ELGs for the Oil and Gas Extraction 
P6intSource Category (40 CFR435); U.S. EPANPPES Pe!mitWriters' Manual,Deoember 
1996; and the 1976 Development Dpcument for the Oil and GaS Extraction Point Source 

'. Category.·· " 

The Wyoming Department of Environmental Quality (WDEQ), Water QUality Division, 
Wyoming Pollutj.on Pischarge Elimination System (WYPDES) program was granted 
authority to implement the NPDES program under the Federal Water Pollution Control Act 
in 1974. The-federal Clean Water Act, Wyoming'Eriviromnental Quality Act and Wyoming 

· Water QWility Rules and Re~ations Chapter·2 require operators who discharge pollutanm 
.to a water of the United States, or'a smface water of the state under state Statute, to Qbtain a 
WYPDES :permit fo~ the discharge. . 

The primary industrial activity with surface water discharge ill the State ofW~ming is' the 
oil. 'and gas industry~ In the early 19708, conventional oil production was the predominate oil 
'and gas activity within the state. N~ gas development:haS also been occurring wIthin the 
state since··the 1970's, but in a more limited capacity. 'CBNG development in Wyommg 
begardn the late 1980's and by the end of1997;.therewere 578 active \vY:PDES permits for 
oil and natural gas production facilities, 47 of these permits were for CBNG facilities. 

During the late 19908, tecbiiological advances provided, the oil and gas :industry with the 
ability to extract methane from coal bearing formations ill a more economic, efficient and 
prolific Dianner. As' a result, CBNG development spread rapidly throughout the ·Greater 
Powder River BaSin:. Initial development occurred in th~ Belle Fourche River ~asin and 
eyen41ally mov.ed ~to the Cheyenne, Tongue and PqwderRiver Basins. The number' of 
active CBNG permits began to rapidly increase in 1999 and 2000. As of March 3, 2005 
there wer~ 1268 'active oil and Iiatural gas permits; 823 of these pe:rn;lits were for CBNG 

· facilities. ' . 

· When establishing effluent l,i:rpifu in WYPDES permits, waterqua1ity-based and technology
based effluent limits' are always evaluated, taking into consideration an' appropriate federal 
and stat(? regulations. Determination of water quality-based funits is based upon Chapter 1 of 
the, Wyoming Water Quality Rules andRegulations. Technology-based limits can be based 
upon ELGs or, in the absence of BLGs, 'best professional judgment (40 CFR 125.3) . 
. Tecbnology-base9. effluent limits for the oil and gas industry in Wyommg' are based upon 
Wyorrilng 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 CPR Part 



435) ~xcept that the WDEQ r:u1es provide more stringent controls than the federal rules and 
the WDEQ rules specifically addresses CBNG produced wa~er. ' " . 

EP A: has taken the position that no ELGs apply to CBNG. However) EP A has recognized 
that NPDESlp.etmit writers 'oan develop BP J liinits by usmg one oftwe' different methodS. A 
permit writer cim either tr.anSfer numerical limitations from an existing source ~c1!. as a 
similar :NPDES pennit oran,existing~) or derive new numerical1:imitations: WDEQ has 
used the fust method to dev.elop CBNG BPJ lin:rits. 

:A ~ ofWDEQ's rationale for developing BPJ limits (40 CF'R 125.3) for CBNG 
relying on the oil and gas effluent limitations guideline (40 CFR 435) as gllidailce are as 
follows: . 

1. . Comparison of ·CBNG Discharges to 40 CFR 434 Coal Mining Point Source 
Category and 40 CFR435 on and'Gas Extraction Point Source Category 

A. Comparison of CBNG Discbarges to 40 CFR 434 

The wy,pDES Program ev~uated ELGs for th~ Coal MinIDg Point Source Category (40 
CFR, Part 434). Th~ ELG for the Coal Mining Industry applies to discharges from any coal 
mine at which the extraction of coal is takingplace oris planned to be undeTtaken and tQ coal . 
preparation plants and associated areas. The, pri;mary Standard IndUstrial Classification 
Categories evaluated by the D~elopment Do.cument are: 

1111· . Anthracite Mining 

1112 Anthracite Mining services 

1211 BittuIri,nous Coal and Lignite Mining, .and 

1213 J;3ituminous Coal a;nd Lignite Miillng Services . 

. The effluent 1:4nitati~ns for the coal mllring- industry include: pH, Total Suspep.ded Solids, 
:"Total Iron and Total Manganese. CBNG discharges typically have a pH of7.5-:-8.0 standard 

units; Total Iron is typically a constituent of concern, Total Suspended Solids are typically 
·not a concern ~d Total Manganese is not ~ constituent of concern. 

The activities conducted by the coal mining industry w~e compared to those of the CBNG 
mdustry-. The activities typically conducted by the rriining 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 , 
open¢ons. 

Based on the review, the WDEQ concluded that there was valuable insight to be gained:from 
. evall;lating. water quality data. from coal !1line operations, however, beca~e the industrial 

actiyities wt;:re so diss~ar. using 40 CFR 4'34 as guidance for deveLoping :(3PJ li:rpitatiOnB' 
for (CBNG) was deemed inappropriate. ' .. 

2 
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. 'B. Comparison of CBNG Discharges to 40 CFR 435 

CBNG cievelopment is a subset of the ,oil, and gas industry' as' is conventional oil and 
conventional natural gas development. CBNG operations are reviewed in the coritext of oil 
and gas development as a whole. Comparisons are made to conventional oil 'and gas 
tecbnology based on Tt?gulations, which have been in plaqe for nearly 30 years. 

, , 

To detemrine,the appropriateness of relying on 40 CFR 4.35 as per 40 CPR 125:3, the 
WYPDES Program conducted an evaluation of 40 'CFR 435 and the i976 Development 
Document' for the Oil and Gas Extraction Point Source Category. According to the 
development document, the study covere4 pollu1:a:!lts 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 b;:plicit t:)Xclnsion of varying types of oll and gas 
oper~tions. ' 

CBNG is eXQeptionally pure compared to conventional natural g~, in. that it contams very 
small proportions ofhea:vier hydrocaroons and other gases. Na:tnra:l gas is termed '"dry" when 
it is almost pure methane, lacking other commonly associated hydrocarbons, which 'is the 
qase with CBNG. When. other,hydrocarbons are preswt tp.e'natural gas is referred to as 
''wet'' ~ The concept of"dr.Y',' natural gas is recognized in the 1976 Deve1opmeJ;l.t Document 
for the Oil and Gas 'Extraction Point' Somce' \!ategory, which s1ft.tes "' .•. Gas wells ,may . 
produce dry gas but usually also'produce varying quantities oflight·hydrocarbori liquids 
(knoWn as gas liquids or condensate) and salt water." " 

Segments of the industry covered by the Oil apci GaS Extraction Pofut Source Category are 
. based on the following Standard Industrial Classification (SIC) Codes: 

1311 Crude Pe.troleum and Natural Gas 

13 81 Dril,ling Oil and Gas Wells 

1382 Oil and Gas Field Exploration Services 

1389 Oil. and Gas Field Servic~s, not c.laSsiiied eIse£:W,here 

. These SIC co.des were compared' to the 1987 Standard Industrial Classification Manual 
w1:P.oh defines SIC codes forvario~ industriaJ activities. The Major Group for the' Oil and . 
Gas Extraction Category (Major Group 13) includes establishments 'engaged in: 

(1) producing crude. petroleum and natural gas; . 
(2) extracting oil from ·oil sands and oil shale; 
{3) producing natural ,gasoline and cycle condensate; and 
(4) producing gas hydrocarbon liquids from coal at the mine site. 

Types of activitie~ included in this maJ or category includ~ exploration. drilling, oil and gas 
well operation and maintenance, the operation ofnaturaI gasoline and cycle plants, and the 
gasification, liquefaction and pyrolysis of coal at'the mine site, 
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Based on the review of Part 435, the Development Document and the 1987 Standard 
Industrial Classification Manual, the WDEQ 'concludes that CBNG activities are s:imilarin 
nature to those activities outlined in 40 CPR 43 5, CBNG is clearly within the Major Group 
13 3nd. more sp~ifically within the sIc Code 1.3 ~ 1, which is clearly an indusf;ry that was 
ev8.1uated and included :in the Development Docunienj. . .' . . .' , 

, , 

EPA establishedBPT ELGs.for the Onshore sub.category (Subpart B). and Agricultural and 
Wildlife Water Use subcategory (Subpart E) for the Oil and Oas Extraction Paint Source 
Category, on April i3, 1979, BPAimposed azero discharge reqwementfdr ali pollutants in 
the Onshore subcategory' (40 CPR 435.32): . . 

.. . . 
, _ ..... there shall be 'no discharge of wastewater pollutants into navigable waters from 

any source associated with production, field exploration, drilling. well completion, ot well 
treatment (i.e., p!oduced water; drilling muds, drill cuttings, and produced sand)." 

For the Agricultural. and Wildlife w' ater Use subcategory, EPA imposed a zero discilljrge 
req~ent for. all pollutants with the exception of some produced' waters (40 CFR 435, 
.SubpartE). To qualify this exemption: 

, (I) 

(2) 

(3) 

The.produced water must be generated frqm 'facilities that ate' engaged in 
productio~ drilling, well completion. an4 wen trea1me:nt'in the oil and gas 
ex:t:raclion .industry and be located in the continental Unit~d States and west 
oithe 98t1i II;lendian (40 CFR 435.50). .'" ' . ,'. . 
The produced water must be used in agriculture or wildlife propagation when 
disbharg~ int:o ~0i¢'le waters (40 CPR 435.50). , ' 
The produced water dischargeS must.not C?xceed an oil and grease d.a:Uy 
maximnm·1lmitationof35mgll (40 CFR435.52(b)). . . 

liP A defined the ten:n ''use in agnctiJ.tural or wildlife propagation" by ~ating "the produced 
water is of good enough quality. to be used for wildlife or livestock water or other 
agriculfural uses, and the produced water is actually put to, such use during periods of· 
discharge." (40 CFR435.51(c)). The provisions of40 CFR435 make no m~tion of water 
quantity necessary to support stockandlor wildlife use. ' 

. In :[.979, WDEQ promulgated Water Qwi1ity Rules ,and Remll\::Ltions Chapter 7, "Surface· 

. Discharge of Water Associated with the Production of Oil and Gas," which was the WDEQ 
eqUivalent to the fedenti ELO 40' CFR 435 except that the Chapter 7 rules provided more 
stririgent controls than the federal rules. In the early development stages, of CBNG the 
WDEQ applied the requirements of Chapter 7 as the technology based effluent limitations, 
In November 2004, WDEQ promulgated revised Cliapter 2 ru1~s. which incorporated and 
updated the provisions of Chapter 7 as Appendix H and explicitly identi£.ed CBNG as an 
mdustrial activity covered under the oil and gas technology based limitations. 

For oil and gas discharges, including CBNG, permits issued from 1974 through 2000 by 
Wyoming, it was assumed that in the ,arid west region, the produc.ed water would be U?ed for 

- agricultural or wildlife 'p'ropagEjii on as long as water :qUality standardS a:od eiflueij.t limitatio~ 
were met Historically, documentation related to this. requ:ir~ent was not 'contained:OT 
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reqliiIed in the permit applications D,r permit files for i.t:,rYPDES perinits. It is WDEQ's 
belief and understanding that federal'pernrits issued on Indian Lands have been processed in 
a similar manner. However, in2000, at the requestofRegion 8 EPA, the WYPDES Progr~ 
modified the CBNG permit application to require the applicant to.provide a demonstration of 
compliance willi Subpart E. . . . 

Tn S~tember 20.01, the.Ei? A provided written comments related ·to several CBl'fG permits 
that t1;J.e WYPDES Program was proposing to issue. The oomments primarily focused on the 
statements·ofbasis (SOBs) for CBNG permits which invoked WWQRR. Chapter 7 and 40 
CFR 435: The EPA suggested that the SOBs should describe the beneficialnse for the 
discharged water and that the quality support such a use. The nature of EPA's COl;nments 

o •• t;.learly suggested to WDBQ that BP A concUrred· with the approach of relying on the oil and 
00 gas effluent limitations guideline (40 CFR 435 and WWQPJ!.. cmipter 7) as guidance for 

developing BPJ limitations for CBNG. 

. While not initially Stated in the SOBs for othe proposed permits, the permit files contaIDed ' 
application informationregatding the identifiaation ofllie use( s) forllie discharged water and 
the potential water qUality ofllie proposed discharge. In December 2001~ the ViTYPDES 
Program 'began i;lCluding statements- in the SOBs of each CBNG petiDit to ·specifica1ly 
address how the produced water wouldobe used. 

Although the ELG assOCfiated with theo Oil and Gas Point Source C~tegoryO predates the 
dev.:elopment ofCBNG extraction technology, based on the comparisi::m outlined above, itis 

\. the professional judgment ofWDBQ that discharges related ~o CBNG facilities are similar 
o fm:()u.gp. tq other types of na~ gas ~tira:ction that the technology-based e:.ffluent limits 
contained in WWQKR Chapter 7 (now WWQRR. Clmpter 2, Appendix H) and 40 CPR 435 

o are apprDpIi:a,telyapplied. EPA acknowledged acceptance of Wyoming's reliance on the 
teolmical and eponomic assumptions of the federal effluent guidelines for the oil and gas 

, extr:action point source category (40 CPR 435) to' °establish. technology based effluent 
. limitations for CBNG in its February 26, 2003 letter to WDEQ~ , 

2. Comparison of Water :M:an~gement Options 

~e oil and gas oindustrY has historically ·been forced to manage 'produced wa~er and other 
production related wastes basea on the constraints afwater quality based effluent fupitationS, 
technology baSed effluent limitations and other state regulatory requirements, such as 
compliance with the Colorado River Salinity Control' Forum polioies. BecauSe of these 
constraint~ the oil and gas industry°lIas historically dispose~ ofptoduced water by injection., 
disposal pits and ponds, land applicatiol;l, discharge to surface waters Dfthe stllte that are not 
waters of the United States, and dischai-ge to surface waters pfthe state that are waters of the 
United States. 

Injection; 

Injection has been 1lBed by the oll and gas industry primarily in the Green ·River and Snake 
River .Drainage Basins due to high total dissolved solids concen.trations in the produced 
water and the Colorado River Salinity Control Forum policies that are enforced through the 
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WYPDES program under WWQRR Chapter 6. Similarly, injection has been successfully 
utilized for CBNG produced water disposal, but 'on a limited scale, largely due to 
technological constraints. 

Disposal Pits and Ponds: 

Onemetho4 .of'produc~d water management historically used byth~ oil and gas md"q.stry"has 
been the uSe of disposal pits and p6nds, typicaI1y for evaporation and concentration of brine 
waste. Similarly, CBNG produced water has been disposed of in pits and ponds. How~ver, 
because the quality ofCBNG produced water is ofmucb higher quality (i.e. meets all Class 4 ' 

. "and moSt Class 3 water quality criteria "at the.point of ilischarge)~ evaporation plays a small 
role in the actual management of the prodru;:ed water. The pits and ponds associated with 

. CBNQ produced water are categorized as surface waters of the State and are designed to 
irifiltTate into and recharge Shallow aquifers versus evaporatiolJ. ponds, which are cons1ructed 
with a liner. " ". 

"~isCJiarge to Surface Waters of the State that are Not Waters of the -IT nited 8tat~ 

" As mentioned earlier, water qruility-based md technology-based effluent limits ;:rre always 
evaluated for an oil and gas discharges. Waters of the State that are not waters of the United 
States, such as off-charinei pits and. ponds,' are not subject to 'federa16versight or federal Iules 
inyluding"B}>J orELGs. However~ because the WDEQpro~ulgated rules consistent with the 
federal rules for all surf~e waters of the .sta~, WWQRR Chapter 2 is applied to these 
dis~a:i:ges. " " . "... . ..' '". " : . 
. . , . 

~js~h~rge to ~~rface W ate~s o~ the State that .are Wa~ers of th~ United State~ 

.. Historical oil and gas.produced water-di~charges to mace waters oftlie Stme that are waters 
of the United StateS have b~fril and continue to be subject to the provisions ofWWQRR. 
Chapter 7 (now Chapter 2, Appendix H) and 40 CFR 435, as well as,. WWQRR Chapter 1. 
Similarly, CBNG discharges are subject to the same reguiatioiIs, including the management 
of drilling muds and other liquids associated with the drilling of wells. In all cases these 

, drilling muds and other associated liquids are not permitted to be discht;u'ged to surface 
waters of the state. . 

" l;~rid Ap~If~ti~n 

Land aPPlication has historicallY been an option for the oil and gas industry to manage 
disposal of produced water provided they meet the criteria ofWWQRR Chapter 3 and obtain 
a permit from the WD~. SimiJ:arly, land' applica#on is an option for CBNG produced 
water and has been utilized by several companies for production of a variety of crops and 
vegetation. 
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3, Compari.son o~Water Quality Data 

Since the beginning oflarge scaie CBNG ,4eve1opment in Wyommg, the DEQ has evaluated 
the'range of possible ground water qu.a1ity from Q?al seams based on the following data 
sources: 

A. Land Quality Division 'record!>; 
B. TN ater Quality Division recards. 
C. state Engineers Offic'e ;records. 
D. Oil and Gas Conservation Commission records. 
E. USGS records. 
F: Wyoming Geological Survey records., 
G. IndustrY records. 
R Other miscellaneous sources. 

Based on these reviemrs the DEQ has identified cons1;ituents of cone em associated with the 
groundwater beiugprodnced and discharged from CBNG operations across the state. These 
constituents have been 06ntinuallymonitored. Finl:¥ngs from the evaluatiqn oftha da:taha:ve 
revealed that iron. 'SAR and:& aretbe primary co;ns1ituenWpa:ram.eters of concern. Other ' 
pararilet~ ,such as barium, menic'and'whole effluent tbxicity have ,been ldent:i:fied as 
, concerris in :isolated areak. . . 

The 1976 Development Docunient for the Oil and Gas EXtraction: P'oint'S6urce Category 
identified the significant orpotentia11y significantwastewa:ter constituents as oU a:nel. grease. 
fecal coliform. oXygen dein2:nding par~eteis, heavymetals, total qissolved solids; and toxic 
'm~als. . It' is the WDEQ;s opinion that the fecal COlifOIIIl and oxygen demanding 

, " par~ers referenced in the Development pocumenf relate to the' off-shore drilling 
, operationS where disposal of sewage wastewater-would bemvolved in the procesS. Because 

the o;rHhore category does not include the dischal:ge'ofsewage w~~terthey are exciud.ed 
, :from the oomparisoneval:uation. The remaining constitu.ents of concern. in the Peve10pmem 
Document are the same as the constituents of c~ein 'identified for CBi~G discharges. 

Addi-qonaIly. the Developmcm.t Document sta~ that " ... the wastes associated with this 
category result from the disoharge of produced water, ,cjrilling m~. drill cutting. well 
treatment and produced sands fo;r all subcategories, .... Similar to conventional oil and gas . 
operations. CBNG operations produce drilling muds, drill cuttings and 'other associated 
liquids. Appendix H(b }(ix) of Chapter 2 prohibits discharges associated with drilling and 
well completion (Le., drillingmnds and cuttings) to be discharged to the strrface, consistent 
with 40 CFR 435, . . 

Over the years, the WYPDES Program bas cDllected a:t:ld reviewed ~ousands of water 
quality data from hundreds offacilititfS. Based upon this data, there have been relatively few 
instances where additional constitUents ha:ve required numerical, effluent limits to be 
incorporated into CBNG permits. 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 aeratiop.. Metals, ~ch as total bari'UIIl" total aluminum, total 
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49senlc, dissolved copper, dissolved lead, dissolved ~c and chlorides, on occasion have 
been identified as having a potential to expeed water 'qUality standards. However, elevated 
concentrations oftb-ese metals'are not c.oJ.?Sistimtiy seen i...i the produced water.' . 

hi certain areas of CBNa' development the' discharge water has exhibited high.' sodium 
adsorption ratio (SARJ values, primarily due to the relative absence of calcim;n and 
magnesium. Discharges of CJ?NG :prQ~uc6d water have been managed. to ensure protection 
ofWyoming"s narrative stap.dard, Chapter ~?_ S.~ction20 "AgricUltUral Use" and to ensure 
protection of down stream surface water qua1itj,.sta.:ri4ards of adjacent states (Montana.and 
South Dakota). CBNG si:rr.face discharges have been II;lanaged priinariIy through the use of 
containment ponds in the heady,ra.tcis.· HoweVer. other management techniques, ~ch as 
reverse osmosis and ion exchange, for treatment of the prodUced water for SAR and specific 
-conductance, are beginning to emerge as potential optiOns on a. small scale. A£ the . 
technology and economics of these alternative management techIUques evolve, they will. 
likely become mo~ wid~!y used. 

. After consideration ofhlormation described abQye;the WYPDES Program conciuded and 
mamtams that it'ls approprl~te to rely on WWQRR Chapter ~ Appendix H' (fonnerly 
WWQKR cruwter 1) and the ELGs for the-Oil and GaS Extraction Point Source Category 
(40 ·CFR..part 435) for estabJ:isbing-tecbnolQgy based effluent limits and equally appropriate 
for developing l?PJ lil;nits (40 CFR 125.3) for CBNG: 
. . . . . 

.- Flliany~ the. State is, a~e fuat. E.P A' is cmi-~n~y ~elopirig, a 'gqidanc~ document for 
deye19P:Qlg technology~based limits for CBNG op~tions and an economic anaJ,ysis ofllie 

.' Powder River Basm. ~ document is draft a.np. not available for quo~g or qiting f:l,t this 
' .. ~e. :S:owever, if and when this document is finalized, the WDEQ w.iJl review and consider 
. the merits of the guidance document. . - -

. IfEF 4- detertn,ines that it is necessary- to. devel<;>p a fed-era! EL_G for CBNG ~d proceeds to 
dfWelop a CBNG ELG the WDEQ wo.tild defer to. the fecIeriu ELG . 

. TTP/jd/~-:0492 
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FEB to 2006 

SUBMIT IN TRIPLICATE 
,~A'~r~~--------, 
~fmmHBttW! <Oillar '~gencv Use Onlv 

NATIONAL POLLUTANT DISCHARGE ELIl\1lNATION SYSTEM 'I 
APPLICATION FOR PERMIT TO SURFACE DISCHARGE PRODUCED WATER 
FROM COAL BED METHANE NEW DfSCHARGES, RENEWALS, OR MAJOR 

MODlFICATIONS 

Revised 12-19-03 
PLEASE PRINT OR TYPE 

1. Check the box corresponding to the type of application being appl ied for 

o New CBM permit 

Permit number 

Application Number 

WYOO -------
Date Received: 

(mo/day/yr) 

o CBM permit renewal -------------------
o CBM permit major modification Permit number _______________ _ 

2. Select a permit option 

o Option lA - complete containment to an off-channel man made containment" unites) (class 4C), no 
discharge allowed to surface waters of the state outside the containment unit. 

o Option 1 B - complete containment to a natural closed basin or playa lake (class 3A), no discharge 
allowed to surface waters ofthe state outside the basin or playa. 

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

o Option 2 - sur-face discharge to class 2 or 3 receiving stream of the Powder River or Little Powder 
Rivers (class 2ABWW). 

o Option 2 - surface discharge to class 2 or 3 receiving streams of the Tongue, Clear Creek, or Crazy 
Woman Creek (el-ass 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 ofthe 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 Pennit to Discharge Produced Water: Application for Coal Bed Methane New Discharges, Renewals, or 
Major Modifica~ions, revised 11-06-03 
Unique Footer ID 
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4. Name(s) and mailing addressees) 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 1 A or IB 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 weBs 
within the previous six months of operation in the water balance. 

7. For an Option 2 permit utilizing on-channel reservoirs, a~ach a .water balance and mixing analysis 
documenting the amount ofCBM discharge that, under normal op'erating 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 
h. Well locations 
c. Ponds 
d. Reservoirs 
e. Stock tanks 
f. Discharge points (outfal1s) 
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 
If any afthe above are nol 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. 
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10. Describe the c{)ntrol mea<;ures that will be implemented to achieve water quality standards and effluent 
limits. If 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 treatment process; description of how the chemicals will be handled at the 
faci I ity and the potential for any impacts to waters of the state in the event of a sp ill; 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 I. 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 welles) or outfall(s) within a twenty mile radius ofthe proposed facility's location, and 
from the same coal formation(s) and the same approximate depthCs) 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 samplers) 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 to verty 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 
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e. Time and date of analysis for each parameter 
f. Analyst's initials for each parameter 
g. Detection limit for each parameter as achieved by the laboratory 
h. NPDES permit number and outfall number, where the sample was collected. 
i. Origin of produced water (coal seam) 

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. 

I' -----~.--.. -.-.. --. -.. -.... -.----. .. "'-. --,.---, 

~~§W~ L:"oo~::';;,~eg~ed_Un'j 
I-~~·;;ii:;;:t;t~! Recoverab!e I .... ___________ ~O ::/i~.-.-----.-.. -.. --.---j 
[[arium, T~tal .. ---.. · .. ~==_ .. _J. '_'_"_' 160 )lgJI--·--·---.. _----· .. -1 
I Bicarbonate I 10 mg/l I 
L Ca<!.~iu~~~issolved .. --J ____ 5 )lg/l I 
" Calcium, Total I . .. 50.l-lglI, report as meq!.l_. ____ .-l 
. Calcium, Total I _._ .. __ ?_O J.Lg!1, report as mg!1 ! 

.. t: C~lorides. . ..- I '_' __ "_" __ "_ 5 mgll ! 

r~ri~ -I 5~ 
r Copper, Dissolved --.. -.~~J -1-,0-j..l.g-"'-/-1---~ ____ _ 

I Dissolved Solids, T<!!~~! 5 mg!l __ ... ..J 

I 
Hardness, Total i 10 mgll as ~~~O~. .-. __ ._.J.

11 Irou, Dissolved 1 50 )lg/l . _____ . __ -j. 

I Lead, Dissolved II -- 2 )lg!1 ~ 
i Magnesium, Total lO_O_.l-lgll, report as meq/l 
[~agnesium, Total 100 I-lglI, report as mg/l -.. 

~ang~.E~~~L!?-~ssOlved ._._ ..... ___ .-1_ 50 )lg/I . __ - .... 1 
i Mercury, Dissolved I 11-lg!l ~ rpH·-·--·--.. --------.. -.. --·--r-- t~O~lplj""u-n-it-- --.... _-===1 
~ ~~~~~::2;~~~~f~;;ve~~~==::~:=t=~· 0.: :~il~-=.~===~~-~-=~ .. _ .. ________ ....... ___ .. ____ ..... _ .... __ .L ..... _ ... ___ ... ______ 1 

I Sodium Adsorption Ratio I Calculated as unadjusted ratio I 
r-.. - .... ·-.... · .. ·----.. --· .... ·• .... - .. -·--·--!---· .. --·-.... · .. ---.... ·-.-.--.. -.-.---.. ------..... ---.--.. -.-/ 
I Sodium, Total I 100 I-lglI, report as meq/J i ,·-.. ·-· .. ---.. ·-· .. · .. --.. · .. --·---· .. -.. ---·--1----· . --.. -·-----· .... ··--·--·-· .. · ...... 1 

r~J:C' ~:~~ucta~~;··--··-.. -·--· .. ·t .. ·-.... ·-.. ·----· ........ - .. · .. 2~~f!:~;:~~~7::·~~----·-.... --·~ 
l~~~ -~=-_=~±-=--~ -~_i;!-~ __ --=:] 

*Discharges into drainages other (han the Powder River geologic basin may require analysis oj additional 
paramelers, please contact the WDEQfor a separate list. 

NPDES Application for Pennit to Discharge Produced Water: Application for Coal Bed Methane New Discharges, Renewals, or 
Major Modifications, revised J 1-06-03 
Unique Footer ID 
Company NamelYear/MonthfDay/Application Typell 0 Digit HUC codeIPermit # or Application #/Documenl # Page 4 
KESlbb/3-1192.DOC 



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? 

DYES D NO 

If the answer to question # 16 is yes, answer 16.a. -16.b below. If no, proceed to question] 8. 

a. Which constituents? 

b. Has this constituent been addressed in the response to question] O? 

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

DYES D NO 

If the answer to question 17 is yes, answer 17.a. - l7.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 cultlvars or flood irrigation) in the 
drainage of the discharge? 

DYES DNO 

If the answer to question #18 is yes, then documentation demonstrating one of the following must be 
provided: 

A. Effluent will meet SAR and specific conductance (BC) vaJues 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 
qualjty/permeability. 

This information should include, but is not limited to the following: 
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3. Location and description of irrigated crop land between the discharge points and mainstem, 
including maximum local tolerance thresholds to SAR, EC, ane! sodium of each crop. 

b. Description of irrigation practices including when and how frequent irrigation occurs. 
c. 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 andJor 
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 diversion/use 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 I of the Wyoming Water Quality Rules and Regulations. 

h. If necessary 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 addressees) ofal! 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 local 
resource management agency, or a formal written statement with supporting documentation from a 
natural resources or environmental professional accompanied by the credentials ofthe 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. 

I (CEO or other authorized person) certify that I 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. 
J am requesting outfalls in this application. 

Printed Name of Person signing'" Title* 

NPDES Application for Permit to Dischar.ge Produced Water: Application ror Coal Bed Methane New Discharges, Renewals, or 
Major Modifications, revised 11-06-03 
Unique Footer lD 

Company NamelYe!lJ'/MonthiDay/Applicalion Typell 0 Digit HUe codelPemlit # or Application #/Document # Page 6 
KESlbb/3-1192.DOC 



Signature Date 

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

Section 35-11-901 of Wyoming Statutes provides that: 
Any person who knowingly makes any false statement, representation, or certification in any application ... 
shall upon conviction be fined not more than $1 0,000 or imprisoned for not more than one year, or both. 

Mail this application to: 

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

Please include uniquefooter information on each page of this application and on all supporting documentation llsing 
the followi ng format: 
Company Name: YeariMonlhlDaylNEW, MOD, RENEWAU10 D igif HUC Code/Permit # (If a modification or renewal) 
or Application # (from this particular company) for that particular day 

N.PDES Application for Pennit 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!l 0 Digit HUe codelPennit # or Application #/Document # Page 7 
KESlbb!3-ll92.DOe 



TABLE 1: OUTFALL INFORMATION 
Latitude Longitude 

DIstance (decimal (decimal 
from outfall degree degree Reservoir 

to fonnat, fonnat, Permit 
Discharge Immediate mainstem Quarter accuracy to accuracy to Application SEO 

Point # Receiving (stream J nearest 5 nearest 5 Submitted Reservoir Reservoir SEO Reservoir 
(Outfall) Stream Mainstem miles) Quarter Section Township Range seconds) seconds) County to SEO? Permit # Name Requirements 

001 

002 

003 

004 

005 

006 

007 

008 

009 

010 

ICP1 

ICP2 

TRIB 
WQMS-

Up 
WQMS-

Down 

ICP - Irrigation Compliance Point, TRIB - Tributary water quality monitoring station, WQMS - Up - upstream mainslem water quality monitoring station, WQMS- Down - downstream 
mains/em waier quality monitoring station 

Additiona} sheets may be attached as necessary. Use the format provided. 

NPDES Application for Pennit to Discharge Produced Water: Application for Coal Bed Methane New Discharges, Renewals, or Major Modifications, revised! 1-06-03 
Unique Fooler 1D 

Company Name!YearlM.onth/Day/Application Type/l0 Digit HUe code!Permit # or Application #/Document # Page 8 
KESlbb/3·1192.DOC 



TABLE 2 - WELL INFORMATION 

Well Discharges to 
Well Name API Number Coal Seam Depth Outfall #* 

*AWAO - all we(Js to alloutfalls 
Additional sheets may be attached as necessary. Use the format provided .. 

NPDES Application for Permit to Discharge Produced Water: Application ror Coal Bed Methane New Discbarges, Renewals, or 
Major Modifications, revised 11-06-03 
Unique Footer 1D 

Company Name/Year/MonthJDayJApplication Type/I 0 Digit HUe codeIPennit # or Application #/Document # Page 9 
KESlbbJ3-1192.DOC 
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FEB 1 n 2006 

time. To sLlstain irrigation, irrigators must add additional water ~kt.h~, Illtr~ 

!7 
of the crop to leach excess salt from the root zone. ' 

~I Uumll~ ~f,$.n 

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 groVvih and soil 

leaching. 

Salt loading is the 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. IS 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 ofllie soil water coming into equilibrium with the 
salinity of the irrigation water. The actual relationship will be dependent 
on the average salinity of the inigation water and the actual leaching 
fraction. 

Horpestad, Abe, Water Quality Technical Report, Water Quality Impactsfrom Coal Bed 
Methane Development in the Powder River Basin, Wyoming and Montana, Dec. 10, 
2001. Exhibit 9. 
17 Munn, Ex. 6. 
18 Wyoming Surface Water Quality Standards, Implementation Policies for 
Antidegredation Mixing Zones Turbidity and Use Attainability Analysis, p. 16, 3rd draft, 
November, 2005. http://deq.state.wy.us'/wqd!surfacestandards(friennial/Polides 3rd.pdf 
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are submitted with mixing calculations and water budgets. This is because they count on 

natural flows for 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 regulating 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. 

EP A has also recognized the various impacts that can result from both quantity 

and quaUty 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.,,19 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 di-sposal 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.10 

19 1/5/01 Reed letter to Krafft, Ex. 3. 
10 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. Bin DiRienzo 
~Wy:om(n.gnepart:meJltof Envirom1Jenta) Quality-Water Quality ,D.hiis:l.on 
Hersqhler 'B~dJ:ding, 4W 
122 West 25th Street 
Cheyenne, WY 82002 

Re; Comments on Proposed \Vyoming Department of Environmental Quality 
Drnft Agricultural Use Protecti.on :Policy (4tb Dnlft, 20.06) 

DeaT Mr. DiRie.nzo: 

WiH:i:ams Fro ducti:o n RMT COlIl'pcrny (W.il1iarns) appreciat¢s the opportll11Jty to 
:-p.I1~;:;:ef.lt .oo:i1.t'q:tents to t~le W:Y:01T1.i:ng Dq.parttneiTlitofEnviroI1.Tne.ntaJ . Qll:aJ;ity (DBQ), . Wat.er 
QlIalitw I0.iyis'ion T~g,ardi:t!:g iU)pletrl'ent~ti:()J1o;f Chapter l~ Bection 200frhe Water 
Q.tuiJ;ity.E4Le;s· .(lll,d .Re,gti}·~tiql}s. ·CW:Q~)th.rou.ghDEQ·5Pliopos.eQ·. D:t:a'ft .Agrncu,ltuTal 
:tfs~PtGtectioIl'P:b'iicY 1D'raft 'Pol1c:<./\ 'WilHams isasi'an'incant one:ta:tbt iii 'W"ltnni'ng. :, ," ", ::" ""/ ',: '.:.,': '~.' "'.: ,.~, ", ' .. : .~ .. :' .... ~ :.;.~:~ :" » '::: :..: ' ; .. : : :: ... ~ .. '''-:,.:.~.;J'. ":: :,.': .. "':' ... : '"'. ". ': .:. -.r,.,.,", '"'/f?,: "~/ ~'l' .. ,".' : .... '." >::~~' .~ '-; . <-,.:"' '. ; .. " ·:··)r···"· . . /' 
and, Itl pa-ntJ.cular,dtf th:ePb:waer RlverBas}p;(£:RB'l W:rHl~mSl§cotr.C'¢rllyaa:po~lJt the 
potential of the Drift .P:dl.i.cy to:uffe.ctadvers'elyits .coa1beC1.:na~;~vr,(klg4$·{QB]~;G) 
operations. 

As you know, a collaborative effort 'was undertaken last SUll1DleT to define an 
implementatio11 policy to afford protection under Section 20. Experts were qontacted 
anda.sked to participate w.ith WDEQ in drafting that 'policy,ano (hat version of the 
poHe;y was Pllbloished in late summer" 2005. At a meeting of the Water and Waste 
AdVisO'ry inSepte:mber~ 2005, the policy was discussed at length, and a ded.sionwas 
O1iucteto extend the public comment petiod into October. In Decembe:r of20'05, 
c:pmuIlel,ltswere rec~jved froUl tw¢ ,professors from the Universilyof'WYQmIng 
,.concerning this poli.cy. WDEQ tl:H~:nm~de the decision to signi'iicantlya:lter the p()licy 
base.d 011 those comments, even 'thol'rgb they were .rec:e'ived after the comment ,period had 
ended, Those comments affected significant changes to the policy. 

In its current draft, the dTaft Agricultural UseProtectioIl Policy has thepgtentlal 
to impose. signi:ficant costs and techl1ical burdens upon CBNG operators. Yet, there 1.S 
no eyid:ence. that DEQ considered these impacts, nor balanced tne bUTdensitnposed 
a:galllst the purported environmental effects sought to be protected. OUT le;g1$latuTe 
expressly imposed such a reqtl1temehtupOl1 the DEQ with regard to anystal1oards, 
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:rules .• ·orregulation,s prQ.posed t~-y the Water Quality Admilr:lstrator.Pursuant to :W.s.. 
35-11-302 (a): 

"In recommendiugimy standards, ruJe !:;. , re.gulation~,o.r permits, the administrator 
and?dyisory board sh~ll consider aU the factsanddrcumstallces bearing upon 
the reasol1a:bleness of the pollution jnvolved .i.nc:Inding: 

(AJ the_chamcter andd.e:gr.eeofinjury to 'Or iflterference with the health 
alid w~U b.eingofpeople., animals, wildlife, aq:.o:atic life and plaut life 
~ffected.: 

(C) The priority ofJocation in thear.ea in:volved; 

(D) The technical ptacti c ability and ec'Onmn::1C reasonableness of reducing 
or etiminati_ngthe source·ofpcdlutio;u; and 

(E) The effect upo'lJ the environment" 

In proposing the A,gI'icliltura'1 Protection :Policy.,vvluchimpleme:nts existing Ttl1es, tIle 
DEQ Js·d.uty-"boll:nd to ,consid.eT these same criteria. Yet., 'hase,dupon this draft, there is 
.IiQ :i!YdicatiollthebEiQ g'f!\l;es'erio.t1sc.onsideratioll to this l~gis~ati:ve mandate, Had it 
t1p':qe :sq?Wj;~1J;'1'D.~i$he:lieYtist)1e ;PoJj'cywauil'd, hl;:s:igl1i:t~{jantly u.ifferen,til1 iit~ 

.~~~~m~tsd:;~~~~r::t;::~~~;:~~=~~j:~n!~~:t:lJ~:~~g 
where the reqplr::ellJeI;lt:ls:o.w:mlyc(ms~rvaitTv6 ;and l]J?Y 9;o,ly p'.e~p~~-tobe TIlet J!:trQ't+gn 
expenstve 'Water tre-atIiteri:t:ulethodolo,gies.. As; fhe.DEQ. l}tl'fOWlttl1gates:r.ts final J~oliC'y 
based 'Ut) 011 tbeeOI1JIJl:en~ss\tblnitted0n behalfof'VVBlta111sahd .. o;thets., VI e .:tcspectfIJ11y 
ask that DEQ do so 'in the;.col1text of the 6 criteria set [ortha,bpve.WiUiarirs :also 
questions the useofa «Policy" to estahHsh effluent limitations more restriqtive ('han 
those established .t11TOlrgh fo.:rmal Jule-m.aking. 

Our speci:5:c c,o:n:u:nents regardulg the text of the poIicy foHow. 

1. P,m'pose.,Chapterl. Sectio~n.2n S'bould Not be Im:phmient'ed toP,r;otect 
111 ega,J~h·rigatiott. . . 

We agree with DEQ that the purpose of Ch. 1, Section 20 is to protect irdgation 
that existed prior to 'an al1pllcatiol1 for a WYPDES disc,harge pe1:mit. As DEQ has 
noted, the language infers a pre-existing agricultural use p:rior to an application for a 

1 See comments 011 page 9 infTa. 
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WYPDES permit, v/hioh.cal1 serve .as a haseJine from which a decrease in crop or 
livestock produ.ction could 'he measured. We also agree that, to beaffoTded the 
pl;otection of Section 20,.a Jandovrn:erllJusl have an existing irrigation structure Qr 
mechanism inplaoe for ,divertin,g water. However, in its Draft Policy. DEQ proposes 
the co.ntinuation ·afits historic practice of protecting.iJ1egaldiversions, i.e., irrigation 
'\vhfch occw.s in theahsence oJ a vaJid ,existing watertight. WitHams takes issue with 
this ]:Jxactice, PClTticulflrly when OEQ recommends i:p wTitti}uguidance that this illegal 
practice be followed by State perSOllDl;)l when translating the:Secti.oTI 20. narratjve ,goals 
into appropriate vVYPDES permit limits. . 

If a landowner is irrigating without the benefi.t ora water right from the office of 
the Slatt;! Engineer~ then tJ1eirrigation is illegal. ·Since there is 110 right to the use of the 
vvater in the dr().inage, the irxiga.tioll cO:Q:1d 'be ordered toceas.eanddeq'istatany tim.e. 
Therefore. there is:r:eallynofhing_fbr the DEQ to protect, 'M.Cireove:r, the D,EQ~!5 curretlt 
practice of ;protecting illegaJ i'l'rfg'atiop is -i:fj.diTectco:uDictwith the Wyoming law 
l 1egu'httiiJ,g tb~e .useoT'water: 

Water'heing 'alwq;y:s the,;property,ofthe siate. righ~st0 'its :use 
shalla:ftach to the lanci.:foT l"rtigalibl1) ·brtosuc.bo'tb:er 
purposes o:r o:bjec't'fdr wlTit)hacqui:red lnaccordan.ce\yith-the 
ben.ef:i,ci~l uS,e JJHr!ie ;f'p,r~'lbich thetightJ;eceiye,s l:r~p:tic 
I'ecQg1~itio);J,. 'l;lllger tb;e law and theadministra:tion p:royid;ed 
therehy. W:S.§ 41-3,1001. 

By allowing lm:aut!horizedstructures to trigger applicat:io:n of,tp:y stalld.a,rd" the 
DEQ protectstnilawful i:rrigationuse~ sanctions theu:nlawfulconduct, 'and r.ewards t-ll:e 
offe,nder fOT its offense. In effect, the ,Departlnent is aiding and abetting tlreoffending 
behav.tQJ i:n di:rectcOIlflio;t with :the req:uir!::111c.n.tss.e.toutabo:y'·e,,\Y.G su.omit that this 
:p:r~ptic.~ const:i;tutes ,egr~giOI~sJyb.adpJibli;c.pol.icyand ;produ.ces ;an absurd restd.t.in 
vi:olation of the canons of statutqIY and regulatory interpretation declared by tbe 
Wyoming Supreme cOU1;t. Seeln re KP v. State, 102 P.3d 217 (Wyo. 2004), 2004 Wyo. 
LEXIS213, *23 ("[Tlhis Court -will :n.ot ilj.terpret a statute in a mannerproducii1g absurd 
,results"); Corkill v, Knovvles,955 P,2d 438:,444 (Wyo, 1998). 

Lastly, the Environmelltal Quality Act (EQA) expressly slates that the actions of 
theDEQ shall 'no.t limit ot interfere "vith the jurisdiction, duties·OJ authority of the State 
Engillof)f j n a:dmiJl'isteting\v.l:t~et right.s. W;S,,§3 5-11-1] 04, a.eiii). Pro tee tio::n of ilJegaJ 
dive:rsio]Js could certa:inl.y becorrstrued as int~rfering with thesejuri:;sd:ici:io'lll:tl . 
constraints, as it aids conduct :airec'tly contrary to the requirements for use afwater set 
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outabov:e.2 CBNG ,clischar:gers should not be requireiJ Ioprotect .s\lch in~g;;O practices. 
We there:fol;e reques't the DEQ amend its Draft Policy t0expl~e.s:slystate that in. the 
future unauthOTized irrigation use willno:Lbe protected and that existing djversion 
structures not covered by an existing water right '\'\'ilJ not tr.iggerapplicatlon of the 
agricultural standard. 

IJ.PresnmptioTI of ,Natm:allv Irrigated Lands is Ove.rlv Broad 

The Draft Policy ir:o;plies tlie;re isa pre-existing agricultural lIs'e of a stream or 
drainage wheJ1"asli1!sta:n:fialacreageof:n~tlIrally sub-inigated p.astu:rewithin a strean1 
:noodpla:i.n~' :exists. The :Draft Policy stat,e's that infr(l",r:e9 photography, su:.rficial 
geologic ill,aps, wetla:n.d mapping, landow,:t)er testinl()ny 'OT~l1Y cdnibin,atiol1 of these 
sources may be used to estabJis;h that larrdsare natural1.yirrigated. Each of these 
information s.OUTces presents 'a snapshot of conditions at a speci:fic time, and conditions 
IlTay have changed e.g., wetlands mapping. 3 In addition, a permit ap;pJicant has no 
method by which it cQtild,dis:pTO\ie the presUJnptioD oJ sub-:irrigation ptesentedin the 
Draft Policy. Theapp;licatipllof'ECa:Jld SAR effillertt linrits snQliJdnpt be applied 
unless there js somep;r:esence~no. evide.nce ·oHIle . ability to irrigate oWi:th ,a, .. Blfr=Eic:;iaJflo'\Y 
---period. 

The E'Can.d,$AR·effi:U,etIt liimitsWill be '~p:p]ied ~v:b.e:teth.e l1atuiEtlJ,Y irrigated 

;:~:~~:~l~:h.~t~~!!::~ .. ~:;:~~t·<~:~~i~!~~~~~~l;~~~~~n:~;'.n;~11~ii;'~~~~1:t:~ l~nd 
grea.ter than 20 acres ormdltlp le ,pa'Fcels in near pTo;;.pimi1:y,tllattotJ:tl more than 20 
acres."Giye.n the size of parcels in Wyoming. the defirritionofagricultural 
significance co~tld be easily met through single parcelsOI tbestlm of smaller parcels. 
The practical effect of thisdefini:tio:n combine<iwith.an easily trigger~d (unref~table) 
definition of slib-irrigated land is that the Draft Policy's irrigation effluent limits would 
be applied to discharges into virtllally any and every drainage in tlle State. The Draft 
Poli Cy, if implem ented,would result in agros'8 over .. e,xtensionoJ the 'PrioT agricultura1 
use presumption, wou1d be overly p:fotec'tlve of established agricultuni:luses "whic:hmay 

2 The lackof.a water right is often anind.ication that the d.rainage:did not maintain 
adequate flows or water quality to facilitate lrr i gat jon or that UTe soils or other 
conditions were simply not supportive of irrigation adeqnate to allow the landowner to 
prove up its heneficia:! use of water and thus obtain a valid water right. And, in the 
absence of a va1:id existing wateT righta applicants fOT a discharge permit have no notice 
of irrigation use by such downstre.am 'landowners and no way to account for them in 
1heir "\VYPDES permit applications. 

:; The DEQ should not be able to rely s'oleJy upon landowner testimony which is 
inherently bjas~d to establish the eXlstenceofnaturally irrigated lands. 
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;no longer exist and would significantly Testrict CBNG operators' ability to discharge 
into State wa~ersw:'ithollt expensive Cre;atmellt ofdiscllarges to protect 'nominally useful 
parcels of lalld" 

111. Irniga:thm Daia and Information 

The BtaftPoJicy5:ndicates that." .. Ahegoa1is to ensure that preexisting irrigated 
.crop 'prbductib:nwill 'not h.eo.lmin:ished asa testllLoftl1eloweIiu;K of\-.v:ater quality." 
Thedifficulty,o:fcollfse, is in ,assessing the pteexistiilgdr baseline crop producti0:nthat 
existed prior to any proposed disC:harge.O:ficn theteate:no tecotdsof CT0P yield, 
stream flows, h'istoric water quality, etc., making it very difficult rorall pa:rtiesto apply 
the ".no measuxabJe decrease" standard. TJlishascaused DEQ to lustoricaUy take an 
overly co:rlser-;;'(itiveappmach j~ developjngnu:lleFi~permiteffl.ue:nt Hm:itations to 
assur:e l1om:~as:urahled:ecrea;se l)}Cn~p PTo't:1U'ctlon. FaT Xhfl:tfe1,tsPll, we rec.o:mmend, that 
the fol1owing he a'ddeq to tJ;redata a:l1d in;fbI.matiOllTequired undel'$eptj:on III. B:' 

$ E:;;d:elltoii;ttiga1liqIl.l).¢tl:nitted. :by tifflce of r1i<:::State El1ginc'crundera vaJidand 
e~c:istillg "YVYDlning water right .. 

III Rate of flow r:equin::d to ,activate irrigation under the system in place. 

... As to th.e season of use, DEQ should further re:fine itsd,e±'i11ition of'~irrigatjb.n 
s;eason/' The Ee ana SARlimits will .applyduring thosep:el'iods when .crop 
gr.tJwtl, iSQQcuirillgaud then or.rlywben itl~i'gah1e flo.wsexlsL lriigable .flows are 
tho.~e;':iJ1w:hl¢b adeqil'i:it~w~t.ere:xis~~$t9,~9tiyateJl$pJ'eade:r',d{ke:systeill {kb! 
arfj;'fj";ia:rl,yirJ.1~g~:t:eq.J'ln:cl$ 'Or ;tQq:~l'j;~;e :P:!:i:LU'pil $IQ'odlu;g b:r$'~ib-ifd:g~ltl;OnQll 
D:Wt:1lrDa:'t~Y';i;;t};jg:?te;d 1,p.11d~; It is lIot ~~9:&J)p.},(lgle:t(){'~$;.siJ.:@;,f:ltJiP..l ~th.:~ ·!:r:ti:tat.J:QTI f$;f;5'a:sq.i;l 
is !g:enet:ally'c,ansidemed year",rouTI:dj[lW,y.o;lJl~i.n;gf:o:r Ptfs;1)j'~e,ly ittigwlep l~n:d?, 
given the yaih:it'i;QJ,tatl,d itntensity"ofstb:fifn e'Yents stup:p.lying: :water to epbemenlI or 
intermittent ,araimigts used' forixrig1ition purp6s\::~, Til 1'lJe i;lbse.uce of $uch 
events, the naturally-occurring salinity in these drainages limits their utility for 
irrigation. VI/hen trrigation cannot occur, the water quality standards protective 
of irrigati01] Bhould not be applied. Operators should not be required to make the 
'l>vater quality in the stream system better year round than mother nature 
provided. 

• Most iITlpo'ftan~]y, in place oJ usill g published tolerance values for the most 
sensitive crops ,grown, we suggest use of the Hanson Dia,gram to manage the 
BAR limit for two reasons. First, thepubJished tolerance vaJues for most crops 
geueraUyassurneconditions exist for attaining a 100% crop yield. Out 
experience throu.ghout the PRB ·is that, given the growing oonditions, e.g .. , a lack 
of precipitation, poor alkaline au.d saEne soils, and intermittent flows) etc., 
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lrriga:tpTl; ip the ,PRB achieve a, crcp yielQ wen below the 100% value. Seccnd, 
aSDEQ has npted, tll;e.'signific:ant ttrigatiOTI-re'lated df1[jent limits in the PRE are 
BCand BAR. DEQ js l:l\va,re tha,t, within certain hmadhmit~, his the ratio of Be 
and :SAR th;'11determine the ,suitabilitypf :water qu:ality for ir.rigatinnpurpcses 
fOT any given c:rop. We therefore suggest that DEQ apply·theHansonDiagram in 
establishing SAR limits. As .state,d abcve, these limits should be appIie,d only 
when adequate wateds available to. create an irrigable flow. At all other times, 
to apply eft1uent limitaticns which ,are adeq~lateto irrigate the mO,st sensitive 
crop would require the dischargers to. m;:ike the water in tIle stream better than 
mother nature provides. That is an ltnd.ue burden, withnoenvh0nmem?-1 benefit, 
whic.b will not in any meaningful way .enhance the crop productioll. It will Oilly 

impose unnecessCJ.ry .additional.ex,peilse. and effort .o,n dis.char;:gers or wale.! from 
GBNG operations. 

tv. Tiered ApEroach SllOUld Protect Mea.surable D.ecJ'ease in Crop Production. 

The Draft Policy establishes a tiered apprcachwbich is designed to establish 
appropriateefl:1uent limits to ensure there is no measurable decrease in crop production. 
Willjamsagrees that a tiered approach is absolutely necessary to address the variety of 
b~ckground c.o:ndHions andquaJity ofdischarge.sin .different drainages within the PRE. 
\\lil1ia,n).s heli:c\jes thatd~fmllt EC'.'>a:np, 'BAR Ti:t:liit~ in Tier lteqtdre :revis:ipJ;1. As 
dtSyllSSeda)Jo:ye"WiTlilimS dp.es nothe.1ipye 'tl:lat. :the lls'eQf ·tlef~11Lt J~G lhu.itssh.otild he 
hased .on tolerance valu:esfoT the IIl()~'t ;sen.s;1tj;y:ec.rop;9rYPo.~11Q9% yie~ld thr;e$b:dld 
:y,H.u.es. To, th¢cexterrtDEQ ';.deci(l;eS 'it) ;use;.su6hcri;teii~, ;cailcai]:aterlv.alues .:shmild'be 
hased on datfl\Yhi:ch.motb::a¢:C1.ir.ate(lY't~;fft¢;ctss.otldhemL5ttyana .cropptotlucf.xou;in the. 
PRB and Wyo~lling, :not ;(J~lifbtrii~.;Tbelie.t 1 a:'pptQa:chisovetly Q:0;11servatiVeand 
prctects 'against any decreal)e in qrop produetJ911):not merely a 'measurable decrease :in 
such production. The Draft Policy proposes th.eapplicationof effluent linljts to achieve 
an end beyond tbat described in tbe.narrative goals stated in Chapter 1, Section 20 and 
dces so without sUffideut stlpporting credibie evidence. This point is well made and 
fully documented in letters dated May 5, 2006 submitted by Kevil] C. Harvey on behalf 
cf s.eve:ral CBM operators including W'illi\ims.,aI)(l we urge the.DEQ to care:fullyand 
fully consider Mr. Harvey's comments a.nd conclusions and modify its draft proposal 
accordil} gl y. 

Tier 2 offe,r$ Wi11iamsand other dischargers.a v.iable permitting o.ptjcm in 
instances in which hackgrouno water quality is worse than its CBNG effluent quality. 
In such circumstances, Tier 1 default limits shouJd he inapp1icable. Williams reguests 
that DEQ amend the Draft Policy to state that if snch circumstances exist, EC and SAR 
effluent limits must be based upon those background conditions rather than tolerance 
values for the most sensitive crcp. 
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v _ T~e .:GQA J:)£YCs<NdtGjve.DEQA'llthorit:" to::Ret!ulateWater0ua,:nt5w PerSe 

'While ;DEGhas _-a~l:e.ted ipepreviOi,}s-SecfioI:rl:V ,i~Btrf;t01ll1andPoPJ,ge" from the 
fun ;p(m:~y~ ~t Pi.i:~S~Il ,l'~llPortof this deJ etiol'l fheEnvltonmentalQ.llality Cotmcil's 
(BQO) Fehruary 16, 2006dec1Sion to initiate rule:ma!Qng cOllcemllhgthe regulation of 
ihev()lume of wafer Wl11Chcou]d be discharged into natUrally low .f1dW stream channels
In his FebruaTY3~ 20061etter. to r)le EQC,John Wagn~, Ad:tr.iirdstratot" Water QuaHty 
Control DivisIon) expressly slated that the DEQdid nor,nave.the autJlorityto re:gci1ate 
efflue:a.t quantity as JlTClposed in. tnepetiQQn to t11e EQC. At1:achwent L In his April 12, 
20'05 opinion.relatiD.g. totbe EQG's decision Ioinifiate rillemaki:n,g, 'WYQnUng ~ttoIDey 
Geny-ra17 'Patrick Ch:aIi~ confirmed· Mr- Wagner'!$;intemre,tatio'P.,of+>E:~"s limited 
au:iliori'iyto <regulafevolu~es 'pfwater disohargedundeI"-che 'WYPDES:pemiit program. 
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WQJL'T{ :tore~J~'J;e;wa't~rR.¥a~tity~per$e,anyjnbie"th:tnthe;!E~A!gri!!ll:t~ii:t'1ie Jj!EQ#J;~ 
ability !tQ~re,gijlate fi-OW.S-Wltngu}-feg!U"dto water 'gu~1~~Y'#):pr9t~~ 'h(j:ttO:n;ilp,na.grailng 
111ep'hemetliil:drai;nagesin,ptevjous itera'ttoIls ·(lfthe :D.ia:ttpoticy.~Qrepver. 'Willlams 
1e;kes ':the posi-pon that fherf'!'if;,a;·flowageeaseme:n:t'wJricb~ttaches t" -al1~atural Vl~ter 
cQurseSWlthln,theSta'te dfWyo11l11lg. 'a.ntl th~:reis!Tll;rbi!!.sisforelilIliila::tln8Q-r 
mini~$t1r~''Usedf::tb.e~atui:iil stream ,channel wnexfr-prodllced \l\I.ate:rfiDw.s.dD 1101 
e~c~dthe$ed§:afola:baIi1i;5 -of'themeaWChIDllle1. . 
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May 4, 2006 

Mr. Bill DiRienzo 
Wyoming Department of Environmental Quality 
Water Quality Division 
Herschler Building, 4th Floor West 
122 West 25th 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 ina 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 
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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 infonnation 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 

• 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. 

• 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. 

• 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. 

-2-
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The Influence of Soil Salinity on Alfalfa Yield 

• 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. 

• 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. 

• 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 of2.7 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 maj ority 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 (ECw) or the average root zone soil salinity level (ECe). This information was 
updated by Mass (1990). The ARS Salt Tolerance Database relies entirely on the Mass (1990) 
summary as the primary source ofrelative 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 (ECe) 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 (ECe). 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 aI., 1969; 
Bernstein and Francois, 1973; Hoffman et aI., 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, CaCh, and MgCh). 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 ofNaCI, CaCh, and MgCh 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 aI. 
(1999), as well as the ARS Salt Tolerance Database, all indicate that plants grown in sulfatic 
soils will tolerate average root zone ECe 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 nons aline 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 (ECe) than indicated in sulfatic soils due to this solubility effect. Since 
calcium sulfate is disproportionately dissolved in preparing saturated-soil extracts, the ECe 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 ECe 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 (CaS04·2H20), 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 importantto differentiate between 
the soil taxonomic terms "gyp sic" 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 aI. (1999), Curtin et aI. (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 aI., 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 htg?://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, Kern, 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 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 ECe 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 (ECe). 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 BC 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 aI., suggests an alfalfa tolerance somewhat between the previous authors and 
Maas (1990), suggesting maximum alfalfa yield is obtained when the average ECe 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 ECe 

(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 oflow 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 ECe of 2 dS/m or less, an irrigation water ECw less than 
or equal to 1.3 dS/m, water contents maintained at field capacity, available N, P and K nutrient 

-7-



- -------------------------- --- ---------------

KC HARVEY, LLC May 4, 2006 

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 BC) 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 BC values were calculated 
to a maximum depth of five feet. The county alfalfa yield and average root zone BC 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 of2.8 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 aI., 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 ECw between 4.1 and 4.5 dS/m. At an average ECw of 
4.3 dS/m, an average root zone soil BCe value can be calculated using the widely accepted 
relationship: ECe = 1.5 ECw (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 BC 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 of2.7 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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Mr. Bill DiRienzo 
Wyoming Department of Environmental Quality 
Water Quality Division 
Herschler Building, 4th Floor West 
122 West 25th Street 
Cheyenne, Wyoming 82002 

Subject: Comments pertaining to the proposed default SAR effluent limit cap of lOin 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 ofEC 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 1 1, BOZEMAN, MONTANA 5971 8 
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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 Sodicitv 

• 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 sodie 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 ean be without impacting soil structure and 
impairing soil infiltration and permeability. 

The ESP-SAR Relationship for Soils in Northeastern Wyoming 

• Using regression analysis, the relationship between ESP and soil SAR was determined 
for the Powder River Basin (n=382, R2=.74). 

• AI: 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 sodie conditions (i.e., exceeding an ESP of 15). The proposed default SAR 
cap of lOis, therefore, unnecessarily conservative. 

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water 

• 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. 

• 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 aI., 1945; Ayers et aI., 1951; Brown et aI., 1953). Plant growth problems associated with high 
concentrations of sodium are generally a response to negative changes in soil structure. Sodic 
soils are "nons aline 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 aI., (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/lOO 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 aI., 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] + [magnesiumJ)/2)1/2 

where the concentrations are in milliequivalents per liter (meq/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 ofWyorning (Ke 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 coalbednatural 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 R2 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 of26 corresponds to the 
critical ESP threshold of 15 percent. 
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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 ofthe 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 of7. 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 ofleaching 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 ofthese 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 runoffEC 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 (Levyet aI., 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 aI., 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, homblends 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 
aI., 1981). As calcium carbonate (CaC03) 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 CaC03 solid phase. Shainberg et aI. (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 aI. (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 aI., 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 (CaC03) 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 
(CaS04) 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 aI. (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 aI. (1981) studied the effects ofleaching 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, 
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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February 14, 2007 

Wyoming Department of Environmental Quality 
Water Quality Division 
Herschler Building - 4W 
122 West 25th Street 
Cheyenne, WY 82002 
Attn: Bill DiRienzo 

Williams Production RMT Company 
300 North Works Avenue 
Gillette, WY 82716 
307.686.1636 
307.686.7574 (fax) 

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) I;Ippreciates 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 parti"cular, 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). 



- -_._--- -.-------~--.. -
~------~------ ---- --------------------

Wyoming Department of 
Environmental Quality 
February 14,2007 
Page 2 

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 
In re 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. I 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. 

II. Presumption of Naturally Irrigated Lands is Overly Broad 

Appendix H implies there is a pre-existing agricultural use of a stream or 
drainage when eGa 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.2 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 

I 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. 

2 The DEQ should not b~ 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 nb 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 permitted 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 Ee and SAR limits will apply during those periods 
when crop growth is occurring and then only when irrigable flows exist. 
lrrigable 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. 

• 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 Be a..'1d BAR. 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 I 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, BC 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. 

Attachments 

3668614_1.DOC 

Sincerely, 

/s/ 

Joe Olson 
Facilities Engineer 



May 4, 2006 

Mr. Bill DiRienzo 
Wyoming Department of Environmental Quality 
Water Quality Division 
Herschler Building, 4th Floor West 
122 West 25 th 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 1 1, BOZEMAN, MONTANA 59718 
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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 CARS) 
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 

• 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. 

• 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. 

• 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 Cor "gypsiferous") soils, plants will tolerate about 2 dS/m higher 
salinity than indicated. 

-2-
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The Influence of Soil Salinity on Alfalfa Yield 

• 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. 

• 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. 

• 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 of2.7 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 maj ority 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 (ECw) or the average root zone soil salinity level (ECe). 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 (ECe) 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 (ECe). 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 ofMaas and Hoffman's 2.0 dS/m threshold value (Gauch and 
Magistad, 1943; Brown and Hayward, 1956; Bernstein and Ogata, 1966; Bower et aI., 1969; 
Bernstein and Francois, 1973; Hoffman et aI., 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 (NaCI, CaCh, and MgCb). 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 NaCI or a blend ofNaCI, CaCh, and MgCb 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 aI. 
(1999), as well as the ARS Salt Tolerance Database, all indicate that plants grown in sulfatic 
soils will tolerate average root zone ECe 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 Cahfornia 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 nons aline because of the limited 
solubility of gypsum and other sulfate salts (Bernstein, 1975). Thus, the Ee 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 (ECe) than indicated in sulfatic soils due to this solubility effect. Since 
calcium sulfate is disproportionately dissolved in preparing saturated-soil extracts, the ECe 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 ECe 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 (CaS04'2H20), 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 andlor 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 aI., 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, Kern, 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 I 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 

(meqlL) (meqlL) 
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 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 BCe 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 (ECe). 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 ECe 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 ECe 

(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 ECe of2 dS/m or less, an irrigation water ECw 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 BC) 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 
CamJ>..bell, 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 of2.8 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 aI., 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 ECw between 4.1 and 4.5 dS/m. At an average ECw of 
4.3 dS/m, an average root zone soil ECe value can be calculated using the widely accepted 
relationship: ECe = 1.5 ECw (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 of2.7 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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Mr. Bill DiRienzo 
Wyoming Department of Environmental Quality 
Water Quality Division 
Herschler Building, 4th Floor West 
122 West 25 th Street 
Cheyenne, Wyoming 82002 

Subject: Comments pertaining to the proposed default SAR effluent limit cap of lOin 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. 
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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 ofCBNG 
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 

• 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 

• Using regression analysis, the relationship between ESP and soil SAR was determined 
for the Powder River Basin (n=382, R2=.74). 

• AI: 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 lOis, therefore, unnecessarily conservative. 

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water 

• 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. 

• 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 ai. (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 aI., 1945; Ayers et aI., 1951; Brown et aI., 1953). Plant growth problems associated with high 
concentrations of sodium are generally a response to negative changes in soil structure. Sodic 
soils are "nons aline 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 ai. (1998), Abrol et aI., (1988), Evangelou (1998), McNeal and Coleman (1966), Sparks 
(1995), Sumner et ai. (1998), Shainberg et ai. (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 (meqllOO g). Thus, 

ESP = (exchangeable sodium I 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 aI., 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 oftbe 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] I (([calcium] + [magnesiumJ)/2)1/2 

where the concentrations are in milliequivalents per liter (meq/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 I 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 R2 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 of26 corresponds to the 
critical ESP threshold of 15 percent. 

Figure 1: Powder River Basin ESP I SAR Relationship 
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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 ofleaching 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 aI., 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 aI., 1998). Shainberg 
et ai. (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 ai. 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 
aI., 1981). As calcium carbonate (CaC03) 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 CaC03 solid phase. Shainberg et aI. (1981) calculated that the EC 
values of solutions in equilibrium with soils having ESP values of5, 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 aI., 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 (CaC03) 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 
(CaS04) 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 ofleaching 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 ofthe 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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june 12~ 2007 

David Walerstree.l 
Hc;rsdller Building - 4SV 
j 22 \\test 25th Street 
Cheyenne. Wy 82002 

wmiamsPr()dU(~ti(}n RMT Cornp<Uly 
:100 North WD!'k~ ;.\ venu<;: 
Gilkne, WY 82716 
307,681), 1636 
307,6&6,7574 (fax) 

He: Comments on Revisions to AppendixH, l\gric~lltl1Fall)sc 
IJrotcctlon and Associated lAmguag(' In Section 20 of Chapter I 

Dear Mr. Waterslreel: 

WiUiams l>Toduclion Rl'vlT Company ("Witlbms") appreciat~~s the opportunity to 
submit comments 10 the Wyoming Water and Waste Advisory Board C'WW/\B") 
r¢garding revisions to Appendix 1"1. Agricultural UseProlection lind assoQiated lan,gtlage 
in Section 20 ol,Cllapteri (lfth~\A/yoming Water Quality RJ.tles and Regulatiol1s. 
\ViJliams is a sign'i11canl operator in Wyoming and. in particular. in the: Povlcr l~iver 
B'asin, \ViHia111s is concerned about Appendix H's poientiallO BITcCl its coalhed natural 
gas operations adversely. 

Appendix .F! has undergone sigl1iJicanl changes over tbe pasl t.wo and lJ half yeaTS 
and mulliple public comment peri.ods. \Villiams c(lnt'inues to havecol1cerns about 
m.ultip.le provisions of Appendix F!vvhichis currently under cOl1sider:ittio[l by the 
WWAS. Williams incorporates by reference its m()st recent cornmentsi;iO February 14. 
2007 to ihe \Vyoming Environmental Quality Council. See Anachn10nt J. However. at 
this lime, Williams w.ishes to focus its commen1s on 1) the definition of histori.cal 
di.schucges \vbich would Ii.at besubjec-110 Appendix H:and 2) clarificalion of the effect 
of a hlDdQwncr's deni,)] of i\CCt;'S::; on an npplicHnl"s dtl'lO colle,c,linn and application 
nbllg~\tiorls. 

The rc\'i~;ed Appendix H eSIahlish0s a bright line (If applicability. The Wyoming 
rkranment oj' Environmental Clmlliiy ("'DEQ") \"'ill not usc Appendi;..: ll10 t'swb!ish 
n;:;,\ (~fnLlCni limit:; on discharges of produced water thal began prior to January I. 1997. 
UEQ has iSSl.Ied permits with eITluenl limib on discbarges or produced waleI' buth prior 
to and since January!, 1997, To date. disc!wrgC'!, or produced waler pursuant to valid, 
exisling permits have protected rlgricullural uses. having mel the narrative standard of 
SCl'll0n 20 i.e, no measurahle decrc,lse in e>:islin!~ JiveslDck or crop produciion. As 



D a'v i d \1./ aterstreel 
June 12,2007 

Page :2 

.currently drafted. Appendix B arbitTHrily protects ccrmii) historic<ll CtlIlvelllioIn:rl oil ~tnd 
gas discharges while express'll' targeting cna.lbed JHllllnll gas ppera'liL111S for application 
of the ncw. ,more stringent standards, DEQ docs not present any rationale for the 
selection or the January J, 1997 cutoff date or for the selective application of the new, 
more stringe.m standards 10 c{wlbed JUl1l1raJ gas operations ~ nor could it. The hist.orical 
discharges or record are tbe best empirical evidence thai no measurable decrease to 
exi.sting livestock and crop production has oceurrcd.Thercforc. Appendix H should not 
apply 10 estabLish emuent limits on discharges which have been occurring pursuant loa 
valid and eXlsting penni'l a~ of tbe date oCtbe adoption of Appendb; H. See 
AtTachment 2. 

Appe.n.dixUincluqcs a section c111itled"R.easo!1nble Access Requirement.·- '1'.0 
the extent theappU{)l)nt lor a·discharge peirrnil secks :effluent limSl.csolher than the Tier 1 
def~ltl1t limits,. thG~lpp)ic\U'rlh<l,s the burden 9fplDcd'to provide data, supporting the U3.e 

of Tiers 2 and 3 ofAppeHdix H. l\ppendixH shoulda¢kl):ov;;Jud.g!= that the applicunt 
can deve:)np OJ)])' S(;I inu¢:h datfl for·it SectiQ11 20 gl101ysis without·landowner cooperation 
on uceeS5 iss~10s.1n oTd~r l()pJ'Ove 'that no mc.as:ura.ble dcereasce inagricullural 
productic)J) will O.C(!llT, the Etpplkanl must have acc.ess:tei co'llec'l oatH to rD.eet that 
Imr.den. Williams believes that Reasonable /\ccessRequircment section requIres some 
minimal but 1.1'IlportU.nl revisions to ensure 'that t.heappJicant "NiH be a:ble to ()btnin a 
penni1 based upon the hest infOrmation that can reasonably be obtained by the 
applicant. Similarly, the idenlificati()J1 of J1atura1Jyirrigateil 1nnds sh(tuld not he I.nade 
solely Oil the basis of 1 andowner test imony in the ahsence of granting an applicant 
reasonable accc.Sstodclerm.ine the extent of the claimed naturally irrigated lands. Sec 
,,;,ttachment 2. 

Williams appreciale:{ Ih~, opportunity to comment on the Agricultural l.be 
PrOlection Standards in Appendix lL and nppreciates your c,()DsiejerBtion of 01.11' 
co.r:nmenlS. WI;: would be pleascclto discuss our C011lrne::nts further with you and respond 
to any quc$lions YPU may bave. 

Sincerely. 

; ,i" '//~).f;,','",,· " '.} ,'.' , •. J' 
jl..', ,/'~f,'. _ i' 

,/ ~. II ,,,,} 
~ \....-,.... ~,,,,, ,j - ! t":..,, 

! iloe Olson 1'/ 
/ I... ., .. ". . 

I ,Jh'lC.J1HICS EnQlllccr I ~ 

\.."../ 

A Hac,llIl1Crl!S 

-----_., ~~-



February 14, 2007 

Wyoming Department of Environmental Quality 
Water Quality Division 
Herschler Building - 4 W 
122 West 25th Street 
Cheyenne, WY 82002 
Attn: Bill DiRienzo 

ATTACHMENT 1 

'JlI~II·~ rrlll'/ams. 
ff~ 

Williams Production RMT Company 
300 North Works Avenue 
Gillette, WY 82716 
307.686.1636 
307.686.7574 (fax) 

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-l1-302(a)(vi). 
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Williams' spccific 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 
narrati ve 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 triggcr 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 
In re 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. §35-1l-11 04(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. 1 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. 

II. 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. 2 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 

I 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. 

2 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 permitted 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 pcriods 
when crop growth is occurring and then only when irrigable flows exist. 
lrrigable 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. 

• 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 Ee 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. Be 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. 

Attachments 

Sincerely, 

lsi 

Joe Olson 
Facilities Engineer 



May 4, 2006 

Mr. Bill DiRienzo 
Wyoming Department of Environmental Quality 
Water Quality Division 
Herschler Building, 4th Floor West 
122 West 25 th 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 1 1, BOZEMAN, MONTANA 59718 
VOICE: 406/585-7402, FAX: 406/585-7428, EMAIL: INFO@KCHARVEY.COM 



KC HARVEY, LLC May 4, 2006 

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 

• 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. 

• 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. 

• 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. 

-2-
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The Influence of Soil Salinity on Alfalfa Yield 

• 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. 

• 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. 

• 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 ofCalifomia. 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 (ECw) or the average root zone soil salinity level (ECe). 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 (ECe) 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 (ECe). 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 BC 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 aI., 1969; 
Bernstein and Francois, 1973; Hoffman et aI., 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 (NaCI, CaCh, and MgCh). 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 ofNaCI, CaCh, and MgCh 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 BCe 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 northem 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 nons aline because of the limited 
solubility of gypsum and other sulfate salts (Bernstein, 1975). Thus, the BC 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 (BCe) than indicated in sulfatic soils due to this solubility effect. Since 
calcium sulfate is disproportionately dissolved in preparing saturated-soil extracts, the BCe 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 BCe 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 (CaS04·2H20), 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 ai. (1999), Curtin et ai. (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 aI., 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 ai. (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, Kern, 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 23.9 
Tulare, CA 9.3 21.6 
California A vera~e 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 ECe 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 (ECe). 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 aI., suggests an alfalfa tolerance somewhat between the previous authors and 
Maas (1990), suggesting maximum alfalfa yield is obtained when the average ECe 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 ECe 

(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 oflow 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 ECe of 2 dS/m or less, an irrigation water ECw 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 BC) 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 BC values were calculated 
to a maximum depth of five feet. The county alfalfa yield and average root zone BC 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 of2.8 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 aI., 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 ECw between 4.1 and 4.5 dS/m. At an average ECw of 
4.3 dS/m, an average root zone soil ECe value can be calculated using the widely accepted 
relationship: ECe = 1.5 ECw (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. 

References Cited 

Ayers, R.S. and Wescot, D.W. 1985. Water quality for agriCUlture. FAa Irrigation and Drainage 
Paper, 29 (rev. 1). 

-9-



KC HARVEY, LLC May 4,2006 

Bernstein, L. 1975. Effects of salinity and sodicity on plant growth. p. 295-312. In: Baker, K.F., 
Zentmyer, G.A. and Cowling, E.B. (ed.) Annual Review of Phytopathology. Vol. 13. 
Palo Alto, California. 

Bernstein, L. 1962. Salt affected soils and plants. Problems of the Arid Zones. Proc. UNESCO 
Symp. 18: 139-174. Paris, France. 

Bernstein, L. and Francios, L.E. 1973. Leaching requirement studies: Sensitivity of alfalfa to 
salinity of irrigation and drainage waters. Proceedings, Soil Science Society of America. 
37:931-943. 

Bernstein, L. and Ogata, G. 1966. Effects of salinity on nodulation, nitrogen fixation, and 
growth of soybeans and alfalfa. Agronomy Journal. 58:201-203. 

Bower, C.A., Ogata, G., and Tucker, G.M. 1969. Rootzone salt profiles and alfalfa growth as 
influenced by irrigation water salinity and leaching fraction. Agronomy Journal. 61:783-
785. 

Brady, N.C. 1974. The nature and properties of soils 8th ed. Macmillan Publishing Company, 
Incorporated, New York, NY. 

Brown, J.W. and Hayward, H.E .. 1956. Salt tolerance of alfalfa varieties. Agronomy Journal. 
48:18-20. 

Britton, M.G., Buchannan, L.C. and Muir, W.E. 1977. Principles and practices of commercial 
farming (5th edition). Faculty of Agriculture, University of Manitoba. Winnipeg, 
Manitoba. 

Cavers, C. 2002. Please don't pass the salt - Preventing and Managing Soil Salinity. Manitoba 
Agriculture & Food; Soils and Crops Branch. Accessed from the internet, 3/20106 from; 
http://www.umanitoba.calafs/ agronomists _ conf/2002/pdfl cavers. pdf. 

Curtin, D., Steppuhn, H. and Selles, F. 1993. Plant responses to sulfate and chloride salinity: 
Growth and Ionic Relations. Soil Science Soc. Am. J. 57:1304-1310. 

Dixon, J.B. and Weed, S.B., eds. 1989. Minerals in soil environment 2nd ed. SSSA book series 
no. 1. 

Dodds, D.L. and Vasey, E. 1989. Forages for salt-affected soils. Bulletin R-584 Rev. 
Cooperative Extension Service, North Dakota State University; Fargo, North Dakota. 

Francois, L.E. and Maas, E.V. (ed.). 1978. Plant responses to salinity: An indexed bibliography. 
USDA-SEA (Science and Education Admin.) Agric. Reviews and manuals, ARM-W-6. 
U.S. Gov. Print. Office, Washington, DC. 

-10-



KC HARVEY, LLC May 4,2006 

Gauch, B.C. and Magistad, O.C. 1943. Growth of strawberry clover varieties and of alfalfa and 
Ladino clover as affected by salt. Journal of American Society of Agronomy. 35:871-
880. 

Hanson, B., Grattan, S.R. and Fulton, A.F. 1999. Agricultural salinity and drainage. Division 
of Agriculture and Natural Resources Publication 3375. University of California 
Irrigation Program. University of California, Davis, California. 

Hoffman, G.1., Maas, E.V. and Rawlins, S.L. 1975. Salinity-ozone interactive effects on alfalfa 
yield and water relations. Journal of Environmental Quality. 4:326-331. 

Holm, H.M. 1983. Soil salinity, a study in crop tolerances and cropping practices. Sask. 
Agriculture, Plant Industries Branch, Publ. 25M/3/83. 

Holzworth, L.K. and Wiesner, L.B. 1990. Principles of establishment and seedling year 
management. p. 170-228. In: Baldridge, D.E. and Lohmiller, R.G. (ed.) Montana 
Interagency Plant Materials Handbook for Forage Production, Conservation, Reclamation 
and Wildlife. Montana State University, Bozeman, Montana. 

Johnson, E.A. 1993. Depositional history of triassic rocks in the area of the powder river basin, 
northeastern Wyoming and southeastern Montana. U.S. Geological Survey Bulletin 1917 
Chapter P. 

Maas, E.V. 1990. Crop salt tolerance. p. 262-304. In: K.K. Tanji (ed.) Agricultural salinity 
assessment and management. ASCE Manuals Rep. Eng. Practive no.7l. Am. Soc. Civ. 
Eng., New York, NY. 

Maas, E.V. and Hoffman, G.H. 1977. Crop salt tolerance - current assessment. 1. Irrigation and 
Drainage Div., Am. Soc. Civil Eng. 103(IR2):115-134. 

McKenzie, R.C. 1988. Tolerance of plants to soil salinity. Soil and water program, 1987. 
Alberta Special Crops and Horticultural Research Centre Pamphlet 88-10. Brooks, AB. 

Milne, R.A. and Rapp, E. 1968. Soil salinity and drainage problems; causes, effects, 
management. Publication 1314; Canadian Department of Agriculture. 

Schafer, W.D. 1983. Salinity control under irrigation. Montguide Document MT 8382. 
Cooperative Extension Service, Montana State University; Bozeman, Montana. 

Soil Survey Staff. 2006. National Soil Survey Characterization Data; Soil Survey Laboratory, 
National Soil Survey Center USDA-NRCS - Lincoln, NE. Saturday, March 11,2006. 

Springer, G., Wienhold, B.J., Richardson, 1.L. and Disrud, L.A. 1999. Salinity and sodicity 
changes in dispersive clay and saturated hydraulic conductivity in sulfatic soils. 
Communications in soil science and plant analysis. 30(15&16), 2211-2220. 

-11-



KC HARVEY, LLC May 4, 2006 

States West Water Resources Corporation, Western EcoSystems Technology, Inc., Blankenship 
Consulting LLC. 2002. Merit Energy Company Use Attainability Analysis to 
Accompany Petition to Change Use Criteria on Cottonwood Creek Near Hamilton Dome, 
Hot Springs County, Wyoming as Provided Under Wyoming Surface Water Standards, 
Chapter 1. 

Trooien, T.P. 2001. Salinity down under. In: Proceedings of the South Dakota No-Till 
Association Meeting. pp. 35-38. 

U.S. Census of Agriculture. 1997. Accessed from the U.S. Census Bureau website: 
http://www.census.gov/prod/www/abs/agric.html 

U.S. Census of Agriculture. 2002. Accessed from the USDA National Agricultural Statistics 
Service website: http://www.nass.usda.gov/Census of Agriculture/index. asp. 

U.S.D.A. Agricultural Research Service. 2006. Salt Tolerance Database. Relative Salt 
Tolerance of Herbaceous Crops. George E. Brown, Jr. Salinity Laboratory. Riverside, 
California. 

U.S. Salinity Laboratory Staff. 1954. Diagnosis and improvement of saline and alkali soils. 
USDA Agric. Handbook no. 60, Washington, D.C. 

Wentz, D. 2001. Salt tolerance of plants. Alberta Agriculture, Food and Rural Development. 
Accessed from the internet, 3/25/06 from; http://www1.agric.gov.ab.ca/$department/ 
deptdocs.ns:£lall/agdex3303 

* * * * * 

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, 4th Floor West 
122 West 25 th Street 
Cheyenne, Wyoming 82002 

Subject: Comments pertaining to the proposed default SAR effluent limit cap of lOin 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. 
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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 ofCBNG 
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 

• 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 

• Using regression analysis, the relationship between ESP and soil SAR was determined 
for the Powder River Basin (n=382, R2=.74). 

• AI: 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 lOis, therefore, unnecessarily conservative. 

The Effect of Rainwater Leaching on Soils Irrigated with Produced Water 

• 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. 

• 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 "nons aline 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 soi1. 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 a1. (1998), Abrol et a1., (1988), Evangelou (1998), McNeal and Coleman (1966), Sparks 
(1995), Sumner et a1. (1998), Shainberg et a1. (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 soi1. 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 aI., 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])l2)ll2 

where the concentrations are in milliequivalents per liter (meq/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 Ee 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 R2 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. 

r-··--··-- .-- •.......... - ........ - .. --..... - .. -.-.... - •... --.----...... -•.......... - .... - ... ---... --.-... ---... --.......•.... --.-, 

l Figure 1: Powder River Basin ESP I SAR Relationship 
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It is widely 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 
research, which is related to the 
potential effects of coalbed natural 
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 Ee 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 runoffEC 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 ai., 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 ai., 1998). Shainberg 
et ai. (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 
aI., 1981). As calcium carbonate (CaC03) 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 CaC03 solid phase. Shainberg et aL (1981) calculated that the EC 
values of solutions in equilibrium with soils having ESP values of5, 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 aI., 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 (CaC03) 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 
(CaS04) 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 of20 as long as the concentration of the 
percolating solution exceeded 1 dS/m. Shainberg et aL (1981) studied the effects ofleaching 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 ofthe 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. 

-7-



KC HARVEY, LLC May 4,2006 

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. 

References Cited 

Abrol, I.P., Yadav, lS.P. and Massoud, F.I. 1988. Salt-affected soils and their management. 
F AO Land and Water Management Division, Soils Bulletin 39. 

Ayers, A.D., Aldrich, D.G. and Coony, J.J. 1951. Sodium chloride and injury of Fuerte avocado 
leafs. California Avocado Soc. Yearbook: 1951174-178 illus. 

Ayers, R.S. and Wescot, D.W. 1985. Water quality for agriculture. FAO Irrigation and 
Drainage Paper, 29 (rev. 1). 

Brown, J.W., Wadleigh, C.H. and Hayward, H.E. 1953. Foliar analysis of stone fruit and 
almond trees on saline substrates. Amer. Soc. Hort. Proc. 61: 49-55. 

Evangelou, v.P. 1998. Environmental soil and water chemistry principles and applications. 
John Wiley and Sons (Pub), New York, NY. 

Felhendler, R.I., Shainberg, I. and Frenkel, H. 1974. Dispersion and hydraulic conductivity of 
soils in mixed solutions. Int. Congr. Soil Sci., Trans. 10th (Moscow) 1: 103-112. 

Hanson, B., Grattan, S.R. and Fulton, A.F. 1999. Agricultural salinity and drainage. Division 
of Agriculture and Natural Resources Publication 3375. University of California 
Irrigation Program. University of California, Davis, CA. 

KC Harvey, LLC. 2006. Unpublished data. Compilation of various soil investigation sampling 
and analysis data from Sheridan, Johnson and Campbell Counties, Wyoming. Bozeman, 
MT. 

Levy, G.J., Shainberg, I. and Miller, W.P. 1998. Physical Properties ofSodic Soils. In: Sumner, 
M.E. and Naidu, R. 1998. Sodic soils: Distribution, properties, management and 
environmental consequences. Oxford University Press, Inc. New York, NY. 

Lilleand, 0., Brown, J.G. and Swanson, C. 1945. Research shows sodium may cause leaf tip 
bum. Almond Facts 9 (2): 1,5, illus. 

-8-



KC HARVEY, LLC 

McNeal, B.L and Coleman, N.T. 1966. Effect of solution composition on hydraulic 
conductivity. Soil Sci. Soc. Am. Proc., 30, 308-312. 

May 4,2006 

Rhoades, L.D. 1968. Mineral weathering correction for estimating the sodium hazard of 
irrigation waters. Soil Sci. Soc. Am. Proc. 32:648-652. 

Robinson, K.M. and Bauder, J.W. 2003. Soil behavior upon wetting with saline sodic water part 
2: Soil chemical responses. Adapted from Robinson, K.M. 2003. Effects of saline-sodic 
water on EC, SAR, and water retention. 

Shainberg, I., Bresler, E., and Klausner, Y. 1971. Studies on Na/Ca montmorillonite systems, I: 
The swelling pressure. Soil Sci. 111:214-219. 

Shainberg, 1., Rhoades, J.D., Suarez, D.L. and Prather, RJ. 1981. Effect of mineral weathering 
on clay dispersion and hydraulic conductivity of sodic soils. Soil Sci. Soc. Am. J. 
45:287-291. 

Soil Improvement Committee, California Plant Health Association. 2002. Western Fertilizer 
Handbook, ninth edition. Interstate Publishers, Inc. Danville, Illinois. 

Soil Science Society of America. 2001. Glossary of Soil Science Terms. Madison, WI. 

Sparks, D.L. 1995. Environmental Soil Chemistry. Academic Press, San Diego, Ca. 

Sumner, M.E., Rengasamy, P. and Naiud, R. 1998. Sodic soils: A reappraisal. In: Sumner, M.E 
and Naidu, R. 1998. Sodic soils: Distribution, properties, management and environmental 
consequences. Oxford University Press, Inc. New York, NY. 

U.S. Salinity Laboratory Staff. 1954. Diagnosis and improvement of saline and alkali soils. 
USDA Agric. Handbook no. 60, Washington, D.C. 

* * * * * 

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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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, Paragraph 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 B-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" . 

------ -------------- -
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1.1s.e..S (e.g.Ji'lW~.at~:.ll.g.~ :lYildlif~J),QlJ..a:ti.QJjf~...g.c ... ) . 

,W.. ,D~.1:il mld_ln.fhn1J.a..tiQ,l1,_.AJ!1,inimu!J1llffiQ!LQ~JJllJ,s:Lb..e Q~.s,UQ 
ide!1M~ existiQ"g .. irrigatio,!! .. :uses §;11 .. 9:,J:o ~J41?r2mja!cl.y. ~et e.,ffiuent lill,)jts 9t:l cUscb.~ 
maY.J.l.Jl"it .. c.:t tb,o~e U~SlS, A!.J! .. minJmuffi"Jhe tol1ow1ngJnllirmatiol] IJ1tL§1.h,e .. Qhla..il.~d; . 

.. L6_,LJ=_o...Qill.LQ.D..l~Jrri~fj..tioD dive..rsjons an,cI/or natur.~ll'yj[rigated a(~.reage; 
an ('J:QWL,grmYl1.illJ,Qedl~Qll;. 
(C) JJnblishedJolerallc.e val~les fot' the mQ~t sensitive ~ 
(D) S~<;.illLQ;l!L~ 

ag,diti~J.l.oll2~Jiou.ru"~=~~f~g;yire(LQf the.mm!,ic,w;ill,J,..0 ensure tl~t~JmIQ.PrE-.t~ eff1q~ 
linlil§JlJ_v-""!tl.tQJlIQ..te£1.1he..Ie.Q!;!lYlng.yt.m.~[,, 

(yj).. Establishiog"Ef.ili,].eo1.Limlt'b A 3~d~!L1Qng process will b~1Qd 
to ~~bJish apwmri .. ~tmilinilis_fur..EC..-llild SA~M.Y.~.J"JLPrQP,QSM..JiL~rge will 
likelv reach irrigated. lands: 

~r~,_:-I2,~,:fu...l,].l.lJ;',...Ul1....d SA]J,imLt~,......D...clruillJlm,i10l..u:".EC ~l<lliL&8RJll~ 
!l\W.k~JL~~r¥.t~alit.Y_qfJM.,qi'?Y.hm:~ . .wate1:..i§.,~~.¥,.gQ.~~in:ig~tYJi,m:QJl\?~ 
s..~ili:.tQkr.llil~slli!!J.Jt.Y.lli1l5L.tUillrul.kJ2{J..s.m..uP~R.1l..bJJ.~d...s...Q.i.LE..c....IDkrallQ.U!.alJ.L~Ji 
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ill OJLiill!lLE.C.limits will "blULased ul?9.lLIOO pe-rceniyield threshold 
~1!J.es...tb.L<;;.ill.LE.C~rl~:l'-Qr.te9 _by tile USDA 6,gt:k.J!I~lli..e R~~f!J"clL~Yice .cARS) Salt 
Tolerance Database. In the eyertt that the species_ onnte-TestIs I19t induded !n the A RS Salt 
lJJlS<r<JIliD.at.~~:. th~j,l th¥-.fulloJ4in!u!lt~a~uatjYv...r~imjlQ~S_ ~ 12SLQ.QQSJJ1tC..ct 

LL)-li\Ul~,Qp'~ alh.l22 .. 9. Agri~!Jlt!JIJi~lliPJl~ 
DA,NR PlJh,~1TI5..JLnj.Y....Q[Cfilif.l1ayi.s.~ 

(2.) A,Y,t;;rs aud WestY~.~i.~f1,ter Ouali,ty for 
A,griGultllre. lil:il'.:.A.QJ:rri.~nd DrJll'IlElge PaKeL22..(r~xi.ssLd};,.and 

!,1") C.£HA>.~W~E.rnJlelti.l1?'&Bami.book,,~<djfuu1. 
~tate 'Pub.: In~.",=l?any'ill~JL. 

01) Ih~ __ @lati£;m~h.it1b.etw_e~ll..S.9iUI valu~..s.JJJLd iJ.:r.i.gm:i~tcr.EC 
:¥~.!lteS will_b.~:_ Be c~t.~ Ec;':.,.'!'~Jli~rLL~,:Jhe m~.9._lishy~~1 soil IlC thr~~b,Q],g~inYd fr.Q...~ 
:th~J2QLQmitli~llQ.~.Lll.b.suliYided bUM s.QjJ CQll.~utr~t.QrQLL..ijI!. e£tabJls.hJh.~ 
dischat'ge Ee limit. 

Howev~L...i!J' circumstances \vhere the background water QJ.Jality onhe receivinn~s) is 
knm",rn tQ be significantly better than would otherwise be required based on a theoretical 
.LQO.% vicld .. efDuent l.imits..m~b.~Lset tQ..lJ],!!in:mID !1:wLhigh,ea:..gualitY. 

LIm ~f.illIt limits wUI l?-~ ss;.UiUm.b'ilruh.~Mhm.s.hi12_b..~~ 
SA:R and '~_C_remain~ \:\~lthin the designated zQne o('~!10 reduction in rate (~f infiltr~tion" as 
de,p.:ic:!;ed in.Fiwre J at t~ Qf this appendL">.. Th.e...:.fullQ_wingeguatiQll wilLbt;; l1,sedJp 
.detel·ll1in~_.the defauJ1.S.AlliLmit_SAR =_0. Ul.x..EQ - 2.48. Tfthe ~,E..c c9.D...~.rnilll1j.QIl 
Q,f ~he discharge is observed to be o,Ll]igh'R-Qualitv th~m the .R~blished def~ult concentration 
tl~t.hsLS.A..RJ.imitJI!.fl~j~ iQ...actuill",c Q.QI!Q..~n~ de.!2¥ll-d.iD-~ite Sl~.ifu':: 
eonditions. When the calculated default SAR value exce~. the limit will b~ set aLlJLas. 
tb.sLm.a...'i.iJ.J1.!Jlll d.s:fu1JJtli:mjtJ~m.lJ.J1l .. dd@.lt.limitis-QDlyjllts:J1ded..1.Q..llpp1,btQ 
PJ!lQ1l.lJJ,:tilliLIi.~r.JJimits.Jlru1.I!lay..b.s:..mQ.dit~.r.dingJp the :UrQ.Yi'iiQU"L~ll~~.tiQns...B..-illl.d 
Q1?Iililr~ 

DV.l .. M amipimurn., th_~J~C and SAR limit~ .. wi1J lMlpJy during the, 
i.1Ii@:llim..s.e~.s_OlJ.J.lJl.<i.:IYl1SLn f1QwS. fillL'luftlciQn.t.Jillill.R.P..m::L~_~. EQL'BJ..b.:::i.rl:igfl.Nd_Jm:ill.s. 
illld \2f!.~ivclyjrrlgQted mnd..s...s.llch as ~1JI!.d.~~.d.~_..sj:,'),t~j~_.EC ... ill)JiSA.RJirl1its 
wi 11 generCll1Y_~JlJJJllear.rQll:nd! 

{ID.--IL~t2...::J3..f.!"cl£.gro:klnd~t~.r QJJ<l I ity, .. ..lL.'llJifigJsmt.mJ,s avail ab.l.!tls.1 
g~Jm~~r cw.Ymulat~ t~~Yl}l~lLu.,gj?,.<W~\J;!lIi..;!Y_ill~bQ~itv r.g tb~ ... Q,QjJltUD",Qf 
diY.~s..i.~HLIU?&rnUbm:L1;h~.lffhr&.nt.guMiJ;y,JiC..illl..<LS_!~~il1L~JIllirnits....:tJJl!Y be based lli?"Qll 
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(I) Me ... MJmKlll<ltaL-B.m~kgrQlli)d \~ater gualitY ... lllliY be ~1ablis..h~ 
b.aSfi ... d...1m~ttLPJJ.b.lis.hedJ:rr.e.:.dis.chlli:ge rrisJQ.dc P~lJ:~ ... .f':@.e.rlllly.. this, dmJl. only exlstl.Q.n.1trw;.. 
l1.,e!'enni~l~ mah~stt;(.!J1 stl'e'l).11,.channels Wl1ery histpJje ~ng has ~!l{eILnlace. Actua! 
111~J1Sl.lI~d..d.illa,.is"J~~llih~\4~lUILQL~s.t.milishl~,Q!J.l\d"and,m!J.s.t:.b.¥..c.:Q.n.'i.idQr~d 
on th9s,~".'yate.,!:s where it is ~vai1abI~. 

illL,..c.akulat,~J3ackgrJjJJ.n.d._l2ILint~ilite.,lltJill~p~JilsJr.emn 
channeIs,=p.re-S:.th~9hgr.ge water quaillY.....d.ru.a, is usuallv scatQe 01' non-existent and vel'Y difficult 
lo.....QQ..l~ct..J.n....the..s.e.jj...irutll.lSJ.a.l1Ges.l2a.ckJU:Q!Jll.d..water qlilllity,..c~!Jl ... hlis:t.ilJ1ated by conducting 
~....o.JJ..l!il1d that has been hislQriQa,lly irrigated frQID.....t~k,ct stream. 

lnJh.~nLi;ha.'UQlbtudi~,tflL~ !J.,~~..1lJ,llY..illlS...tQ estimat~b~Y.ater <-lUalitv fQu, 
given"drainG\.g:e. t~e foilowing reguiremen~<) am)\y;, 

[Lt s.a.lllR1.~lt~i~IIl....B .. Q.iJ_:ifill1t1k.:S...w~tak~....at 
~~",Ei!hilL~~£luzm.tigu()1!.§..i!:rif;Wl~~Lw@¥-n,,~, .. dQwnstr~f!!LQilhe w:.g;posed 
.dis.dJll¥e, "Srnli::rnn~ll1h.ili~~,ed.1Q...l:u~n:t.b...m. the AllM®.ill....ml1 identify the 
various major distinguishing terrain zones within each irrigated segm.ent and select sample 
~-andol11Iy within each te11'ain zone. For example. the channel bottoDL!I).av c,Qnstltute 
Qne terrain zone. the first small terr~&bID:.e the ch~QlIUDav be a:t:illther terrain 
zone. and the admnf meadow or field may be a single remaining terra'in z~. or that 
.lMfI.d...QYLL.fuiliin'lliy. .. a.c1JJillvJE....C,.QITl,tlli'l.e..d...Qf several other kl1IDY1l.7..Q.MS.....s.uch as di.sc.harg~
~Qted..s.Q.i.!.s.y~...Qn"a.tIt'<c~d.,s.ciJ.s.....s,llb::it:lif;'L~ reMl~" nQI1-sub·:irr.ig,ak<i.rs:~j:l~s. etc. 

~N!m:J.'.b..yr Qf Sample Sites~Jib..~w areJh:~ 
minimum number of soH s~Ie sites required for each of the identified terrain zones (base .. 9: 
on zQn~ ... area) \'{itbi.n a.J!Qn~iID!pusJn:ig,ate...d s.¥.lml¥nt. 

ZQ!l!:: Al"~m 
Miilimum Number of Sample 

~ 

iL=..5.JJg.r~ 3. 

.5....:J...O..Jc..r.es .s 
ll!+~ 1 

ill_~,fU...n:pIe Collection. San1I2.!e sites mq§t be \.Q£~~d a 
minirn1!..lILQ [5 O,Jy¥,t ,~.Il.<lI.urj,)m..Q.n,~,n.o.:tb.¥.L....Each.J?llm12ls< ~i15<.-.~l~,; ... ~.lJJ.P.k...dJl.Ul 
mininmm of fillIT ... illmths (0-12", 13-24",25-36".37-48''). If alfalfa is present within the 
t¥'rraiILZQn.~--, eJl&bJ;mnpJ&.Si~w,ithl!l1h..at terrain zQD~S1ks.illnpled at!i tQ....tal.JR.6 depths 
llit fu£Ul.b..QY.¥.:.!LoJ.~~d.Jieptlt.S.,-I2lus 49-60" arlQ Qt .. n::)",_"E.~Qb,~dllQ)uru:n,Qld~cmt 
ID.!.!.SJ:...he 1J.!llil.vzed ~iths:rindiyiduall\, or c.Q....rnbhleci (c~;m:m'psited) ~vith Qth~r conesp9Qq..ir!,g 
9,~,I2tM.IDnP 1 esjh')tn thG,.,Q1I.J.¥.LS~l RJ,¥..1it~.:s. \x.1tbj!1ih~.,~rn,~ .. J.Nrain.z;Q~ C¥ .. g,J.lIJ2:.1L: 
~~~jI..Qm a,,$l)J&:.IIain z~,~Jked together and.....a.JJJ!lyzc~i.as a single cQmpos~ 
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(4.) 8..amRl.s;.-i:\.Mlvsis. A:tJU:Dinimum,,-~ saW~paste 
lli.w.Gif~ .... 'i.fJJD.pl~~b~_ru:wlyz;ed tb.r. .. E.c....ThQ1~lLn.itt.n~..s.S11rv fQ.r..~ ~s1im.atio.ILQ.[ 
~LQ.u:nfwl:l:!~:r con~luctiyit.v. it is ,!d.vjsabl~ to also analvze: the sq.P .~arD..Qles fOfJ2H. SA.& 
Wl..t~t\lL~llld S(x&h&lil.lr~12l~. s9lii:!JJ1Bl(~;l'QS6n!fi.ll;St.J"ESJ':) to ay'Qid .hRyi.!lQ; t.o .. Amlil9llMi< tb.~. 
sam.QIingjfJhe results .. ind..ks!tuhat a "no harlil. .. a:~llillzL(ruelov~) need~ 
~J2kl~d,==~~Dl..Qxg&!l1Lcur~~~.ruli}JYZelliQjh.~U~~Jl;;ll..mcl:Uillrnplf;ls~~ 
lrUi.1iditLO..l1..J!Jlal~s~..J.p_LdsmtJfLtbg;J:1..JXJ.!1i.nQL:~i~:b~~'i~~'lS'-n:tj!l_~JiQilsJllg!,y_&1~ 
\varranted. 

..U .) ... ..A" man.J)r .. ..Qlag:mm L~ntifr.!nVw.~...re~ach oiJh...~ 
mRiQ ~..ites_.is .. lQ.c1rtY..9. At .a.m.iniD.l!Jj1J..!. .. .u~...1llilP ... Ot .. .difl,fkIJ1Woillust ShOYi_tb .. ~ .. l:1.a.si.c._tQ'p.Q(PJmh~ 
£...Q~L~tmJ\m...Q...Q..llr..b'i§...irr~1~.t.i.QJ.Lsj;rlJkt.1JJJ~.s...{.u12rJl.~~mJ;';:"s.Jl.C.h...p~e.l1dI:Ld.qm.Lfl..r...bMo: .. gar~.d\. 
~.ili.,l11-"ru;~~L!J,,9..~'tQ.Ltb.~1t£lgated.£i~X~~~1iq~:tlt~9_~~JshlP.2.f.the i:rr~~~t~~!' .. ~ 
ill.lclY..JJiJJg_d.!~&11:1JJ:dg.(JJ{;..dfl~l~W / t..o.li11slllil.CI'!'!t!ge identlflQ1)..JJill.L_Ihis 
map must also show any delineated terrain zones, plus elevations of the terr~jn zones 

(2,) An accompanying location table which includes the 
Quarter I quarter, section, township, range. and latitude I longitude for ea.ch sample site 

{1,) ~..Y...<4IT~.l~..b..lu1liw..jngJ!1U!ill!lxticalr.~.tltsJ:Ur 
~l~Qf1h..Q .... s.ciLPJJLcun.~~~~pJ~L~ll .. s..al~ 

.crd........Ti.!;rr . ...3.....:.....1~_Hm:ro_.Arul1.Y.Sis .. The..B,k~ffects of~EC a..ruLs.ARJ,l.D crop 
m:...od~etion are variable bas£Si upon soil Npe and ehemis.1tY a:nd nillj' bJUJlitigated to some 
~te_Q:Lb.Y....ll1a.mu@glrr.igation._bl.!Jl&t~u.i....('....J),lLd...SA.lLej]:bJ~l1t..lilllitillilltiL~..smbli~ 
bas~~ UJ:LQll a s...cjJ.:ntificallv det'ellSibk site sj?ecitic studv that examw.e~J soil 
dill:rn.9tQ[i.,~...s.. • ...D,fi.tlllil,l watru.YJ:l.litY.~XP~.Qr.QR,v..kld, .. irr.i.gNj9jU2r~S and! or Q.tbs!.I 

~~YJ.JlllAgj;QJ..s. .. tcla:t~d..to... .. cr~mJ»:Q..d1!Qti.911, 

E$f.,c.Jt1J.S.x=Q[1hX-.s.irn-s.tt~£i1k.Jl(Jt!Jr'¥J!fJ;h.i,s .. .anp,[Qfil&h.lm.d .. :tb¥-'lJ'umbQLand ... y..Qmnl~xjt.Y.".of 
vari<M.;11es.tha .. unay ne,ed.to l{e ~o.n.siciereg .. there...L~j~"Qur<~ .. e!] ofRfoofplaced.l11Nn the~ 
i<L.d.~l11QD"'?j:r.aie.......tb.I.Q1Jgh . ..I!....Q..Qll112rl;).hens·bt.$?--,,m.tdyjh{jj;J...~...cls....9iJ~C=iJ)1~'iAE.~1.lgh,~ 
~. the( 9_Q;tault yl:)J.!)....¥.s.....9LOO~k~kg!:Q]J.n.d_ .. wP!~gJJ.ali~ W!J1l1d..m...o..s.t~Jy not 
measurably harm ~11 existingirdgation use. Refine~ .. limi!.s for EC and SAR resulting,.:fi'Qm I! 
::nu~b.ar~illl.lys.iS .... sb.Clli.ldJn~R.W..f.l1!;uu,c;(..as...o.na!lLQ..margin.mQls.a[¥1Y.....to aCQQ]Jl1tfu.LY.ad~ 
W1J;...Qannot bepr.~ly meas~j,'lL.lllQdeJ~ 
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------------ --- ------------ ---------------------

IieL.l..2 or 3 pr~dlJ1:~s...m,ayk..mad.e.J:Y1L<21Ulftb~.lm:Ld.m,y!.1ers regu_<2s:Ll,I.se Qfth~ 
and !bereby accept a1JY l1ot~ntial ri:;;J( to S,(l'Q.\?-J2I.9.flucti9!1 oJl !h~it· lands .. Irr:igation \:vaivers 
w.J~.nlx..b~ilL<lW..ciilli~th.lul1rrigfl.tio...D..lIlilllagemellt plan th.at pr~ 
~~§...Q.M.b.k . .ill!Sl1ffi!1Qe th~~ . .ill..~.r...gllal1l-y.J!{~k!:..y,dJ I ~...Q.nfin~dJ.Q...tbJ~~ targt'kd l~.llil...S.,-

,td,iiL.R~J.kNIill~bl~.t\~g¥£il{.e,Q!J1!MI.~11. Th~,Jl~.d~..fQl:".e.s.ta12Us.hi.ng_d\';).fayJLE.C 
am:! SAR Bruits is il1tenq.~d-w pJ'Ovide the abilitv to re-rmit the clischa!rut of...hjghquality water 
~'VltilQ£,ll.~,\l~Q..llli~.ti,oll t~~Q"!JZ,~ite ,~2.y$;!j~~~~"','.l!l~~..QJ.l,,~~l1ll1 
PLQc.edureJ:Y.ill only apJl\y whcr..<d p.!:il-:nJ.JJ;J;~.d..JiL'ii.clu.'!J:g~s are ofexceram[wllYJlig;h qllill~ 
~Lill1plica:t;ons, aOJ1rQpl'iate limits for Be and SA-R \-vill be based on ret1ned procedures 
mber than dej~ul~lIs.ej:b.M.efin.\ALprQc~.dlire§..@ill!jre tb~CLuj,slliQ.!LQf..si1Mill#ifiQ 
data, it is necessary tha~it applIcants an.dLm.1bsil2EQ have reasnlJJJ..hl..e. . .llccess.JQJ1bi:run 
tl1ill.Qttit~djnf.oJID.aJiim.1In circllm;iliID..Q¥.U¥.IWJe a lap,rLQwnerchooRes...to ,den~~ 
:fu~"i!'Lcl~ky.eJQQ.il1iLa .Secti.Q.lLW1!Jl<llY..'lis, ECJuLcls.ARliJ:ul:ti.LrY.illh.~~~..1U2QnJ;~ 
best informalion that can be. reasonaJ4ly qbtaip"e~d made less string~nt tha::n Tier L 
d.d:ruili lim its. 
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(Ref. Hanson et.al., 199~) 

Document Number 

EC of Irrigation Water (dS/m) 
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