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- P. Howell, Johm A. Broman, Douglas R. Nath, and T.R, Soott as Dz:uy A.Liﬂienmd

LANCE OIL & GAS COMPANY,IvC. 3.
DELEGATION OF AUTHORITY CERTIFICATE ~  i7  aime

I, Krista M. Crabfree, Assistant Secratary of Anad&ko Petrolmm Corpmauon a ..

Delaware corporation, do hereby certify thet Jamies -J.-Kleckner is Vice Presiflent of

Lance Ol & Gas Company, Inc., (the “Compeny”) and as such is 2 Resporsible: -

Corparate Officer as defined in 40 Code ;glﬂral Reeu}a‘tmns {C’ER} 122,' j(a}(l)
and/or a;{{@spanmbjfe Dfficia] a8 c%sﬁﬁﬁﬁ m 4@ CWR 7ﬁ

1, James J. Kleckner, a5 a Raspomlble Comporats Officer and/or Responslbie
(Official of the Company do hereby designate James A. Alsup, Bradley T, MilleE David

Raprasazrtanvas and are authorized to sign envzmnmanta} PeIz
raports on behalf of the Company. ’

‘Iamesf{ Ki&c&cﬂu SV

¥
Vice President ‘ , R4 LT

- WITNESS my hand this 3! _day of . xgi

Assma:n Sf}cmtary

Tr.vr:;-.w"‘EXH l B'Trq——:« j o
< ]
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CBM Associates, Inc. .
920 E. Sheridan St = Laramie, WY 82070  Office: (307) 742—495ﬁ « Fax: (307) 745- 1582

M“" .
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GROUNDWATER & SURFACE WATER HYDROLOGY * WATER RESDURCE MANAGEMENT - ENVIROMMENTAL PERMITTING & COMPLIANCE

“ August 1, 2007

Ms. Jennifer Zygmunt

Wyoming Department of Env:ronmental Quality
Water Quality Division - .

122 W, 26th Street, Merschler Bldg 4-W
Cheyenne, Wyommg 82002

RE: WYPDES Permxt Renewai for WYOM%Q? Echeta Road Unit
Lanice Off & Gas, Inc. an Anadarko Pefroleum Comipany

Dear Ms Z}igrriunt'

Lance oil & Gas Inc. (Lance) hereby submzts the enclosed WYPDES permit reniewal
application for its WY0048697 Echeta Road Unit coal bed natura{ gas {CBNG) facllity. Enclosed
for your consideration are the following:

- WYPDES Permit Renewal Application for CBNG Water Discharge
Tébles 1A & 18: Outfall information
Table 2: Well information
Table 3: Reservoir Information
Table 4 Bondmg informatxon ’
Table 5b: Reservoir \Nater Budget Estimate and Explanation
. Flow Data Tablg’ '
Water Quality Data
Comipliance Evaluation and Exceedance Summary Table
Facility Map

« e e e & oo

With this renewal, Lance would like to add ‘one reservoir Floyd 14-23-5378, please see Table 3
Reservoir Information. Lance requests that discharge from outfall 006 be aliowed to flow from
Floyd 14-23-5376 info the Willow Tree reservoir. CBNG effluent will be contained within Willow
Tree reservoir during dry operaﬁng conditions

Lance requests stmllar lmgatlen pmtectlon limits for outfalls 001 — 012 to those recently
proposed in draft option:2*pérmits on'the Spotted Horse Creek and Middle Prong Wild Horse
Creek drainages. These permils require an end-of-pipe effluent limit for EC only. In addition,
these permits require monitoring for compliance with an EC standard and a chemical
relationship betwesn EC and SAR at irrigation monitoring points. In order to adequately monitor
potential irrigation water quality Lance is requesting to add 4 lirigation Monitoring Points (IMPs
8-9), downstream of its on-channel reservoirs as shown in Tables 1A & 1B and facility map.
Lance will continue to treat discharge from outfall 013 to meet current permit end-of-pipe limits
of EC 2,350 umhos/cm and SAR 15, and comply with the assnmxiatnve capacity sodium based
schedule,

CBM ASSOCIATES, INC ADDITIONAL OFFICES:

345 Sinclair Street 500 W. Lott Strest 743 Horizon Gourt, Suite 250 3036 South Flower Courl
Gillette, WY 82718 Buffalo, WY 82834 Grand Junction, CO 81506 . takewood, CO 80227
307.886.6664 307.684.0252 970.420.2224 . 303.973.2302



.As shown in the altached. Compliance Evaluation,
aluminum requirements with dissolved afuminum YT
arsenic limit in accordance with the antzdegredahon polic

1 new Chapter 1 siandard

Lanee is commitied {p-pot -&amaed:_rzg Ahe
 f&tes and altering discharges as nepessa

ifm,iﬁaﬁ ‘f!'@w.wa?;a::@ 84 ?M@ﬁf.@ygmmmrgrag well figw

i you-have any permit related questions, please call me a’t 3{37~742~4991 or e«maai ai
“jdriscoli@cbmainc.com. Direct all correspondence to; .

Lance Ol & Gas, Inc™

an Anadarko Pe‘kroleum Company
Attention: Timothy S. Kalils

1400 E. Lincoln St '

Gilletie, Wyoming 82716

Sincerely,
CBM Associates, Inc.

Jason Driscoll
Environmental Speciafist
Enclosures, Permit Renewal Dochmems

ce: Lance Oil & Gas, Inc. - Gillette
TBM Associates, Inc. - Gillette

TP Assodialzs, Inc.
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SUBMIT ONE HARD COPY AND ONE ELECTRONIC COPY ) *‘-Aﬁﬁiféai‘i&ag&n’béj i@
WYOMING POLLUTANT DISCHARGE ELIMINATION V' | A

SFSTEM ' : ~~!J‘--§.-’V; Efif'lei"f 1‘\]

APPLICATION FOR PERMIT TO SURFACE DISCHARGE PRODUCED | Date Received:
WATER FROM COAL BED METHANE NEW DISCHARGES, RENEWALS,
OR MAJOR MODIFICATIONS

{mo/davivr)

Revised: 06-22-06
Revised form last updated: 04-25-47
PLEASE PRINT OR TYPE (Submission of llegible mauterials will result in return of the npplication to the applicant)

1. Check the box corresponding to the type c.f zi»ppﬁ?iiﬁon being applied for:

[ New CBM permit : , .
CBM permit renewal Permit number XVYBMQ&Q‘}" Expiration Date: 1/31/2008

[] CBM permit major modification  Permit nurnber ‘Expiraﬁoaathte:‘«

!\7

ldentify the river basin in which the discharge will ocour
{7 Belle Fourche ] Cheyenne '[X) Powder [] Little Powder ] Tongue

(] Other (identify)

3. Select permit option(s): If more than one option is selecied, tixe applicant must descnbe wluciz option appiaes v
which outfall,
O Option LA - Discharge is contained within a class 4 water body: Containment wrrhm an off-chtapmel pit
{class 4C) OR containment within a headwater reservoir situated within a class 4 channel and capable of
containing all effluent plus up to a 50-year / 24-hour storm event.

[] Option 1B - Discharge is contained within a class 3 water body: Containment within a natural closed basin
or playa lake (class 3A) OR containment within » headwater reservoir situated wzthm & class 3 channel and
capable of containing all effluent plus up to & 50-year / 24-hour storm event.

B Option 2 - This option includes any on-channel discharge (including discharge into an on-channe] reservoir)
that does not meet the impoundment requirements specified in options 1A or 1B above,

If applying for cutfalls under Option 2, will discharges from the facility proposed in this application require the
use of assimilative capacity credits for salt and sodium in the Powder River?

Yes ] No

Outfall 013 treats and discharges into Wild Horse Creek, Lance is in the final stages of calculating
assimilative capacity credits and will be submitting this information to WDEQ in a timely fashion. Outfalls
001-012 discharge can be contained in reservoirs up to 2 storm event, and are not held to capacity credits.

4. General Facility Location:  Township(s): 53 N Range(s): 75& 76 W
Immediate Receiving Stream(s): HUC 10 - 1609020208; Wild Horse Creek
5. Name of the facility producing the discharge (this is the facility name that will appear on the WYPDES permit)

Echets Road Unit

N

WYPDES Permit Ranewsl
Lance O#l & Gas. Inc. Echeta Road Unit - WYD048687 August 1, 2007
an Anadarko Petroleum Company HUC 10 - 1008020208 Page 1 0of 28
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i Cf’fmf’an)’ Conzac?A’aflze o T Consaliant Contact Name

|- Fimothy 8. Kalus B | Jason Driseoll AR

| Compary Name T - | Company Name. 7
Lance Ol & Gas, Inc, - ' - | UBM Assoelatés, Ine,

1 an Amdaﬂ\o Petr{;itum Campnny

| 307-685-5742

E-Muail Address : £ Mazf 4ddfess
- HmiKalns@anadarke.com. L .-;‘-dmcail@

.cbm@mcfcem S e v

7. If submitting a major modification or permit renewal, please cksc.nbe al! mque:md pgrfmt rrmmﬁcduons (ie. add
N 2 outfzﬂls add 23 wells, move oun‘ali 001 500 feet. ) - oL

. Update QrQrt for outfall 013 and IMP3.as listed fn Tqbies 1A & lB .
¢ Agdd one reservoir Floyd 14-23-3376. As Bsted in Tables 14, 1B, 3 and 4 La:nce mquasts that discharge
1o from outfall 006 be allowed th How from the Flovd 14-23-5376 inte Willow Tree veservoir. CBNG '

effiucnt will be contained within Willow Tree reserveir during dry operating conditions,

»  Add IMPs 6 -9 as listed in Tables 1A and 1B Outhll Information. _

s  Retain current flow lmit of 0.84 MGD, Seethe attached Table Sb Water' Budvet that shom Lancc 5
ability to manage this flow.

» Replace total recoverable aluminum requirements with dissplved aluminum reqmrcmen%

»  Raise the total recm!emble arsmm hmit in accordanne wrt?a the antzdﬁaredatwm polm aad new
Chapter 1 standard, '

+  Rzmove the end-of-pi
permits, apply a fixed B
Effluent from these putialls wil .

+  Keep current snd-of-pipe EC amé 8. &R mets @I 2350 amhos{tm ami 15 res : fcﬁmlv for outfall 013,
This is a treat and divect discharge outfall, ' '

SAR limit at gutfalis 09 1«@1 1;15&&;3, and as done in Tecomt Priblic Notice
: . : mnmtmmv ‘poings.

MNOTE: Major modification applications requesting 10 increase the permitted ﬁow for a fagility will be
processed as RENEW ALS. Major modification applications for permits within six months of their expiration
date will also be processed as RENEWALS.

3. Tuamc{ (5) and mailing addr«,.ss(ﬂs) of owner(s) of the surface rights on whosc 1and the daschargc oceuss {in cases
where the land is owned. by the stale or federal government but surface rights are Iaascd o g private mdmdudl
provide Jessee’s name and address)

YIYPDES Pemnil Renswal
LanceDi & Gas, inc. Echesia Road Unll - WYDD49697 : Augusl 1, 2007
an Anadatkp Peroleum Company . HIC 10 - 1008020208 Page20i28
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Lahdownér Name ™™ 7 7o o mmmnnmmse | Lavidcvingr Namie ™ T
I'Ieyd Land & Livestock Inc, Fred Fmvd Rick G. Floyd

Mailing Address Mailing Address

2608 Echeta Road L 2482 West Echeta Road
Chry, Srare, and Zip Code City, State, and Zip Code
Gillette, WY 82716-9182 ] Gillette, WY 82716-9184

For all facilities relying on reservoirs of any type as part of their water managément plan, complete the attached
Table 5a (for option 1A or 1B facilities) and/or Table 5b (for option 2 facilities), The water budget should
demonstrate, considering- Lotal prajected discharge inflows, natural precipitation, cvaporanon and infiltration, the
amourzt of the dischirge | that- will be contained within the reservoirs, and the oncumstancw and volume of
effluent that could pown‘cactﬂy be discliarged. If applying for an Option 1A or 1B permit, the water Balance must
demonstrate that the containment unit will be adeguarely sized to contain all projected dxschartre and storm water
runoff from a 50 year, 24 hour storm evem

Please sce attacl{,edwatgrﬁalgnce Taiﬂe 5b: Twenty-Four-Hour, Reservoir Water Budget Estimate for
Option 2 Facilities and Explanation,’ ' ) '

10, For Option 2 {acilities with pianned reservoir releases to the Pdwdcr.Rivcn incdude anatyses of expected water

1.

12

TR T R a0 ,9“.5.”

quality within the reservoirs. Reservoir water quality analyses must include all constituents, with the appropriate

" detection limits and units, Jisted aame wblc inctuded: with »quest’iam: #19.6f this-,appiicaﬁom.

Natapphcab§& RaServcars witl not dzscharge euept in the event ofa storm evemt winch causes the
reservoirs to.overtop, .

Attach a description and a clear lemble df:&alled mporrraphm map of the dv;chargmg facﬂuy Include the
following:

Aldggend . .

. Wen locauons ,

Ponds - ?‘unds are not pertmeut to the eater manavement of thiis facihty

Water quahty monitoring stations

Irrigation compliance points ~ Referred to as Irmgatxen Mfemtcnng Points.

" Location of nearest downstream irrigator,

‘Section, Towship, and Range mformanon ' ‘

If proposing to use class 4C off-channel pits, include fcctprmt outlirie of the proposed pits, To denote
setback distance, include a distance marker from closest side of pit to the nearest water feature, floodplain, or
stream alluvium. Identify latitude and longitude in decimal degrees {using a minimum of 6 decimal places)
for eachend point of the selback dxsumcc marker. Off»Channel Impmmdment)s are not being used in this
facility,

If anry of the above are not applicable please indicaie in the description and include a brief explanation as fo
why the item is not applicable)

Pleage see attached Permit Map for items a, b, d, f, g, b, i, j, and k.

Describe the control measures that will be implemented 1o prevent significant damage 1o or erosion of the
receiving water channel at the point of discharge.

WYPDES Permit Renewal . it
Lance Oil & Gas, inc. Echéta.Road Unft - VWYD049897 Augusi 1, 2007
an Anadarko Petroleum Company HUC 10 - 1009020208 Prge 3 of 28




g | pam oxer np—mp or swraa plawﬁ at gmﬂe simpe »ymar w &I}.‘lm‘lﬂb tixe }‘L%ﬂ mg $tfeaxzi channei
tmprendment. b g
13. Deseribe the control measures that will be Jmpicmemad o achieve water guality. amndards andgffluent limits, if
pmpasinn 10 wilize 2 rr-uarmﬁm pm eSS, pmvaciﬁ a description of r.ht 1rcatm£n1 pmcess.

"Lmee will mtilize an FMITS facility. ?%ﬂase rsfm to the modtﬁcamn zaf th-

. 8 0ctober 7, 2008
fer a detafled treatment desm"rp_ on,

mﬁventmnal Survey ﬁC}ulpm@m z:mﬁ decumm%d in Taolt ] ?lﬁase documcmfzhﬂ tvpr: of eiquipment used, the
oxp f:cu} ACCULBCY of your mcabmﬁmﬁms apd a b"sej rationale ior ]ncdlznu the otfalls at fhe requested sites

nap review. The'ind
r’mommmv. L'

vd sued ::Jmnfrr;s on th*‘ tabie &d&&zmal mbies mﬂy amhed Use i‘he fmna provided.
“excépt those located in the BelleFourche or Chfayexme River Basins, must include watér quality monitoring
station locatiens. ‘Option 1B headivater reservoir discharges (reservoirs othef thad pilavaiakes capable of 50 yen

24hour stermwvater runoff containment) fntst include flow monitoring station loeations: (}pmon 1A and 1B
permits must include containment unil monitoring station locations. Information related to reservoirs.is only
required if the facility’s water management plan includes reservoir soptatnment. 7 o

)P 60 2 pzxmns,

Ploase se¢ attached Tables 1A and 1}3 Outfall Murmaﬁaxx Note ‘thdi IML? is being removed and IMPs
6-9 are being added.

16. Complete the agtached Table 2. Provide all the information requesied in the table for sach well associated with
this proposed discharge suthorization. If propesing changes (8- major modification) to an existing facility, clearly
indicate the desired changes on the table. Additional 1ables may be attached, Use the format provided.

Please see attuched Table 2: %’eﬁ] Information.

17. Complete the attached Table 3. Provide all the information requested in the table for vach reserveir proposed for
containment of CBM produced waier, Specified locations refer to the spproximate center of the reservoir. 1f
proposing chenges (a major modification) to an existing facility, clearly indicate the desired changes on the table,

_Additional tables may be avtached. Use the Tormat provided. Information related 1o reservoars is oni; required if
" tlie factlity’s water management plan mciud&s reservoir containment,

Plense see attached Table 3; Reservoir Information: Nete that, ene reservolr Floyd 14~23-g376 is being
'aﬁzﬁecL Lance requests that discharge Trom cutfall D06 be allowed to fow from Floyd 14-23-537% into
Willow Tree reservoir. CBNG effluent siHl be contatned within Willow T ree, the most dowastream
reseryoir, during dry operating condiitions, -

WYPDES Pamil Renewal
Lance $il& Gas, inc, Echets Road Unit - ¥WY0049857 - August 1, 2007
an Anadarke Pefroieum Company HUC 4D - 18080626208 Page4 oi 28
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7 18. Compiete the attached Table 4. Provide all information requested in the table related to reservoir bonding
: requirements for each réservoir proposed for the containment of CBM produced water. If proposing any changes
.+ (&'major modification) to-an existing facility, cledrly indicate the desired changes on the table. Additional tables
- may be attached. Use the forinat prowdcd Information related to reservoirs is only rsquzrcd if the facility’s
water management plan includes reservoir containment, .

Plense see attached Table 4: Bandma Information.

19. Provide the results of water analyses for a sample collected frcm a location raprcscntanvc of the quality of the
water being proposed for discharge for all of the chemical parameters listed.in the table below. The sample must
be collecied from well(s) or outfall(s) within a twenty mile radius of the praposed facmty § Jocation, and from the
same coal formation(s) and the same approximate depth(s) as proposed in this application. If filing an application
for.a permit renewal or modification, the representative sample must be coltected from the facility being proposed

.. for rencwal oF modlﬁcaﬂon Explam why tlus sample is rcprcsenmtwe of the produced water to be discharged.

Refer 1o the following sample identificativn table and the correspondmg Iab analysis for répresentative
water quality. The sample collected 5/30/2004 is from sutfall WY0049697_004. This sample includes total
. Yecoverable aluminum instead.of dissolved aluminum., Total recoverable aluminum value in the sample is
 Jess t th;m 50 uﬁ ithin the dzsseh'ed "ﬁmr um i i'ﬁt"of 750 ug{L

B Sample ID Sampie Date 1 Qtr/(?tr {{_‘Sei: Twn‘ | Reg |- “Formation
pEC I " EOY AT I o RS NN ;.‘ (RPN U RN FR R | “7&"11’ A.n,dafsoﬂ.,
DP WY0049697 004 Ef 3 04/30/2004 NESW 25 | 53 76 Gatcs Werner

Samples ﬁ-om co-mznaled coal seams are accepmble as long as the sample(s) mier the fallawmcv criseria:

A. all of the-coal seams being praposed for davelo;:mcui are repreqented in the ce-mmc,led sample .with no
contribution from ¢oal seams not being proposed for development at thc new facﬁny
. B. theratio-ofieach. coal,;.eam 5 conmbunon 4s: appromnatei:« fhe same<in; the samplc andthe proposed
- development, I »
C. documentation is provzcicd tn Vcnfy thc crxtcna lxst{.d m A_ aad B

The analyses must be conducted in accordance with approved EP A test procedures (40 CFR Part 136). Include
a sxgwd copy of yenr lab report that mcludes the following:

detection limits
results of cach of the chemical parameters at the chemical state gwen below
quarter/quarter, section, township. and Tange of the sample coliection location -
- Time dnd date of sample colléction. ,
Time and date of analysis for each parameter
Axnalyst’s initials for each parameter
Detection limit for each parameter as achieved by the 1aboratory
- WYPDES periiiit-number and outfall dumbér; where the sample was collected. .
) Ongm of produced water (coal seam and legal location of v.ample collection location)

T EFRme e TR

If more: Lhan one coal seam is bemg proposed for developmem the pemuuu, 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
permittes must submit 4 Jab analysis and: complete information characterizing water quality from the new coal

. seam being proposed. for development. A mixing analyszs may be rcqu:red if the reprcscntauvc water quality
--«analysis from the new coal;seam indivates that the inclusion, of: thc new, effluent source may resull in degradation
of existing effluent quality. :kma!vseq must be provided in the units listed bﬂiow '

WYPDES Permmi| Renewal C :
LanceGl& Bas, Inc. Echeta Road Unit - WY 0049897 August 1, 2007
an Anadarko Pefroleum Company HUC 10 - 1008020208 Page 5 of 28




20,

WYPDES Pemii Renews)
Lance 345 {388, inc.

1 fhe table on chezmca! states)

4~ Beguired Detection Timits and Re puired Units -

ol e

‘Y__.

- Alkalinity, Total

; Alnmmum, Dissolved 50 nedl
4 arsende, Total Recoverable gl
ﬁ%ﬁrium, Total Recoverable 100 ugh
| Bicarbonate 1D mg/l

| Cadmium, Dissolved

Spgd -

| Calcium, Dissolved

50 1l report a5 mg/]

D Crlorides

| Copper, Dissolved

| Dissolved Solids, Total

Finoride, Dissolved

Hardness, Total

" Irom, Dissolved

_ Lead, Dissolved 2pl &

. Magnesium, Dissolved 109 ﬂggv“@p;ﬁ m o )
M&ﬁganes-a, Dissolved I I i
Mercury, Dissolved 1 ug/.

o

. pH

to 0.1 pH unit

© Radium 226, Total Recoverable

0.2pCHL st

Radinm 228, Total Recoverable™*

1 Seleninm, Total Recoverable

Spell -

v r Sodinm Adsorption Ratio

Calculated as unadjusted rafio

i-Sodinm, Dissolved -

108 pgll, reportas-mgi-

1-Specifie Conductance

g macmmhmlcm

Suifates.

0mph

Zingc, Disselved

50 pghl

'"‘*’mc!mrges into drainuges other thi the Powder River geologic busin may reguire ana]vsz& of addmanal

Not applicable, this is an existing facility,

w0

an Anadarko Pelroleum Company

LrAA———————————

pammaﬂm, ,uieaw contagt the WDEQ fora separate fise.

L *EThis pammetm is.only n,gwred f'r;r ?!wse dzscizawea focated within one st earr mzl»:» ( f a alaﬂ 2 wyler.

For new. facilities, provide the expecied (astlmamd) Fowvolome from cach well in cm%lons panday,, angd provide
‘the rationale behind the flow volume-estimaate. For existing facilitios, ym*m&e actal fow data From all wells
wnhm fhe last six months.
@’Jow: 6,798 gpdiwell; Average ;ﬂow from Jzzmmrv through June 2007,
»Rﬁmnale* Please see-attached Flow Da’m T abic.

. For apphuauons for new facilities, are any- of the ;mqmrcﬂ chemical constituents in the laboraim}f analysis present
in concentrations above Wyoming Water Quality Standards?

Echeta Road Unil -WYND42BST Augusi 1, 2007
FUT 10 - 10080620208 Pagedof 28



1f the aniswér to Yiiestiod # 21 16 V&8, dnswer 2134, - 21.b below. If no, proceed to question. 23.
a. Which constituents? Net applicable, -

b. Has this constituent been addressed in the response to question 137 Not applicable.
22. For applications for éxisting facilities, has the facility ever exceeded permit limits or water quality standards?

X YEs o I~No |
If the answer to question 22 is yes, answer 22.a. — 22.c. I no, procesd to question 23.
a. Which constifuents? -

Total barium (Ba)

Disselved chiorifde (Ch
Dissolved copper (Cu)
Electrical conductivity (EC)
Dissolved iron (Fe)

Field pH '

Toteal radium 226 (Rﬁ 226)
Sodiym aﬂﬂorptmn mﬁn (SAR)

. O

¢ » @ » & &

b. Hasthe exceedance*&gen addressed?
See Compliznee Evaluation and Exceedance Summary Table.
¢. Describe how the exceedance was addressed.

See Exceedaace Summary Tahle.

23, Is there acuver:mgannu in; the drgmaae downWeam of the dlscharch KPIeawe J;o' ziz d;m ggspan se includes
both artificially and-navrally ngated bottomdunds us defined in tie Draft Agricultural Use Protection Policy
for the imerpretaiion end and implementation of Chaprer 1. Section 20 of the Wyammg Wat{zr Oualzfy Rules and
Regulations): e

meeacknowiedgesrfhe presence of downsiteam irrigation fx:om;ﬁ&Ex;im;aRm{iq_ﬂgitfacﬁity. Based on
the Section 20 Compliance Analysis for Proposed Discharges by Petro-Canada to Wild Horse Creek,
Cangpbell County, WY; KC Harvey, LLC, November 2005, the WDEQ has detemnned end of pipe Hmits
protective of irrigation on Wild Horse Cresk to be SAR = 15 snd EC = 2350 micrombos/cm. Lance will
" cofifigto tredt discharge from outfall 13 to meet these limits and comply with a dissolved sodium
schedule, However, flow from-outfalls 001-012 is contained in downstream reservoirs that are not
awthorized to discharge except in response to a storm event, Lance reguests that end-of-pipe effiuent EC
and SAR limits for outfalls 1-12 be implemented similar to recently proposed permits including;
WY0038377 on Spotted Horse Creek and WY0054330 on the Middle Prong Wild Horse Creek drainage.
These permits reguire an end-of-pipe effluent limit for EC only. In additien, these permits require
monitoring for compliance with an EC standard find & chemidal relationship between EC and SAR at
designated frrigation monitoring points, Lance requests that these effluent Ih*mts be effective only when
flow can be hydrolegically connected to the Echets Road facility.

X vES ] no

WYPDES Permit Renewal S S
Lance Ot & CGas, Inc. Echats Roatl Unit - WYQ045657 » " August 1, 2007
an Anadarko Petroleumn Company HUE 10 - 1008020208 . Page 7 of 28
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If ves, at a_minimum, the WYPDES Program requires submission of the followiag informarion:
: 1 Location{s) of irrigation diversions and/or sub-irrigated acrenge; $ee the qttachc{} Permit Mﬁp
2 Typel(s).of Crops grown under rigation; v S
3. Descriptionof lerigation Practices v e
4y Avtupographicmap. showing irnigated acreage, any-SiTHetures, ow;wrs}up of irmigated acreage.
See the atia f‘ermu Map . . . e

In addition 1o the mininmun information deseribed above, the W YPDES Pm{;mm mgy uire aoﬁm nal -
mmmnauga should ﬂw permiltee request site-specific effluent Bmits protective of I irrigarion uses. Cou‘tact the
for more, mfonmtmu rerrmrdizw requirements for Mtevspcmﬁc SA& ; DS ag

o _jreference adci'iﬁsonai dats as it becomes Zﬁvtﬁi&l@’}g. .

24. Provide name(s) and address(es) for all downsiream Irrigators berween the outfalls and the mainstem.

| Irrigartor Name Irrigaror Name

| Fioyd Land & Lwestoc]\ Ine., Fred I’imd .| Clabaugh Ranch I

| Matiing Address | Muiling Address

12600 Echeta Road S PO Box 12. - B, |

| City, State, and Zip Code | Ciry, Staté, and Zip Ccm’e L -
Giii,e.tte, WY, 82716 ' | Avada, WY 8”831 v

_?.5, Pm"';.dg a hstmﬂ of all active pamuas Or Lonstruction approvals received or Apphuti for by the’ apphcam for the site
descnbtd in, ma' ermit application in accordance with Chapter 2, Section 5.7, of zhe Fyom mg Haer Ouaz’m
Rules and Regulations.

Please see Table 2 for AP numbers,
Please see Table 3 for SEO numbers.
Statewide permit to Construct No, 04-454.

VWYPDES Persvl Renewal

lance DY & Gas, Inc. Ecnzta Road Unit - WYOD4S8357 fugust 1, 2007
an Anadarke Patroleum Sompany HUC 10 - 1008620208 : Page 8 of 28
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I certifir under penalty of law that this document and all attachments were prepared under my direction or
supervision in accordance with a system designed to assure. that qualif' ed personnel properly gather and
evaluate the information submitied. Based on my inquiry of the person or persons -who manage the system, or
those persons directly responsible for guthering the information, the information submitted is to the best of my
knowledge and belief, true, accurate, and complete. I am aware that there are significant penalijes for
submitting g false m/brmczzzon m*‘ludma rlze posszbzlzty of fineand mymsonmem for knowing violations. 1am

| James A'Aieﬁp v - B » | Ge'x'ze'raiﬂMan'ager., Operations
Printed Name of Person Szmmg 4 .| Tide
L Keed Seoff o faeagsal MO..AA%CI Business Secsviens

Date

Szgnaiwfe* / ” g ;12- } 07' '

A ;l

*All permit applications must be sw.gned in acwrdzmoc thh Section 14, Chaprer 2 of the Wyoming Water Quality
Rules and Regulations, “Tor™ or “by” signatures are not acceptable.

Section 35-11-901 of Wyommg»Swmws prov-ldcs that:

Any. paTSOn ° wha knowingly makes any false statement, rcprcscutauon or certification in any application ... shall
‘upan conviction bé fified not more than’ $10.000 or imprisoned for ot more than one year; or both, Permittees
are required to retain records of all data used to complete permit apphcataons m accordance with Chapter 2,
Section 5, Part 3.V.vii of the Wyoming Weter Quality Rules and Reguiatzons

Mail this application to: B

WYPDES Permits Section

Department of Environmental Quality/WQD
122 West 25" Street, Herschler Building, 4W
Cheyenne, WY 82002

Permits issued under the WYDPES Program are subject to an annual 100§ permit fee for as long as permit is
active, The annual billing cycle is based on the state’s fiscal year from July | to June 30. There is no need to pay
the fee with the application. All permit fees are invoiced after June 30™ of each year.

WYPDES Permil Renewal o ) .- —
Lance Ol & Gas, Inc. © Echeta Road Unit - WYDD48687 August 1, 2007
arl Anadarko Petrofeum Company HUC 10 - 1008020208 Page 9 of 28



Table 1A - Cutfall information: WY0048697 - Echeta Road Unit .

Destrad
Changes

Dissharge
Poliit

{Dulfalls) #

Immediate
Hecelving
Stream -

- Muainstem

Distance to
Closest 2AB
Chanrel &

Maitistern (Milas) |

Qrtr
1
Qitr

See

?‘Wn'
{N) |

HAD 83
Latitude”

Rng
(W]

NAD 83
Longitude®

County

Reservolr
Name and Type |

oo

Wyo Draw

Powder River

2448

SWNE

23

g8

76

44557800

~105.968880

Canpball

Rick's _
(O(ﬁ?i¥i§i&ﬁéi) b

002

Wilson Draw

HPowderRiver]

26,24

SWNE

25 |

76 44544782

-105.946466

Canmpbeli

- Boone : ‘
{OnChainel).,

ool

Soith Lacy Draw

Powder River

26.17

NESW

95 ¢

| 76

PR

44542271

4105051082

Campbali

004

Wiison Braw

Powder River

2567

BWNW.

25 | 531

PR S
Iy

76'}| 44 535009

105956726

Garplball

005 -

Chad Draw -

Powdsc River] -

28.84

swWai |

3115

48] +105.937028

Campbeﬁv

sad R N : 1 Fioyd 14-25-53
Reservoir 00$ Mose Draw Powderﬂnez ) 2397 .::3 0f Gampbgll) -and ’\ﬁ?i!igw?{‘

L O0Y -

Croton Draw . s+ B

51

| Bowder River,

2385

10| Canipbeli

- ' oog Well Draw 7 [PowdérRiver| 2739 |NWBW| 30 | 58| 7
(R 24.86

009

TF. Draw o

Powdét River]'

NWRW

2

010

24.64

- R.F. Draw Powder River NENE| 23 ]
; — A i v V, s {Gm-ChanneI}?
L 011 JF.Draw - Powddr River 25,64 SWHE | 24 Ry { |
N T I L AR A 4 (On-Channely |
_ Bull Pen |

012

.Tf'ibutary 1o Wild Horse Creek Pow

U_‘pdme i
Qi -

from. L.

- 013

- Wild Horse Greek -~

| o Channel)

Update
QPG

Lo

[IWild Horse Cregk 7 1Py

54 553&2?

105977685

WYPDES Permil Renewal

Lance ¢
an And,

T Gas, Inc.
3 Petroleum Company

Echeta Road’

HUC 10+,

"\ WYDU49897
,9020208

Aue
Pﬂ;_

#
P "’CS‘“ SRR Rt R 1 e

2007
{28
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Tablo 1A - Outfall Infornistion: WY00

49597 ¢ Echéls Road AR

S—p——" - g Ty A 3 I T R s b——— ‘
i, Y i : ol k - ! e - Notes régarding water 1
Ddsired | Station i e eafTwalRng; NADB3 | NADSgY | T Y o ;
Changes|  Name Station Deseription Q’t . X -y | owy %Latitu de* | Longitude* guality mqnit_oﬂng station ;
S o P ) . Qe b R P E . ,“__,trypes H
- DPR Downsiream Powdsr River Waiervaualiw:Monitoring Station . | NWSE | 34 } 85. ::.77. 44.696945 ;105‘1,12944 : -

- 1MP1 " livigation Moniteting Polt ' NWNE | 23 | 53 | 76 adiseots|rosgestis| 0 —

- MP2 " lmigation Monitoring Polrit NwsW | 23 | 53 | 76 |44.554053| 05978107 -

Update o | Y I N b

Qrvat IMP3 irrigation Monitoring Point NWSW| 23 | 53 | 76, |44:565602|105.872576 - :
from . . ) ' : e ;
Update . : B - DU B T Lo
f Qri/Qrt IMP3 lerigation Manitaring Point NESW | 23 | 53 | 76 |44.555602)-105:972876 - 4
to ' : - . . ; B
- IMP4 Irrigation Monitoring, Point SWNW| 23 | 53 | 76 |44.:558513|-105.978d¢3 - ;
- 1MP5 Imgation Monlioring Foint NWSBW] 23 |'53 | 76 {44.555307, ;105.9?.’89‘9;2 -
Add | mvps _ terigation Mohitofinig Pofiit | senE | 261 53 | 76 [4as4s733] A0s.962399 - it
R —— NN T B A S EEY TR R G
 [add M7 Irrigation Monitoring Polnt NWSW| 25 | 53 | 76 |44 541700 105 854608} -
’ Add IMPs ..» lrigation Moritering Polnt ~ swsw] 28 | 53 | 76 |aa.538450|105.955352 -
Add | impg trrigation Monitoring Polnt sesE | 36| 53 | 76 [44'521738]i105.938632 - "

‘ - TRIB1 Tributary Water Quai(tyﬁpnltoring Stalion SESE . 16 54 77 [44.650442 i106,122148 -

‘ - | ues Upstream Powder River Water Quallty Monitoring Station | nwiswe| 16 | 54 | 77 |44.650381|-108:128360] -

* Notle Lal fongs ars presenied in NAD .83, &hereas prevfousfleeh’n,i{- veré],cm; ﬁad NAD 27,

WYPDES Permit Renewal.
Lance Oil & Gas, Inc.

an Anadarko Petroleurn Company

t

Echety Road Unil - WY0049697
HUC 10 - 1209020208

August 1, 2007
- Page 11 i 28
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Diseharge Poing
{Outfalis) #

immmediate
Recelving
Stream

Table 1B - Dutfall information: WYO049697 - Echeta Road Unit

Mainstemi

Distance to
Closest ZAR
Chaniiel &
Mainstem {(Miles)

Qtr
1
Qir

Sec

Twn

N

Ry

w)

NAD 83
Latitude*

HAD 83

Longitude®

Counly

Retervoir ;
Name and Type :
i

001

Wyo Draw

Powder Riven

24,19

SWNE

23

53

78

44,557600

~105.968880 |

Campbell

Rick's 4
(©nChanhel) |

002

Wilsen Draw

|Powder River

26.24

SWNE

53

78

44.844752

~103.048465

Campbali]

Boone
{On-Channet)

043

SoUih Lacy Didw -

Powdir River

3847

NESW |

44.542271

-105.951082 |

Campbell

N&S Lacy
{On-Chstinel)

Wilson Dreiw

Powder River]

SWNW

| 83

44 525048

165056725

Carnpbefl

oo
. (On»’Chgnnel_)

Chiad Draw

Powder River

53 |

44 892728

0557028 |

Carmpbell

Chad
"‘(C)iijhhiihé’l) h

' Mose Draw

1 Powder River

44551520

| 105077680

Canipbel

Floyd 14-23-5376
" and Willow Trae
{On-Channel)

Croton Draw

Phvwder River

| aassozro |

105678290 |

camposl

Rick's Uittle

Wall Draw

| Powder River|

- | Campbell,

| ~{Or-Channel)

dames
T{OR-Chiaingl)™™

T.F. Draw

| Powder Rive,

PN

01 ﬁéﬁi}ﬁﬁéﬂl

e T_}‘::.'_;: R
{On-Channel)

RF. Draw

_ Péwdt-;r_ River

| Campbet]

B e

o1

J.E, Draw

- | Pawder Rivey

10 Campbell

_{On-Chamne -

“Ryon s

! 012

| Tributary to Witd Hergd Triek

Pavider River

11 | Campbel] .

. {On-Channel) .1
Bull Pen

013

5

Witd.Horse Créek -

=

- | Rowder Rivat]

{23

Laasssdar | <10

3 Gaﬂmbe‘“ L WY

(OR-Charnel)’ -

WYPDES Permit Renewal
Lanes Ol & Gas, Inc.

an/s “arko Pelroleum Gompany

o

Echeta Road Unil - WYD048697
HUG 10 “’}9020208

August 1, 2007
Pags W28
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Table 1B - Quifall information: WY 0049697 - Echeta Road Unit

.stagion.Name Station Desgrlp_ti?n Qualfter_‘ Sec 1;:;’ ?\;ﬁ; Lt::gx:z" Léqnz[i:;:;a‘ qgazfgsrzi?{::iﬁi%g?;n

' ) L . Quartery | | _, ypes
DPR Downstream Powdar River Waler Qualily Monitoring Stallon | NWSE | 34 | 5. | 77 | 44.606945 | -106.112044 | -
MP1 © " imgation Motitoring Point NWNE | 23 | 53 | 76 | 44563125 | -t0sges7is | 0 -
IMP2 * Imigation Moritoring' Peint - nwsw | 23 | 63| 76 | 44554053 | -i08.978107 | .
IMP3 Irigation Moriloring Point NESW 23| 53 | 76 | sasose02 | -lossraeTs| 0 —
v :  tmigation Manitoring Polni’ o |swnw 23 183 |76 | 44569513 | -105.978803 | - -
P trigation ﬁdﬁito;ing.ﬁoi;x; 7 |nwewlas |0 76 | sasssast | tosereeez]| 0 -
P ' " “ierigation Monitering Point - | sene | 26 53 76 | 44.505733 '-ms.ga‘z'a_ég -
Me7 firigation n&éﬁitoﬂngveoin} .NWS'W 25 '353" 76 | 44541709 | -105.954608 {*- .
“wpe . wigation Moritoring Point . |swsw| 25| 53| 76 | 44538450 | -105.55352 | -
e " ligation Monitoring Paint .| sese | 36| 53 | 76 | 44521738 | -105.938602 | .
TRIB1 Tributary Water Quaiiy Moriftoring Station | SESE | 16 | 84 | 77 | ddeoodaz | sosazzias| 0 —
UPR Upstream Powder River Water Quaut?h{onnor_mg.Slalton BWSE | 16 54 77 | 44.650361 | -106.128360 | -

* Note Laf longs are presented in NAD 83, whereas previous permit versions had NAD 27.

4

WYPDES Permit Renewal :
Lance Oil & Gas, Inc. Echeta Road Unit - WYQ049697 : August 1, 2007
an A=~darko Petroleum Company HUC 10 - Q9020208 Page 1~ ~¢28

TROTETIRT




|
|

Table 2 Wail 1mormatiom W’Y0049697 Echeta Rﬂad Unft
: i Lﬂcatlon {QQ
el 3

Well Nams ',

1-API Mumber

+Logl Beam

Depti]

“TRWAD < AW

) Clabxaug_h Ranch Bigle 1

mm"ﬁé?é_; 3503

: (:‘!a'.bal

h Stﬂiﬂaflza-‘d'-ﬁ 376

[ A9-005:47982]

-005-56521]

17800557983

49-005-47973]

149-00547970

B E@OG‘Q»«W@ 74

| 495@@7@3@" :

T49-005-47804] -

) 49 005-47955

I E T

- Anderson

547957)

“iiNErhst

SN T A

47968]

SWSW 25:53-76 | 1

B 494906‘479,92 T

Andarson

SWEW 255378 | A

~Fioyd 4; a"i. 4

[A9-ON5-47098] -

SW’“W‘Q&S&-’TS '

— Flovd 1 & L 2% ‘?5»537BW U ADON5ATREY] T Wemer ‘ 1025 :

= Flowd L &L 292553756 49405-47881 Gaies 1518 1 MENW 25-53—78 AWAD

- Flovd L & L 21-25-5378A 4800548007, Andersan 910 | NENW 25-53-75 ; J

- Floyd L & L 23-25-5376W A8-505-48000 Wermner 973 | MESW 25-53-78 AWAD

- Flovd L & L 22-25-837606 A5-005-47850] Geles 1308 | HESW 256-53-78 ‘AW}’AO

- Floyd L & L 23-25-5378A A8-005-480086 Anderaon 705 | MESW 25-83-78 AWAD

- Floyd L & L 32-25-5376W 4800548001 Werner 987 | SWNE 25-53-79 AWAQ

- Floyd L& | 32-25-53765 149-0D05-47983% Gates 1298 | BWHE 25-53-78 AWAD

- Flovd L&L 32-25-5376A-R 45-005-58872] Andarson BY7 | BWHNE 25-63-78 AWAD
WYPDES Pammit Renswal L
Lance G4 Bas, inc. Echeta Rosd Untt - WrDD48537 August 1, 2007
anAradatko Peirgieum Company HUL 1D~ 1888020203 Page 14 0 28
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Table 2 = Well Informationt WY0049687 - Echeta Road Unit

{Char‘igé Well Name

APl Number

Coal Seam

Well |
Depth

Lozation (QQ,
Section,
Township,
Rangs)

Discharges:to
Outfall #*

L AVTRO Ay
N —y

‘ L25-65760 831 BWEE25:53:764 - AWAD |
34:25:5376A p : _864.. | BWEE 265376 [... AWAD
~25-B37BW. .. 25006479781 1008 | SWSE 25:53:76 |  AWAD ..
5506 | 499006-47979) SHO7BASNENE 285878 1 AWAD !
+25-53764 45-005:48012 9527 NENE 25:53.76 AWAO
25537686, [49:0D5:47087) - 14331-NEME 2655378 |  AWAQ
492553764 | 48:005-48013 'B58:] NESE DB:53.76 |  AWAQ .J
4325-5376W....  149:005-47980). BE2 ] MESE 25:53-76 AWAQ
437553766, - 148-005-47080) : 113481 NESE 25:53:76 |  AWAD
te 12:26-5376WA 49-005-54325 Andarscn—Wemer‘Wail 1375’ SWNW 26-53-76 |~ AWAO
3 : 9005470501 Wemer | 1005.|.NENW 286376 . AWAO

10 ﬁENWZoéB-V‘B .. AW
o ik =

. ;9-035«4?9»9

[45:005:47962
TR
, 49@55:53235

WYPDES Permiit Renewal
Lance.Oll:& Gas, Inc.
an-Ariadarko Petroleum Company

Echata Road-
HUC 10~

Lt - WY0048697
1008020208

August 1, 2007
Page:15 of 28



_ Table 3 - Resaivoir Informatlon WY0049697 - 'Echeta Road Unit ) o
“Resetvoir ) ) Locatmn ' Geographic Location®
Qtrf '

k]
£
q o
i
i
i

Desired | o coivoirName | 1998 laps poiy| SBO Reservolr

Changes Volunie P Requiremants

I . Aagrelfeet) | R I S |
e dooooe0a b et ) o P17149s a0 -
= 1 Boone e P!l}*itibs N

. ,_NAD 83

| Townﬁhip
53 Lo 76 1 44,5388 0. 058711
_ 53 76 | 44516230 | ~106.052506] - i

K

— BulPep 1. 032, L. — N B |76 44.549779 | -105.963784
- Chad | B16. | = 53 23 ~~1059‘37‘14¢_;

.53
B3 TR
g "2\)3»}';",‘ 5

83 . 76

oo B3 T
53
. 53

- James 1 173 . | . o
- ___dason 136 P151488 L e
=t N&S Lagy L8 ) o Pisars 4 e | NESW
= Rick's 1,98 P157488 -

—. 1. Ricks Lm 5. 58_3». 1. Pi51375. — e | SWEWE
ol T oRyan s i1 PI5150S - -

; L Pasisdss | =

84751388 . -
L P‘15138S:'._‘ T

' 10563557

] o,l.szzsm Z

*Geographie focation for, amchannel rmpourtdmanls reprasents ihe appraxnmake of Cenler of Dam - C@mu‘ ﬁf Channei locdtion fcr aH-c;hanneY
impoundinénts représerits the approxitfidte tenter of the Impoundment.

SO i 7 b e e B

Ewpmg% ga@mmt lqu;newgl ' '
anee as, Ine. Echeta Road Unit - WY0G49887
an * Jarko Petroleum Company HUGC 10 0990206208 A#SS? b %ogzi
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Table 4 - Bonding Information: WY0049697 Echeta Road Unit
Please check only one reservcir
rectamation volume” box for each reservoir
s Resetvoir Reservoir Reservair
. Reservoir i ! ,
. . . Reclamation | Reclamation | constructed! | Bond Currently
. Reserveir|{ Reclamation N N .
Desired ; . . VYolume Volume upgraded™ posted with
Reservoir Name | Bonding | Volume* less )
Changes Authorit than 5000 between 5000 | greater than prior to bonding
¥ cubicvards?| @19 10.000 | 10,000 cubic | September 1, |  authority?
_ ‘ ey | cubie yards yards 2005
- Rick's Liltle WDEQ | — - X Y Yes
— Rick's WDEQ X -~ — Y Yes
- N & S Lacy WDEG ~ - X Y Yes
— Willow Tree WDEQ — X — Y Yes
Add |Floyd 14-23-5376| WDEQ X — - Y Yes
— Ty WDEQ - — X Y Yes
- Ryan WDEQ Y Yes
-  "Bull'Pen N Yes
" ‘Boor Y Yes,
* "Reservou Reciamatmn Volume is the,
cubic yards. This can: -also be measure
that reservoir: mformatvon is not requir
instance, mfermatmn abourexisling ;mci
** "Reservoir constructed!upgraded" Information relatés to the Seplember 299a memo regarding. (npsed storage on-site, A
NO" response in ihis-colutn epresents that eiiher«fhe reserveir is not- st"’r‘detedor that it reguirgs- upgrades which would
require topsoil stockpiling on'sxte. A'Yes' response in; ltqs golump, represehts that the reservoir Has. been cdnslmcted pnor
to September 2008 and any bpgrades if requ:red do net' qulre\ the stockpslmg of topsoﬂ o ’
WYPDES Permit Renewal

Lance Gil & Gas, Inc,
an /- ~darko Pelroleum Company

Echeta Road Unit - WYQ049897

HUGC 10 - *~Ng020208

August 1, 2007
Page ‘7 4f 28




_ pmjecimd o bé- gl ns hxghest g:ven lha pmjecied producﬂon rafes whlrh zm? generauy Iess than this pennmed now iale

Jio show a worst sage Suenario,
1’ See attached: expianaﬂon doeument fof sorce and formulafrstionals for mta! daily evarmrateon {all evaporalion rates are basad upon ha surface érea of the store

2 Dally CBNG d:scharge equals {tetat walls) * (dhchargre rate per weu) {80 minuler;fnr) (24 hrslday) 7{325851.43 gaﬂnns{aer&ﬂ) wnim eqmisihe ;:em\med ﬂcw raie I order

‘lume ol’

CBNG water rathér tisn'the entira stirface area). : : -

P See stiached expla’nation doeurmient for source and formulairationale for 1otal da;ly infiitration- (an infiltration rates aie Ba&.ed upon the stofed voiume of OBNG walea‘ tathar lhan E

the entire capacily).

ADDITIONAL COMMENTS o ' : A S i
Tolal humber of coniributing GBNG viells differs, in same years, from’ 1ixe wxm number of wells ﬂsted in abL' s Wl Informatio % ag Tolect
be bmughl onllms ; ;

e TV e i SR 4 SR

N ~eo “q
i
i
‘ :
¥ Fac‘t.::ht!es:_ _ 5
Y
i
‘ ?
. s : . o : : © 1 {AllReservoiry
Tétal Nuimber  Discharge, | Total All - | RESSIVOIS) | oo oo (aore feel): | 7 Polential Qutllows {frre feel) 1. ernsboard” B
ofWells | rate per well | Tolal Number| Reservoir(s) | Freeboard — ‘Céfia D IVETYEL R — et Cpaitily) - {Total |
-Calendar |Discharging to| {gallons per of .|SufscaAral ‘Gﬂpaclty o ischiange (o IS P = CBMlnﬁGW Total }
Year Outfalite) . | cuidwe)’ | Reservair(s)]  (aores) - 1Y 5 R"SGNO"(S! Infiltration” | Tol; .. Dulllow)
JYemrt 1 88 | 678 13+ 1880 - ‘258 2R 1,78
Yearz | 97, 801 18 ] 1880 - o258 073
Years | 97 .1 601 3.1 1580 2.58 idn, 0.8
Yeara | 97 801 | 13 .1 1580 - __2.58 00 G 028 & '
“Yewt | O7 | B0 | 73 . | 1580 - 258 I AL .
-memmes |

WYPDES Parmit Renewal !
kﬁn‘ce Oil & Gus, Inc. Echeta Road Wil - WY0049697 } August 1, 2‘{)37
v 8
L

~darko Petroleum Company HUC 10 ™09020208 : Page




g T st e semanan

“"’”M"“’;}“ CBM Associaies,

920°E: Shgridan St # Laramie, WY~ 8"070 0e O Officer I307) 7424991 & Fax f3('375 745-1582

GROUNDWATER & SUKFACE WATER HYDROLOGY « WATER RESOURCE MAN \G&‘\ﬁi‘VT ERY IRONMI NTAL. PERMITTING & COMPL. L&‘WE’

i

Infiltration: and Evaporation Raies fmm Reservmrs

Potential infiltration loss rates can be estimated for CBNG coniammenl reservoirs based on a series of
hydrologic studies conducted by the USGS for smiall stock ponds i int thé Powdér River region of Wyoming.
Pertinent fi ndings of aval!abie lxterature for thls regaon of Wyommg are as foliows‘

USGS Water Supply Paper 1531. Hydrology of {he Upper Chegenné fglver Basn Part A. Hvdraioav of
Stock-Water Reservoirs in Uppsr. Chevenne River Basin, by, R.C. Culler,: 1981 Fifty-four reservoirs with

an average Surface area of 2.12 acres weré monitored for four years 1951 - 1954, Reporisd evaporation
and seepage loss raies are shown in Table 1. S : )

Table 1: Evaporation and seepage losses from 1951 195@'I-h,tﬁa"%'heymne River Bagin
" Year ) Evipbration R T Seega?’gé‘f;‘v
—_ {feetlmunth) - S (feet/month)
1954 j o A4y i K e 1.28
18952 - b.gs . R 0.86 . -
1853 T . TS T T R U Y 4 - o
1954 - ARSI o - NS S5 SN IR RT3 L

The stock-water reserveirs in the Culler study were typxcaily much older badxes cf water than’ GBM-reiated
reservoirs. | A newly constructed CBM-related reservsir should have a much hxgher seepage rate than the
T seepage raies of reservoirs addressSed in the Culler study, espec:ally ifth& resarvoir bottom was
B ) excavated relatavely deeply accordmg to standard practlce

. P RN © ol

~ The foﬂowmg references provude addlt;cnal gux:

'USGS Water Resources Ser:es No 47, Char tensi;cs f
Soreader Systems, by Verne E. Smith; July: 1974, L The.aul :

- waler ponds, evapotranspiration, and seepage. Whils thls study w:as conducted for-stock: ponds
the govemmg concepts are pertnnent to CBM Wai' agement reqmrements m smau
reservorrs R : ;

USGS Water Resources investigations’ 82 41 05, Evapotr____piraﬁon Rates at: Seleoted Sites in
the. Powder River Basin, Wyoming and Monfana, by L;W. Lenfest, 1987. This repbri provides the
results of studies at twelve sites where the: authsrs eva!uated the: ef@cts of aﬂuvnal vailey w1dﬁ1 on
measured evapoiranspirat:on :

Overall, the' above references combmed with: reertit. field abservatlo nducied by Hugh Lowham
(USGS-retired) provide a reasonably cons:stent sstimate of combined evaporatlcn and seépage losses in
newly constiucted- small reservolrs. § Hugh Lowham, P.E, has. summiarized available data. .an: field
observations to yield the foliowrng es’nmates for total loss rates of newiy constructed small: reservoxrs in
the Powder River area ; . ,

Very small reservo r (2 acre-feet storage volume) 40 gpm
. Small reservoir (10 acre-feet storage volume). 80 gpm
Mediurn, ressrvoir (20 acré-fest storags volume): ! 200 gpm
( .Large Resewcnr (2.00 acre~feei storage volume) ' 4{30 gpm

Casl Asgocza TES, INC. ADDITIONAL, OFFICES:

P

{ ) ' 345 Siriciair Street© - 50OW: Loft-Strest © - - - 743:Hdrizon-Cotrt: Suite 250:. « 3036 South-Flower Gourl
: Glflette, WY 82718 Buffalo, WY 82834 Grand Junction, CO 81506 Lzkewaod, CO 80227
307.686.6664 307.684.0252 970.263.8679 303.973.2302
WYPDES Permit Renewal

Lance Oil & Gas, Inc. Echeta Road Unif - WY0049897 " August1, 2007
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R ey

Partiai seaﬁng of ths W ; .
pore-blocking particles. 4) Aﬂd swelimg of clay part;c es (Hil lal 2@@4) S’Leady «state i nltfahon rates { }
nated.Dy d:ng Tnithal loss rate esxzm i8S, asishon n above 0y & factor of 3. -

January
- | February
’ ”_March

: ?-\’JL‘%l\-,f .
August
Sepiember
Oolpber

| Movember
Decembsr
Averagae '

' Bubtracting a\:erage evaporabon rates from the ;.Gwham initial lotal loss rates am:l dwadmg by the steady

state factordh3igves fhe resulling steadyws’fate nfittration rates shown below..
Very small reservoir (2 acre-feet storage volume, 0. 67 acres of surface area): 1‘2.92 gpm
. Brmal. reser:vcnr{m gore-Feel storage volime, 1.36:3 of surface area); 25.84 gpm
tediumn, réservoir (20 acresfest storag omme, ' &8.of surface area) 5,45 gpm
Large Reservo;r (200 acre-feet sicarage volume 20. 45 acres of surface area) 120.84 gpm
Curve ﬁt’(mg these data poinis on @ graph yields the foliowmg power equanon {se8 gnaph}
. y= 47450 o

Where y is the steady-siate infiltration rate in galions pér minuie, and x is the reservoir éapachy in acrg-ft

, \Z:m Assomiatss. e,
WYPDES Permit Renswsl ’

Lance 31 & Gas, Inc. Fceheta Road Uni - WY RD48687 ;\ugns‘i 1, 2607
an Anadarko Petroleum Cempany HUC 19 - 1089820208 . Page 20 o1 28
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Steady-‘Sta’te»Réservoir Infiltration Regression Analysis

B
B
L&
2
B
g 3 B Gratis
4 Steady—state
2 infiltration
- E
; = Steady-state
t i i i
i = infiltration {least

SQUATes cune)

0 26 40 80 80 400 120 140 160 180 200 220
R Réservoir Capacity (acre-ff)

While this equation provides a good approximaition of predicted reservoir infiliration, it should be noted

that all of the studies cited in-this paper exhibit' highly. variable- infiliratiori fates that are due, at least in

part, to site-specific variations in-gedlogy.and soils. Although this variability may not be fully predictable,

the inclusion  of additional’ site-spscific _ data should betier constrain  actual seepage and
i \ evapotranspiration fosses at a particular location cmce a new reservoir is constmcted and operated.

References Cited:

Hillel, Daniel. 2004. introduction to Enwronmenta] Soil F’hys:cs Academ'c Press San Diego, CA. pp. 258-
262,

USGS Water Resources invesﬁgaﬂons 82 4105; EVa sotranspiration. az‘es at Selected Sites in the
Powder River Bas:n Wvomma and Montana by LW, Letifest, 1987

Uses Water Resources Series No. 47 Charactensbcs of Wyoming Stock-Water Ponds and Dtke
Snreader Systems by Verne E. Sm;th July 1974

USGS Water Supply Paper 153’1 chirofo ,of the UIJ V er. Cf:e Brne. Rfver Basim PartA Hydroloay of
Si‘ock-WafarResem;rs tn Ux:vner Chayenne=R;ver Basm. by R. G Oui!er, 1961

Vnessman Warren Jr., GaryL Lew;s 2003 lntroduct:on to Hydrology 5‘" ed. Preﬂbcs Hall, Upper
Saddle River;-NJ. pp, 165

Western Regional Climate Center. Wyoming Menthly Average Pan Evapgration. Retrieved April 8, 2007
from htip:/iwww.wree.dri.edu/himifiles/wesievap. final himi#EWYOMING

e . CBIA Associates, ins.
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Flow Data Table WY0049697 Echeta:Road Unit

*Total Facility Flow *Total Eacility Flow. j
Meby - o lgpd) e
L 085 . b .0 849000 ¥
08 o b o 8647000 7
_ 0.60 e b 804000 .
. ko 056 L , 564,100 .
May 2007 o 052 _ 520,000
_une 2007, o L0586 . .. 5364800.0 {

*Average Facility Elow 0.66 © 559,447

e

K
&
o3

*

>

* Totns and Averags Facilily Flow are based on actual discharge from outfalls 001 002, 003,009 and 013 megsured January - dune 2007“
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\ T 7 LABORATORY ANALYTICAL REPORT s oo
‘ ‘ S Lab 1D:G04050016-002

4 Client:  Lance Oil and Gas : Report Date: 05/19/04

Site Name: Echeta_Road_Unit : Collection Date: 04/30/04 16:40

Project:. NPDES ~ DateReceived: 0510304

) Samp FRQ/Type: IN_A_S1_M Sampled By: Toby Westbrook
Client Sample [D:  DP_WY0049697_004_ET3 . : LR e Natrbx: AQUEQUS
Loeation: NESW_25_53N_76W  Tracking Number: 30984
Analyses Result Units Qudifen Ry, QCL Method = Analysis Date/By

FIELD PARAMETERS : o :
pH, field 742 s , FIELD .. 04/30/04 18:40/ ™

s Parfurmed by Sampler . ) i . oo s T o . ’

MAJOR IONS , - o :
Bicarbonate as HCO3 1610 mgiL 5 T A23208  05/03/04 19:11/mi
Chioride . 15 mgll ’ 1 E300.0 05704104 18:45 / milk
Fluoride ' 08  mgl Cooa " E300.0 05104104 18:45 / mif
Sulfate © ND  mgl 1 E300.0 " 05/04/04 18:45 / il
Calcium ' 45  mgl 1 "E200.7 T pS04/04 23:21 7 i,
hMagnesium 26 mgl. 1 £200.7, . 05/04/04 2321/ rin
Potassium 3 mgl ¢ 1 E200.7 . 05/P4/04 23:21/1h
Sodium 484 mgl . D 2 E200.7 05104/04 23:21 / b
MAJOR IONS - WILLIEQUIVALENTS : . EE k
Calclum, meg : 227 megl 008 E200.7% ~ ¢ 05/04/04 23:21/ ¢h

(" Magnesium, meq 211 megl 008' ' E2007 | 0504004 23:21/rh

S Sodium, meqy 20.2 megil o.-. 0O7° o TE200.7 7 05{0419{5 23:2171h
METALS, DISSOLVED _ : g : S PR
Baron 183 ugl - D 200 - 'E200.7 ¢ 05/04/04 23:21/ dn
Cadmiturn ND ugft. ' 0.1 EZGUTSE ' .05!06]04 19:37 1 jw
Chromium ’ ‘ 1w C4 T EZ008 ¢ 05/0B04 19:37/jw
Copper ND  ugle A . EZ00.8 . OB/DBIO4 19:37/jw
Iron 15 ugl .80 CEZU07 ;0504104 23:21/0h
Lead ND  uglh ' 7 0 0506104 18:37 1w
Manganese 52 uglt ' S | B (504/04 23:211 tih
Mercury CND ugll 0.08. * 08/06/04 19:37 1 jw
Nickel _ ND gl T A gS/06I04 19:37 1 jw
Siiver ND  ugh Sz 05/06/04 19:37 1 jw
Zine W owgh 10 . 05/04/04 23:21/ rth
METALS, TOTAL : ‘ » _
Barium 2040 ugl C100 E200.7 05/08/04 03:54 / rh

METALS, TOTAL RECOVERABLE T :
Aluminum ND ugll 50 E200.7 05/06/04 03:49/rih

Anfimony . . ND ugl. : 5 E200.8 05/06/04 19:30{ v
Arsenic 0.1 uwgt p.1 £200.8 D5/06/04 19:30 / jw
Berylium ’ ND ugll 0.03 £200.8 05{06/04‘_ 19:30/ pw
Report RL - Analyia raporling limsit. o MCL - Maximum coniaminant tevel. Page 3 of 4
Definitions:  Qcy - Quality controt imit. ND - Not getectad at the reporting limil.

D - RL increased due to sample matrix interference,

WYPDES Permif Renewal
Lance Oll & Gas, Inc. Echeta Road Unit - WY0048687 August 1, 2007
an Anadarko Petrolaum Gompany HUC 10 - 1009020208 Page 23 of 28




‘e LABORATORY ANALY]

Client : 0571
Site Nam Collection Date: ’ba/30104 16:40
Project: NPDES DateReceived: DSR4 o
Samp FRQ/Type: IN_A 51 M
Client Sample ID:  DP_WY0049607_004_ET3
Location: NESW_25_S3N_76W

Aaalyses Result  Unigs  Qualthers

METALS, TQTAL RECOVERABLE . , L

Seignium ND o owgh

“Thalium ) ND ugfl
NON-METALS : ’ ;-«.»; s , S

Adkalinity, Total as CaCQ3 1320 mglh )

Conduclivityi@25-C ' o 2210 wmhesiom 0 o c.ad

Cyanide, Tagl Autemaled : C B gl - 7 e B pggg _e}ﬂ 7 kp
Hardness as Cal03 219 mgil 10 05}1 1404 47:01] ow
Phenpiics, Total Recoverable : ND gl = 1 3 407 mikp
Sodium Adsdistion Ratlo (8AR) 126 . uaitless L ae

Salids, Total Dissolved TDS @ 180C 1379 mgil ) 20

Total Petroleum Hydrocarbons NP mglL 1.0

DATA QUALITY _ .

A/C Batanca |, ‘ ‘ 284 %

Anions o 26.8  megt : : 041

Cations _ _ 253 megi KXy

RADIDCHEMICAL _ o B

Radium. 2280 v . 0%  pCil 0.2

Radivm 226 precision {+} ) 0.3 pCIfL

S

Report RL - Analyte reporting limit. MEL - Maximum contaminant tevel, ) © Ppoedofd
Definitions: ) - Qualiyy contro) I, ND - Mot detected 2t he reporting imit,

WYPDES Parmit Renewal :

1ahee TR 8es, Inc. Exheta Road Uint - WYDD4SES7 Cox Aungust 1,2007

Bn Afialiakoe Peirieum Company HUC 18 - 1008020208 Page 24 of 28
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920 E. Sherldan Bt » Laramla, WY 82070 « Ofﬁoe (307) 742~4981 . Fax: (307) 745-1552

GROUNDWATER & BURFACE WATER HYDROLOGY + WATER RESOURCE MANAGEMENT + ENVIRONMENTAL PERMITTING & COMPLIANCE
July 24, 2007

Wyoming Department of Environmental Quality
Water' Quairt%f1 Division

122 West:25" Strest

Herschler Bullding, 4W

_Chigysntie, Wyommg 82002

RE:  COMPLIANCE EVALUATION for WYPDES Permit Application
' {#&nce Oll & Gas Company, Inc. .
Rétewal for; Echeta Road Unit, WY0049697

Dear Water Quality Division,

. Thiz{etierbullines specific requests for WYPDES permit requirement updates and provides informatiori to
.a‘ddre’ssﬁltem 22" in the application for a renewal of the above-referenced WYPDES permit. '

' Speciﬁc Requests for WYPDES Permit Updates
- Traddition to those. ilems.tefersnced on the cover letter of this apphcatlon, Lance Ol & Gas Ccmpany, .

hac requesw that thzs renswal;

s Repiace total recoverable aluminum reguirements with dissolved aluminum requirements

+  Ralse the total recoverable arsenic limit m accordance with the antidegredahon palicy and new

- Chapter 1 standard, and;

* Remove the end-of-pipe SAR lirait at outfafls 00’1 -012. Instead, and as done in recent Public Notice
pérmits, apply a ﬂxed EC ftmit and a Hanson-der«ved SAR fimit at an irrigation monitoring point,

ltem 22 of WYPDES Application

This permit has exceeded permit limits and/or water quality standards prior to submission of this -
applicaﬁon CBM™M Assoclates, Inc, (CBMA\) provides the following information, but cannot claim It is 400%
accurats or afl inclusive &f’ exceedances,

2.a: .

This permit has exceedsad parmit and/or water quality standards for the following sonstituents:
»  Total barium (Ba) .

Digsolved chioride (G)

Dissolved copper (Cu)

Electrical conductivity (EC)

Disaclved Iron {Fe)

Flald pH

Total radium 226 (Ra 226)

Sodium adsorption ratio (SAR)

22.b and 22.c:

“The attached Excesdance Summary Table outlines sampling, mltlgetlon and compliance activities for the
above constituents since CBMA became aware of the potertial or verified water quality concerns, The
table specfifically outlines the exceeding parameter, sample results, dates of correspondence to the
WDEQ, and resolution methods,

CBM ASSOCIATES, JNC. ADDITIOMNAL OFFICER:

345 Sinclalr Street 500 W, Lotf Sirast 743 Horizan Courd, Sulte 250 3036 South Flower Court
Gifletls, WY B2718 Buffalo, WY 82834 Brand Junstion, CO 81506 Lakewood, CO 80227
307.586.6864 307.684.0282 870.283.8678 303.873,2302
WYPDES Permit Renswal . R
Lance Oil & Gas, Inc. Echeta Road Unit ~WYDD495687 ST August 1, 2007

" an Anadarko Petroleum Company : HUC 10 - 1008020208 . - Page 25 of 28




* condifions, may be used o set pe,rmit mon‘itarmg and limit requirements;

Addlt:onal Note:
CBMA Is concerned fhat wlaer data which may not be representative of cunfem weatk it or fac ity
CBMA requests to work with WDEQ regarding any older data that WDEQS eh_ yes. :
dunﬂg the permitting renewal prooess A

Thaqk vy For your wnsldarqtaon, ﬁ_, W have any-guestions regardin

3 P&
exceedances thal WDEQ considers outsiandmg, please feel free to con‘taat 113

dlore w@gbmamc com,

o

Sincere)y, : P
{”JBM Associales, ino, - .

C&Mi\{\ﬂ, &S?s gcéﬂ/ﬂw

Carpline Lo Ré Brewer

-Envh‘@ﬂmemal Compiianoe: Prof&ssasna! - ‘ . : N

ance
i
WYPDES Permit Renswal ' g TN DB Asodidles, fi8,
1ance O} & Bas, inc. . Echela Read Uit - WYR04D587 August 1, 2067

an Anadarks Peircleum Company HUC 40 - 1008020203 ’ Page 25 5T 28
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EL “‘“‘M CBM Associates, Inc.

_,\\\ . 920 E. Sheridan SL « Laramie,WY 82070 o Offce: (307) 742-4991 » Fax:: (307}345-1582 e

GROUNIDINATER & SURFACE WATER HYDROLOGY * WATER RESOURCE MANAGEMEMNT + ENVIRO e
August 20, 2007
v

Ms. Jennifer Zygmunt
Wyoming Department of Environmental Quamy
- Water Quality Division
- 122w, 25th Street, Herschier Bidg. 4-W
Cheyenne, Wyomiing 82002

RE: Supplemental Information to WYPDES Permit Renewal for WY0049697 - Echeta Road Unit
Lance Oil & Gas, Inc. an Anadarko Petrofeurn Company

Dear Ms. Zygmunt:

L#nce Ol & Gas, Inc., an Anadarko Petrofsum Coempany (Lance) hereby submits the enclosed
supplemental iniormation 1o the Renewaf for Echeta Road Unit — WYD048697 dated August 1, 2007.
Enclosed are the following: - .

»  Water Quality data

:With thls iette«r Lance w&shes to su iement'—water qx__x_al’zty data that was mcluded in It§ WY0049697

sampie »‘from WY0049697 009‘3‘datsd Bl 5!29{)7 shows SAR results followmg outFaH refurbtshmem

If you have any permit related questaons please cal! me al 30?—7\42-4991 or e-ma;i at
jdrxscoll@cbmaxnc com. D:rect all oorrespondence to

_ Lance Cil &Gas lnc :
: “an‘Anadarko Petroleum Cempany
- Adtention: Timothy'S. Kalus. '
' 1400°E. Lincoln St: . -
Gilletts, Wyoming B2 .

‘Sincerely,
CBM Associates, Inc,

- Jasan Driscoll
Environmental:Specialist

Imbb

a1 e Supplementai !nformatton {0 Renewa! Documents
ICe 0l & Gas, Inc. — Gillette

CBM ASSQCIATES, INC. ADDITIONAL OFFICES:

© 500 W, Lolt Street 743 Hortzon Court, Suite 250 3036 South Flower Court

‘: Gllietfe, WY 82748 Buffaie, WY 82834 : Grand Junction, CO 81508 Lakewoed, TO BG22Z7
A 307:884.0252 870.420.2224 - 303.978.2302

307.685.6664
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Clieng: I.ancae *@ﬁ md Gas

_ Result g Qe

FIELD PAR#METER&
pH, figlds ' 781 sw,
~* P ﬁamved by Bampler

St AR R e

1850  mgiL 5 #2320 B

: o 0 mgl S EZ00.0

Fluoride "~ ., . . © 07 mgl I £300.0

Suiate ' LT _ ND  mgll | E300.0

T 25 mgl 1 £200.7

14 mgll 4 E200.7

1 mygil 1 E280,7

1 422 mgl D 2 E200.7

127 meglL ’ D05 E200.7 . :

Magnes _m, 116 meqiL .08 E200.7 03726104 20:48.7 th _
Sodium. taeg _ _ 214 megl D 007 E200.7 03126104 20:48 / 1ih
METALS, DISSOLVED
Boon 136 wgh, 10D £200.8
Cadmium ND  ugh 01 E200.8 :
Chromium _ 3 gl _ 1 E200.B 03/27/04 G3:42 / jw
Copper : ’ WD ugl 1 E200.8 . 0B/27/04 0342/ jw
Jron 54 ugl 30 E200.7 Q3728104 20248 f1lb
lead . ' COND O uglh 2 £200.8 03I2704 03:42 1 jw
Manganese - . : 1 wugh 49 E200.7 D3I26104 20:487 v
Mgroury : S WD ugh 0.08 © E200.3 0R27/04 03:42 / jw
Mickel ' NP wgh : 10 £200.8 Q27704 03:42 4 jw
Siver MD  ugl 3 £200.8 0327104 03:42 4 jw
Zine 51 ugh 10 E200.7 03/26/04 20:48J thh
METALS, TOTAL .
Barum 700 ugil 100 2007 03/30/04 09:08 7 rin
METALS, TOTAL RECOVERABLE
Aluminum MDD ugh 50 E200.7 03730104 01:02 /b
Antimony ND i 5 £200.8 DBI29/04 18113 1w
Arsenic : ND  ugiL D 0.2 £200.8 0329704 18:43 7 jw
Berylium ND  upl 0.03 £200,8 03120004 18:13 / jw
Selenium ND  ugh 5 £200.8 03729104 18:18 1 jw
Repon RL - Analyie reporting fimil. MCL - Madrmum coniaminanijeyal.
Definitions: QL - Quatiy control il ND - Mol detected al the reporingdimil

D-R mmeaseé dusto sample matrix imetisrence,

WYPDES Supplemental for Renswal ' T ‘
Lance DRBCas, inc., - Echeia Road Unit - WYDD485687 August 2@»”@07
an Anadarko Petroleum Cempany CHUC 10 - 1008020208 ‘Paged of 3
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ENERGY LABORATORIES, INC. * 1105-West First Strest., * Gilfette, WY 82716 -
Tol! Frag 8661886 FI75 > 3076867175+ Fax 30?&82«4’»625 * gf!!ezta@enérgylab.com

Client:  Lance Oil and Gas -
Stte Name: Echeta_Road Unit -
Project; NPDES S 0L
Samp FRQ/Type: A_S1_M_I.
Client SampledD: - _
Location: NWNW_24_53N_76W.

DP_WYD0495697_009_ET30

Lab ID: G04030379-003

Report Date: 04/13/04
Collection Date: 03/23/04 15:00
DateRecelved: 03/24/04 . ..
Sampled By: Todd Adams
Matrlx: AQUEOUS
Tracking N mber: 28448

Anal , L Resilt. Unlgs QuWfes  RI,  QCL:- Method. Analysis Date / By.
METALS; TOTAL: COVERABLE B I
Thalliim’ : ' ND  ugl 1 £200.8 03/20/04 18:13 / jw
NON-METALS :
Aikaimlty. Toial as CaC03 1270 mofl 5 A2320 B 03/25/04 10:08 ] mll ~
: ‘ 2130 umhos/om 1 AZ510 B (3724104 16:42 / ddm
ND  ugh 5 £335.3 03720104 14:19 1 kp
122 mgil 10 A2340 B 04/02/04 12:30 / cw
Phenwllcs, Tota ik ND  ugh 10 E420.2 03/26/04 12:14 / kp
Sodiud Adsorpﬁon Raﬂo {SAR) 184 unitless 0.1 Calculation 04/02/04 12:30 / ow
Solids, TotalplssofvadTDS@ 180 C 1380  mgil 20 AZ540 C 03/25/04 09:59 / mli”
ND  mgll 1.0 SW1664A D3/26/04 13:13 / aps
DATA QUALITY L
AJC Balance 295 % A1030 E GafZios 1228 foW
Anions 257  meglt 0.0 A1030E 04102104 12:28 / cw
Cations 242 meqgiL 0.01 A1030 E D4/02I04 12:28 J ow
RADIOCHEMICAL S
- Radium 226° 03  pCiL 02 EQ03.0M 3/20/04 4410 4:F -
Radium 226 precision () 02  pCi £903.0M

03729/04 14:10 / of

RL - Analyte reporting fimit.
QCL - Quality control il

Report
Definitions:

WYPDES Supplemental for Renewal
Fance Oil & Gas, Inc.,
an Anadarko Petrolsum Company

Echeétd Road Unit -~ WY 0049657

"HUC 10~ 1009020208

MCL - Maximum contaminani level. -
ND - Not detected at the reporling fimii.

August 26 2@97
Page 2 of 3



Client: Lance il and Gas e e
Site Name: Echsta_Road_Lnl T 7102
Project: WYPDES e g . r.:’uora Iaate ﬂ@;guwaz 00
Client Sample ID; DP_WYD048897_008_ET60 | DateRecelved: 06/18/07
Location: NWNW 44 _B3N_78BW 8ampied By' Gaylaﬁssen
Bumy ot
Lab i0? ) o - T
,Analyses o Result -Uhits™ ™ " Hésy & Qualliier Methiog ™
MAJQR 1ONS, DISSOLVED :
: Celom . 82 mgl 408 - megll E200.7 OB12307 18,005 7 et
: Magnesium : 1 mgll L8 megll JEADT | O6iga/0 18 51 sl
Sodhum 500 mgh 27 megl CERDT T BEIEI0T 19:057 et
P NON-METALS
& 75 1 A 2280 vum’ncsfcm
¥ on Rafio (SAR) ' 13.8 _Mﬂiﬂ?ss ’

Report R4 - Analyie reporiing imil. : MCL - Maximum conlaminant level.
Definttions: el - Quality control it ND - Not detested 3l the reporfing mH,

WYPDES Supplemenial for Renewal

lance Ol & Gas, Inc., Echeta Road Unil - WYGD48687 August 20, 2007
‘2n Anadarko Petroleum Company HUC 10 - 1009020208 Page 3013
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Jennifer Zygmunt

Driscoll, Jason; Egenhoff, Dena
©12/4/2007 12:16 PM

Rei LOG: Echeta Road WYD049697

Jason, - e :

because:the direct discharge outfall on this permit is above irrigation, we have to put in an SAR limit at the EOP in order to protect
for.that.irrigation use, specifically for preventing a reduction in soll infiltration. We can put in an EOP limit for dissolved sodium as
well; but we will not reriiove the SAR limit (in this case, the SAR formula) from the outfall. This is standard for direct discharge

- outfalis.above irrigation. The sodium load contributed from. the outfall will stil be counted for assimilative capacity.

" Let me know if this dogsn't answer your question completely.

Jennifer
Jennifer and Dena,

| ur'xdg(s,ta,r).d you are now proceeding with the above mentioned renewal. My client brought up an issue which [ would like to offer

. up fo you.guys. When this permit was being modified in July of 2006, we requested that sodium limits be applied. This was denied

and I cannot remenibar why, or find any correspondence explaining why. LOG and CMBA were wondering if you would reconsider
this, Now that ASCAP is being implemented, we feel that developing production schedules and working with credits, a sodium
schedule for this permit will be extremely beneficial to everyone involved.

Could you please consider this and let me know what you think. Thank you for your fime.

Jason Driscoll.
Envitpniigntal Specialist
CBM:Associates. Inc.
920°E..Sheridan
Lararie, WY 82070
Main: (307)742-4991
Fax: (307) 745-1582
jdriscoll@cbmainc.com
www,.chmainc.com
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-Dave freudenthal, Govempr

To profect, conserve md enhance the-guality of Wyoming's
environment for the benelit of currernt aric Tutdrc aenerations.

John-Corrs, Direcior
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April 27, 2006

Jake Stroliman
Petro-Canada Respurces USA, lnc.
2801 NorfhHwy 14-16
Lpilletie, WY 82719
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The Water Quality Division (WQD) has completed its technical review of the sbove referenced consolidated
application. Following is a summary of our céneclusions regarding this application,

Lier1 FC f‘%AR FV'&]U«lilm’I [Dt*iduli Effuent Lamng

'Bz;saﬁ»'o_n' '{‘kw infg’m-jm;itio:m in 1‘:]:1:: ap«p’l{cdﬁam the most sensitive irrigated plant spacies identified downstrearn
wittitn- the Wild Horse Gresk drainsge appears to be Smooth Bromegrass, with a published soil EC felerance of
2,250 wmhos/cm (Hanson, etal. 1999} The value of 2,250 pmhosfem as a soil B fhveshald for Smooth
Bmmt.rzmss was derived by taking the mldwpcum valug bf:fwzen 1,500 10 3,000 umbhosfom, which constitutes the
‘Modarat*ly Sensitive” range for 100% crop yield (Figure 13.3, Agx icuttural Sahmi} Assessment and
Management, Amerivan Society of Civil Engineers, 1996). A sofl EC threshold of 2,250 pmbosfom results in a
default effluent fmit of 1,500 pmbos/om, using the conversion factor of ECun= 1.5 X ECyaer The defauli SAR
Himit, given an effluent Timit of 1,500 wnimsfun woild be 8, based on current WQD practice. Therefore, under a
default scenario, the appropriate end-of-pipe effinent hmJ is for this permit would be EC = 1,500 pnihosicm and
SAR =3,

I’L ﬂam ;umcateu M;amplt. p()pula‘u(m mean cﬁ 4 UBi umlwdum ’fbr ropt zone
wzzh 2 .Aemdard dwmﬁcm of 1,594 forthe 32 samples analyzed. This equaies 1o a93% confidence interval of

- 552 umho:,f em. Taking the Jower confidence Hmit {the more conservative ead of mean range) resulls in ap
estimated mean root zons BC of 3,532 pmhosicm for the entive irrigated area. This yelds an end-p{-pipe effluent
fimil 07 2,350 wmhos/em, using the 1.5 conversion factor dasnrlbmd above, Regarding SAK, the subminted soil
datz indicates 4 mean background SAR of § within fhis downstienm irrigated dren. This would be lower than
necegsary to protedt the irrigation use, based on current WQD policy. Therefore, the SAR Timil under a tier 2
projection scenario would default to 10, Under this scenario, the permitied end-of-pipe effluent limits would be
BC = 2,350 umhos/om and SAR= 19,

SUPPLEMENTAL

ADMIMIQUTREACH ABANDORED MINES AR QUALITY  INDUETRIAL SITING LAND.QUALITY  SOLID & HAZ, WASTE WATER QUALITY

{307) 777-7788 {307) 777-8145 {307y 777-738%  {B07)777-730% 1807} 7777756 {307)777-7752 (307) 7774778}
FERTT7-3810 Fa% 7778462 FAY 7772518 FHX 777-8837 FALTI7-5864 FAX777.5973 Fax777-5973

Herschler Building » 122 West 25th Strest » Cheyenne, WY 82002 - hifpiffdeq.state.wy.us
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ayvould be moreappropriate to cap the desired B

:ngdg_wg;m_&;b@igm n( pccml" i uuhfancrﬁ)

Data was also: ghl w.mcc foir Eﬂwhanﬁcab’irz %cmm Pczccnia {ESP) of the sampled soils. WQD 1as plotied the
SAR and ESP data, and found the following. miahoml fip fox s sites

ESP = 0.0366%(SARY + 0.1194%(SAR) + 2,008

This equation has an R® correlation value of 0.84, using the ESP/SAR date from this site. An R® value of 0.84 is
not ideal, bul the equation is useable if & margin of safety is incorporated. Typizally, soils are ¢onsidered non-
sodic and generally exhibit adequate purmeability when their ESP s at or below 15%, [,)smg the above equation,
an ESP of 15% would cquate 1o an allowable SAR of 17 in the sof). However, miven the R? value o7 0.54, i

SP a1 12%, which would comrespond 1o an allowable SAR 01 15 in

the soil. WQD does not use a t;mndard concentration factor of 1.5 1o convert soil SAR to applied water BAR, I~ :
the same way that EC is converted, Thus, the allowable SAR, given its relationship 1o ESP at this imigaled site,
would be 5. Under this scedariv, the permitied end-ofpipe effluent Hmits worlld be EC = 2,350 pmbos/cm and
SAR =15, =

‘aﬁoxﬁs: g

o 'R%icenﬂv Peire-Canada’s zw tf,chmca ané:ukéim for i:ﬁi&plb}ed { Ik(i'l"idr\éty, LLC) recommended 10 WQD that

only the Floyd spreader fiam fields.and Martin field be-evaluated, while the Snyder and Tubbs field data should be
eliminated from evaluation i the sxudv The' basrs* for this e commendation was apparently that the Snyder and
Tubbs fields wonld not constitute an existing irrigation use under WQD's current agricultural use protection
policy. While the Snydérand Tubbs figlds cnmbmed Would amount to 21 acres of sub-irrigated agricultura) land,
KC Harvey, LLC points out that- each of these fields 15 less than 20 acres on its wwn, and not in close enough
proximity 1o one another to sonstitute protected ereage wder WQD's current policy. WQD recoguizes {hat these
two fields are marginel with régard to their pwv'" fed staus as. anexising irigation use. Heweva:r, in erder to
proceed with the consuliant’s ferommended appréach (dropping the Snyder and Tubbs fields from the
eea]vaimnj, WD would need written confirmation from the Jandowner Hhat these two fields are not in need of
rrigation water quality protection.  Once Peiro-Canada submits that docume: station from the landowner to WD,
WOD aan re-caleplate - a,)propz fate oa‘ﬁaem lunits 1rom the remaining data accordingly.

A T Tl

Sufficient data has been submitted 1o support end-of: [-pipe effluent limits of BC = 2 350 pmhosicm and SAR= ]5
For this permit, In the absénce of any additional information regarding the downsiream irrigation use on Wild
Horse Creek, WQD intends to-propose these limits in the upcaming draft of consolidated permit WY0051985.

I wou ha*ve Any qucsuom, pl%i_as’.e..cdmzict mie-al (307) 7779-5504.

’%mcm ﬁ)}/,

..... 7 ,_/.,.»"—- / / . ﬂ,":“:‘-‘m

Jd.a()ﬂ Thormas
Wyoming Department Of inmnm*nm Quality
Water Quality Division

CC Leah Keuff

Pz;:gtz 2012




: | 8ol Data; Floyd Ranch, Wild Horse Greek
Derived From KC Han/ey, LLC 2008

Sor Depth {mches} [
Field:Name {Upper . Lower {;vmhos/om) SAR ES"P {%) N (megﬂ) Na {mg/l)
R N A 6800 18.5] 08| - BB 1361
feg ] 6508 10 82{ - 50,7 1168
186 . | - 41p0] 58] 465 286 658
MiEs CA400]7 08 T 14 BRI
Tl 3300 2 2.8 . 89 205
s isen L 4ep0l 48l . 3] 23.3 536
o4 - Bi00] o) 5.8 49.7]" 1143

12 4400 4.7 18 = 3.8 g0
12 124 . 2400] 1.3 22 5.1 117
24 35 ] 4300] 3.4 2 & 16.1 370|
36 148 j 5500 7 48 338 777]
0 T2 2900] 3.5 2.9 12 278
12 24 . 3900] 3.5 ¢ 23 158 383
24 l3g | 42000 4.1 3.4 181 438
a8 . 4700 5 38| - 24.8 570

. L. 3s00] - 385l .32 10.8] . - 248
12 . 24 C8B00] 34l - 38 13.2 303
{24 136 1 4360 5] 4 233 535 .
38 - 1&8. . |. . . 4400] . 45 . 371 . - 224 515
3400 - 28] 23 - 108 251
1. B2 35" 28 B 885| -
7.5] 44 0 377 B67
9 52 48,4 1113
3400 36 321 4.7 338
4700] - 6.2 a0 2848 664
5300] . 75 "4 368 . 848
T63068] 7.8 “4:2] 45.8] ETE)
A R N COBS| 148
Tgoo] 14 0 28 56 124
2500 55 37 257 591
4500] 85 8 437 1005

Martin

, Tubbs

Snyder

Floyd A

Floyd B -

Floyd ¢ -

Floyd D

Floyd £

Average 4084 5 3.9 24 558
STD DEV 1504 3 2 18 358
Confidence - '

ioterval (+/-) 552

Lower Bound 3532

Upper Bound 4836
EC Limit =

Lowar

Bound/.5 2355

PLEMENTAL
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Wild Horse Cr. - Floyd Ranch

SAR
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'EXPERT SCIENTIFIC OPINION
'ON THE TIER-2 METHODOLGY

“V_V‘R‘eport' to the Wyoming Environmental Quahty Council

- Jan MLH. Hendrickx Bruce A. Buchanan
New Mexico Tech Buchanan Consultants, Ltd..
- Socorro, NM 87801 Farmington, NM 8749_9

 May 2009



S S

T

EXECUTIVE SUMMARY

All Wyoming surface waters are protected to some extent for agricultural uses. The
primary agricultural uses are stock watering or irrigation, The uses are protected under
the AGRICULTURAL USE PROTECTION POLICY (AUPP) which was finalized
AuguStfr_ZQ-O@ in ':,g-LOnjiihejgion_ w1th the gj“riénhia] Rewew of the Chapter 1 Surface Water
Standards. The policy is contained in Chapter 1, Section 20 of the AU.PP. Thie policy is
under - con51derat10n by the Wyomlng Enwronmenta Quahty Council (WEQC) for
adoptlon as an Appendlx fo the Chapter 1 rules. Untﬂ a final demsmn is rendered on the

rulemaking, the provisions of the policy remain in effect for establishing effluent limits

on discharges that may affect agricultural use.

ot . civ. U E ST F T T . . : IREEE
The purpose of this report is to provide an expert, scientific opinion regarding the

methods proposed for estimation of the EC (Electrical Conductivity) and SAR (Sodium
Adsorption Ratio) of produced Coal Bed Methane (CBM) water. These produced waters
are discharged into ephemeral drainages in Wyeming such that degradation of the

receiving water will not affect crop production.

Chapter 2 hsts the services to be provided by the con’cractors and spec1ﬁcally formulates
two spec1ﬁc questlons by the Couneil: Question A. Whether ‘the Tier 2 methodology as
set forth in Appendix H section c(vi)(B) is reasonable and scientifically valid for
determining the EC and SAR of water that can be discharged \into an ephemeral drainage
in Wyoming so that degradation of the receiving water will not be of such an extent to
cause a measurable decrease in crop productlon Quesnon B. Whether the method set
forth in Appendix H section c(vi)(B) for determmmg EC and SAR for permitting the
discharge of produced water is reasonable, sufficiently defined and scientifically
defensible for the conditions in Wyoming, and provides a uniform testing procedure that
is reasonabiy accurate and unbiased for the determination of soil EC from which you can
reasonably infer the quality of the water EC and SAR that historically flowed within the
drainage that will support the establishment of effluent limits for discharge permits in a

given drainage that will not cause a measurable decrease in crop production.

ii
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..Chapter 3 educates the reader on the causes of soil salinity focusing on the relation . .

~ between soll salinity and the quality of irrigation water. Major causes for soil salinity are

soil characteristics, ground water table depth, climate, presence of salﬁ;g seepages, and

found in the peer-reviewed literature in support of the assumption on which Tier 2 is

based: “soil salinity in artificially and naturally irrigated lands in ephemeral drainages is

entirely determined by pre-existing background water quality”,

In Chapter 4 a succinct review of the testimony to the Council is. discussed under three
headings: Assumption for Tier 2 Methodology, Soil Testing Procedure for Unbiased

Determination of Soil EC and SAR, and Managed and Unmanaged‘ Irrigation with CBM
Waters. ' '

Finally, in Chapter 5 the expert scientific opinions are presented in answer to the two

‘.questions' A and B by the Council. Scientific Expert Opinion A. The Tier 2 methodology

as set forth in Appendix H sectioh c(vi)(B) is ot reasonable nor vscientiﬁ.cally valid for
determining the EC and SAR of water that can be discharged into an ephemeral drainage
in Wyom’ing so that degradation of the receiving water will not be of such an extent 10
cause a measurable decrease in crop production. Scientific Expert Opinion B. The method
set forth in Appendix H section c(vi)(B) for determining electrical conductivity (EC) and
sodium adsorption ratio (SAR) for permitting the discharge of produced water is not
reasonable nor sufficiently defined nor scientifically defensible for the conditions in
Wryoming, It does not provide a uniform testing procedure that is reasonably accurate and |
unbiased for the determination of soil EC from which you can reasonably infer the
quality of the water EC and SAR that historically flowed within the drainage that will
support the establishment of effluent limits for dischérge permits in a given drainage that

will not cause a measurable decrease in crop production,

Scientific Expert Opinion on Way Forward. Since it is not scientifically defensible to use

Tier 2, the question is how to move forward. The use of Tier 1 can be continued since it

is conmservative and has been accepted by the community. If the water quality

i



~requirements of Tier 1 cannot be met, the Irrigation Waiver seems the preferred
alternative since it requires an irrigation management plari that provides reasonable
assurance that the lower quality water will be confined to the targeted lands. In this
manner, the Irrigation Wajver will deal with the issue of water quantity. Given the large
scale on'which CBM water is produced it seems justifiable to implement an aggressive
applied and basic research program to develop guidelines on how to use CBM water in a

beneficial manner.

iv
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1. PURPOSE

All Wyoming surface waters are protected to some extent for agricultural uses. The
primary agricultural uses are stock watering or irrigation. The uses are protected under
the AGRICULTURAL USE PROTECTION POLICY (AUPP) which was finalized
August 2006 in conjunction with the Triennial Review. of the Chapter 1 Surface Water
Standards. The policy is contained in Chapter 1, Section 20 of the AUPP. This policy is
under consideration by the Wyoming Envirenmental Quality .Council (WEQC) for
adoption as an Appéndix to the Chapter 1 rules. Until a final decision is rendered on the
rulemaking, the provisions of the policy remain in effect for establishing effluent limits

on discharges that may affect agricultural yse.

The purpose of this AUPP report is to provide an expert, scientific opinion regarding the
methods proposed for estimation of the EC (Electrical Conductivity) and SAR (Sodium
Adsorption Ratio) of produced water. These produced waters are discharged into ‘
ephemeral drainages in Wyomiﬁg such that degradation of the receiving water will not

affect crop production.

This report contains five chapters. Chapter 1 discusses the purpose of this report. Chapter
2 describes the services to be provided by the contractor and is followed by Chapter 3
that educates the reader on the causes of soil salinity focusing on the possible effects of
EC and SAR of precipitation, irrigation, and flood waters. Chapter 4 presents highlights
of the submittals and testimony presented to the Council while Chapter 5 presents the

contractors® expert scientific opinions.
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.2, SERVICES TO-BE PROVIDED.BY CONTRACTOR

Drs. Buchanan and Hendrickx -have been contracted to review, the AGRICULTURAL
USE PROTECTION POLICY and basically determine if making the. policy a rule is
reasonable .and scientifically valid. Three specific services have been requested by the -

Wyoming Environmental Quality Council.

Servioe-:Oné:.

Review the following: _

A, Appendix H Section ¢(vi)(B) of the Rule as proposed by the DEQ on
11/20/2008 {see- Appendix A). )

B. Transcripts of the testimony received by the Coun‘cil-ron: October 24" and
28™, 2008, g : : e

C. Section. 20 of the Rule as proposed by DEQ on Novernber 11, 2008 (see
Appendlx A).

D.”  Written submittals, responses to comments, and other. documents

submitted to the Council under Docket No, 08-3101.

Service Two:

Based upon Contractor’s training, education, and work experience pxoﬁid,_e, m
written form, a report outlining Contractor’s experf scientific opinion regarding: .
A, Whether the Tier 2 methodelogy as set forth in Appendix H section
c(vi)(B) is reasonable and scientiﬂcally valid for determining the EC and SAR of
water that can be discharged into an ephemeral drainages in Wyoming so that
degradatiqn of the receiving water will not be of such an extent to cause a
measurable decrease in crop production. '

B. ‘Whether the method set forth in Appendix H section c(vi)(B) for
dc:termining.EC and SAR for permitting the discharge -of produced water is
reasonable, sufficiently defined and scientifically defensible for the conditions in
Wyoming, and provides a uniform testing procedure that is reasonably accurate

and ynbiased for the determination of soil EC from which you can reasonably



infer the quality of the water EC and SARthat historically flowed within the
drainage that will support the establishment' of ‘effluent-limits for discharge
permits in a given drainage that will not cause a measurable decrease in crop

production.

Service Three:

Consult with DEQ to the degree necessary to achieve the gdals of Section 2 of the
Contract, Communicate any suggested improvements or procedures to EQC and
DEQ.

Drs. Buchanan and Hendrickx have reviewed all documents listed under Service One and

present a review summary in Chapter 4. They have made one consultation with DEQ in

- the form of eight questions -on the subject of the permitting process. The clear response

by M. John Wagner of DEQ-to these-'queétions was very helpful. Their expert scientific

opinions are presented in Chapter 5.

" The basic processes of soil ‘salinization are reviewed in: Chapter 3 since: they are the

scientific basis of the opinion, Moreover, these processes need to be understood —at least
a conceptual level- in order to successfully implement the expert scientific.opinion into a
fair and balanced system for discharge pérmits of produced waters into “ephemeral

drainages in Wyoming,



3. WHAT CAUSES.SOIL SALINITY? .

Soil salinity is the amount of soluble salts in a soil (Soil Science Glossary Terms
. Committee, 2008)- but the term is-often-used in the sense that the salt contént of:the.soil

. 1stoo high for satisfactory. crop vprbductionz': the s0il is saline-or salty, Important natural

.rsources of salts in.arid and semi-arid:regions are atmosphetic deposition (wet and-dry)

- (Bresler et al., 1982; Scanlon, 1991), mineral weathering (Bresler et al;,- 1982; Rhoades et -

.al,, ..1‘974),- “fossil” rsalts (built up in poorly drained flood-plain or. playa -sediments)
{Bresler et al., 1982; Carter and Robbins, 1978), seepage- fiom upland.s‘ (Stephanie I,
Moore, 2008),.and upwelling from deep ground water brines.(Hogan et.al,, 2007; Phillips
et.al., 2003;.Stephanie J.-Moore, 2008). Four common anthropogenic salt sources- are:

irrigation water (Rhoades_et al., 1973; Rhoades et al., 1974), fertilizers (Darwish,.»et al., .

+2005), discharge.of treated:sewage water (Gongalves et al., 2007, Mills, 2003), -and

-discharge: of saline waters-during coalbed methane (Ganjegunte et al:; 2005) -orwoil -and

- «gas ~extraction':(Hendrickx et al., 2005a). Most soiksalinity is caused by mineral

-weathering and application of waters containing .salt:on irrigated.lands..The importance

of- each source of salinity depends on soil type, climate and ;:ir;‘rigation\managemént

(Bresler et al., 1982; Ke;ren, 2000).

Salinity is common in arid and semi-arid areas where evapotranspiration exceeds annual

precipitation as is-the ¢ase in Wyoming. Evapotranspiration is. defined as the evaporation

" of water from soil combined with the transpiration of water from plants. Since salts do

not vaporize at atmospheric pressure, they are left behind during the processes of
evapotranspiration and accumulate in the soil. Soil salinity will affect crop growth when
the concentration of soluble salts in the root zone exceeds a critical threshold level
(Hanson et al., 2006). For the purpose of this ‘repofc three common scenarios .of salt
accuniulation in the root zone of semi-arid lands will be described: soil water chloride

profiles in semi-arid uplands with deep ground water tables where the only source of

' Scientific references are listed in Appendix xx,
? http://waterwiki.net/index.php/Soil_salinity on May 8, 2009.



water is precipitation, soil salinity in semi-arid riparian lands with shallow ground water

- tables, and-soil-salinity in irrigated-fields.-

Scenario I: Soil Salinity in Semi-arid Uplands with Deep Ground Water Tables,
Figure 1 shows the chloride distribution with depth in two desert soi] profiles in southern
New Mexico. Although the chloride concentration of the incoming precipitation is the
same for both profiles, the chloride content at depth'is 1000 times larger in the profile
- that' does not receive. run-on water: Similar differences do occur-due.to changes'in land
use (Hendrickx and Walker; 1997, Stephens, 1995), soil and bedrock characteristics
(Heilwei]'vand Solomon, 2004), or geomorphic setting (Hendrickx and Walker, 1997,
: Johnstén, 1987; Scanlon; 1991; Scanlon, 1992)..' For example, in Australia the chloride
concentration in soil Yproﬁlesl beneath native Eucalyptus vegetation is about 4000 mg/l
“versus 1000 fng/l. under fields cleared from native vegetation 12 years-previously. The
lower water use of the crop'_sihaf ye;;laced the native vegetation lead to. an increased
recharge and salt leaching (Walker et al,, 1991). Thus; in semi-arid uplands with deep
ground. water tables no unique relationship exists betweén salt concentration of

precipitation and soil salinity.

Scenario II: Seil Salinity in Semi-arid Riparian Lands with Shallow Ground Water
Tablés. In riparian areas soil salinity is often variable and can change over short’
+ distances (Amezketa and Lersundi; 2008; Hendrickx et-ali, 1994; "Hendrickx-ét al., 1997,
Sheets et al., 1994). For example;.in the. Honse Creek riparian: area -on the Rottman Ranch,
: Hawk Springs, Wyomin‘g;'soil samples indicated an “extremely: high variability” of soil
-salinity depending on soil -age and texture, topography, and depth to-ground water”.
‘Salinization in these areas is caused by discharge of groundwater to the atmosphere, a
process that -cam:result from three different mechanisms: (i): deep-rooted plan;cs tap

directly into the ground.water to acquire water for transpiration, (if) capillary rise from

: http://wsare.usu.edu/pro/ﬁeldrep_bO/pdf?reﬁnal/aW%Ol‘4.pdf on May 15, 2609. .
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- Figure 1. Soil water chloride profiles in two nearby loam soil profiles with a deep ground water-table in southern New

Mexico recelving precipitation with a chloride concentration of less than 5 mg/liter (Eppes and Harrison, 2003; Hogan

_ et.al, 2007). Despite the Jow chloride concentration of the precipitation the maximum chloride concentration-in the “no

run-on” profile exceeds 5000 mg/liter, , '

" the ground water table to the soil surface where the water evaporates, or (iii) capillary rise -

to the bottom of the root zone where it becomes .available for transpiration by vegetation.
The dissolved salts in the evaporated and transpired water are left behind and accumulate

in the soil. The rate of salt accumulation depends on the quantity or rate of ground water

- discharge as well as the quality or salt concentration of the-ground water (Rose, 2004).

A dry spenge-in contact with water-will suck up the water and even make it flow.upwards

due to capillary forces. In the same way, water can flow from the ground water table to

the-soil surface or the bottom of the root zone. The resulting. discharge rate depends on

the depth.of the ground water, the texture and sequence of different soil horizons, and the
rooting depth (Hoffman and Durnford, 1999; Weeks et al., 1987), For example, during a

seven .year study near Buckeye, Arizona, the annual evapotranspiration of salt cedar

. varied from 2150 mm with ground water level at 1.5 m 1o less than 1000 mm with ground

water level at 2.7 m (Van Hylckama, 1974). A computer simulation based on field
observations -during the 1999 growing season in the Bosque del Apache (Socorro, New
Mexico) evaluated the effect of soil teXture, ground water depth, and rooting depth on
ground water discharge. The average discharge in a virtual homogeneous clay profile was

49 om versus 19 cm in a virtual homogeneous sand profile; the average discharges from



ground water depth 100, 200, and 500 cm were 66, 31, and 5 cm; the average discharges
with rooting depths 30 and 300 cm were 21 and 47 cm, respectively (Moayyad et al,,
2003). Several authors have shown that discharge from ground water tables less than 5 m
(15 feet) deep can be considerable (Hendrickx et al,, 2003; J olly et al., 1993; Moayyad et
al., 2003) while it typically can be ignored when the ground water table falls below 10 m*
but not always (Hoffman and Durnford, 1999). |

During a soil reclamation project in a riparian area close to Albuquerque (Caplém et al.,
2001), the authors of this report evaluated soil salinity dynamics in a non-flooded ripariah

area combining a detailed soil salinity survey using electromagnetic induction (Hendrickx

‘and Kachanoski, 2002; Hendric_kx et al., 1994; Sheets et al., 1994), extensive ‘soil

descriptions and labératory analyses-of representative riparian soils, g_round water depth
measurements, ground water quality measurements, and sim.ula.tions‘with the forward
mod.él for prediction of electromagnetic induction: responses (Borchers et al., 1997,
Hendrickx and Kachanoski, ..2.002; Hendrickx et al., 2002) as well as simulations with the

model HYDRUSID for prediction: of . soil water contents and soil water salt |

'concentratiqns:(ﬁimﬁnek et al., 2008). Adthoughall soils in this riparian area received

their water from the river (salt concentration .about 200-400 ppm) and precipitation, the
soil salinity profiles are widely different (Hong, 2002). Figure 2 shows Profile 1 with
almost no salt accumulation while Profile: 6 has accumulated .a-considerable amount of
salts since the construction of Cochiti reservoir around 1970 that prevented flooding of

our riparian: study area. The diffefence in soil.salinity is caused by the. interaction

- between soil texture, capillary rise, and ground water level fluctuations: Thus, this case

study is strong evidence that no unmique relationship exists between' the historic salt

concentrations in the RJO Grande and current soil salinity profiles in riparian areas with

shallow ground: water tab]es Soil salinity depends on soil texture and ground water table

depth rather than on historic water quality in the Rio Grande. Similar trends are observed

_in the River Murray region of Australia®, Thus, in semi-arid riparian areas with

: clw:csire’atifeseaich/tivers/flows/floodplain/timescales.html - on May 15, 2009,
® http://wvrw.clw.csiro.au/research/rivers/flows/floodplain/timescales.html on May 15, 2009.
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Figure 2, Soil stratigraphy and texture of representative profiles 1 and 6 with the simulated profiles of the water
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(Hong, 2002).

‘5and). ‘The simulated salinity profiles have been confirmed in the*field with electromagnetic induction measurements



shallow ground water tables no unique relationship exists between historic salt

concentration in the river and soil salinity,

Scenario IIL: Soil Salinity in IrrigatediFields. The purpose of irrigation is to provide
sufficient water to agricultural lands in arid and semi-arid regions to meet crop water
requirements during the growing season. Since even good-quality irrigation waters
contain some salts, soil salinization will be certain unless sufficient water is supplied to
leach the salts below the root zone. As a matter of fact:100 cm of good~quahty irrigation
water, i.e. a typlcal amount normally applled ina smgle urlgatlon season, contains about
5 tons of salt per:-hectare which is sufﬁclent to salmate an 1n1t1ally salt free 501 (Hillel,
1998) Therefore, leaching of salt at the ‘bottom of the root zone should be adequate to
prevent salt aecumulatlon in the root zone. Most 1rr1gat10n pro;ects need a drainage

-”mﬁ‘astructu_r.e,_ftqﬁ:accomphsh_th_e leaching necessary to keep the root zone at salt levels
that are tolerable for the crops (Hoffman and Durnford, 1999).

The soil sal1n1ty of irrigated ﬁelds depends mainly on the farmer’s __m yement. For a

gwen 1rr1gat10n water quality the farmer can regulate sahnlty conditis: he root zone
by adjusting the leaching fraction which equals the volume of water draiﬁed from the
field divided by the volume of water applied by 1rr1gat1on The larger the leachmg
fraction, the more water is drained, and the more salts are removed frorn the T00t ZOne
(Hanson et al,, 2006; Hillel, 1998; Hoffman and. Durnford 1999; Rose 2004), For
example, the -senior author of ,thls‘_ report used:,e_lec_:tromagnetlc. induction for the
assessment of soil salinity in a 37 ha -ﬁepresen‘;a’r;ive‘experimental drainage aiea located 35
km southwest of Faisalabad in the Punjab Proviince of Pakistan. Alfhough the site
recelved the same quality 1rr1gat10n water on all fields, it had a wxde range of salinity
condltlons from 269 dS/m on abandoned fields 10.20- dS/m-on pepper ﬁelds Excludlng
the abandoned fields, the. range of mean salml’cy values for different land uses went from
90 dS/m on fallow fields with irrigation inlet structures to 56 dS/m on fodder fields to 38
dS/m on rice ﬁeldsv and then to 20 dS/m on the pepper fields. These mean values are

51gn1ﬁcantly different at the 5% level (Hendrickx et al., 1992) and demonstrate that

1rr1gat10n management influences soil salinity to a much greater extent than irrigation



e apyaes A

water quality, Thus, on irrigated lands nio.simique relationship. exists between the water

guality inthe rivers that supply theirrigation canals and soil salinify, = e

‘Relevance for Tier 2. Tier 2 is based on the assumption that soil salini.ty in. artificially

~and naturally -irrigated lands in .ephemeral drainages is -entirely determined by.pre-

existing background water quality, However, the three typical scenarios for causing:soil
salinity in semi-arid lands described above do not support this assumption. On the
contrary, pre-existing background water quality appears o be a minor: facter or mone at
all. Major causes for soil salinity are soil-characteristics, ground water table .depth,
climate, presence of saline seepages, and irrigation management (Hﬂlcl, 19.9.8,;_ Hoffman

and Durnford, 1999; Hogan et al., 2007; Rose, 2004). No evidence has been found in the

- peer-reviewed literature in support.of the assumption on which Tier 2:is: based. We

« “‘welcome to be informed of any scientific evidence in support of this assumption. . . -

The Tier 2 assumption is scientifically flawed for several reasons:. (i) effluent water

quality that is better than the pre-existing background water quality could still. cause

- severe soil salinity (Hillel, 1998), (ii) effluent water quality that is worse than the pre-

. existing background water quality may be used beneficially on artificially irrigated-lands

(Rhoades, 1999; Tanji, 1997), and (iii) soil salinity varies with time and can even change
suddenly when riparian areas flood or when farmers irrigate fallow or abandoned lands.

Therefore, a Tier 2 analysis will not result in a scientifically defensible assessment of

- water quality (EC and SAR) that can be released in an ephemeral drainage without

irrigation management.
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4, REVIEW OF TESTIMONY AND SUBMITTALS TO THE COUNCIL

The testimony and submiftals to the Council have been an important source of
information on the history of Section 20 .of the AUPP as well as.the issues faced by
industry and landowners to deal with CBM--water: In thissection we will highlight and
comment on relevant testimony for the formulation of our expert scientific opinion on the
- Tier 2 methodology as set forth in Appquix H section c(vi)(B). Our review and
discussion is.organized under three headings: Assumption for Tier 2 Methodology, Soil
Testing Procedure.for Unbiased. Determination. of Soil EC and SAR, and Managed and
Unmanaged Irrigation with CBM Waters.

Assumption for. Tier 2 Methodology. Tier 2 is based on the assumption that soil salinity
in artificially and naturally irrigated lands in ephemeéral drainages is entirely determined
by pre—exiéting background water quality. Several testimonies consider this assumption
flawed. Dr Paige testifies: “we cannot determine background water quality for measuring
soil EC and SAR” and “my real problem is with trying to back out background water
‘quality: from soil EC.and-salinity within-the:soil”. Lafef in the hearing -:Chairman Boal
. ask’s Dr,:Munn “I think yow’re afe telling -ine;that it isnot a vgood idea to use soil samples
- to come up with those [background water quahty] numbers” and his answer is “That is

my professmnal assessment”.

‘On. the other-hand Mr. Harvey’s testimony.is in support -of the Tier 2 methodology. He
states “The relationships amongst salinity, sodicity, water, plants, and especially the soil
are dynamic. They are very complex and dynamic systems, and we need flexibility in a
rule ... to deal with this” and “the proposed rule, ... I believe is conservative and
protective. I'm ... here to support it.” He explains “There is no Tier 2 comparison
between managed irrigation with coal-bed natural gas water and WYPDES discharge
soenarios. ... Managed irrigation scenarios ... do not fall under the Tier 2 process ... Itis a
different eﬁvironmént. We’re applying water in a managed manner evenly over a field

using separate center pivot equipment or other such equipment. Discharge into channel,

11



it's just a different situation”. He contmues “The Tler 2 progcess . " is mcant to dcrlvc

oonservatlvs Timits for unma:naged 1rr1gatlon aftcr dischar ge 1o the ohanne]

Since 2005 Mr. Harvey has been involved in “most of the Section 20 reports and aﬁa]yses
that are used to derive EC and SAR effluent limits”, His method i”or deriviﬁé»%rewexisting
background water quality from current soil saiinity is based on the éssumpﬁon “that the
1.5 concentration factor from water to soil EC is appropria’te anvd conseryative in the rule,
and T am supporting DEQ’s use of it”. He adds “the 1.5 concentration factor was agreed
to by all parties the first day ofidrafting this pdlicy,.that noWlsaproposcdrule It’s
been th¢ basi_s of all of the Ticr. 2-based WYPDES permits to ciate”. Mr, Harvey’s
testimony did not provide scientific support for the number 1.5 to 'be used s the
concentration factor for artificially and naturally irrigated lands in '-Wj}oﬁﬁﬁfg"s ephemeral
~ drainages. However, Dr, Munn stated “the idea [of Tier 2] is ... we can" use relatlonshlps
-from managed rlmgatlon fields ... to back-caleulate background watet {quality] and the
nimber chosenis 1.5” and “1.5 is an arbitrary number based oni an ‘assumption of an
“arbitrary leaching fraction ... in irrigated fields in southern California as a conversion
between the applied water salinity and what you will see [i.e. soil salinity] inthe root

zone”,

Experts’ Opinion. In Chapter 3 scientific evidence has been pfescnted that pre-existing
water quality in a drainage cannot be derived from current soil salinify. The testimony to
the Council has been mixed with ‘Paige and Munn recognizing that no link exists between
back-ground water quality in an ephemeral drainage and soil salinity while Harvey mdkcs.
the case that such a relationship does exist and can be used for prediction of back-ground

water quality. However, no scientific evidence was found to support the latter position.

In 1976, Ayers and Westcott published the first edition of a FAO (Food and Agriculture
Organizations of the United Nations) Irrigation and Drainage Paper (Ayérs and Westcot,
1994)° as a field guide for evaluating the suitability of water for irrigation, Two of their

recommendations have

$ http:/fwww.fao.org/docrep/003/T0234E/T0234E00.HTM on May 16, 2009.
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Leaching Fraction (LD Applied Water Needed (Percent of ET) Concentratlon Factor? (X)

0.05 1053 3.2
0,10 1L 2.1
0,15 117.6 1.6
0.20 S 1250 _ 13
0.25 133.3 1.2
0.30 . o . 1429 0 .- : 1.0
0.40 166.7 0.9
0.50 . - o 200.0 v _ S 08
0.60 ' 250.0 07
- 0,70 h 333.3 ' ' 0.6

0.80 o 5000 __ 06

Table 1. Concentration factors for predicting root zone soil water salinity from 1mga‘uon waler sahmty and the
leaching fraction from Ayexs anid Westeott” (1994) (Ayers and Westcot, 1994);

been used for the development of Tier 2: (i) the concentration factors for predicting root .
zone 50il sg}inity from irrigation _Water salinity and the leaching factor (Table 3 of Ayers
and. Westcott) and (i), the relative rate of water infiltration .as affected by salinity (EC)
and sodium adsorption-ratio (SAR) (Figure 21 of Ayers and Westcott-( 1994) as adapted
from Rhoades (1977) (J.D., 1977) and. Oster and Schroer-(1979) (Oster and Schroer,
1979)). Table 1 presents Table 3 of Ayers and Westcott it presents concentration factors
as a function of'leaching. factors _
The concentration factors (X) have been developed by Ayers and Westcott to calculate

average root zone s0il salinity (ECsey) from irrigation water salinity (ECy);
Ecsbil =-ECW XX - Cos o Cenw [1] S
In Tier 2 Eq. [1] has been inversed as

E Csml .
EC, ' 2
—et N [2]
Eq‘. [1] is based on several assumptions: ‘(i) the crop water use pattern is such that 40
percent of the water is taken up from the upper quarter of the root zone, 30 percent from
the next quarter, 20 percent from the next, and 10 perccnt from thc lower quarter (i)
actual crop evapotranspiration is known so that the water manager can determine the

irrigation application for a desired leaching fraction, and (iii) no. capillary rise from a

13
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. -shallow ggpppd_iwgtqr,,tqble. The crop water_,use pattern in the root zone and the absgnce
. of capillary rise are reasonable assumptions for managed irrigated Jands in Qﬁl_l}f(?;ﬁlf?},_i?u’f
- are uncertain assymptions ,in the ar.tiﬁqially_@nd naturally irrigated lands in ephemeral
_.drainages in ,‘Wyoh}igg, Not knowing past actual .,sYaRQtE?rnﬁPi?}%ifo,nﬁE@,“."S:a""}Qd\:-‘)’,“fétm
...applications from the ephemeral drajnages to, the irrigated 1apd_s -makes, it next to

impossible to estimate a leaching fraction. An irrigator who knows the, crop. water use

pattern and the actual evapotranspiration can use Table 1 and Egq, [1] to estimate the

unknown leaching fraction necessary.to maintain a favorable root.zone soil water salinity.

In other words, Eq. [1] is used to estimate one-urknowr.variable,-the leaching fraction.

.. On the other hand, a regulator who only knows the:root zone soil water salinity will face B

.greatd_ifﬁoultieé usixig Eq. [2] to estimate the pre-existing back-ground water quality in

- the drainage. Instead .of one unknown, the regulator must estimate three unknowns; crop

water use pattern-in the root zone of the heterogeneous artificially and naturally irri_gafed

lands of an ephemeral drainage, the average amount of water delivered by the drainage to

. -the irrigated land, and the avérage actual evapotranspiration of the:.crop during those

deliveries. An error in:any -of these estimates will lead to an error in, the concentration

factor and, therefdre, the pre-existing back-ground water quality.-Even when capillary

-rise is ignored the regulator is faced with the problem of solving one equation:with.three

unknowns, For all these reasons, the use of Eq. [2] in Tier 2 cannot be scientifically

'defended; it is incorrect,

Tier 2 also depends on Figure 21 ofAyer.é and Westcott (1994) as .adaptéd from Rhoades
(1977) (3.D., 1977) and Oster & Schroer (1979) (Oster and "Séhroer, 1979) that estimate
how salinity (EC).-and sodium adsorption ratio (SAR).affect the relative rate of water
infiltration. This figure is known as the “Hanson” diagram to the Council. Use.of this
figure has resulted in protecting the infiltration capabilities of the soils in ephemeral

drainages but its use has little impact:on root zone soil water salinity. The latter factor

depends on soil type, climate, ground water table depth, and irrigation management as

discussed in the previous sections,

14



Dr. Vance has expressed concern about using Figure-2] of Ayers and Westcott (1994) to
assess how the relative infiltration rate of soils Wwith smectitic clays is affected; Since

these clays have low infiltration rates under the best conditions, a relative decrease will

“have much more impact on soil salinization than a relative decrease in soils with higher

infiltration rates. The validity of Figure 21 for soils containing smectitic clays should be

~ further explored.

Soil Testing Procedure for Unbiased Determination of Soil EC and SAR

Different testimonies referred to different procedures of soil sampling in the ephemeral

' drainages. The experts did not agree on one most optimal method for salinity surveys in
" the drainages. None referred to the new salinity monitoring approach that is increasingly

- used all over the world: this approach is based on a continuous survey of the entire area

using electromagnetic induction: followed by: soil coring at selected validation sites,

Experts’ Opinion: In the previous section we explained that the prediction of pre-existing

back-ground water quality in the drainage using soil saliﬂity samples is scientifically not

correct; Yet, for the management of CBM waters .on artificially and naturally irfigated

- lands-it'will be:necessary to conduct:salinity surveys that result in reliable soil salinity

maps.- -

The proposed procedure in Appendix H section c(vi)(B) for determining EC and SAR is
ambiguous since samples are taken at'semi-random sites meaning.that within specific

tefrain zones soils will be randomly:sampled: The térm serrain zone is not defined in any

- way and could be interpreted to mean'a number of different landscape characteristics.
"The examples given range from units identified by landscape: characteristics (channel

‘bottom, first terrace, etc) and land.use characteristics (sub and non-sub irrigated reaches).

Another issue’is' the proposed number of required soil sample sites (from 3 to 7
depending on acreage) that would make it 'very_ difficult to characterize the soil landscape
or to evaluate the natural variation of soil properties; Use of the proposed procedure by
different capable soil scientists would yield different salinity maps and cause a challenge

for the regulatory agencies, Therefore, we recommend the use of a continuous high-
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_ Electrical -cénduétivity rﬁethods h,av.e ‘been used for’:w.silev'qrj_gﬁl decades(Rhoadesand

Halvorson, 1977; Rhoades and Oster, 1986; Rhoades et al., 1976) but advances in

equipment, computers, and Global .Positidning‘;Syst@msghayc:,all come together now into a

- system - that .allows  the measurement of soil »apparent'_.l;el,ect_gi_cal_ conductivity at a '

= reasonable -cost: (Hendrickx and - Kachanoski, 2002). -Of-special . interest xi*s;«fchev

-electromagnetic induction method since it doesn’t require contact with the soil (McNeill,

-.1980) and allows for quick and reliable .measureménts either on foot in difficult terrain

(Hendrickx et al., 1997; Hendrickx et'al,, 1992; Sheets and Hendrickx, 1995) orona

- vehicle in flat agricultural lands (Corwin and Lesch, 2003) (Figure.3). The method has
‘been successfully used for the detection of produced oil-and-gas w.ate,rs:i.n,_‘the,,ar.id vadose
zones of New Mexico (Hendrickx, 2003; Hendrickx et al., 1994; Hendrickx et al,
2005b), Often the electromagnetic inducti(_)n (EMI) measurements alone are sufficient to
prepare maps of soil salinity. Taking measurements, at different heights above the soil
surface and using inverse methods, it is even possible. to determine the depth profile of
apparent soil electrical conductivity (Borchers et al., 1997, Hendrickx et al., 2002).
‘However, for regulatory purposes or for the managemerﬁ of lands irrigated with
challenging water qualities it is necessary to relate the EMI.measurements to EC and/or

SAR. Therefore, the U.8. Salinity Laboratory in Riverside CA has developed a software
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- 2003; Corwin et al., 2006) as well as by consulting companies

electrical conduct1v1ty (Corwm and Lesch, 2003) ' R ' R

package, ESAP-95, to select optimal sites for calibration of the relationship ‘between the
apparent soil electiical-conductivity measured with:EMI:and the EC of the soil water é’c
different depths measured in the laboratory:(Les¢h et al., 2000). The soil samples can-be
easily taken with a soil coring device in the:back-of a-1-ton pickup with a 2<inch.diameter
device that can go down 4-to 6 feet or'deeper-if soil conditions permit, The theoretical
background of ESAP-95-is presented by Lesch: and Kis-colleagues (Lesch et al., 1995a;
Tesch et al., 1995b). Several' applications of this software have been :reported in the

scientific literature (Amezketa, 2007, Amezketa and Lersundi; 2008; Corwin and Lesch,
7

Managed and Uninapaged Irrigation with CBM Waters
Ini'séveral testimonies refererice “Was made to: u’nmhnaged and managed irrigation. Mr.
Harvey summarizes best the management aspect of Tier 2: “The Tier 2 process ... is
meant to’ derive conservative limits. for unmanaged irrigation after discharge to the

channel” while Chairman Boal expresses succinctly the idea on which Tier 2 is based:

7 Soil and Water West, Inc, personal communication March 2009.
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¥Tier.2.is the option that if we know the water quality, the background water.guality, then
.the discharge can be no worse than the known”.

The testimony of landowners typically refers to water quantity rather than water quality.

Ms, West states: “We hdve as much water.as we want, and ;way more-water than we. want.
.. We have had a great deal of flooding. We have logt 80 acres of prime hay meadow, ...
‘Please do not.implement this Tier 2”, Ms. Barlow states; “In 2003 a large reservoir aboye

.my proparty contained CBM water, upper flowed and flooded the betfomland. of my

property for three months, ... The carpet of native.grass was replaced. for the first three

years by bare soils, and now there is a few unpalatable weeds”. Mr. Swartz quantifies:

- “June-2008 they-dumped water at -1‘-02;‘50 136 cubic feet per second. ... DEQ likes to say ...

.. We are not concerned with quantity, We’re only .concerned with quality. State engineer

says we aren’t concerned -with quality, we’re only concerned with guantity,. And T'm

observation “In many cases, you’re are going from ephemeral to .a perennial flowing

_system”.

Landowners who don’t have to deal with damage by ﬂooding.—alre quite positive, Mr. :‘B_rlig

states: “I°d like to see the regulations surely not get any stiffer, because if it was, some of

- these instances 1 wouldn’t be able to use more water”. Mr. Litton observes: “We’ve got
-gight miles of bottornlands, - which we héyed at one time. We don’t anymore. But it has

some methane water running the length of it, and spreads out for some pl%cf;s_,ﬂ.a quarter of

a mile wide. And yet over this past seven years that we’ve been letting water on there, we
still see no signs of salt showing up. Just a point of the quality of v.«ater that we have”.
Ms. Faye Mackey testifies: “I'm here to speak not only for my ranch, but the 581,250
acres, landowners represented here on the map in blue. ... These ranches use, our water
... There is no waste of water here. ... This water, and my ability to direct its use on my
-ranch, is essential to my current agriculture operation, ... There’s no one-size-fits-all
solution. We, as ranchers, know our soil types. We look at whether we can irrigate on a

mister or pivot system, and industry has been very helpful in this, testing the soils and ...
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taking water samples at different intervals ... There have been studies by industry in these
areas of irrigation that the native grass is approximately five timies thicker with CBM
produced water than without the application of this water, Mr, Eitel’s opinjon: “If you set
up real stringent rules, that one-size-fits-all, it just doesn’t work in our area”. Mr,
Shepperson states: “I am in favor, as'a landowner, of your Tier 2 regs. ... There’s so much
variability in the sites, ...So the variabilities of sites, you’ve got to have the flexibility to
deal with these things site by site, And keep that in the regs, please. ... keep the
negotiations between the landowner and industry open. Allow for that. Let ug negotiate

with industry on our ranches, but, boy, keep your oversight, too, on your rules”, -

Experts’ Opinion. Several landowners clearly have suffered flood damage by unmanaged
releases of CBM water and riot recognizing the duration and volume of CBM waters 1o
be received. Although these issues are seri'ous;'-"théy"_‘ can be“resolved by proper

engineering of CBM water release infrastructure and by developing management plans

for the use of CBM water on artificially and naturally irrigated lands: As a matter of fact,

the landowners who are enthusiastic about receiving CBM waters express a common

concern against stiffer regulations that would prevent them to manage their CBM water

in a flexible manner adapting to-the natural varidbility of their ranches.

The amount of CBM water in Wyoming and other states is very large. For example, the

‘Bureau of Land Managereént forecasts 51,000-wells iii the Powder River Basin operating

and producing gas and water by 2010. These 51,000 wells are expected to produce nearly
700 million gallons of CBM water peér day®. These watet supplies are sufficient to irrigate
about 75,000 acres. However, to realize the potential benefits of CBM water it is
necessary to manage both water quality and water quantity on the artificially and

naturally-irrigated*lands receiving this water: There is genéral agreement that beneficial

‘usé of targinal watérs for"irrigation is possible if principles and strategies-of salinity .

ménagement are considered at on-farm and project-levels (Ayers and Westcot, 1994;
Rh‘éades, 1999; Tanji, 1997). Mr. Harvey has presented some nice examples how

marginal water cén be made productive ifi Wyoming on managed irrigated lands.

¥ Petition 05-3102 before Wyoming Environmental Quality Council by the Wyoming Outdoor Council.
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Il?llle most ‘beneficial use of . CBM. waters.can.only be.realized.-by. managed irrigation
taking into account both the quality and quantity of the produced, waters. Mgnaged
irrigation needs to balance, the,.supply from the CBM ‘wells with the. crop;.water
., requirements during the year taking, into..account quality and, quantity /ao\f..the,-p.réduoed
waters. This will be a great challehge for engineers in the petroleum -industry,
landowners, soil and water resource consultants, researchers at the University of
. Wyoming, and regulators at DEQ. However, the hearings have shown that a large pool of
dedicated professionals is ready to face this challenge. Given the, broad range of

__experiences with existing use of produced waters in Wyoming, progress with irrigation

) ;m@pgg.ement plans and regulations. shoyldn’t take too long.
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5., EXPERT SCIENTIFIC OPINIONS

In Chapter 2 expert scientific opinions are Téquested’on two qUéstith A and B, In this

‘chapter we will respond to ‘these questions and: formtlate a short opinion on the way

- forward that we consider relevant for the policy contained in'Cliaptér T, Section 20 of the

AUPP,

Question A.-Whether the’ Tier-2 methodology as-set 'fbrth in Appendix H section
c(vi)(B) is reasonable and ‘scientifically valid for determining the EC and SAR of
water that can be discharged into an ephemeral .dra-inagé in Wyoming so that
degradation of the recéiving water will not be of such an extent to cause a
measurable decrease in crop production.

Scientific Expert Opinion A. The Tier 2 ‘methodology. as set forth in Appehdix H section
c(vi)(B) is not reasonable nor scientifically valid for determining the EC and
SAR of water that can be discharged into an ephemeral drainage in
Wyoming so that degradation of the receiving water will not be of such an extent
to cause a measurable decrease in crop production. _

Clarification A. Tier 2 is based on the option that if the background water quality in an
ephemeral drainage is known, the quality of the discharge of CBM produced
water can be no worse. Tier 2 is based on the erroneous'Eelief that a measurable
decrease in crop production only will occur if the quality of the discharge of CBM
produced water is worse than the background water quality. In Chapter 3, we =
have explained that root zone soil salinity does not depend directly on the quality
of the irrigation water; it depends on soil characteristics, climate, depth of ground
water table, and more importantly irrigation management, The scientific literature
provides examples where marginal irrigatior; water is successfully used for crop |

production.

© Question B. Whether the method set forth in Appendix H section c(vi)}(B) for

determining EC and SAR for permitting the discharge of produced water is

reasonable, sufficiently defined and scientifically defensible for the conditions in
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‘Wyoming, and provides.a uniform testing procedure that is reasonably accurate

and unbiased for the dcterinination.of soi] EC from which you can-reasonably
infer the quality of the water EC and SAR that-historically flowed.within the
drainage - that will -support .the . establishment of effluent limits: for..discharge
permits in a given drainage that will not cause a measurable .decrease in crop

production. -

Scientific Expert Opinion B. The method: set forthin Appendix H section. o(vi)(B) for

determining EC and SAR for permitting the discharge of produced water is
not reasonable nor sufficiently defined nor scientifically defensible for the
conditions in Wyoming. It does not provide a uniform testing procedufe that is
reasonably accurate and unbiased fof the determination of soil EC from which
you can reasonably infer the quality of the water EC énd SAR that 'hisfor.iéal‘ly
flowed within the dfainage that will support the establishment of effluent limits

for discharge permits in a given drainage that will not cause a measurable

decrease in crop production.

Clarification B. See first Clarification A. As explained in Chapter 4 the proposed soil

testing procedure would result in ambiguous soil maps. We refer to the recent
science litefatu_re how an accurate soil salinity map can be made without spending

too much,

- Scientific Expert Opinion on Way Forward, Since it is not scientifically defensible to use

Tier 2, the question is how to move forward, The use of Tier 1 can be continued
since it is conservative and has been accepted by the community. Of course, as
explained in Chapter 3 using Tier 1 CBM water can still result in increased soil
salinity and reduced crop yields if not managed well. The latter aspect is of
special importance when the quantity of available water is substantial. Current
research in Wyoming and surrounding states may result in a relaxation of the crop
threshold values that are currently based on California conditions. Mr. Harvey’s
testimony suggests that these threshold values may be too striet for Wyoming

conditions.
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If the water quality requirements of Tier 1 cannot be met, the Irrigation Waiver

seems the preferred alternative since it requires an irrigation management plan
that provides reasonable assurance that the lower quality water will be confined to
‘the targeted lands. In this manner, the Trrigation Waiver will deal with the issue of
wafcr quantity. Given the large scale on which CBM wateris produced it seems
justifiable to implement an ‘aggressive applied and basic research program to

develop guidelines on how to use CBM water in a beneficial manner,
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DEPOSITION |
EXHIBIT

eﬁﬁGAD-Baynnnz, N. ),

AGRICULTURAL USE PROTECTION, POLICYl
(Chapter 1, Section 20)
. I Pul‘”pose .
11 surface waters 1n Wyommg are protected to some extent for agncultura] uses .
“Agricultural uses” are described in Chapter 1, Section 3 as being either stock watermg or

irrigation. The standard that applies to the protection of these uses is contained in Chapter 1,

Section 20 which states: A

Section 20. Agrzcultural Water Supply. All Wyoming surface waters which have the
natural. water quality potential for use as an agricultural water. supply shall be
maintained at a quality which allows continued use of such waters Jor agrzcultural

. purposes :

' Degradatzon of such waters shall not be of such an extent 10. cause a measw able
decrease in crop-or livestock pr oduction.

Unless otherwise demonsz‘rated all Wyomzng Sur. face waters have the natu; ol water
qualzly potential for use as an agricultural water supply.

ll water quahty standards are estabhshed for two reasons. The first is to prov1de a

o fbenchmark against which a determination can be made as to whether a waterbody is impaired

. and requires some kind of corrective action. The second is to prov1de a basis for. estabhshmg
permit limits on regulated activities (WYPDES & Section 404 perm1ts) The purpose of this
policy is to provide guidelines to be used by the Water Quahty Division When translating the

. marrative goals expressed in the Section 20 standard into appropriate W YPDES permit limits

where «ma-intaining agricultural use of the receiving waters is an issue.

Agrlcultural use of surface water is an opportunistic endeavor. The varymg uses as well as
. the different qualities of the water found in the state are many and the farmlng and ranching
industries have always had to make do with what water is available. The goal. expressed in
- the Section 20 standard is simply to maintain surface water quality at a level. ‘chat will
continue to support the local agricultural uses that have developed around it.

Though the goal is simple, achieving it is not. For the most part, managing water quality for
continued agricultural support requires managing the concentration and chemical makeup of
dissolved solids. Because of local differences in crop types, soil fypes ‘shd niatufal water

| This pohcy was finalized in August, 2006 in conjunction with the Triennial Review of the Chapter 1 surface water
standards, ‘A modified version of this policy is under consideration by the Wyommg Environmental Quality
Couincil for adoption as an appendix to the Chapter'1 rules. Until a final decision is rendered on that rulemaking,
the provisions of this policy remain in effect for establishing effluent limits on discharges.that may affect
agricultural uses. The only exception is that the formula for caleulating SAR limits has been updated to be SAR <
(EC g X 6.67)—3.33,
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"’hiy and availability! it'isn *t possible to establish smp]e numeric criteria for pollutants

"¢k as TDS and SAR that will allow an efficient use of surface water for irrigation purposes.
The determination of what is acceptable water quality for irrigation must necessarily involve
an evaluation of local agricultural practices and background water quality conditions. For
livestock watermg uses, it is somewhat less comphcated because there are fewer varrables to
oonSIder . : SRR SR '

“Measurable Decrease”

" The first part of translating the standard is defining what is meant by “measurable decrease
in crop or livestock producz‘zon ~The phrase implies that there is'a pre-existing agricultural
use of a stream or drainage prior to an application for aWYPDES discharge permit. For
livestock watering purposes, a pre-existing use will always be assumed. For irrigation
* purposes, there needs to be either a current irrigation structure or mechanism in place for
diverting water from the stream channel, o a substantial acreage of naturally sub-irrigated
pasture within a stream floodplain. Where naither of these coriditions exist, there can be no
1rr1gatxon use, nor loss in crop productlon attr1butable to water quahty
Where there are pre—ex1st1ng agrlcultural uses, it may often be 1mpossrb1e to nieasure a loss
in crops or livestock that can be attributed to water quahty because of the many other factors
that wﬂI af fect actual productlon It is also unportant 1o be able to predlct the probabrhty ofa

.,r__,

Effluent limit$ on histoFie dlscharges of ‘oduced Wwater will not be affected by this pohcy in
relation to the protection of agrlcul’tural {ises. Where discharges have beeti‘occiiring for
many years, the permitted quality of those discharges shall be considered to be “background”
~ conditions and be fully protectwe of the agricultural uses that have developed around them
Thereforef itis no’c necessary o modify those discharges iii ofdér'to dchieve the goal of “n
Iral e dec' ease 1n crop or' hvestock productlon It would on]y be necessary to

.v~

limits on historié dxscharges may be miade where the ‘quality of the drscharge 1s shown to
constrtute a hazard to humans hvestock or wrldhfe

II vaestock Watermg

The basic concept in protecting a livestock watering use is to ensure that water quality is not
acutely toxic to livestock or does not contain pollutants in concentrations that would affect
growth: or reproduotron There are basic effluent limitations provided in the WYPDES |

* permit regulations: (Chapter 2 of the Water Quality Rules and. Regulaz‘zons) that are mtended
to ensure that the"water is safe for hvestock jie] dr1nk These limits arel- "
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5000 mg/L TDS;
3000 mg/L Sulfate;
2000 mg/L -Chloride;

and each must be achieved at the end—of—plpc jprior 1o rmxmg with the recewmg stream In-
addition to the basic effluent limitations the following limits for livestock protection may be
incorporated into WYPDES permits when there is reason to believe they may be associated
with-a dlscharge :

Selenium ' 50 pg/L  Total Recoverable

Fluoride 4000 pg/L Dissolved
Arsenic 20 pg/L.  Total Recoverable
Copper . 500 pg/L Digsolved ..
Cadmium S0 pg/ - - Dissolved
Boron - 5000 pg/L- Dissolved .
Chromium: 1000 pg/L Dissolved
‘Lead 100 png/L - Dissolved .
Mercury 10 pg/L Dissolved

Zinc ‘ 2500 pg/L - Dissolved

Livestock watering waver

An exception to the limits above may be made whenever the background-\;vla‘ter quality of the
receiving water is worse than the value listed for the associated pollutant or. when, the
livestock producer requests use of the water and thereby accepts any potentla] I‘lSk to his
livestock.

I, Irrigation- -

The interpretation of the Section-20 standard for irrigation-is more complex than for livestock
watering because there are more variables than just the quality of the water to consider.
However, after considering the local circumstances relative to irrigation and .crop production,
effluent limits can be established on WYPDES permits that will be protective of the pre-
existing irrigation uses. The goal is to ensure that pre-existing irrigated crop production will
not be diminished as a result of the lowering of water quality.

The basic water quality parameters of concern-in regard to irrigation are electrical
conductivity (EC) and sodium adsorption ratio (SAR). Protection of irrigation uses where
WYPDES permits are involved amounts to deriving appropriate effluent limits for EC and
SAR in each instance,

A. Identification and Protection of Irrigation Uses.
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Implementation of the Section 20 standard thfough the WYPDES permitting program
involves a sequence of decisions based upon the’amount-and quality of data that is available
to the permit writer. The most basic question'is whether a'proposed discharge will reach
irrigated lands. If the discharge will not reach an irrigated field, either because of natural
conditions or water management te‘chﬁiques, it'could notaffect crop production on that

.- field: For the purposes of this pohcy, ifrigated: lands 1nclude the followmg

1. Artificially Irrigated Lands: Artificially 1rr1gated lands are those where water is
intentionally applied for agricultural purposes. Artificially irrigated lands will be
identified by the presence of canals, ditches, spreader dikes, spray irrigation systems or
any other constructed mechanism intended to divert water from a stream channel for
apphoatxon on adjacent lands. .

2, Naturally Imgated’ Tiands: Naturally'irrigated lands are aréas of land along stream
channels that have-enhanced vegetative production due:to periodic natural flooding or
sub-irrigation.” Naturally irrigated lands are those lands where a stream channel is
underlain by unconsolidated material and on which the combination of stream flow and
channel geométry provides for enhancéd productivity of agriculturally significant plants.
Naturally irrigated-land$ may be identified by an evaluation of infra-red aerial
photography, surficial gedlogic maps; wetland mapping, landowner testimony or any
combination of that information.

Appropriate effluent limits for EC and SAR will be calculated and applied to WYPDES
-discharge perm1ts ih-all instances-where-the: produced water dlscharge may-reach- any
'artlﬁcrally 1mgated 1ands L vo' e _j, ot SEF RS

EC and SAR 11m1ts will also be apphed to WYPDES permlts where the produced water
discharge may reach stream segments containing sufficient acreage of naturally irrigated
land to be considered agriculturally significant. In general, stream segments:containing
smgle parcels of naturally 1rr1gated land greater than 20 acres in size or multiple parcels
“in nedr proxumty that total morethan: 20 dcres-shiall:be-consideredagriculturally -
- significanit. In makingthis estimation, small‘drainage bottoms may be excluded, from
~eonsideration: Twe'specific criteria-whichsmay be-usedto-exclude lands include lack of a
persistent active channel and unconsohdated rﬂoodplam depos1ts whrch are generally less
thigiis0 feet inwidth, it e s s ey, e

If there are no pre—existing diversions within reach of a discharge or if the water will be
impourded or managed so as-not-to reacha diversion during the irrigation season, there
would be no potential to adversely affect crop production.- Likewise, if there are no
agriculturally significant, naturally irrigatéd lands within reach of a discharge there
would be no potential to adversely affect crop production. In these circumstances, permit
limits would be established to protect other relevant water uses (e. g livestock watering,
wildlife, aquatic life etc.). .
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B._Data and Information

There is 2 minimum amount of data that must be collected in every circumstance in order
1o identify existing irrigation uses-and fo appropriately set effluent limits on discharges
that may: affect those uses.. Additional:information that is beyond the minimum
requirements can also be considered to fine tune the permlttmg decisions in a way that
best addresses the various interests for the water,

At a minimum the followmg mformatmn must be obtained:

o Location(s) of irrigation diversions and/or naturally irrigated acreage;
o Crops grown under irrigation; " :

« Published-tolerance Values for'the most sensmve Ccrop;

» Season of use : :

‘- Description of Irrlgatlon Practlces

Estabhshmg Effluent Limits

A S-tlere_d decision making proceés‘ will be used to establish appropriate effluent limits
for EC and SAR whenever a proposed discharge will likely reach irrigated lands. Tier 1
refers to a‘procedure for setting default EC and SAR limits-and is useful in situations

~ ‘where the irrigated crops are salt-tolerant and/or the ‘discharge water quality is relatively
' good “Tier 2 refers to a process whereby the default limits may be refined to equal

background water quality ‘conditions-and is‘intended to be used'in situations where the

' background EC and SAR is worse than the effluent quality. As.a final measure, Tier 3

apphes ‘where background EC and SAR is better than the effluent quality. The purpose
of'a Tier 3 analysis is to provide sufficient justification to establish effluent limits that are

- of a lower quality than the pre-discharge bacKground conditions. Under Tier 3, effluent

limits may be established based upon local sité conditions and irrigation practices to a

level that can be demonstrated to canse no harm to the existing irrigation uses.

1. Tier 1 -Default EC and SAR limits

Default limits for EC and SAR may be used where the quality of the discharge
water is relatively good or the'irrigated-crops-are salt-tolerant. The default values
shall be based upon the publlshed s6il EC tolerance values for the most sensitive
crop and shall be calculatcd as follows

a. Default EC limits will be based upon 100 percent yield threshold values
for soil EC reported by the USDA Agricultural Research Service (ARS)
Salt Tolerance Database. In the event that the species of interest is not
included in the ARS Salt Tolerance Database, then the following
alternative references can be consulted: -
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(1) Hanson et al. 2006 Agricultural Salinity and Drainage. DANR
Pub. 3375, Univ. of Calif, Davis;

(2) Ayers andWestcot. 1985. Water Quality for Agriculture. UN
FAO Irr1gat10n and Dramage Pager-29 (revised);; and

(3) CPHA. 2002 Western Fertlhzer Handbook. 9th Edition.
Imers’_cate Pub., Inc., Danville, IL.

The relationship between:soil EC values and irrigation water EC values
will be: EC (soil) = 1.5 EC (water); i.e;; the published soil EC threshold
obtained from the-appropriate reference wil} be divided-by the soil
concentration factor of 1.5 to establish the discharge EC limit.

However, in circumstances where the background water quality of the
receiving water(s) is known to be significantly better than would
otherwise be required based on a theoretical 100% yield, effluent limits
may be set to.maintain that higher quahty

Default SAR values w11l be extrapolated from the Hanson et al. (2006)
Chart.(see Figure y attachea) based.u on\theLdef ult EC value in each
 citcumstance up 10 amaximum default.value 0 10'; The efﬂuent limit
for SAR will.be. determmed)m eon_]unctlon ‘ert EC 50 that the
relationship ¢ of SAR o EC remains within the “no, reduct;on in rate of
infiltration?, zone, of Flgure ks __hejmammum SAR hmlt is, therefore, set
. below the line separating the, j,no'reductlon in rate of 1nﬁ1trat10n zone
from: the, $slight to.me deratesTeduction in 1nﬁ]tratlon zone. in the Hanson
et al. diagram, which is represented by the followmg equa‘aon SAR <

- (667 xEC)-3. 333 t-must. be noted that SAR values are tied to the EC
concentration and- mlght need 1o be adJusted to correlate to the actual EC
concentration rather than;the:theoretical maximum.

1o Use-of the Hanson.diagram,to extrapolate default effluent limits for SAR

] capped at a maximum, SAR of 10 to minimize the potential for sodium

-build-up in poorly dralned somls ThlS 10 SAR cap is only intended to
apply when utilizing the default procedure and may be modified
according to the provisions of section C.2 ”Reﬁmng EC and SAR
Limits", descnbed below.

% This refeterice lids besh. updated to the: 2006 version of the Agneultural Salmlty and Drainage Manual from the
previously cited 1999 version

? This Formula has been updated from the prevmusly used SAR <(EC dS,M X 7. 10) 2.48 in accordance with the
2006 Sahmty and Drainage Manual.
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c. Ata mmlmum, the EC and SAR hmlts will apply durlng the irrigation
season and when ﬂows are sufﬁmcnt to sypport the use, On sub-irrigated
lands and passively 1rr1gaied lands such as those under spreader dike
systems, the irrigation season shall generally be considered to be year-
round.

2. Refining BC and SAR limits (Tiers 2&3)

Establishing EC and SAR limits based simply on the most sensitive crop is the
most stringent approach and would be protective of the irrigation use in all '
circumstances. It may be possible to refine those values if additional information
is available showing that less stringent effluent limits would be adequately
protective, This type of showing can be madé by demonstrating that background
water quality conditions are of a lower quality than the default values or by
demonstrating that because of local soil conditions and irrigation practices there
would be no harm to crop production from less stringent EC and SAR limits.

a. Tier 2 - Backeround Water Quality

If sufficient data is available to demonstrate or calculate.that the pre-existing
background water quality at the point(s) of diversion i is worse than the effluent
quality, EC and SAR effluent limits may be based upon those background
conditions rather than tolerance values for the most senisitive crop.

(1). Measured Data: Background water quality may be established based

- upon published pre-discharge historic data. Generally, this data only exists
on larger, perennial, mainstem stream channels where hlST.OI'lC gauging has
taken place Actual measured data is the most rchablc means of establishing
background and must be.considered on those waters where it is available,

(2). Caleulated Background: On intermittent and ephémera] stream
channels pre-discharge water quality data is usually scarce or non-existent
and very difficult to collect. In these circumstances, background water quality
can be estimated by conducting soil surveys on land that has been historically
irrigated from the subject stream.

In the event that soil studies are used as a means to estimate baseline water
quality for a given drainage, the following requirements apply:

(i) Sample Site Selection: Soil samples shall be taken at semi-random sites
within each contiguous irrigated segment downstream of the proposed
discharge. “Semi-random” in this case is intended to mean that the applicant
will identify the various major distinguishing terrain zones within each
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) samp'le shall be analyzed for EC
_ background water conductwrty, 1t

165 avoid havmg to duphoate thesamplmg f'the résults’ mdlcate that a

irrigated segment and select sample sites randomly within each terrain zone.

For example; the charmel bottorh may constitute one terrain zone, the first
small terrace above the channel bottom 'may be another terrain zone, and the

~ adjacent meadow or field may bé a single remainirig terrain zone, or that
" meadow / field may ‘actually be coiriprised of several other known zones such

as discharge-affected soils vs. non-affected soils; sub-irrigated reaches vs.
non-sub-irrigated reaches, etc..

(ii) Number of Sample Sites:  Listed below are the minimum number of
soil sample sites required for each of the identified terrain zones (based on

) 'Azone area) w1th1n a contlguous 1rr1gated segment

| ZohéArJé?i | Minimum Number of Sample Sites

“O—S'acr'e_'s '} . T ‘
10 +acres | o 7

| >(111) Sample Collectlon Sample 51tes mustrbe located a minimum of 50 feet

led at a minimum of
4

is"present within the

tetrain zone “each sample 51te Wwithin that terrain zone st be sampled at a
. totalof 6 depths (at the above—noted depths plus 49-60” and 61-72”). Each
L 12 1noh depth’ sampie must be analyzed ¢ithér 1nd1v1duall?/ or combined

ot sampl s from the other sample
N S e '-*'12”

(1V) Sample Analys1s Ata mmlmum a. saturated paste extract for each
Th ough not necessaxjy for the estrmatron of

harm analysis” (ztem b. below) needs’ to be completed Percent orgamc matter

~~~~~

warranted
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(v) Soil Report Preparation: At a minimum the applicant shall submit:

i. A map or diagram identifying where each of the'soil sample
sites were located. At a minimumi, the map or diagram must show
the basm topography and stream course, irrigation structures (if’
present - such as spreader dams or head gates), estimated
boundaries of the irrigated acreage, surface ownership of the
irrigated acreage (including downstream irrigated. aregs) and
section / township / range identification. This map] must also show
any delineated terrain zones, plus elevations of the terrdin zones;
ii. An accompanying location table which includes the quarter /
quarter, section, township, range, and latltude / longltude for each
sample site;

iii, Summary data table showing the analytical resuits for each of
the soil parameters listed above for each depth, at each sample
site.

iv. All associated lab sheets.

b. Tier 3 -No Harm Analysis

The actual effects of EC and SAR on crop productlon are vanable based upon soil
type and chemistry and may be mitigated to some extgiit by managing irrigation
practices. EC and SAR effluent limits may also be estabhshed based upon a
scientifically defensible site specific study that examifies;Jocal soil characteristics,
natural water quality, expected crop yield, irrigation practlces and/or any other
relevant factor related to crop production. =

Because of the very site-specific nature of this approach and the number and
complexity of variables that may need to be considered, it is not very useful fo
specify any.particular type of analysis in this policy. When taking this approach,
howeyver, there is a burden of proof placed upon the applicant to demonstrate
through a comprehensive study that levels of EC and/or SAR higher than either
the default values or estimated background water quality would most likely not
measurably harm an existing irrigation use. Thi§ approach will allow a degree of
creativity regarding landowner preferences and management. Refined limits for
EC and SAR resulting from a "no harm" analysis should incorporate a reasonable

margin of safety to account for variables that cannot be precisely measured or
modeled,
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c. Irrigation Waiver

An exception to EC or SAR limits established under the Tier 1, 2 or 3:procedures

‘may be made when affected landowners request use of the water and thereby

accept any potential risk to crop production on their lands. Irrigation waivers will

only be granted in association with an irrigation management plan that provides

o ‘reasonable assurance that the lower quality water will be confined to the targeted
lands,

d. Reasonable Access Requirement

The procedure for establishing default EC and SAR limits is intended to provide
the ability to permit the discharge of high quality water without an obligation to
conduct site specific studies. In practice, the use of the default procedure will
only apply where permitted discharges.are of exceptlonally high. .quality., In many
applications, appropriate limits for EC and SAR will-have to be based onwrefined
procedures rather than default. Because the refined procedures réquire the
acquisition of site-specific data, it is necessary that permit applicants and/or the

- DEQ have reasonable access to obtain the required information. In-
circumstances where a landowner chooses to deny acess for the purpose of »
developing a Section 20 analysis, EC and SAR limits will be based upon the best

- information that can be reasonably obtamed and may” be less stringent than Tier 1
default limits. :

WID/7-0156.DOC
revised 11/20/2008
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WYOMH\? (o DEPARTMEN:
JAN M. H, HENDRICIQ{ AND BRUC‘E BUCHA.’I\IAN

The parties to s Contragt are the Wyoming Departmem of
whose addmss 1s 1'72 W gl 25th Btrest, 4 West; Cheyenne, WY

- logy, whose afdress is Department of
) _'10@ lnstltute @f Mining and Tachnol@gy Soocorto, NM
and ,ruoe ’Buohana- .of Buc;hanan C@nsultants Ltd Whase adéh ess 15 P © ’B@x 7549

! nither € -catl@n on ﬂle repert entlﬂed
, ; ) ter-2 Meﬁh@d@logy” and discnss in more detail the DEQ
penmttmg pr@gxam 25 1t pertams to agrioultural use protection, The Contractor shall provide
advice to DEQ as to whether and how the findings and recommendations in-the expeit report
may ‘be.used to:revise DEQ’s-approachte permiitting sulface dlsoharges of produced ‘water.

3. »Te: m of Co ntract.and. Regmred Am:n ovals Tlus G@ntraot is. effeotwe when all

By law, contracts for professienal or other services must be approved by the Attorney
General and the Procmement Sex 'ces D’ "smn of the Depdrtment of Admxmstratmn and

ﬂve hundred dollazs ( LS@@ OO) Tmmst be apploved by ’che vaerno: or hlS des1gnee a8 well
Wy, Stat, § 9-2-1016(B)(Ev).

L Payment. The DEQ agrecs to pay Centracter for the services deseribed in
Attaobm t A, which is attached .and made a patt of this Contract, This s a it price contract
and payment shall be based on actudl hours worked at o rafe of one hundred fifty dellars
($1.50; 06):per hotir worked. Anytrave] requived by the Contrastor shall be refmbursed af a rate of
seventy-five dellars (§75:00) per hour traveled plus the State of Wyoming rate for mileage and
actual expenses for lodgmg, megls anfl airfare Purswant to Wyo. Stat. § 9-3-102 and 9-3-103. The

total payment nnderthis Contract shall not exesed fifteen thousand dollars-(§15;000.00),

Funding for this Contract is provided by the WYPDES Fee Prograrm.

5 Responsibilities .of Contractor, The services 1o beprovided by Centractor are
described in Attachment A, Seope of Work, which is.attached and made 2 part of this Contract.

6. Special Provisions.

A Limitation of Payments, The DEQ's obligation to pay the Contractoer for
services rendered pursuant to this Coptract is conditioned upon the avajlability of State or federal
Serviees Contract-benveen Wyoniing Dgpn/ ument-of Environmental Quality L and

Jai ¥, M, Hendricks and Bivae:-Buehanan
Page ] gf'7

SERVICES CQN’I’RACT BETWEEN- — I



R ]

TTEgvVerntnent | funds wilel are allocdted 1o pay fhe Contiactot, IF funds e not alloeated and-—————

available for the DEQ to pay ‘the Conractor for thes iees,

the DBEO may terminate this
Contraci-at the end of theperiod for whitch the-fands are aval #hle,

D>

The DBQ shall notify Contractor af the catliest possible time if this Contract will or may
be affected by 2 slmrtage of funds; No ligbility shall acerne to fhe DEQ in the event this
provisten is exerctsed, and the DBQ shall not be dbligated or lable for any future payments due
or for any -damages as @ result of for on under fhis section. This provision shall not be
eonstvisd S0 4810 et the DEQ totermiinate:fhis Contractin order to aecquire stmilar services
Fromancther party.

’.B:'

Momtor Actl jities, The DBQ shall have the right to meniter all Contract
and actors, This shall inghude, but not be Hmited

i ¥ fime, to bn;ng experts :and consu]tants on site 1o
'd Wi ﬂ\ or ‘work in progress, and to observe all Comiractor
“performance-of Contract related work.

examme or evalu_at.e
petsonng in every phase

C. Nond1scr1mm'1t1on The Contractor shall comply with the Civil Rights
Act of 1964, the Wyoming Fair Emgloyruent Practices Act (Wyo. Stat. § 27-8-105 ¢f seq.), the
Arpericans With Disdbilities Adt (ADA), 42 U,8.C. 121019, et seg., and the Age Diserimination
Aot of 1975, The Contractor shall not diseriminate against any individual on‘the grounds of age,

sex, coler, race, seligion, national origin or disability in connection with the performance of the
Cotitract, '

D, No Einder's Fees, Mo finder's fee, emﬁloyment DBQ fee, or other such
feerelated to the procurement of this Contract shall be pald by either party.

7. . {ceneral Provisions,

A Amendments, Any changes, modifications, revisions or amendments to
this Contract which-are mutuglly agreefl upon by the parties to this Contract shall be incorperated
by wiitien instrument, exeouted and sig 1ed by.all parties to this Contract.

B.  Americans with Disabilities Act, The Contractor shall not discriminate
against a qualifie@ individual with 4 disdbility and shall comply with the Admericans with
Disdbilities Ast, P.L. 101:336, 42 U.8.C. 12101, et seq., andfor any properly promulgated rules
and regwlations velated thereto: '

C. Applmablc Limw/ ¥ e, The construction, interpretation and
enforeement of this Contract $hall be governed by-the laws of the State-of Wyoming, The Courts
of the State of Wyomi: g shall have jutisdiction over this Contract and the parfies, and the venue
shdll be the First Judicial Disttict, Lavamie County, Wyoming,

D. Asslgnment/ Contract Not Used as Collateral. Neither party shall assign
or othersise transfer any of “the zights or delegate any -of the duties set forth in this Contract
withont the prior wriften conserit of the-ofher party, The Contractor shall not use this Contract,
or any portion fhereof, for collateral for any financial ghligation.

Seiviees Contract between Wyoniing Bepariment gf-Environment! Quality and

Jan M.:H, Hendrmla.mzd Bruee-Suelianan
-Pape 20/7
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"B, Assumptmn of Risk, The Contragtor shall be responslbls f@i any 1@58 of
State or federal funding, either adminishative or program dollags, due to -Contrastor's faflure te
comply with State of federal requivements. "The DEQ shall netify the Contractor of any State or
federal determination of n@noomplmnca ‘

e,

F,. Auél' s mess to Records, DEQ and any of its representatives shall havs
ageess to any books, docwments, papers, and regords.of the Contracior which are pertinent to this
Contract, The Centractor shall; imy :;e'dlateiy upon recelving written instruction from DEQ,
pmvide to any 'independen"c aud ' or aceounting firm, all books, documents, papers
ot oert ,_.en“c to ﬂns Conh act, The C@ntrao‘cm shall coopemte
fuﬂy w1th any such md" endent auchtor )

af any audit anthorized by DEQ

1y 'bc tcrm:mated by the DEQ at the end of
D Q- shall notify the Confractor 4t the egiliest
 shottage of funds. Ne pefi %ty.
, -ahd, the D DEQ shell not be
E: it -of termination
Q to terminate this

_.d o penmt the Dé_

Contrast in _@rder t@ ac 1-.3.::S»1mﬂar semtlccs.,ﬁram anot : fpaltS'

B, Award of Related Contracts,. DEQ may undertake or award
supplemental or suecessor eenfracts for work velated fo this ‘Corittact. The Coritractor shall
cooperate filly with ofher contractors-and DBQ in all such cases,

1 Certificate of Good Standm Contraotor shall provide Certificate of
Geod Standing Venfymg compliance with the upet nent insuvance and woskers’
compensation programs priar o performing work under th Contract.

tlns Contrdct

K. Confidentiality and Publicity. All documents, data compilations,
reports, computer programs, photographs, and any other work provided fo or produced by the
Centractor in the performance of this-Contragt shall be kept confidential by the Contractor un! s
written petrmission is granted by the DEQ for s release. Any publicity given to the program er
serviees provided hevein, including, but.net limited te, notices, mfmmatl@n, pamphlets, press
releases, research, teports, signs, and similar public netices prepared by or for the Contractm,
shall ldentlf) the DEQ as the-sponsoring agency and shall net ‘be released without prier written
appraval fiom the DEQ,
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g @..nombmdmg medlatlon upo:n mumal agreemcnt of
’thﬁ pal‘ﬁles, in accordance h fhe Wyommg Supreine Court's rules for dlternative dispute
reselution, The parties to the dispute shall ‘bear their respective costs for the mediation. The
rights and remedies of the parfies prowded for in these clauses are in addition to any ofher sights
and remedigs provided by law erunder this Con‘n act.

M.,  Entirety of Contiact, This Contract, including Attachiment A, consists of
seven (7) pages, represents the-entire and integrated Contract between the parties and supersedes
a1l prior negoﬁan@nad representations, and agreements, whether wiitten or -oral,

fault or negligence-of then npelfw ~
acts of God or the pub e enemy, fn'es, ﬂoexis epldermo,s, quarantme 1esmct10ns frelght
S1e weather. Th1s plowsmn shall become effeotwe only 1f the

| tbe' ffe tw unl 58 the fa"lule to perfmm is beyend
e of the nonperforming patty .

Contragtor.  The Conttactor shall fonetion as an
oses of this Cotitract, and $hall not be consic

OF -any pPuIpoOSE. The Contractor shall assime sole
at fivay be incotred by the Contractor in fulfilliing the
; : iesponsible for the payment of a1 federdl, State and
laca] ‘caws whigh may 2c0Iue. beoause of this Contract. Nothing in this Comntraat shell be
diterpreted as authorizing the Contracter or its agents apdlor employees to -act as -an agent of
represgntative for or on behalf of the State of Wyommg orthe DEQ, or to-dncur any obligatien of
any Xind on the behalf of the State of Wyeming or the DEQ. The Comtractor agrees that no
health/mospitalization benefits, warkers' compensation andfor similar benefifs avajlable to State
of Wyoming employees will imure to the benefit of the Contractor or the Contracter's agents
and/or employess as a result:of fhiis Gontract,

Q. Kickbacks, The Contractor certifies and warrants fhat no gm”cuftles
kickbadles ‘or -contingency fess wiere paid in conmection with this Contract, nor were any fees,
commissions, gifts, or other considerations made contingent upon the award of this Contract, If
the Centractor breaches or violates this warrarty, the DEQ 1nay, at its discretion, terminate this
Contragt without lgbility to the DEQ, or deduet from the Contract price or consideration, or

Services Conmracrherween Wyoming Deparinens af Enviconmental Qualipy and
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“othierwise tecover, the full amount of any commissien, percentage, brolcerage, or contingeney """

fee,

R' Mptices. A“lln@ti‘cesarlsmg ouf Q,f; Qr ﬁ@m, ﬂ’;\@ jp;;qvisj'@ns Qf this coniract
shall be in writing and given 1o fhe parfies at-the address provifled wnder this Contagt, either by
regular mail or delivery in person,

8, Prior Approval, Thls ontract $hall mot be bmdmg pon either party, 1o
sew;\oes sha‘ll be pelf@rmed undm 1he tﬁrms @f fhw Connﬁct and ’che Wyommg Stat@ A. ko

agtor shall pay 4ll tawes and -other such amounts.
g but.not limited to federal and socisl secntity

V.  Termination.of Contract. “This Contract may be temnnated immediately
for cause if the Contractor $4fls to perform in accordance with the termis of this Contract This

Contract may be terminated, by sither party, withouf cause, upon thirty (30) days prior written
notice,

W Third Party Beneﬁemry Rights, "The patties do not imtend to create in

entity ftus.of third party beneficiany, and this Contrasct shall net be

oonstruad_ s@ as to oreate such status, The rights, duities and obhg ‘tions -eomtained in fhis
Comtract shall .operate only between the parties to this Contract, and shall inere solely 4
benefit ofthe parties to this-Cerftract, The previsiens ofthi Contiact are intended only to assist
the pazties in detepmining and perfornding their obligations wnder this Contract, The parties to
this -Contract intend -and sxpressly agree that only parties signatory to this Contract shall have

B0y Jegdl or equitdble mght 10-seek to erforce this Contract, o seek auy remedy arising oul of a

patty’s performance or faflure to peform any term er condifion of this Contract, or to bring an
action forfhebreach of this Confract,

X Time is of the Essence, Time is of the essence in all provisions of the
Contragt,

Y.  Titles Not Controlling, Titles of palagraphs are for reference only, and
shall not be nsed 10 constrie the language in this Contract,

Z, Waiver. The waiver of -any breach of mny term or conditien in this
Contragt shall not be deemed a waiverof any prier or subsequent breach,
Services:Contraci-between Wyoniing Pepartment of Enylioumental Qualip.and
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8 o S.l gatllresz- BB’ mgnmg ﬂzns Contrrmt ’the partuea certlfy ’tha’t they have rcad and~— e e 2

L i ,!r 4 i f
-S‘natc ef Wy@mmg, :I’f‘ Jequn‘ed by ’Wyo Sta,t § 9—2~1®1.6(b)(av)

“The Effective Date is the date-of @ha‘;siggma,tu;r@..lias't affixed to thispage.
DEPARTMENT OF ENVIRONMENTAL QUALITY

K//zé

Datg

(// z// <7

Date

é// 9 /09

/Briee @ar;aﬁ,PhD Date

ATTORNEY GENERAL'S OFFICE: APPROVAL AS TG FORM

o ]is]oq

(,_’/,')m B.

Cara B@yle Chambels Asslstarrt Attoﬁmey General Date
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Seope ol Work

Purpose of Contract.  Coptractor shall provide further clasification on the Teport entifled
Ry pert Setentific Opinion on the Tier-2 Methodology” and discuss in more detail the DBEQ
penmifting program 4 it -perlains to agriculturd] use protectien, The Comtractor shall provide
advige to DBQ a8 to whether and how the findings and recommiendations in the expert report
may be used to revise DEQ’s approach to permitting surface discharges of produced water,

STATIMENT OF INTENT

of remilating surface discharges of water produesd in
of o and matural gas. Under a sepavate contract with the

e : yunell, the Contracter has produced a rgport comtaiming a
and recemmendahens relatwe to DEQ 5 current pr@cedures for estthshlng

The. DEQ has the reSxonSLblllt'-

fiflly 1y um erstandmo ﬂlﬁ C@ntract@l 'S 1ntentlons and recommendahons and to evaluate how they
may’be best 1mplemented thiough the dischavge permitting program.

Tasks and estimated Time

‘Task 1. Travel fo Gillette, Wyoming and return to place of origin(2 days)

‘Tagk 2. Participate T festings and 2 field sour of codl bed methane @peran@ns in the
Powder River Basin with DEQ staff to provide additional detail on the meaning and
:mteljp: etation of the teport entitled “Expert Scientific Opinion on the Tier:2 Methodology™.
‘ ontadtor shall alse provide advigeto DEQ on the appropriate apphca’mon of the findings
and J_ erpretafion of the. ahove-referenced eport in the c@ntext of DEQ’s permitting
responsibilities. (3 days)

~ Task 3. The Contracter shall provide to DEQ a written symopsis of any new. .
TS or findings _that have been identified if of result frem the mesting

Seriices Comract between Wyoming Departmens of Enviranmenial Qualiiy and
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