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DELEGATION OF A1JTli01UTY CER'ITFICATE 

' .:•· 

I. Krista M. Crabtrt;;e, f..ssistlmt Secretary of Anadru:lw .Petrole:ttm·CorjJ~ati{):n, a·- . 
Delaware corporati011, do htn"eby certify tb,at Janie.s·J.·Klepkner 'is Vice Pre·si&b.~ of 
Lance Oil & Gas Company, Jnc., (fue "Company'") and .as Slich is · :a··~Re.$ortsible'' 
Corporate Offic~ as &:~:~ }n 40 C~q-~ :•~f,g$~~ ~egula~?ns (C'FR) 1~?f2,~~q~ 
a:ndlo.r a usponsible Dffi.caru as defin~d ·m 4'0 'Cfi'lR 70 .2. · - ' ''-· ··- · · .. · ' 

. . .. ·--~ \; . :, - . . 

L, James J. Kleckner, as a Responsible Corporate Officer ar.tdfqr , ~~~op.sib1~ 
Official -of tl1e Company do hereby designate James A Alsup, Bradley T: l\ru.11&;: David 
P. Howell) John A. Broma:n., Dou.glas R. NtJ;th, _and ;J:'.R. StX>tt_.as D;Jl}y A\rthori.~~d 
Repiesmtativ1:lS and are authorized to sign e.in;iroin;ri~ntai _peuw~ AAWP:r fow.Plimt~i 
reports on beha1foftb.e Company. . . ·• .· -- ., . . . -· .. ·-- _ ... ' 

~=--==~-~v~ 
"Vice ·President 
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CBM Associates, Inc. 
920 E. Sheridan Sl • Laramie, WY 82070 • Office: (307) 742-4991 • Fax: (307) 745-1582 

I l 
' 

~------------------------~--------------------------------------GROUND'.'IATEf.l & SURFACE WATER HYtlROLOGY • WAh:R RESOURCE-MANAGEMENT • ENiftRONMENTAt PERMmlNG & COMPLIAI~CE 

Ms. Jennifer Zygmunt 
Wyoming Department of Environmental Quality 
Water Q!JC!Hty Divisio-n 
122 W. 25th Street. Herschler Bldg. 4-W 
Cheyenne, Wyoming 82002 

.. -

RE: WYPDES Permit Renew~! for Wv0949697 E6hEJ:ta- Road Unit 
Lance Oil & Gas, inc. an Anadarko Petroleum Company 

Dear Ms. Zygmunt: 

Lance Oi'l &. Gas. lflc. (Lari_ce) hereby submits the enclosed WYPDES permit renewal 
application for its WY0049697 Ed"ieta Road Unit coal bed natural gas (CBNG) fac!lity. Enclosed 
for your consideration are the following: 

•-- W~PDES Permit Renewal Application for CBNG Water Discharge 
• Tables 1 A & 1 B: Outfall Information 
• Table 2: Well Information 
• Table 3: Reservoir Information 
• Table 4: Bonding Information 
• Table 5b: ReservoirWater Budget Estimate and Explanation 
• Flow Data Table -
• Water Quality Data 
• Compliance Evaluation and Exceedance Summary Table 
• Facility Map 

With this renewal, Lance would like to add one reservoir -Floyd 14-23-5376, please see Table 3 
Reservoir lnformatlon. Lance requests that discharge from outfall 006 be allowed to flow from 
Floyd 14-23-5376 into the Willow Tree reservoir. CBNG effluent will be contained within Willow 
Tree reservoir during dry operating c.onditions. 

Lance requests':::sirnilarilti1€J'ati0nt'!3rot~-9tion limits for outfalls 001 - 012 to those recently 
proposed in draft option Z1permits on;trre Spotted Horse Creek and Middle Prong Wild Horse 
Creek drainages. These ,permits 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 between EC and SAR at irrigation monitoring points. In order to adequately monitor 
potential irrigation water quality Lance is requesting to add 4 Irrigation Monitoring Points (IMPs 
6~9), downstream of its on-channel reservoirs as shown in Tables 1 A & 1 Band 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 assimilative capacity sodium based 
schedule. 

3115 Sincfair Street 
Gillette. WY 82718 

307.686.6664 

CBM ASSOCIATES, INC ADDITIONAL OFFICES: 

500 W. LoU Street 
Buffalo, WY 82834 

307.684.0252 

743 Horizon Court, Suite 250 
Grand Junction. CO 81506 

970.420.2224 

3036 South Flower Court 
Lakewood. CO 80227 

303.973.2302 
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( 1\l:lgl.lst 1,.2007 
f. . . .. ~G:O!t~l'lifl7:- £chete Roa.d Unit Renewal 
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' ..• 1 . 1 ~ ~ . ' . ':, ~1. . 

.. 6§ .. 9?P)Nn in th~ :att~chyd.;P9~P)i~~Ge ;x-a.ly;~~io:n, ~~f;l~~{~~q:t;lJ1~t;s1to -r~~l~~e, "tP.i~l_ \ff,W?X~rflble 
a.lum1num requ1r~ments With d1ssolved alummum r.eq~l,(,~m~r;J\R and raJ.se the tOtal recoverable 
arsenic limlt in accordance with the antidegredationpbrJcy'~hdnew Chapter 1 standard. 

~Jl!.Qfif. ~$ COFflfJ!it~d. tq ;fjlqt~~~~¢Lqf;l c:.th~ ,p~rmHte~ .YIDW~>[<@.JS:•Ot&~ .·NJ.C?dD .qy :J119l'J.ltp,rjl)lg V>J~ll ,fj~yv 
fat~s and altenng d:l!SS~w.g:es ~s ne~~S'l?ar;v.l. .· . . • . ,, , · _, .. ,. ,.. . · .::_." '" .. :, , .. · . 

" ,1 •, ~ .. 

tf yp;p have any permit related questions, ph;;ese call me at 307~i42-4S91, or e; .. mail at 
'jdf:iscoll@cbmainc.com. Direct all correspondencE;) to: :c .•. · 

.' t' •• 

Lance Oil .& Gas, Jnc;.'. 
an Anadarko .. Pf?:trole~m Company 
Attention: Tiinothy S. KaliJs 
1400 E. Lincoln SL 
Gillette, Wyoming -8271-6 

Sincerely, 

;z=s~ 
Jason Driscoll 
Environmental Specialist 

.·.:Jmbb 

Enclosures: Permit Renewal Documents 

cc: Lance Oil & Gas, Inc. - Gillette 
·CBM Associates, Jnc, -·Gillette 



SUBMIT ONE RARD COPY AND ONE ELECTRONIC COPY 

WYOMING POLLUTANT DISCHARGE ELIMINATION 1: 
sJ!sfEM . 

APPLICATION FOR PERMIT TO SURFAC1H>ISCFIARGE'PR0DUCED 
WATER FROM COAL BED lVIETR.I\NE NEW DISCHARGES, RENEWALS~ 

OR MAJOR MODIFICATIONS 

Revised: 06-22~{}6 

Revised form last updated: 04-25~07 

·wyoo 
--~--'----.' OIJ 1\ 1.' . . 

. ... l. . . r r v J ; , : , : . u t.~ 
j < •• ":f ! ~. " 

·~ .. ' 

· Date Received: 

(moldavlvr) 

.PLEASE PRINT OR TYPE (Submission ofillegi'hlc materials will result in return of the nppficationlo the applicant) 

1. Check the box corresponding to lhe type a £application being applied for: 

0 New CBM permit 

[g) CBM permit renewal Permit number \¥\'0049697 Expiration Date: 1/31/2008 

0 CBM permit major modification Permit number Expiration Date:-

2. Identify the river basin in which the discharge will occur: 
0 Belle Fourche 0 Cheyenne ' [gj Powder 0 Little Powder 0 Tongue 

D Other (identify)---------------

3. Select permit option(s): zfrnore rhan one option is selected, the applicant must descn·be vvhich option appli'es to 
which outfall. 
0 Option lA- Discharge is contained within a class 4 water body: Containment within an off~channel pit 
(class 4C) OR containment wifuin a headwater reservoir situared within a class 4 channel and capable of 
containing all effluent plus up to a 50-year I 24-hour storm event. 

D Option l B - Discharge is contained within a class 3 water body: Contaimnent ·within a na:ttu:al closed basin 
or playa lake (class 3A) OR containment within a headwater reservoir situated within a clas~ 3 c:liannel and 
capable of containing all effluent plus up to a 50-year J 24-hour storm event · 

18:1 Option 2 -This option includes any on-channel discharge (including discharge into an on-channel reservoir) 
tb...at does not meet the impoundment requirements specified in options lA or 1 B above. 

If applying for outfalls tmder Option 2, will discharges from the facility proposed in this application require the 
use of assimilative capacity c.Tedits for salt and sodium in the Powder River? 

fZl Yes 0 No 

Outfall 013 treats and discharges into Wild Horse Creek, Lance is in the final stages of calculating 
assimilative ca.padty credits and will be submitting this info.rmation to 'WDEQ in a timely fashion. Outfalls 
001-012 discharge can be contained in reservoirs up to a 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 -1009020208; Wlld Horse Creek 

5. Name of the faciHty producing the discharge (this is the facility name that will appear on the VlYPDES permit) 

Echeta Road Unit 

•• :>"'> 

WYPDES Penn!! Renewal 
Lance Oil & Gas. Inc. 
an Anadarko Petroleum Company 

Echeta Road Unit- WY0049697 
HUC 1 0 - 1 009020208 

August1,2007 
Page 1 of 28 



6.-·· Company, Cont1tct Name, 111!itllin.th,l}#Sfl;,eS$~ ,eA·naU .address, a:orl telephone number of, tJ:w · .\:n4iYid.um or ;co.IPpa:uy 
whioh ·owns the facility prod~lp.i~g;tJ~e c!i?pJ;ta:rge, an.d ,tl~,m~r~p;Rj1co%\lll;Nl~.,:~~~P,P~iR)·fi?r,J:i,¥iP.t:it s~1bmissioa 

Company Contact Name 
_ .. J,;i:!;ll..P;ilY S. lu1us 

Consutmnr Comacr Ncune 
J~q:u D:r.is~ou -' " 

Compt.my Nt1me 
linnc~rGil & Gas, lnc. 

Company Name .. · . 
CBM Assoc-iates, lnc. · 

:;· 

an An,adarko Petroleum Company 
., ,,,·· 1,::..._ I .,, , ,' Maiflng':AdcZP4s T 

9ZO ;t·. Sti&tidan Str~t 
.·. t},ify;~$trite:, cwdZ,{p Dodr; 

.§:~ii®.t:t;,, .WY. st71(i 
. · · .i;;{:tJi,~~g!ie~. 'il1il*ipJ;l(Jde 

.L~lct:~nu:j~ ')£Y.,~~07Q 

"·' .. J;f!tfr"J?fomu: Numbqr 
. .3·rn~6ss-s742 

· i~li!!-pli(l.l,'~ ft~¥rn{)~r 
• 3@1,..14Z.,.tl~$~, 

E-Mail Address • E-Mail Address 
Jdtiscoll@¢!:J,m:al.p.c.~o;rp,, · ·. /;r,;;ni!K:alns@an:adarko "oom 

' . e '" / ~,;... : 

7. If submitting a major modification or permit renevval, pl.ease describe all requested permit modification;s (Le. add 
I · • • ·2;out£a1ls, add ? 3 ':v·ells.; mo·ve ·o·utfaJJ 001 500 ·fe~L .. ~): .. , 

:-·,,·; 

" 
• 

• 
• 

" 
" 

• 

'Update QrtJQrt for outfall 013 ana TlVf.P3Las l.isted dn To~bles lA & lB. . 
A.rld one reserv-oir Floyd 14~23-5376. A:s listed in Tables lA, lB, 3 a.nd 4. Lance ·requests that discharge 
from outfaB {}{H) be a.Ho.wed to fl(j;·w·1:rom the F.loytH4-23-53'76 ·rote ).VillO'w 'free ·1'e'$~1'¥·oir. CBNG 
effltu~nt wn:t bt! contained within \IViUow Tree reservoir during dry o:pe'r.·:atlng comlitions~ 
,Add IMPs 6- 9 as Hsted iu Tahles lA anil .lB Outfn11 Infor.mati.on . 
Retain current flow limit tlf lJ.:l~4 MOD, See the attached Table 5!,) '\>Vater lludget that-shows Lance)s 
ability to manag'e this fh:rw. 
Replace total reconrable aluminum re.quiretn.euts ·wtth dissolved .aluminum rt".<:JU:irem.e.nts. 
R:ai:se the total recm1erable arsenic lim:it in acc-ordance with the antidegfedation policy and new 
Chapter i standard. '' · · · 
RemoYe the end-of-pi.p,e ~-"\-R ,l~~it at Cl1lt'falls {){11 ~0 12. ln.s:tea~ a;nrl as. f,lpne in re~·ellt PP:blic Notice 
penuits, apply a fixeii Et: <~f$«t ~dia-;ttsb:p,.;4J.'rlY~d SAR:jl.~j;t_,~t :· ' ' ' • .. :mirri:iti:li'ing pJYfuilS. 
Efi'Juent from these .r;uffalis wm ·:a~ c&nt~inad dhrlD;g dry opm:lithi$.; ccf ·~. · · · ; · 

• Keep current e.nd""'f-pipe EC .a:;ud S.t\.R li:mJts nf Z35tl nmhosf-c:m' arHl l~i"f~pectlvrily for outfall 01;;. 
This is a treat and di:r·ect d:is-chtu-oe onti'1all. · · · · 

: .••.•.. !;:1·. ,.,,, ' 

*NOTE: Major n1odi:fication applications requesting to incre~se the pem;titted flow for a fa~ility ¥~>111 be 
processed a.s RENEWALS. Majur modification applications for pertriits' within six mo:nths'Of 1l1eir expiration 
date \Vill also be processed as RENEW' ALS. · 
' ' 

8. N~J.;r:te(s) and mZ~Hing adgrl;!~_s(es) of owner(s) of the surface rights 01.1 whose land. the ;Bscha~ge occ'Urs {in cases 
where the land is owned by the st~'Le or federal government but surface rights are leased to a _private individual, 
provide lessee's name an<l address) 

WYPDES Permit Renewal 
. . Lance OiL& .Gas, inc. 

.an Anadafk-c Petroleum Company 
Echeta Rnatl Unit - WYOD49697 

HUC ~ 0 - 1009020200 
August 1, 2007 

Page 2 of 28 

,./ 

(' 



!JiiuJo"{t.!hir Na,iu:t'"" . . , .. ,..._,, .. ,,., .. ·' ... ,.,._. ,.,.,,,.,_.,_,...,..,.""·· · Lffnach1iner 'Narii'e · ,,. · _,,:.; . , , ... .. ' 

Fio~rd Land & LivesWck Inc., Fred Floyd Rick G. Floyd 

Ma:il ing Address Malling Address 
2600 Echeta Road 2482 \i\1est Echetll Road 

City, Sra.te, and Zip Code City. State. and Zip Code 
Gillette, 'WY 82716.-9182. GITlette, WY 82716...;9184 

9. For all facilities relying on reservoirs of any type as part of their waternumat,<ementplan, cQmpl~the-attached 
Table Sa (for optiou lA or lB facilities)' and/or Table 5b (for option 2 facilities). Tite water budget Sh:Quld 
demonstrate, considering total projected discharge inflows, natural precipitation., evaporaiidn and infiitration, the 
amount of the discharge that will be'contairied within the reservoirs, and the circun:istmlces and· vol~e of 
effluent that could potentially be d.i...~li.arged. If a:pplying .for an Option 1 A o.r lB pemi1it tliewated:litlance must 
demonstrate that the conta.ib.rnentunit wil1 be adequately sized to contain all projected discharge ·an&:storm water 
runoff from a 50 year, 24 hour storm evenL 

Please see attach~ed wat;e.r _ba~uce Table Sb: Twenty~Four~Hour, Reservoir Water Budget Estimate fo·r 
Optfun 2 Facilities and Explanation. 

l 0. For Option 2 facilities with planned reservoit relea.<res to the Powder.River, include analyses of expected water 
quality within the reservoirs. Reservoir water quality analyses must include an constituents, with the appropriate 

· detection limits and units,J.listedmi!he table included; With q~estiorr#.;J,9.Gfthis-.applica:~qn. .. 

Notapp:licab!e. Rese.rv~ wm not discharge exe~pt in the event.of:a sto~ e'lerrt _which ea.uses the 
reservcirs to overtop. · 

11. Attach a description Md a cltw, legible, ~iled topographic map of the di.schargmg i~cil.ity. Include the 
foHowing:· . · . . . . . 

a .. Al~~ 
b. w~lJJoca49ns; '' " ' ... ' ... ' . ,,'.<._ . ' . .,:, .. ·. .:: ' ·. ,. ,, ... :; 
c. Ponds - Ponds" are not pertinent to the water management o( tliuf facilitY· 
d. fur.~eryo:4;s, . . .· . . . . .- ' , . . . ·. . . . ·· .. 
e ... S.~~~¥~.~:§t~~k.~a~·are nof.pe~eil! til the l\•ater fiia~igcillentafthis facilitY • 

. r: Disc~&~,_PR~,.~PR~~H~~> . . . ,, . . . 
g. Immediate.l;"~erymg st:reams .. 
h. w aier qtialit)i monitorin:g stations . 
L Irrigation compliance points - Referred to as Irrigation Monitoring 'Points; · 
j. Location ofnearesl downslream irrigator.· 
.k. ·Section, To;vnship, arid Range information 
L if proposing to tise class 4C off-channel pits, in:Cluqe footprint. outlirie of the proposed pits. To denote 

setback distance, include a distance marker from closest' side of piho the nearest water feature, floodplain, or 
stream alluvium. Identify latitude and longitude in decimal degrees {using a minimum of 6 decimal place..'>) 
for eacb';end point of the setback distance marker. OffO:.Channei Iinpotmdment& are not being used in this 
fadlity. 

If any qf the above are not applicable please indicate in the description and include a brief explanation as to 
rvhy the item is not applicable) 

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

12. Describe the control measures that will be implemented to prevent si!,rn.iJicant damage to or erosion of the 
receiving water cba1mel at the poiot of discharge, 

WYPDES Permit Renewal 
lance. Oil~ Gas, Inc. 
an Anadarko Petroleum Company 

Echeta.Road Unit~ W'r'OQ49697 
HUC 10 - 1009020208 

August 1 . 2007 
Page·3 of28 



'-' •'J:'l.t,\6;4;1U1!~tl Wltt.tlf ·wfillbr: ,,(itsdb.l!.t:ged 'Sf();~yJy,;~l~:gh ;li\, [V{er,t;is-(,1.1, 'J;l;()tC:h~t41a,rg~ 4iaJ.¥;et,i;:'t' 'ifj{lC:t-',"p:ipl: ana 
.:.il;!llwwerl t'(ll t1ow d<Pw.n.:the,sjdethe·c~rr~~g.ate~ ;,~P~ t.oil;i,ssipatK= ~n.~rgy. Th~·:4ifs:~h,lU'ge4:~rJit~r will the flow 

':il.:nJJ. p.l'!:ss. o.:,1er. :rip .. rap or scoria p:lacoo at gf.l;nt:Ve slo.pe :'Jfl'rior ·t-o e.IJ;'tm'.i:gg .fhe• Ie~~Yi~.g -$tr~~~ ch.anneJ 
i.m:pf}un.drne:nt. . r -; :· · · · · 

13. Describe the control measures that will be im,p1ementt:ld .ro .<l:t;:hieve water ;q:tj.~l:i~y, .. sta,n:d,a:rQ;s a1;1q. ~ffluent limits. lf 
proposin,g to utilize ;a treatm.ent process, provide a description of the treatmep.t process . 
. . . . . :_, . ' . ' '. ' . . . ' -" ~-: ""·:: - .· ~ ·.{ tJ ·.· 

{,all:e~ ·will ntilaze .an .EMITS faci:Uty;P.lea:Se refer tu the :mudifi~tion oHhi·s'petjllitd:dtild O:ctober 7, :UIOS 
, for ~ det~Ued treatment d:es.c:ti,ptlon. .~ ' · · :< . WTI r, >. ·. · ',;, ~ ., , 

, .. ,. , .. _}'{ ·.;-~ F· -· .. ·. :;'·: ~- j 

·· · y4;- bhtfall.location;s must be estab'lis·he<!l as part of' a preliminary fie1d J:ecoma:issa:nt:e;s'Jin'e:)r1u'sing· 'GPS or 
... •·· .. .C'Ci~venti.onaJ ~hrvey equip:riH.mi and·dOCl.:u::neaJ.ted io T:abqe 1.. PleaS~ dcicilnldnfthd tY:Jie:0fequip:IIl.ent used, the 
... -,,- ~~:::p~c~JJCc:uracy of your_ mt;a;mrt;mzel;)1S,. and a brief rational~ for locati<ng ~'e,p;tt~.f:ELll;<i: l:lt __ ,tb:e};t.que:::ted sites 
' . -_b~~~?}''- . ' ~ ' -·~--:' ,;_:,;:1'' ,,:_.~- ' '' '' . 

.. r~· ~~: -,~iJI4-:.. · ·· : ·:.... .: .· .~. • .--~ -.- · _· - ~~:,.~..o.n.,.t.!-<-'.·~·' .-:._,._; .. --~-- ''r 

· O:utfan locations wea:-;e _se,ectecl h:liti·~HY n,;o~ $ ~~~p_ re•'lew. JAe ii,I~ti~!}Wr~ti$t~S ,#(~1--~ s~lCf:ted -co:nsideri.ng 
_ __ pp~l~e l~catiom;, terrain, .anrl ealie -Of access for monitoring. LantlkH¥ner-lnpiit\viG> tlfficlifB.i:I to site the 
_, -:; ~:.. , .. , ;.Q,iftf.a11s wl:Wre they '\Yould 't~~ mos.t u~~ful ;to the lanJlJn~inet's .r.am~hihg~operi~tlif!'ts~ :;rn.~·n:ri:aTlt'rciftions n'f 
. ·-'~·· 'c- :t~:e-outfaUs' 'I-\1C!"C identii'ied 'by field GPS u-sing a o:armhi GPS un:it (pnteiiitiili a:ri.tur~i:)· of20~met*rs or less) . 

. . 15: CO:mplete the attached Table 1. Provide .aD tbe in..formadon requested in the t~ble :for e~h ln:~o'sed discharge 
poi!!.t {)f l!lPl!ito:rin,g point. lfpmposiug ch~t1_g.es{:a maJor modification) t:o an~istin;~ ~a~:;i.lity,,cle~iJy indicate the 
desired chan.&res o:n the table. Additional tables ma)' 'be attached. Use th.e .fonnafpio\rlded:' Opti6n 2 permits, 
except those located. in the Belle Fourche-or Cheyenne River Bas.ins, must irrclude .. watt..'rqriali.ty monitoring 
station locatioos. ·option 1B head\vater reservo-ir discharges {reservoirs ofuef.'thanJ.'i.ltl:Ya"laike:s capable of 50 yem 
24'llmri stormwater nmoff co:rrtahlltletlt) inu:st iaclude :flaw monitoring station i~tlcatiDil'S: ;Q:ption lA. and 1 B 
pennits must include containment unh monitoring statkm locations. Jnformatlon telated ,to reservoirs is only 
required if the f-adlily's water managemer.rtplan includes reservoir containm:e:nL · ' 

Plea.se see :attachoo Tables 1A ruid lB: Outfallln:formatio:n:. Note _that .IMP .3 'i!S l~ng r:emoved and L'\1Ps 
6-9 are being added. 

16. Complete the attached .Table 2. Provide all the infom'J.<Ltion requested :in the table ior each J.v.ell assot:iated 1.vith 
this propos.ed discharge :authorization. lfproposing chan.ges (<l major m<ldificatirm) to an existing facility, clearly 
indicate tb.e desired changes on the table. Additional tables may be at:t<mhed, Use the :format provided. 

Please see att~•cbed Table .2: 'VY ell luformztio:n. 

17. Complete the att:ru;;hed Table 3. .Provide au the informatim:l reqaestetlln the table .for each reservoir proposed for 
containment ofC:BM produced water, Specl:fied h~cations refer to the approxim~te .center -of"thereservoir. If 
proposing ch<mges (a major modification) to an existing facility, clearly indicate the desired ·changes on the table. 
A:dtiition<rl tables ml'ty b'e attached. Use the formal pr(Jvided. lrifonnation related -to reservoirs .is only required .if 

· · tl:ie facility's water mrulagemem pl:a:n indudes reservoir contatnment. 

Pien.Sf! see aittached Table 3: Reservoir lmonn~tinn~ Note that, :on;e reservoir Fln:yrl '14~23-5376 is being 
id1Jed. Lan·c.e requests that discharg~ from ·outfall 'fJ06 be aThowed to fl!.lw frnm Floyd 14-23--5376 intu 
wmow Tr~e reservoir. C:BNG effluent will be contai:m.ed Wlithin Willow Tree, t'h:e '.RH:'Ist downstr-eam 
reservoir~ during dry operating ~onP.tt'10ns. · 

\l'I!YPDES Per:mil Renewal 
Lance Oil-& B.as, inc. 
an· Ana:clarko Petroleum Company 

Eche:ta Rua.d Unit- VVYDG49597 
HUC -w -1D09D202D8 

August 1 , 2D07 
Page4of2B 
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18. Complete the attached Table 4. Provide all infom1ation requested in th~ tab1e related to reservoir bonding 
requiremen.U; for each reservoir proposed for the containment of CBM produced water. If proposing any changes 
(armajor tnodifi"cation) to-.an. existing. facility, clearly indicate· the tlesired changes on the: table.· Additional tables 
may be attached. Use the fortnat pmvided; . .lnfortnation related to reservoirs L-; on1y required if,the facility's 
water management plan i.ncludes reservoir containment. 

Please see attached Table 4: .Bonding Information. 

19. Provid-e the results of water ari.alyses for a sample collected from a location representative of the quality of the 
water being. proposed for discharge for all of the chemical parameters li.ste<! in the tahly below. The sample must 
b.e collected frmn well(s) or outfall(s) within a twenty mile radi~-oftbeproP,l)~~d-fa¥.ilit.Y1s location, and from the 
same coal forma:tion(s) and the same approximate depth(s) a5 prnposed in tbisaJ:>plicatl.oD.. If filing an application 
fQr.a p~t renewal or modific~tion, the repr~entative sample;;_ )ll.US~ .b~. ~llected from the facility being proposed 

.-.•· ..._, - -...~ •• r •. l .o.~o~;.;..J. • ....,,,, .·. ,_. -..~ . • ,. '1 , ·~·. • '•' . , 

for rene.tval or ffi().difi.9ation. Explain ·why this sample is re!tr~eD.tative o.f tb,e prodt1ced' water t6 be discharged. 

~fer to the foU6:\vfng satirple identification table and the corresponding Tab analysis for _representative 
water quality. The sample collected 5/30/2004 is from outfall \:VY0049697_004. This sample includes total 
reco~erable aluminn:rn instead.of dissolved al.uminum. Total recoverable aluminum vaiue in tbe sample is 
•.•• •• l : •• 1 i .• · ·. ,. .·r /.;· .... _; ,,.:·1. ;~··i > . ..;, . : ... ·• J. ,~·:.~ · ..• ~ •• • •. ... , •• j .:~.~:.; • ., ~ •. ·: .. : ~= .· ~ : · ·. . . · · · ·· 

: 1~$ :th,a.n 50 ug!L''a:Dd '«iitllln 'the diss-0iyeil af.umr1nini l.irii:if of 750 ug/L' · . . 
.·;·," :'t'," :" ~· ,;:.: i. ·•· ~.;[, "'-'(..'!~;"'" • ':;""~:;~!';~;., ~,;•,•," •'' ,·, .• I :. 

· · QtrtQ:ti-'·· ·'':See .': Twn Rng ' · · ''·Formation 
: .... ; .... ·. ·. i.f , . ) : ·~ 'I: ' ... , : w~n .. Anderson, 

DP WY0049697 004 ED 04/30/2004 NESW 25 53 76 Gates, Werner 

Samples from co~ndngled coal seams are acceprabl-t' a:.~ long· as the samp1e(s) meet the follti~•ing criteria: 

A. all-of~ coaJseams being.,proposed for developjneot ar~ ~ept~,SCZ,teimJb~ ~o-rn~~d sample.,. \Vith no 
.ccmtriJ:rt1;ti.Qn. frqm <,:9al ~~am~ npt b~ng proposed for d.eye_l.qp!Jlen~ .:at fu.e new faciJi~·-. · . 

B .. ·+herati9:-Q}:,eaph:,~P~hP.earn 1S'C9~t:ributi6n;;is.;appro;ti;tpat,cl:y::tq~:~e-4tl:.th,~ Sap:!-J?l~ and the proposed 
developm:elnt, .. '· _., . _ . _ . ·:·.;;: , _ 

C. documentation is,provided to .verrfy the-crit~a1isted in A. ~dR . 

. 1}te analyses l)lUSt be, ~.ond~t~ itt 11cgqrdan_ce w,ith .fWPrpv~ EPA test pro<;:,edure~ ( 40 CFR Part 136). Include 
a .signed' copy of your lab ret16r( !hat tnciiides the. follo~ing: " . . ::" . ' . 

a. detection limits 
b" results of each of the chemical parameters at th.e cbemicaJ state given below 
c, qtmrter!quarter, section, tov.'Jlship and nmge of the sample collection location 
d. Time and date of sample collection·. · 
e. Time and date of analysis for each parameter 
f. Analyst's initials for each parameter 
g. Detection limit for each param.eter as achieved by the laboratory 
h: WYPDES· pertiiit number 'and· outfall number; :where the 'Sample was collected. 
i. · Origin of-produced water(coal seam and legal location of sample coliection location) 

. '· '• 

_· lfmore:than one coal seam.is being proposed for deyelopment,Jhe·p~ittee 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 faciHty, the 
p~it::tee.must submit a lab analysis and.comple~_information characterizirl,g water quality from the new con1 

.. ,SeEgll.l;Jeing propqsf?d.for developw,ent.. A mixi:ug_an~b-;sis maybe reqwred iftlle representat~ve water qual.ity 
·- ... --,analysis :fhr.!I! the_new cpal;seam ~dit;a~~s~at.theinp~U$ion,.o,f:tp,e .. ~'M.efUiJe,it1_ ~9~~·max'r~s~~ in degradation 

of existing effluent quality. Analyses must be provided in the units iistedb¢1ow. 

WYPDES Pennil Renewal 
Lance,Qib& Gas, Inc. 
an Anadarko Petroleum Company 

Echeta Road Unit- WY0049697 
HUG 10-1009020208 
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...------···-.......... _ .. ___ ,,_ .......... - ............................ - ! 

~~ piLfmil"cteri':{~See"u{ltes ·fuJ!lowfngF·'· ~ ;J · -.. Rre.gnired ·D,etecti.on lA.mits an·. d .. >·.·,R.·. 'C:Quir..erl pnits 111 I tb:e table on \,:.hemica1 st~1t~s) · ' ... 
r-----·--·-"··--·-·····-·-·-·-... ---·······---... -....... __ , ___ ,, _______ , __ , ___ , ......... _, ___________ ,, __ , ___ , _____ , _________ ~ 

~.A!~~~!~t:t.,o.I~W. ... --------·---·~··-.. .. .. -"""""----·- .. 2 ... ln.gll.,~t~,c~E~::.~ ... ~..:: .. , .. _ .. _ .... ~ .. ---·--·-~ 
; ,A.I.umiaurn, Dissolved 5'0 J.l,g/1 . . · ~;;;~~ .. :!~!.~L~~~~~!~~~~~:=:~~~~:::::~:.= ... ·~·::=~~~::.:~~:~==~~~~==:~~:=:~:.lii"1 ............... _ ........................ _ .............. _____ _ 
~~rium~ TotaURe~-~=~!~:. · 1()0 ~~~ ..., 
· B.icarbonate HI mgfl ·. : ·. 1 
;. ..................... -.......... ..__._. --. ____ .. _,.,, ............ _.. ... _,_,,._,., ....... _ .. __ , __ ,_~ 
: Cadllrium, Dissoh'ed ,S·}lg/1 . . . . . ': 
;--.... --............. _, ..... __ ----· -:"""'''"""_,_,,_,_,_1 

: Cnldum., Dissolved 50 q.i:g/1, repQrt .as Jil.g/.! . . 
:.~~.!?:~!£~~~~~~=:==·=·=-~===~~==-·-· -----........... -.................................................... 5.-;;gn·-·-· .. -···-·-·""""'-"""'"""""""'"'"'"'-'"""'-'J 

! Copper., Dissolved 10 p.gll·.; : ;;: ; 
,.._.-... --........ - ... - ............ ,_,, __ ,, .. ,._, ........... - ... .-.... ., .... ,_ ............... -.............. . .. -! 

i __ D __ ~~.~~2:=..~ .. ~?.-~.-s, __ Tota'I , 5mgl~';''·''·''·"~ .. ; ·=L • - . ...... .. _______ ,____ __ .......... __ , ... ______ ·"'"'"'--! 
j 1"1uor.ide~ Dissolved Hltl 'jigfl · .. ,: · · ''·'· ' j 
' --.-......... - ........... --~ ........ ___ . ~ 
1 Hardness, Tntal . 10 mgJliiS-C!iOO:l;, ,-, ... -i · ~ : Iro:O:~ii)i,~;;:r~·;d .......... ~--·---·-·-.. --.. -.... - ........... _ ... ______ .... _, ___ ,... ____ ..... ,_ .. ___ ........... -.... -.... 5ti'"J;}i/f·;·· .. r: ~is~·;~:;:.' 'Cr·---:::--

- L~ad~Dl~'S~};~d ·--- : ·--..... -.. - ........ ~-·· ... -.... - ..... - ................ '2~~gii ...... - ......... _ .. __ t·;,' · ~,~·\T""-·"'--

~~~~-~= 
1'"" ' -OHU-•••oHHoHo.._,,...,,,,__. .. ,,,._, __ ,, .. .,,. ....... N ..... o .... , .. ,_ .... ,. o 

; pB I to O.l pH unit , .... i;diuu1· 22~fT~t~i-R"~;~~;;;;};i~·-.. --~---......... _____ , __ "'""_ .......................... -.o-:2·:jjciii~-......................... -:~:;-;-::· ... --.. ---·--. 
r·----•N ..... O HH--o-H•Oo-ooo-OHo0"'''"'''''""'"'"""''"""'"'.""0MoHHOoOO .... OOOMNOHH00'""''""''-"''-''"'-'"""''"''"'""'"""'''00 """'"''""'"""-'"'~"-"'"-"'"'"''"""'"""-"'MO-"""-"""""""""'-"""'"--"·"-""'"""" 

· · 0.·,.-.'·"'·:· .. Cill i R.arliu:m 228, Total Recoverable** 1"' '.·~ _, 
~--..................... ~-.......................... _ .... __ ,,_,_._,. __ ,. __ ..-:-_ -----.. - ..... _ .... , ... _,-......................................... -............ -........ __ ,,..,_, __ ................ -..... -.... --........ --.... -........ -... - ..... 

l Selenium. T ota« Re:e:ove.rable 5 j..Lg/1 
i'"s~"d};;"~tis;~r.;ti~;-i~tio"' _____ ,. ___ ~ ......... -_-__ ~==~~-Ccl~ated as u..;:::n:...a;.,.:d""ju"""s.,;,,ie..,.,• .-;,..d-,-.l-.a.~ti,...·o-. ~--:--· 

: Sodium, Dissolved· , lO.fl }lgil~ n~.poartas··~J.g/1 . 
r·~s1;;cifl~~:e::~~d;~t;;; .. ~------"""''"-·-·---·-·--;--.. -·-------.. ·-·----·-... ---"--"5"';;i~n~b:ash::.m-:----.. -------""'"' __ , 

................. ~ ...... - ....... -:-"" ......... _.. ........ _ ..... _ ... _ . . '7":""" ___ _ 

LSulfa1te's --.. --·--·-.. ·--... -·-:...·-------------....... --.... -.............. -.~:~!:~.: .... ~ .. ---~ .. :'': ....... : ... _ .. . 
i Zim:, llissoJv.:ed 50 }-Lgti . 
-~*Df~"J("djg~;:;~to.drain;;g;.~-~ r.her iht.m tile. P ov:dx:~· River geologic. ba~·in -;:;;;;.:!;qJU~;-~·;;~ly"iif;~f additional 

parameJeri, pYease contat::t the i<VDEQ for .fJ separate ·tisl. 

, ~if]7J i:s.pdrai:tMtter is on/:V requir~q/Cir t.h()~~e discharges located 'lvithin om.• .~t.r~a.fn tnfle );f t1 dass 2 w.ater. 
: . ' . . ·:· •' . . ~ ~ ' · .. ' .;:,. 

20. For :ne>1•,fac.ihties, provide th.e expected {e.stil:n{l.ted) tf!o:\v,vohn;ne·frc>m .each we;U ip gaUons,p~dlay, and provide 
the rati011aie behind the flow volume :estimate. For e:xi&ing facilities, provide .actual flo:w d~~.1Jl .. from all wells 
within the last six months. 

., 
21. For applications for llt::\.V faciliti:.es, are any,ofther.equirerl chemicaJ ctmstituenti:i in th.e h.tborat.ory.analysis present 

in concentrations above Wyoming Water Quality Standards? 

Nnt :applicable., this is an -el..isting facility. 

DYES 

WYPDES Perrnil Renewal 
LEnce Oil & Gas, lnc. 
:;:m Anatt:lrk:o Petroleum Company 

0 NO 

Echeta Road Unl1-WYOD4e597 
HUC 10- 100.90202DB 
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• < ' 1f tht:l" answer 'ro question# 21 is)fes; ·answer 2La. - 21.b below: ·If no; proceed to 'luestion.· 23 . 

a. Wh.icb constituents? Not applicable. 

b. Has this constituent been addressed in the response to question 13? Not applicable. 

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

f81 YES 0 NO 

If the answer to question 22 is yes, answer 22.a. - 22.c. If no, proceed to question 23. 

a. Which cori.stifueut.s'? 

• Total barium (Ba) 
• Disso:lved chloride (Cl) 
• Dissolved copper .(Cu) 
• Electrical conductivity (EC) 
• Dissolved :iron (Fe) 
• Field pH .. 
• TDtal radium 226 {Rll "2:26) 
• Sodium adsorption rati-o.{SA.R) 

b. Has the exceedance been addressed? 

See Compliance .Evaluation and Exceedance Summary Table. 

c. Describe ho\V the exceediuice was addressed. 

See E:xceedance Su.n.u:tiarfTa.ble.. 
_· ... :!.-··.:::·-~::~.-:- .. ~.L~>'t: ·. ·: ···:·:. ··;·· ··· ..•... · 

23. Is there active il:rigaijoir·m,ili.e :dril,il;tage. downstream of the discharge? (PlealSe~o.{~lfJ.aMld-s,;,ytsponse includes 
both artificially and-natit.rrally i,.;.iga:ted bottomlcmds as d~fined i11 the Draft Agrl~id-n,;_ral:iJ,~edP.roLection Policv 
[or the. int.emretation andimviementation o( Chapte.r 1. Section 20 of the Wybming.Wat~:.+ Qpality Rules and 
Regulation..~); •· · ·; ··· · 

Lance.aclmowtedges;the presen:ce of doWrtstream irrigation ftom -,it$ E~~t.a R,o;id U,nitJadHty. Based on 
the SectiQn 2{) Compliance Analysis for Proposed Discfulrges by Petro-Canada to \\n:J,d Horse Creek. 
ClUD;phell C,ounty, W\'; KC Harvey, LLC, November 2005, the WDEQ has determi~ecl. end uf pipe limits 
protective of iriigatlon on Wild Horse Creek to be SAR = 15 ·a.nd·:Ec = 23-56' mlcrtn:iihos/cm. Lance will 
contmne·:tiHreat discharge fr:om. outfall ~13 to· meet these limits and _co.mp~ \'\1tb,f! .~ss9l'ved sodium 
sehedule. !l:ow:ever, .flow fro.m:outfallN 001-012 i!~ contidned tn:OO'Wnstieam.reservo~rs:.that are not 
a.utburized to discharge except in response t<1 a storm event. Lance r~qli~ that;.enq,.of-plp'e effluent EC 
and SAR limits for outfall~ 1-12 be implemented similar to recently proposed permits including; 
WY0038377 on Spotted Rorse.Creek a-uu; WYOOS4330 on the M1ddle Pnmg Wild Horse Creek drainage. 
These permits require an e:n.d-of-'pipe effluent limit for EC only. In addition, these permits require 
monitoring for compliance with an EC standlm:f:andJrchemieaLrelatitmsbi:p.betWeenEC and SAl{ at 
designated irrigation monitoring points. La,nce requests that these effluent limits be effective only when 
flow can' be hydrologically connected to the Echeta Road facility. 

{gj YES 

WYPDES Permit Renewal 
Lance Oil & Gas, inc. 
an Anadarko Petroleum Company 

0 NO 

Eche~,Roi:!d Unii.· \'VY0049597 
HUC 10- 1009020208 

August 1 , 2007 
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lfyes1 at a minimum, the '\VYPDES Program requires s1ibmissicm 9fthe following .i.1Jfonualiu.n.: 

l. Loc?tlion{s) of :irrigation diversions andlor S~lb-irrl,g:ated acreage; Se~ the attached Pi!'rnrit ~r 
. 2. Ty.pe(,s}.of~:rop:s gro.wn .Ul).Qer _j,:q:igatiotJ; 
·3.. D.~~.ription-·ofh:rig~ti-p.n Practices 1 _ .••• ·' 

;A;·), A;.to.pogr-l;IJ!lhic·l:Ji~l:lil· shQWi11g itri~at.ed acreage., .any~st;T:_'U:ctures, ow.ner.ship of. ~PfigpJ~4· ~Or!f~~e. 
,S~cthe at~pl.~e.d:P~;r.!r:~tt Map .... .J. • .• 

. >Fpr it~1ns l~~~:se~ tli:eSer:.tlon :?,{) ConTpliance A.tia1y$is :for P.ropos~d.pischarges ~'j~j'etr;D-Caria<'Ul tn Wild 
·· 'fi:orse C:r.eek, Can1i)bi.£UCoun.ty, \W;KCila:rv~x~,I1L'C)}'>Ji:rve:;p'her:i-!ro5: · ·. · · ::· · ·: ·' 

~~l:·!~·,_.Y .. /'·1·-.:·' '······ ·;·"': -· • ;~ ... :..• ·· .. 

ln .~ddi1i,O!l to the.minin.1.um infom1atio:o d~~:frll?~ ~bo>;~, th.e WYl'PE$ Progrm'Q .may .r~tluire a,dd~l:i,onal 
in:Iornlation should the permittee reque,st site~specific effluent lirnits proreC:ti;ve ofTrr1gai:Ion $es. · Contact t.l).e 
WYPDES, Progrll:l?,l f.crr more infon:natio!uegarding requirements for site~specific SAR., TD~, a:Qd EC lilpits . 
... - - ... ~t:'.~ .. ··~·~.::·::'! .. -· : , , . .---·. ~.fj_!~.~~~-- ·.:~:.-':(q:.P'_~-· 

24. Pr!.~vide name(s) and address(es) for all downstream irriga'tors bervt.een the outfa!ls a,J;).d the mai.nste;rn .. 

lrdgaror Name 
Flttyd Land & l,ivestocl;.Iu.c., Fr~d FJvyd 

Mailing Address 
• ,46'00 Echeta Road 

Ci{;v.. StctJ.e, .and Zip Code 
Gillette, WY. 82 716 

lrrigawr Name :· . . ""'.· '~ .. -,, • .,..,.. ·: 
Cl~hat~g~t Rant:b l~~~:;J~gUi·V~J~e .. a'Ugh 

Mailing A ddn?~'!S 
PO B,t,;x. U · 
Cily, Swt<!.. and Zip Code 
A vada. VVY 82831 

... ;•· ... 

2:5. f:royide a listing (){all aGtiVe pennits or -Construction approvals ,received .or appi:ie<:l for by the applicant for tbe site 
d~cribed in,thls pern:rit application in accordance w.ith Clwpter l, Seciion 5 .. T. of the JT~voming Water Quality 
Rides and Reg•ifatio.rrs . 

.Please :see Table 2 f{:l;r A.PI munbers. 
Please see T.able 3 for SEO munbers. 
Statewide permit to Construet No, 04-454. 

WYPDES Permit ReT$Wal 
Lanes Olf & Gas, Jnc. 
an Anadal'ko Petroleum Company 

Ec'neta Rm<d Unit -VI./YD049697 
HUC 10- 10090202D.8 
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I cenify'under penalty of law that this document and ail attachments were-prepared under my direction or 
supervision in accordance with a system designed to assure. thar qualffied personnel properly gather and 
evaluate the iuformation ~'Uhmftled. Based on my inquiry ofthe person or perscms·who manage the system, or 
those persons directly reJ>ponsibfe for gathering the i11{onnation. the irifomwfi'i:m: submitted is to the best of nry 
knf?.wledge ~-nd belief.. tn,te,: a,r;.c:urate, and complp,r,e. 1 a'!" a·ware. (hat, th~r~ a_r~ s_igniftcanl penaltj.es for 
submitting false informa!ion, .i11duding the possibility offine.and ifnpri.Sanm!mtfor A71owiJtg violations. I am 
requesting 13 outfalls in this appllcati~~ · 

james A. Alsu 
.1 

Printed Name ofPerson S.jlfl;:ing* 

Signature* · 
<Jl.l:in;)~lt!H--4 

* Allpennit applications must be si!,.'lied iri "accordance with Section 14, Chapter 2: of the fif~ycim{ng Water Quality 
Rules and Regulatioim,'"fcir" or ''by,:, signatures an~ not acceptable. · 

Section 35•1 l-901 ofWyorit:ing:Stattit6S' provides that: 

Anypers:Q!l :vvho knqwingly~~s any fa:lse stateJ;Uent, represenJ44,on, or certiftc:a~ion in any application ... shall 
uponiccmvi<;tib:O: 15e fin~ iiotinore !bail ·$tO~obO· or iri:lpri:soned ror· not more thari one year;· or bo'th. Permittees 
are required to retain records ofall ci.ata used to complete pemiit applications in-accordance with Chapter 2, 
Section 5. Part 5. V. vii of the Wyoming Wcuer Quality Rules and Regulations. 

Mall this application to: 

WYPDES Permits Section 
Department of Environmental Quaiity/WQD 
122 West 251!' Street, Herschler Building, 4W 
Cheyenne, WY 82002 

Pennits issued under the WYDPES Program are subject to an annual 1 00$ permit fee for as long as permit is 
active. TI1e annual billing cycle is based on the state's fiscal year from July 1 to June 30. There is no need to pay 
the fee with the application. All pennit fees are invoiced after June 301h of each year. 

WYPD'ES Permil Renewal 
Lance 011 & Gas, Inc. 
an Anadarko Petroteum Company 

Echeta Road Unit • WY0049897 
HUC 10- 1009020208 

August 1, 2007 
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'....__ / 

Deslr~d 
Dlsnharge 

Chang~$ 
Po lilt 

(Outfalls) # 

001 

002 

003 

004 

005 · .. 

Add . 006 Rt:!~ervt:Jir 

007--

. oofl' · 

·~~I oos 
.• .. t. 

- 010 

lmrnediate 
Rncelvi11g 

Stream . 

WyoDraw 

Wilson Draw 

South Lacy Draw 

WHson Draw 

Chad Draw 

MoseDraw 

Croton Draw.· .•• 

Well Draw 

T.F.Draw 

R.!='. Draw 

Tnble 1A • Outfalllnformatloii: WY0049697 • Echeta Road Unit. 

Malnstem 

Powder River 

Powder River 
.. ' 

Powder River 

Powder Hiver 

... 

Powder: River 

Powder River 

Oi:stanne to 
Cfos~st 2AB 
Channel& 

~alnstem {Milo~) ... 

Qrtr 
I 

Qtr 

1'wn Rng NAtJ 83 NJ.\D tl3 
Si!c (N) {W) Lafftude" Longitude* County 

24.'19 SWNE: 23 5~ 16 44.557600 -i05,968880 Campbell 

26.24 SWNE 25 53 16' 44.544752 -105.946466 Campbeli 

.. 

44.~~;271 ~1 05Jl5-l 662 .Nesw 25 53 1EL Campbell 26.17 
-·-( 

25,67 SWNW 25 53 

28,tN 

23.97 

27.39 NWSW 3o 

24.ilG NWNW 24 

Reset'iolr 
Name and Typa 

Rick's 
__ {~r:!::~hgnneiJ 

13oone 
. (O·~~~H~::'l~~!'l.~l_); 
· N&SLacy;; 
(Grr~~J~an~al}) 

004 
(Oii-Channel}[: 

f.' loyd 14-23·53'{6 , ; 
.andWllloWTfeE! :) 
· {on:GI)annel~~' .. · i l 

Riol~·~rtittte".:~ 
~( Ot~-Chatmel}:f .·. 

' ~ 
_NENli 23 fiJ 1 76! 44;563690 •1(i5J}6135b Csmpbell Jason 

• 1 ·. ·: · • · .· · ,,, · • • {On-Channel~ 
24.64 

011 j_F. Draw Powde __ r.Hlver 25.£4 _SWt\IE u .. · 53; 7.fJ;' -44'5 ' ·~.oS;S._~_l-.. 64~.{ •• ~ campbell - Ry~Iir· -'f 
t-...;;...~"'"'f'---"~ ........... -+-T--~;.o_""""'-~~_....;~"-t~·--'·......::.:·--c.,.· ~-.. +-'-'-"""-~--'-~F.,---'4;:.,-;..;,.if-··~·· .. -4"'!~·"' .. ·.;;;;'··+Ji'!;;... ;:.,-·.;;;.;·,· ·t ,L ...... ···-- (Ot)~Cl~~lif'(!;}I)J 

. Ti-lbuta•" to WUd Horse Cre~k Pb~d~t·~.-h~t ; 24.6.2_ sggij . zs .. · .. ,: __ ;fi.iJ.; ... jl·.· 1~ ;: 4.k:§~tH2b ~·16~:9';{332:~1 "' · b 11 Bull Pen t 01!2 

UPdate 
QrVQrt · D13 

frt:mL .. 
Uf.niafe 
Q):t/Qft .. 

0
fl13 

to 

WYPDES Permit Renewc'll 
L~t1oe t ' G;;Jtt, Inc. 
an Ana <J Pe:!roleurn Company 

• 7 . ::. .... , .. _ ·---- < ~·- · ·-· · • .. ··· -- --,, _vamp e - -{on~cr•t Nel}t 

· Wild Horse Creek 

Echeta Road ' ~ WY0049697 
HUG 10 :., /9020208 

Avt. ~ 2001 
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·.-:.;.;y,: 
D.!i.slred . Station 
C~anges · Name 

•; 

Upc!~te 
Qrt/Qrt 
from 

Update· 
Qrt/Qrl 

to 

Add 

·;.Add 

Add 

Add 

OPR 

1MP1 

IMP2 

IMP3 

IMP3 

IMP4 

IMPS 

IMP6 

IMP7 

IMPS 

IMP9 

~-_,. 
·~~~-

T~blc 1A • OutfalllnfomiaUon: WY0049597.; Ecfl(!la Road Unit 
' • • ' ' :· • •• ~ .. " . ••• '· ~ ·, ·~ •.• '· -·.' ' • • J •. 

'.~:; ··u'rtr·.,· ,., .. rr: .... 
Station Description . I s·~- ·Twn Rng ~.NAO 83 .NAO 83 

!!C · {N) (W} i.Latltude* ~ongitude"' 
.Otr ,, ; ;. . : .... · . c::,, 

Downstream Powder RIVer, Water Quality ~onitorlng Station NWSE 34 55 .. 77 44.696945 ~106. 112944 

Irrigation Moni~or,ing P()!~t 76 \44;554053 l1Q5;978107 
' . . 

Irrigation Monitqting Point 76' :«:5556p2 7105:972576 
(' 

Irrigation Moniiqrlng f'o.lnt · NES.W 2~ . 53 76 44.sssao2 ~10s;s7isro 

Irrigation ,MonJtoring,Po(f}t SWNW 2~ 53 76 44:559/513 ~105.97~03 

NWSW 23 53 76 44,551;397. 
li . 
~105.97899.2 .,_., .. ,..; . . '' 

Irrigation Mo.nltqrlng Po~l 
• • :·\. • ._1 

SENE• 26: -53 16 44,1i4sna r1 os;96:2.399 

NW~W I!, 

53 
; t! :~ f r·· .i :._r , _,.;,•, . .: 

25 76 44.541709 ~105..954608 ... Irrigation Monitoring Point 
I. t 

sw~w! ~B 53 76 ;14,.53~4liO ~1!J5,9553S;a .. I' lr~lgation Monitoring P~lnt 
. . . . ··i 

SE$e 36· 53 
.. 
76 :44.521738 ~105.938632 •· 

Irrigation Monitoring Polnt 
'· ' ! ~ . . .. 

TRIB1 TtlbtJtary Water Quallly·Monltoring Station SE$.E 1Q 54 77 ~4.6504!\~ "106.122148 

UPR Upstream PoWder River Water Quality Moniti)Ting· Station NWSW: '16 

WYPDES Permit Renewal 
Lance Oil & Gas, Inc. 
an An."3dari<o Petroleum Company 

• 

Echeta Road Unit - WYOQ49697 
HUG 10-, ".!l,~9020208 

44.65o361 
' . 

54 77 -106:128360 

N.cites regarding water 
quallty·mdrtltcirlng station 

.·. ~ypes 

-. 

·.• ... :!"<:'~ .-,.~,. ~~ -~---~"-'.f' .:~ . 

t\. 

·f 

. -~ 

·.~:· 

' 

·i 
:~ 
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Dlilcllarge Pbln 
(Outfalls} # 

001 

002 

003 

00·1 

005 

ooa 

007 

009 

011 

012 

Immediate 
Receiving 
Stream 

WyoOraw 

V\lilsoli Draw 

sou!li Lacy o~w 

Wllirot1 Draw 

Cf1MD~w 

CrotMDraw 

Well Draw 

T.F, Draw 

J.F. Draw 

-------- - ------------- ------------ -------··-

Table 1 B w OutfalllnformaUon: WY0049"697 • Echeta Road Unit 

Mainsteri"i 

Powder River 

Powder River 

Powiler River 

Pi'JwderHive 

Pbwtier River 

· Powder RiV:er 
. ; }.~-. .. _: 

Ptiwclor River 

Pt:iwdnr l~ive 

Distance to 
Closest tAB 
Chamiel B. 

Mainstom (Miles) 

24.19 

26.24 

26.17 

2&.6'7. 

28.34 

13.97 

23.65 

25.64 

Qtr 
I 

Qtr 

Set Twn Rng NAb ll3 
(N) {W) Latituae• 

SVVNt: 23 53 ({; 44.$57600 

SWNE 25 53 16 44.544752. 

NESiN 25 53 76 44.542271 

SWNW :w 53 76 44.-'545023 

' swsw 31 53 75 4li.15221iltl 

'!JWSW, 23 53 76 44.551520 

SWNW 23 53 76 

NAO S:3 
Longitude' 

-1 05.96SSSO 

·1 05.9<16466 

-105.951052 

ciGit956't'26-

-1 os..ssit2.a _. 

"1 p~:ti:rtte.ap • 

Couh!y 

Campbell 

Campbell 

Campbell 

Campbell 

Carnf)~eiJ 

caniphen 

Reservoir 
Name and Type 

Rlek'.s 
(On-Channel) 

Boom~ 
(OfioChannel) 

N& SL:t~cy 
(Oit·Ch!lnnel) 

(j()il 

_ (On-Chenrwl) 

Chad 
·. -{Oi1•Chalint!l) ···i 

PlOvd 14->:23-5376; 
· ati~J wmo-w ti'ae''; 

{Ott-Ch<mnel} ' 

; • ._ ... , 1 ! ,' ·-~ : • ':;, tfCh"" ·· i 

. NWNW i 24··' 53 ' 16 44i56?.8GO 05:M8470 i Cafir ball - - T_y,"-'-" '._, 
·',. ''··· • '·'" . .i.; ._ ..• :~ _ .• -.~1: :\'ii ·.. ·~c;' .. ;Y~.{,•' ·' p {Dn-ChMnel) 

i~Efi(~~ 1~"' ~f 76; .~1.t)~~~§~:~19?_·1~_§1;~5,'$~ Campb-;,;11 '···Jason· ·­
{On•Chann~Y. .. _! 

· •. ---:f:_'; ·-.~\-, .:.1 -.~-!~·.;,·--, --~---

- 013 . Wlltl.l-Jors!l Creek . -. Powder Rive. . :.23.134 ·.· -: NWSW 23 ' 53 -:76--' 44,5fiM27 '"-105i91,f.985•; Garii.pbe1l .;."": ,_" -"""- ·' • ·"''· · · 

WYI5 DES Permit Renewal 
L~I1C~ on & Gas. Inc. 
~lri l iarko Petroleum Cotnpany 

········· ··--- ,;-.;.,; __ ·:·.:-/t··i .r}:l_:,\~---" 

Echeta Road Unit- WY0049697 
HUG 10 · -.')9020208 

.. ~ 

' 
:[ 
\ 

1 
l 
4 
~J 

1 

____ _(_ --- ... 1 ---, ... 
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Station Name 

OPR 

IMP1 

IMP2 

IMP~ 

IMP4 

IMP5 

IMP6 

IMP7 

IMPS 

IMP9 

TRIB1 

UPR 

·J 

Table 1 B - Outfall Information: WY0049697- Echeta· Road Unit 

Station Descrlpth;m 
Quarter T R NAO "'' 

I Sec wn ''9 o.:o 
Quarter .. . ., (N) . (W) ~litude" 

NAOS3 
l,ongitucte.~ 

·'· .·. ,,. ;,·. r. .. '· 

Downstream Pow<J.er Riyer Water 01-!~lil.y r,vtoniiQrlryg St~~Qn NWSE 34 55 77 44.696.945 . -106.112944 

NWNE 23 s:5 ta 44.563125 -1os.sas71s 

· Irrigation MO!iitortng' Point NVVSW . 23, 53 76 44.554053 -105.978107 

53 
.:·.; 76 44.555~2 -105Jn2576 Irrigation Mofl]tqrlng. Point 

Irrigation Monitoring Point SwNW 23 53 7G 44.559513 ·105.978.903 
~ '; 

lrrigaUoiJ Monitodog_ P.t.Jipl 

SENE 26 53 76 44.545733 -105.962399 

NWSW 25 ~G 76 44.541709 -105.954608 ' 
1. 

lfrlgation Motiltorlng Polnl 

lrrigaU~ t~onltor;ing ~oin' 
~:.. . . l,•' . 

swsw 25 53 76 44.538450 ·105.955352 

lrrigatio[l M,o,niloring Point SESE 36 53 76 44.521738 ·105.938632 

SESE 16 54 77 44.650442 -106.122148 

Upstream PoWder River Water QualitY Monitoring Station SWSE 16 54 77 44.650361 -106.128360 

' • Nate Lst longs are present!iid lr1 NA·o 83, whereas previous permit versions !Jad N/W 27 . 

WYPDES Permit Renewal 
Lance Oil & Gas, Inc. 
an A~·'rlarko Petroleum Company 

. ·}; 

Echeta Road Unit- WY0049697 
HUC 10. '-"'-':19020208 

Notes regarding water 
quality monitoring station 

tYpes ·· 

August 1, 2007 
Page 1 ~ ··f 28 
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VVYPDES Permit Renewal 
~ce Of\ & Gas, Inc. 
an Anadarko P.etrolaum Comp-any 

11,1?.1 Number· ··· CG~I-Se~m 

·,G.a:les .. 
Werner 

Gales 
49..005-48007: Anderson 

Werner 
Gates 

Anderson 
Werner 

49-00&.4798~ Ga'les 
4S.005-:5D972 Anderson 

Bmel:a Roa.r:! Unit - V'JYD049597 
HUe' iiO- 1DG902020B 

' .Locati"on {QQ, 
We'll ; s~mion, 

oeptn" .· .. · 'T6v;h$hip, 
Range) 

1316 
:910 
973 
'1308 
793 
987 
1296 
:897 

. ·- . ~ 

Olscharg.~s'.to 
· .o·&itii11 #'!. 

AWAO 
AWAO 
AWAO 
AWAO 

Au_gust 1. 2001 
P.ag:e 14 of 28 



, .. , 
· .. " 

n ·~ > 

Table • Well Information! WYOOl\S697. 

Well Name 

WYPDES Permit Renewal 
Lance.0il&Ges, Inc, 
an·Ariadatko Petroleum Company 

API Number Coal Seam 

Echeta Roatl J}nit :WY:00~97 
· · HUC 10''- 1009020208 

Well 
Depth 

Location (QQ, 
Section, 

Township, 
Range) 

Discharges· to 
Outfall#" 

Aug_!.tst1, 2:007 
Pege:i-5 of 28 



----------------------------· ~---- . -----·~~-----·-·-·-- ----~.------·-··· ..... L._ .••.... _j_ 

Desired-
R&sai'volr Nam~ 

Changes 

Table 3- Reservoir lnformatton: WY0049697 - Echeta Road Unit 
Location Geographic Loeatitrr~~· ..... 

Rick's 1.9B P15149S NESW 23 53 76. .. 44.556$95 ~lV$J1_6~.9!):{ 

·Geographic loea!ion fo(oi1-channellmj)oul\dr~ents ~_reJ)i'tlseqls t11e appi"o>iiri1al~ rif Cent~f ol Dsrh - C~i'!t~h:if Ghanrkil, location for i:!Jf4ihannel :. 
impouhdinenls re~teseritS the approxitliati!J cen!er of \he !ri1phwidH1enL. 

WYPDe-!3 Pem1it ~anewsl 
Umtl!l Oil & Gas, Inc. 
M • iarko Petroleun1 Company 

'· 

. •'• '. : ~-·! ~ 
. (i·J ,.. ,, 

I. 

Echeta Road Unit- WY0049697 
HUG 10 'Q9020208 

.: ' ~ . 

:H 
~ ~. . ·n ~ l 

'".) '· d· ' i ':; ·- l. 

,' &, 

~-. <..: 
\ 

:1. 
4 
1 
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----·-------.--· --- ------

Table 4 - Bonding Information: WY0049697 - Echeta Road Unit 

Please check only one "reservoir 
reclamation volume" box for each reservoir 

Reservoir 
Reservoir 

Reclamation 
Reservoir Reclamation 

Reservoir Reservoir 
Reclamation constn,tcted/ 

Desired 
Reservoir Name 

Changes 
Volume" 

Bonding Volume* Jess between 5000 
Authority than 5000 and 1 O,OOO 

Volume* upgraded** 
greater than prior to 

Bond Currently 
posted with 

bonding 
authority? 10,000 cubic September 1, 

cubic yards yards 2005 
cubic yards? 

Rick's Little WDEQ X Y Yes 

Rick's WDEQ X Y Yes 
N&Slacy WDEQ X Y Yes 

Willow Tree WDEQ X Y Yes 

Add Floyd 14-23-5376 WDEQ X Y Yes 

Ryan WDEQ X Y Yes 

'' Bu!r~e.f1 ·WOEQ_'-'· ·x N Yes 

QQ4 ___ ·-·--· -·- VY.!JE_(:l·; ___ ;,•- -.- · -- X ··- ·· -.- .. ,.. Y _ , .... • : Y~s: 

. - -- ..... ;. -~~- . . . . . - _:_'C:~rr. __ , ·;;.'~ . ~: ... 
• "Reservoir. ~~cl~matlon V<?Jutne~ is lhe:yQiy!P.~ ofbeickfill and/or. toP,s()~l f.l~~!:fe9,· tq fill the resj:!nioir upon r~_lj~matlon.ln 
cubic yards~. Tt-\ls can-i;!lso he measu~~i_\rt;~~~;~mq~~t_ofillateiiat:th~,t~~~:wJt~v~l~d to,:cre~te tf!e ~s-~rv_l?!~:~l~$~~ :J!~~e 
that reservoir:ipfor:ma~pn is,rl?t requl:edi!f.~~~i:f?:oif;bgntainment is i1<?,~;-~~:~~~~fte~~~ility's water il,)af!~9a~_~i:WP.!§ln- f~r: 
instance. ir.tfo_l'(ijilbon abqyt~Xl~.!lng. rmc!Q.e_nt~b'l;q_qW,nstt_ea.!lJ. reser:volr~.f~rQ.{?1li1!Q.tllfeCL . . , . · . ·· ' . . .\· .:·_ ··· .. _..~. ::. . ..... n:<. 

•• "Reservoir Constructed/upgraded"' lnform~tlob -relates to lhe Septem,be( ~09.5 nwrno regarding ~op$oil storage o~site, _A 
'Net response'in this coiuiij~:h~presents:if1afeifher~tfi&reservoir isnot:~ons'tfu,cted-or th~t it requir~s-~p~~~~ _Which ~uld 
require \opsoil stockpiling ·oi;t ·$1~e. A 'Y ~s· re~pon~e irt:!l;tt~~.C?Ph.f~f), re~res,ents ,tf:lat the res~rvoir ~as .b¢en 06!1structed prior 
to September 2005 'and any :UpgradeS, if requi~d. do n9ri~qulr.a Ul<:~ ,stm:ikpiling of topsoiL . -' . '; . ..· . . 

WYPDES Pem1it Renewal 
Lance Oil & Gas, Inc. 
an ,.._ "darko Petroleum Company 

. - ' ' . . . .· ~ ~ -

Echeta Road Unit- WY0049697 
HUC 10- ~~f"J9020208 

I "'­. l 
~~ 

August 1, 2007 
Page ' 7 'if 28 



Calendar 
,Yoar 
Year 1 

Year3 
Year4 

Total Nuh1ber 
of Wells 

Discharging lo 
OutraiUsl 

97 
. 97 

Yel!lr5 '" ·97 

Discharge 
rate per well 
(gall6ns pet 

mlrtute\1 

· •. 6.01 

6.01 

1 Discharge rate pet well lf!Quali; pel'Tilltted llm-'1 rale {0.84 MGD) • (1 Q? galj~nslrnillion gallon} ic(t6tal wells} I (2_111~qsy) 1 (GO rn!pules/hr). . :. i c·. 

.'34.26 
fAi.1:2 _ . 

·- }>16.93. 
:,,:-.-

·'. · ·. ~ ::. . . . r:·- . • •·· ~ . · · · ·. . • , • · _: . , :. . ,_~ ··: I . ·~ _ . . . . 2 Fflileboard Capa_cit~i;ls cplcul?_fed uslng_s CBMAJJev.eloped water iliahag~n1enttoot which U\IJit:f!s well t9rnpletioris ~GIJefJul~siwater prbduptiory dqcline)<ltes, r,eset\oir 
lflfillrellbn declihe rates. summer ltrlga!ion rates. t~?ti1d tlisclmge.m:ti:ls, and moj')ihly eyappratior) rales. this value r:fih~9ts ihe dt<!y where 1i113:'iva.ler feveJ ln'Ut~resE!iVoirs is 
pm}ectM to bli-i!!t:its highest giiiet~ th!l projected proUuclion mleswtiidl are;geMr'ally le$s than thil permill~d 110\,. rote. ' ::• .·· · ' · - ·· · 

. ~ Dally,CSN(j discl'iarge eq-uali;;(ttilal wells)' (dlstharge rate per well). (GO li1irillles/ilr). (24 hrslday} f {325851.43 g~llonsiacrec.ft) Which equalsil~e perrnilt~d flow raUl In order 

. to show~ WDt$1 case sotmarlo: · ,. 

. 
1 See ~Uachod ·explanaUon docurnent for source and forrnula/ralimnale for lutal dally evaporation (all evaporation rates are based upon thi:! surf~ce,.area of the stored1\;0Jume of 
CBNG water rathliir tht:m'the enUre surface area). · , :· 
5 S.ee auached expla'~atltm document for source end fomlUiairalionale For total daily inOI!ratiort (ail infiltration rates a(e based upon t11e stofed voiuht¢ of GBI~G watel,rather that1 
tl1ti l'!nUre capacity). " · 

ADDITIONAL COMMENTS . . 
To!alnumber of coniribu!lng CBNG welfs differs, lil so.rne years, from tlt(;J tt;~lal number ilJ w~lls listed In TClote 2; W,eJJJriftlrmatiO:n becavs~ as thlil pto)ect~a~elc:)ps, rJore weiMvlll 
be brought onllna. .. : .· .. ;, '· .· . · · :; ~ : · . ~. . . . " ~- "·· ;· . , ;: : ; 
Soine evl;lporation rates may equal zero because the. most conseNath.ie d$fy of the year Iaffs in ll'ie winteriwliel'~· ~vai~o~Von'ls negligible~ .. . :: 

~:·~. ' ' ·' ' ' • : . ;_'t . '\ .. r: _;f:_l: . .:.. !(r 
.. ··:2 .. ~-··· 

...... ~ -~-. ··. . ... ; . ·/, ....... - .. 
; .... 

j ... 
!; ~ 

wYPDES Permit Renewal 
Lance Oil & Gas, Inc. 
an · '<:larko Peh·oleum Company 

\ 

Echela Road Unit- WY0049697 
HUC 'J(J '"109020208 
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· ~--..-.-.---z-zmnrt' or 

lnfiltratlon :and Evaporation Rates from 'Reservoirs. ·· 

Potential infiltration loss rates can be estimated for CBNG containment reservoirs based on a series of 
hydrologic studies conducted by the U~GS for siria_ti stock pon~ lrf'th~Pqw<:Jer River region of Wyoming. 
Pertinent findings of available literature:Jor this region of WyqrpiflS a.~19 13.~ f6Hows. 

: ·•. J- ··: 

USGS Water Supply paper 1531. Hydrology of the Upper CheyennJ Aivet Basin: Part A. Hydrology of 
Stock-Water' Resetvoirs in UooerCheV,enne River :Basin. by, R-iG·: CuJIEI.f.,rJ~$.1) .. ,Fifty-fol/f reservoirs wlth 
an average surface area of 2.12 acres were monitored for fotlr years. 1951-19:54. Repcirled evaporation 
and seepage loss rates are shown in Table 1. 

Table 1: Evaporation and seepage losses from 1951 -1'9S4ln.theCheye'nne River El<i~~n 

1951 
1952 
1953 
1954 

Evap5r.ation 
(fee.tJi'rmnth) 

0:44. 

Seepag~:-· 
(feet/montH) 

. 1.28 
0.80 

'. . "... 0.76- '·-

• t. 

The stock-J~ater reservoirs in the Culler study were typically (nvch 6Jdsrbo(;fle~ tit water than;.CBM.ireiated 
reservoirs. :A newly constructed CBM .. related r:eservoir should have a; much nigher seepage rate than the 
seepage rates of reservoirs addressed in the; cuner study. especially if' the reservoir bottOm was 
excavated relatively deeply accor-ding tq stapdaf,d pra9tice. _ ,. __ .. · .. 

. ' 
The followihg references provide:additional:_gi.Jidan~( · 1 , . ;_ , . :. ··. · ·· · 

·: .. : : .. ~ ~- ~ =~ .·J -~~~-5 ~:~.=-_.;~:.-~ . - i.~i_.':,i:~~~~-~~~-\~-;:~~~-=~: :i·::~·-~.· -~ :~ ···:. ~--. ,~.:.j · l~'Ch 
USGS Warer Resources,Series No; 47. Characteristics ofW·o -... S.roali-WaterPon"Gs atidDike 
Spreader Systems, by V¢rne E. Smith;~uly~t914. ~T~-~-~a~fu. . .QIJ:Sl!(:tb_~l!yproi_Dgy ot~tock­
wa~er ponds. evapotranspiration. and seepag~. Whi,le t~is :stuqy ~s oonductedffor:stockf~nds, 
th~ governing concepts are pertinent ~··caM ).v&t$r1;.rn9h?9~menf requlr$me~ts jrt small 
res.ervotrs. .. . . . : :c: :-_: . l il _:_:::~·:-·:· .. , .• ·. ': ; ' ,,. 

, < ···:·:· 

us:Gs Water Resources Investigations 8~~4]05, Evapotran-spiration,Ra.tes etSelticited Siles in 
the: Powcler River Basin. Wvomfno and Montane, by L;W. Lenf€:5(1987. This rep?rfg;rovii:le~ the 
results of studies at twelve sites where the authors evialuateo theleffects of alluvial valley Wicltlfi on 
meakured evapotranspiration. . . . - . . .. ' -. ' : . . i . -

. . ' . 

overall. the; abo\ie references combined with:· retei:it. field 06ser'VafiOns'TcaiioGCtetfof Hu~h. Lo\YI;lam 
(USGS-retired) provide a reasonably eonsistent estimate of combined evaporation and s_eepage·los5es in 
newly con~tructea. small reserv.btJ:S; .i Hugh Lowbam; P.E;,. has. suriu;r\~i~ed. <:JVailabl~ data.,.antf· field 
observatio~s to yield the following '~$timates for. total. loss rates of newly constri..i¢t.ed stnal( res~riloks in 
the Powder Rivet' areai .-·- · · - ·. -~~ · '. ~.: ~: ·.:, · · 

· Very srr\all reser¥;ir (2 ~ct&:ieet storage volume): 40 gpm 
Sr:nall reservoir (1Q acre:-feefstorage volume): ~0 gpm 

345 Siric::lair Street · 
Gillette, WY 82718 

307.686.6664 

WYPDES Permit Renewal 
lance Oil & Gas, Inc. 
an Anadarko Petroleum Company 

Medium; resarvoit'(20 acr_i9.,feet storage volume): ·. zoo gpm 
.~rge Reservoir~(200:acre-feei storage volume): 400 gpr:n 
·~,... -- ·: -~ ...... .;.·.:;_. ..1,. ·-'i'' ·-·· ..:~--··--·'!.-'!.~:;..:.:..·-···-·-·;. 

SOO'W: Lett-Street· ·• · · · · · 743'Horizon· Court- Suite.25Q • . 
Buffalo. WY 82834 Grand Junction: CO 81506 

307.684.0252 970.263.8679 

Echeta Road Unit- WY0049697 
HUC 10- 1009020208 

. --~ ; ~.:: .. 
: ... -~. ·.:~·- :_ 

3036 South Flower GO~rt 
Lakewood. CO 80227 

303.973.2302 

August1,2007 
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•. 

· Note-that tnese.rate$ :f~present inltifff cr;;mbin:t;:(;{ fl¥-il,potn:tn/!ipira·tion·anct inflftrat!.o.n lessees. GeneraHy, 

~nltial infiltr.ationr~!~~-fl~cre.~~§;i~~t~~Rf:QJ1·:alS,~1t~P~\lt~~?tl ~l~F~$:~~:1i:rfeJ~c.i8!%4RVd'if~t,ee ~oil stru-~re: 2) 
Partial sealing ·of the wetted soJl.pn:fflle by the formation of surrace cmst. 3) ·oetacnment and m1gration of 
pore-blocking particles~ 4) And swelling of Cl~ particles (Hil.lel, 2004 ). Steady-state inflttration rates {l:~) 
cii'8 p:e·:~stiroii't~d'o~{cli'Aatn~ ·lfdOal·lo$;> rate ~$oriiate·s.·;'a~T$nq-;;;;.o above; py;;naritor or-s. ;_ 
P;i~ ',,E~ :··.~Va~~.t~~!t'· ": ...... :P.X9}e? for t~.~]:?o0J3~i.Rjy~~;~~~~-ii~i?e'b~rk~~~~miiit~d fr8m 'eva€pration pan 

J'Rtlqti''~r¢t~s;JrtVVYomTng ~ir~'1:(va11~bJe·~online · m. the tern :Reo1ona1 Cllmate 

" 

< ~;:·. ~-... 
H..;:.:.;:::~..,;;:;:::.,..:.,.,;:;,:;.:,;;:.;;::,:;;~;;,;;::;,:;;::;~;;:,;;;;;.,;,;:~;,;;;;;~~:;;::;;;;:;:;;..,...,..:J·' '- _, . . , ·:il~;~~;;~~2 ~~~~;~~W~Ji:gh .. 

. . :.M~c:n1 . . Mean 
Month _ (inches), {inche&) 

February .0 0 
Marqh 0 0 
Apfil ·. . . '·' '' 4:52'':· · ... ' ·. '·· .. · $;56 

''·""r_,~c....:.~=ay"i-.-___:.--"-'-'-t~~.~ "6c,;:-~4::-.:.-rr.,,..;:.. •. ~--... ~_,_"""",""-. ,.'"'7. 4""':.48""'···.;..__...,...., .. :c:~ ..• c••:•·. 

June i~s_.,. ·::. ;'; ,, . .: .. ':5.25 ·. 
,July. ., 6&l2-. 

Auqust 9.44 6.61 
September 6.18 4.33 
October 4.36 3 .. 05 

2.3.9. Hi? 
December 

2:97 

Su.btr8.cting average evaporation rates from the Lowham initial total loss rates and dividing -by the steady 
state fat:aQ:r.:Qf•::3'©f.V~?fne'.iesUlting_steady .. state in'fi!tr.ationrcrt~.?· .S:howA below. 

Very small reservoir (2 acre~feet storage volume, 0.67 acres of surface area): 
. ;SmaJl.re$~ti{-plr{-ilfJ <:J<::re.:feetstoragevqlQme,l.36·El~e§ pf surface area9: . 

Mediurn, res.ervoir (.20 acre:..feet storagej.r.QtllJn:Je, 2.'41t. asre.s of surface ';(lr!!Ja): 
Large Reservoir (200 acre-feet storage volume, 20.45 acres of surface area): 

. • _l :. :· t· .... ~. '.- ': •' .· 

12.92 ;gpm 
25,84g.pm 
65,.~,15 gpm 

120.84 gpm 
I·. 

Curve fitting these data points on a grap.h yields the following power equation .(~ea -gr.aph): 

y.= 14;;74,?JA1l " ' . 
·-

Where y is the steady-stat€ infiltration rate in gallons per minute, and x is the reservoir capacity in acre.:ft 

WYPDES Permit Renewal 
Laru:;-e;Qjj .& Gas, Jnc. 
~n P.ila:darko Petroleum Company 

Echetawad Unit- ~0049597 
HUC '1G- l00902W0.8 

~k 
. ~ CSMJ-A>~.in<:. 

August '1. 2007 
· P;;;~.gp 2!l af 2B 



i 1 

l 
I 
f 

·I 
!· 
i 

I 

I 

! 
~ 

140 

0 

0 

Steady-State Reservoir Infiltration Re'gr.esskm Analysis 

20 40 60 eo· 100 120 140 160 

-Steady-state 
infiltration (least 
squares cuM) 

180 200 220 

While this equation provides a good approximation of preoicted resetvotr·lnfiltration, it should be noted 
that all of the studies citOO in :this paper exhtblfhighly variable- inflltratiorfr~te.s that are due, at least in 
part, to site-specific variations in·SJeOiogy .. and soils .. Aithough this variabllity.may not be fully predictable, 
the inclusion of additional slt?--~P®.ifi~ _ qg)ii sf:lp!Jid better con§!fain actual seepage and 
evapotranspiration losses at a particular location once a ne~ reservoir is co~svucted and operated. 
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Flow Data Tabla WY0049697 ~Edlteta)Hi)ac;f Unit 

'· 
i:: 

!' 

... ··- .·. 

*Total F'acility ft:low 
JMGDL 

''Total Fttciiity ftjilw· 
(gpd} :: ,.· " ,, 

0.85 .. ;:.:., .. ) 

0.85 854,~Qo.o -'~ 
March 2007. 0.60 . _I,)Q4,000 
. April2007 0.56 .. $B4,1QO . 

0.52 520,000 
.Q,5_6 --- 564,600.0 .l 

"'Average Facility Plow 0.66 

• Toti!i Md Average Facility Flow are based on aclual dlsd.wge from outfafls 001. 002. 003,0mi and 0·13 meQsured January· ,!une :woi. ~ . ' ~~: ' . .. ' ' . . ii ':' 

"' 

' " 8 

', 
::..l 

"!';-. 
,. 

ll '· 'l'; • •c ••. ,_. ,. 
f) 

~: t ~-
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HUG 11, jp9020208 

'" ~_) ,_ 

...... 

·-
., -" .• -~~ 

.l 

.I 

'i 
·j 
1 
j 

i 

~·; 

.. 

.:J ,, 

. } 



·t('~··~ 
~'-... 
~r 

() 
'...J 

r) 

Client: Lance Oil and Gas 
Sltc Name: Echeta_Road_ Unit 

Project:. NPDES 

Samp FRQrfype: IN_A_Sl_M 
Client Sample ID: DP WY0049697 -
Location: NESW_25 -53N_ 76W 

-•·••-• .. ••~-.... ---·--w--
Allnlyses 

FlELD PARAMETERS 
pH, field 

••• Performed by Sampler 

MAJOR IONS 
Bicarbonate as HC02 
Chloride 

Fluoride 

Sulfate 

Calcium 

lv1agnesium 

Potassium 

Sodium 

MAJOR IONS- MILLIEQU!VALENTS 
Calcium, meq 

Magnesium, meq 

Sodium, meq 

METALS, DISSOLVED 
Boron 

Cadmium 

Chromium 

Copper 

Iron 

Laad 

Manganase 

Metcury 

Nickel 
Sliver 
Zinc 

METALS, TOTAL 
Barium 

METALS, TOTAL RECOVERABLE 
Aluminum 

Antimony 

Arsentc 

Beryllium 

Report 
Definitions: 

RL - Analyle reporting limit. 

QCL • Quality control limit. 

-

LABOR.A..TORY ANALYTICAL REPORT 

004 

Lab ID:G0405001&-002 
Repo.rt Date; 05119/04 

Collection Date: 04/30104 16:40 
DnteReceived: 05!03!04 · 

Sample~ By: Toby Westbrook 

-ET3 :· .. :_ 
c- Matrb:: AQUEOUS 

Tracking N'umbeT.: 30984 
. '· 

Result Llnits Q111lllflen RL QCL l\1.etho<l Analysis Dn.te I By 

7.42 s.u. Fll;?:Ct). 04i30/04 18:40,-

1610 mg/L 5 A2320 8 05/03/04 19:11 i mli 

15 mgiL E300.0 05/04/04 18:451 mil 

0.6 mg/L 0.1 E300.0 0$104104 18:45 I mli 

NO mg/L 1 E300.0 05/04/04 18:45 I mli .. 
45 mg!L E200.7 05/04/04 23:21 i rfh 

26 mg/L E200.7 ~151.041~ 23:21 1 rrn 
31 mg!L ,. E200;7' 0510410 23:21 I rlh 

464 mgli.. D 2 E2b0.7 6sio4td4 23:21 1 rlh 

0.05 
I 

Osl04/04 23:21 I rlh 2.27 meq!L E200.7'i,; 
.. 

0.08' E200.7- OS/04/04 23:21 I rlh 2.., 1 meqiL -: 
20.2 meqiL 0 0.07. . E200.7 osi04/04 23:21 1 rlh 

',' .~!~- '. 

• L' 

163 ug!L D 200 . E~00.7 o$]04Jo4 23:21 r rth 

NO ug/L 0.1 E~oo:a: OS'/06/04 19:37 I jw 

1 ugit· · E2Q.O.a o5rosf<j4 19:37 1 jw 

ND ugll: E200.8 09106104 19:37 I jw 
115 ug/L 30 Ei~O./' 05104/04 23:21 ( rth 

ND ug/L 2' E2~.s: CJSJ06i64 19;31 I jw 

52 ugiL 10 ·~~:~: 05104/04 23:21 I rlh 

ND ug/L o.o~' oS/06/04 19:37 I jw 

NO ug/L 10~ · E2tia.s~: 05/06/04 19:371 jw 

NO ugtl 3 rcioa~~·~:. 05/06J04 '19:37 I jw 

1$ tlg/L 10 EZOo.7' 05104/04 23:21 I rlh 

2040 ug/L 100 E200;7 05/06/04 03:54 I rlh 

NO ug/L 50 E200.7 05/06104 03:49/ rfh 

NO wg!L 5 E200.8 05/06104 19:30 I jw 

0.1 ug/L 0.1 E200.8 0510610~ 19:30 I jw 

NO ug/L O.o3 E200.8 05/06/011 9:30 I jw 
-':::·- .... :· . _______ ,_, __ , __________ . _____ .. _ .. , __ ,_ ........... _ .. _______ ,_,_, __ ._ ............. -.-------· 

MCL - Maximum contaminant level. 

ND - Not detected at the reporting limit. 

Pnge3 of4 

D • RL incr->...ased due to sample matrix Interference. 

WYPDES Permit Renewal 
Lance Oil & Gas. lnc. 
an Anadarko Petroleum Company 

Echeta Road Unit - WY0049697 
HUG 10 • 1009020208 

-
August 1 , 2007 

Page 23 of28 



·. 
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~ . 

Clitmt: ··.:~c1,;;iince'Oil :itn9·G~ . 
S:ite N~~~:-;Ecli6t~)-~-~~J3~it .. ··. 
Project: NJ)DES 
S:a.tnp FRQffype: IN __ A_:Sl_M 

. ... , _,..,..;_"""":·· ... -i-'Q:-ro;.zy:r.t--:Dlite...--'f'I--;TQ10~ -· 
•'V,o:~i;>J-rt-i·';WP:f:r ;;;:,':.ii·•,\1;,;;,; :,,t,-~,(,..!i.,',;\l::·w:;,,.::•l' 

CoUec:tiQ:n Dat~: 04i3PJ04 .16:40 

Cllen1 Snmple JD: DP _\>YY0049697 _ 004 _ET3 

Loc:atlon: NESW _25,~53N _76W 

D1WeRe~'!eive.d:: O~t.Q3.!.0.4·: "'' 
~~xnp~ed By: To~{"(b:J~tbr~~mk 
r~. ''~'·""·!u :, ~~~1!#.8if~~:::. 

Trat:king Nu:il,l:~~r;.~:'3ii_994<i.~h~<fs' 

METALS, TOTAL RECOVERABLE 
Selenium 
Thallium 

NOJ•MliiETAJ.....S 
Alk.alrnity, Total as CaC03 
ConducljVIW~@i/?{i,,C 

Cyanide, TolaJ Au1omaled 

Hartlness as Ca003 

Phenolics, Total Reco11erable 

Sot:lil,lm Aosorpiton·Raiio (SAA) 

Solids, Total Oissolved TDS @ 1 ao C 

Total Petroleum Hydr:ocatbons 

DATA .QUALITY . 
NC6alancF.I 
Anlons 

C$!ions 

RADIOCHEMICAL 
Radiumt.?!l-· .. : ' 
Radium 226 precision {:t) 

R<:pon 
Dciinltiuns: 

RL • Analyte reporting limit. 

OCL - Ouali!Y oor:nwllimit. 

WYPDES P~rmi! Renewal 
lahce'OfF&,':&!s,!nc. 
;an Matianro f'etr{)laum Company 

Result Units 

ND vg!L 

NO vgf.L 

1320 .rng/L 

2210 u:r;rhoslorn 
s~s.- ·vg/iL 
219 mglL 

ND ug/L 
13.6 unlfl;z:ss 
1370 mf.JIL 
ND mgiL 

:;''' 

-2.84 % 

26.8 m~q/1,. 

25.3 meq!L 

•0.:9 pCiiL 
0;3 pGill 

5 

. -'~ 

6 

10 
' ., 10 
'::d):1' 

20 
1 • .0 

0.01 

.0.01 

0...?, 

A232D :8 05103/G4 19:11/ mli 

:, ·.A'*?JG.•@·. ;- , ~·>1!11iP?JQ,WP11::1:Rf?P t ser 
·r <~8@?~~' ·, : •.;_:,;~/P4l~4::411.;;1ID/1~:p 

A2340 B {);f)f1 1104 17;01/ WI 

· .: ; ··£420~2-c '·: .~ • ''''·~''i· .. o:ii/4 ~JOiiJ·<.'1P~~1 I :kp 
· .. ,. · •G.alei.i~a~ofr · ·:!;!:51~~'%1~;117;:llii1/ cw 

· A2640 c . a:rs:J.041J)4 n·2::l?f4 1 .mli 
S'N1664A. 

A fO;$cfE·. ,- ·. 
•• ¥ •• ·A·l03~}(E 

i:16:JD·e· · 
·,·.· 

',:· 

.£90;i.DM 

(. c~$o3:~i~ 

05l04/0~ 11 ;.52 I aps 

05/j?fl~ ·16:54:f CW 

, osHri?% 16:54 1 Pli 

· 0St1{/(i4'~ 6:54 I ON 

·I .• .J ... 

--- ·-·--·~---.. ·-·-----------.. --.. ·---------.. -------·-------------· .. ·-·---·------
·MOL , Ma;Omum -contaminant level. 

l.'JD :-Not ~iijtected_ at th.flr~P?~U.~)im,!t. 

B::h;rta RoarJ·untt- W'i'OI.M-9£97 
. HU-C :1o0 - 1 00902D2UB 
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GROUNbWATSR & SURFACE WATER HYDROJ..OGY • WATER RESOURCE MI\NAGEMEN'f • ENVIRONMENTAL PERMllTING & COMPLIANCE 

July 24, 2007 

Wyoming Department of Environmental Quality 
Water' Qual~ Division 
122 West:25 street· · 
Hersohler Building, 4W 

· . _ Qb~y~nn~;·wyol]ling ~~902. 

RE! COMPLIANCE EVALUATION for WYPDES Permit Application 
tane.e on & Gas Company, Inc. 
Rehewal for: Echeta Road Unlt1 WY0049697 

Dear Water Quanty Division, 

Thlsletteroutlines specffic requests for WYPDES permit requirement updates and provides rnformatiori to 
.a~dress•~ltem 22' in the app'licatlon for a renewal of the abovewreferenced _WYPDES permit. 

Specific Requests for WYPDES Permlt Updates 
ln:additlon:to those itemueferenced on the cover letter of this application, Lance Oil & Gas Company, 
lmc; requests that this renewal: 

• Replace total recoverable aluminum requirements with dissolved aluminum requirements; 
• Raise the total recoverable arsenic tlmlt In accordance with the antldegredation policy and new 

Chapter 1 standard, and; 
• Re'inave the end~of-plpe SAR limtt atoutfalls 001-012. Instead, and as done in recent Public Notice 

permits., apply a fixed EC limit and a Hanson-derived SAR limit at an irrigation monitoring point. . . . ... . . . 

Jtem 22 of WYPOES Application 
Tt)is. Qermlt has exceeded permit limits and/or water qua!lty standards prior to submission of this· ·· · ·· 
applio:;it~on. CBM A$soclates, Inc. (CBMA) provides the followlng information, but cannot claim It is 1 OO% 
acciurate or all lnciusive of'exceedances. 

22.a: 
This permit has exceeded permit and/or water quality standards for the following constituents: 
• Total barium {Ba) 
• Dissolved chloride (01) 
• Dissdved copper (Cu) 

Electrical conductivity (EC) 
Dissolved Iron {Fe) 

• Field pH 
• Total radium 226 (Ra 226) 
• Sodium adsorptlon ratio (SAR) 

22.b and 22.c: 
The attached Exceedance Summary Table outlines sampling, mitigation, and compliance activities for the 
above constituents since OBMA became aware of the potential or verified water quality concerns. The 
table specifically outlines the exceeding parameter, sample results, dates of correspondence to the 
WDEQ, and resolution methods. 

345 S!nclalr Street 
GlUette, WY 82718 

307.686.6664 

WYPOES Permit Renewal 
Lance Oil. & ·Gas, Inc. 

· an Anadarko Petroleum Company 

C.BJ.1 J!SSOCU.'IXS, JNC. ADDJ'I'JONAJ.Ol"/i'JC£8; 

500 W. lot! Street 
Buffalo, WY 82834 

307.684.0252 

743 Horizon Court, Suite 250 
Grand Junctlon. CO 81506 

970.263.8679 

Echeta Road Unit -VVY0040097 
HUC 10 • 1009020208 

3035 South Flower Court 
Lakewood, co 80227 

303.973.2302 
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·"·., ... 

,., 
: ·:~·~ :;rr AdtrJtlon:a1 NQt~: · . .. . ·<;.· . .,.., 

ce~A ls concerned ~hat 1;1i,d1;:1r de:(\i~v·wqlph may not !De repr~se~tatlv'e otq~rr~nt:wat~J!'TI!J~lit~J~r facfllty 
conqiii.ons., ffii:iY be used t~ ~et perrnli Q10ill~rlnQ and ll,mlt reqUJrem:t}nt~; ;l3a9:~q on tb~~ag~ PJ; this permlt, 
QSt~A requests to worK WJth VI/DEqr~9..:m:lln.g any older dat? that.WD£:.Q!Pehe:~es .iq'J£~ of q:),ncern 
during the pennltting renewi;il proce~:s., .. · · . i','•.j:/ . :,\ . 

> I ~ ': ~:. ·\; . +.!·' -~tr:~ r' : r 
Thaill< .YPU for your cousld~r;;jt19D· lf:YC>J,J t:J~ve .~ny qu?,s~qn~ res~r9lfl9.JP:Sl$t;J~(~g~~9..?1n:9~~~P.r1·1 
exc~~~anoes fha\ WDEQ considers outstandln.g, please feel tree to ci:mtai:Jt me ·,at {307) :14?-:i4B91 ·or 
clgi,~@obmatnc.com, ; .. t! ~· 

~- . ..~ 

Slnc!?rely, 
CBNJ 'Associates, .Inc, 

. :.' . ~ \• ("') .I Q ,. ' c(ij.NJ :·t..Jl ou;;,:, ·~ . 
Caroline Lo Re Brewer 
.EnY;Imnmental Gomp!ic;noe Professlonel 

dr/CS 

~ . :~·:·. 

• J ~· • 

#~·~. . 

• ' • - ,Calli\ A-=cWes. 1m:. 
WYP.D.ES Pen;nit Renew<~l 
lance Oil & Gas, lnc. . 
an Anadaflro Petroleum Company 

~~~-
Augu.s11, 2{)07 
Page 2-6 of2B 
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~~ CBM Associates, Inc. 
,.- .. ,..,.. ~ , . -.........__ ...... 920 E. Sheridan Sl • Laramie, WY 82070 • Office: {307) 742-4991 • Fax:: t307))'45-1S.62 
I 

) 

GROUNDWATER & SURfACE WATER. HYDROLOGY • WATER RESOURCE MANAG"..MEHT • ENVIR 

August 20, 2007 
t 

Ms. Jennif\'}r Zygmunt 
Wyoming Department of Environmental Quality 

· Water Quality Division 
122 W. 25th Street. Herschler Bldg. 4-W 
Cheyenne, Wyoming 82002 

-RE: Supplemental Information to WYPDES Permit Renewal for wY0049697 • Echeta Road Unlt 
Lance Oil & Ga.s, Inc. an Anadarko Petroleum Company 

Dear Ms. Zygmunt: 

ta:nce Oil & Gas, Inc., an Anadarko Petroleum Company {Lance) hereby submits the enclosed 
supplemel)tal Information to the R"enewal for Echeta Road Unit - WY0049697 dated Augusi 1, 2007. 
Enclosed are the following: -:>r · · 

• Water Quality data 

With this 7l~ttefhCJnce wJs.hes to ~J:lpp~_erpeqt:'#at~r ql!§IJW de~4!-th?t wa~::ili9iutled if:!)ts WYQ{)49697 
Renewal::_tiJppHcation! d*~d AugusT r;:gpp1:-;~v;titl):.the~acf\~\v<l;ter qii~lltY ·samP.fes\;,Lanc~Jeels that the 

. attaqhed, samples -more"'accurately reptesenUhe:water qualiw prnduced~~t. tts .Echeta Road Uri it facility. 
Thi~~:ij~rrfple; .c.Q!1~pt~g:-3t23i.2004-.f.rt>rn·;putf.~111WXQ04969ijQQ9. ·is _t;epr~~ntative of thStWall; Anderson, 
Gates andW.erner-·ooal seams~ The SAR exoeedanoe for this outfall is being addressed:as noted in the 
Exc~~9?b~e §utf1mary T aql~)f(~IU.d.ed)n t~e"A~9ust t;. ?001 R~~e\Val app;l)patiop ... A s~tond attached 
sample,:.from WY0049697 _;oO'~'dated £115/2007; shows SAR resultS ·fotrow~ng·aUtfa!l"refurbishment 

• ,,~:· -'~ •• .. ,- . .... - - ~_!~' 

If you have any permit related~questi_qfis, pl~aS:e call meat 307:..J4.t-499t·or~-ma1fat 
jdrisco11@cbmainc.com. ·Direct all corr'esporidence;fu: • · · <: , 

~··· . . -~ :~~- ... i·· . -~;·· . . -
Lance Oil & Gas, Inc. 

· an·Anadarko Petroleum Company · 
Attention: Timothy'S. Ka1us · ·' 
140tf:E. Uncr;Jin Sb . .. . 
Gillette;. Wyominl;r 8274'i:f .-

Sincerely, 
CB~Inc."\.. yz_;:___;;zo 
Jason Driscoll 
EnvironmentaJ.'Specialist 

/mbb 

.. ~~ Supplemental Information to Renewal Documents 
ce:· . '11 & Gas. Inc.- Gillette 
· ~!'CS:~.~~??i~~~· Inc:.'- Gil.lette 

CBM ASSOCIATES, INC. ADDITIONAL OFFICE-S: 

• j l .. ~~-~ .. ..:.;....'*"•~ !~- --~~-.;·~~ . ./ :> ': / 
345 Sincla1r· Street ·,- ' . 
Gillette, WY 82718 .' 

307.686.£664 

500 W. Lott Stteet 
Buffalo, WY 82S34 

307;$4.0252 

743 Horrzon Court Suite 250 
Grand Junction, CO 81506 

970.420:2224 

·. 
3036 South FloV1er Court 

lakewood, CO 80227 · 
303.973.2302 
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Ciient: Lan~ -qil.~JJ.4(:$as; .. · 
S:ite Nwn:e:~i¢,h~t~;;..Jf~9l>d _Unit . , ··.· 

1..• ,,~· ..... ~ . . • 

:Projel:t; 1\'PDES, . 

Samp FillQITlJl;¢; A.,.:~l_MJ! '· 
Clle:nt S~mple!Q):. .,PP,,"'" W);:QQ496:97 __ 009_ .. ET30 

Loc~rtlt;na~ NWNW ;.,'240;.?.3N ..,7PW 
,, J' 

FJELD :PARAMETE:RS 
pH,fleld\:. ·! :: ·, 

~·· Pcliormed ·PY Sampler 

MAJO~IQ~S 
Elloarl;lotiate:as H C08 ... 

'>{.7~·· :-:r.· ... ···:.' .. 

Chlortd~·;.·· ;. . . . . , ... 
Fluoridl't .· ·' 

Sulfate . '·• 
Calciu~ 1'··' 
Nlagne~ium : · · 
P.otassj~~-l ·-·r.:-( 

Sodil;~::;;, · ;. 

MAJO,~Jq~~.- .¥.:J~LIEQUN AL'ENTS 
Ca!ciurfi:;;maq ,. 
MagnesjU,m.,1Jleq 
Sodium .·trieq' 

MET ALr, P,J:l:)~Pi,.YED 
Bor.on 
Cadmium 
Chmm!um 

Copper 

Jwn 
lead 
Manganese 

Mercury 

Nickel 
Sllver 

Zinc 

METALS, TOTAL 
BarJum 

M:ET.A:\..S, TOTAL RECOVERABLE 
.Aluminum 
Anfimony 

Arsenic 

Beryllium 

Selenium 

Report 
P~finitlon.s: 

RL • Ana~(l reportiTlf} limll. 

OOL - Quality wntrol limtL 

7.91 s;u. 

1550 rn.~1L 
10 m~ll 

0.7 mg/L 

ND mg!L 

2:5 mgfl 
14 mg!L 

13 mg/L 
492 mg/L 

1.27 m:eq/L 
i.t$ meg/L 

21.4 meq!.L 

136 ~lg/l 

ND ugfl 
3 ug/L 

ND ug/L 

54 ug!L 

ND ug/L 

1~ ug/L 

NO ugfl 

NO ug/L 

ND ug/L 

51 ug/L 

700 ugiL 

NO ug/L 

ND ugiL 

NO ug/L 

ND ug/L 

ND ug/l 

D • RL incrwsetl rlu.e to sample matrix interfer-ence. 

wYRP~S _Supplemental for Renewal 
b?ncr;d:Jil~Gas, lnc., -- -· 
an AABrlarkn P"-etroleum Company 

D 

D 

D 

5 
1 

.,F.1 
1 

2 

0.05 ... 
0.08 

0.07 

100 

0.1 

30 
2 

'iO 
0.06 

10 

3 

10 

100 

50 
5 

0.2 

0.03 

5 

Lab ID: 004030379-4l0.3 
Rep0rt .J}ate~;·164tfr6tM ';,,;,,; · -::;,, .. 

Cnltectmn D11t~iJ.Q31i~~l)4't:5:.GO t<~/.(i;· · '~;: ; • 
D.f!te:Receiv.mJ.; 03124i0ihli·(. · n. 

Sampled By£. Jbd,9rA41a~L;.~''"l"i!->':r : 
"'·~.?atfi~ AQl.ffiO~j£~oi~,jH,:/.:: ·· · · 

TT.ackln:g Niiti:bctl :zs44B ··~'3;'!\;/';,., .: ·; ~i.e1?· · 

A232tJ a 
E300.0 

E30D.O 
E3DO;O 

E200.7 

E200.7 

E200.7 

E200.7 

E.200.7 
E200.7 

E200.7 

E200.8 

.E200.8 

E20Q8 
E2D0,8 

EZ00.7 
.E2DO.B 
E2D0.7 

E200.8 

E200,8 

E:200.8 

E200.7 

E200.7 

£200.7 

E20.0.8 

E200.8 

£200.8 

E200.8 

03126104 20:487'1-!~/f ... ,' 
.G3!2$/04 20:48.1 rlh 

0312$/04 20:481 rth 

03/29!04 15:36 /jw · · 

o3h9/o4<1 ~i3k/ Jw 
03!27104 03:42 I jw 

OS/27104 03:42 I Jw 
03/26/04 20:48 /lib 

03127104 .()3;42 J jw 

031213(04 20:48 J rlh 

03/27/04 :03:42 I jw 

'03127104 03:42 J jw 

D3/2.7J04 03:42 J jw 
03/26/04 20:46 J rlh 

03/.30/04 iJ1 :06/ rth 

03/30/04 01:02 I rth 
OS/29/04 18:13 ijw 

03/29/04 113:13/ jw 
03/.29104 18:13 /jw 

1J3/29!04 1£:13 /jw 

MCL· Maximum conlaminanJ..1ew;sJ., 
ND • Not detected at 'the r.eporlimf~imlL 

August2\ir.+D07 
·Page·i of~ 
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ENERGY.~~ORA:TORIES, Hyr:;; • J1q5';Y'!_e_~tFJ.m $.!~pt..* G_:f~(~J!;!fz,VVY f1l{J.~ ., ·;;~· 
I off Ft:ee· 8.56'r686;!l175 :"' 3.07~!U16~71·7:s .. Fax ·307.6'8Mi625 ~< gf!Je:tte@en-erg:Yf~l;s~~orry 

~ ..... , ... _ . --~ . ~ .. ' 

Client: Lance. Oil and Gas . ·· 
Site Name: Echeta_Road_Unit · 
Project: NPDES 
Samp FRQ/Type: A_S l_M_l .· 

: 1 ~ 

LABORATORY ANALYTICAL REPORT_ . . 
.. Lab ID; G04030379-003 

Report Date: 04/13/04 

Collection Date! 0.3/23104 rs:OO 
Date.:Recelved: 03/24/04 •. 

Client Sample~: DP _ WY00;49.697 _009 ___ ET30 
Sampl-ed By: Todd AdamS 

Matrix: AQUEOUS 
Location: NWNW .)4_53N_y~W.. Tracking Ntinilier: · 28448 

· ... · ResUlt. U:trlts Qtmllliers RL QCL · Method Analysis Date I By 

MEtA~; toJ;At·de6ov'e:RABLe: , .. · 
ThalnDhi . · . . 

NON·METALS 
AfkalinltY. • .''t otal. as CaC03 
Conductivity @ 25 6 · · 
Cyanida; t~rP.uiOmated 
Harctri~s~·as:~Cd(' ·. 
Phenolics, Total :Reccwerable 
Sodlun1 Actlfo~d~:~o {SAR) 

Sol!ds:}<;!~tP.i~~~!~~JDS@ 180 C 

Total P'Wo1~~&i.-HYtf(9.C<irborlS 

DATA QUALITY 
AIC Balance 
Anions 
Cations 

RADIOCHEMICAL 
Radium 226· 

Radium 22s·precis16rl (±) 
•y)". 

Report RL - Analyte reporting. limit. 

Definltlom: QCL - Quality conltorllm!L 

11\'YPDES Supplemental for Renewal 
CanceDii&Gas, Inc., 
an Anadarko Petroleum Company 

·;. 

ND ugJL 

1270 mg!L 
2130 umhos/cm 
NO ugJL 
122 mg!L 
NO ug/L 

19.4 unllless 
1390 mg!L 

ND mgll 

-2.96 o;. 
25.7 meqfL 
24.2 meqfl 

0.3 pCiiL 

0.2 pCUL 

5 
1 

5 
10 

10 
0.1 

20 

1.0 

0,01 
0.01 

0.2 

E200.8 

A2320 8 

A2510 B 

E335.3 

A2340 B 

E420.2 

Calculation 

A2540 c 
SW1i364A 

A1030E 

A1030 E 
A1030 E 

E903.0M 

E903.0M 

MCL - Maximum cantaminant,le_vel .. 
NO - Not detected at the reporting limit. 

Echem Road· Unit_-~W'(-0949_697 
HUC 10 - 100902.0208 

03129/04 18:13 I jw 

03125104 10:06 i mil 
o3t24/04 16:42 1 t:iaa 
03/29/04 14:19/ kp 

04102/04 12:30 I r:NV 

03/26/04 12:14/ kp 

04102/04 12:30 I QN 

03/25/04 09:59 f mli · 

03126104 13:13/ aps 

r54102i04 12:28 I~ 
04!02/04 '12:28 I r:NV 

04102/04 12:28 I r::W 

03i29164 '1 i\~1 0 hlf ' 
03129/04 14:10 I df 

L 

AL!gU~ ~0, i007 
- Page2 of3 
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.-·· 

.. _ -; r.:.1:~-;;-~_:!_~·J_.1 • ' :t:JL."i~:-- ·?.·.-)b: ..... · 

f;N:i;.RGY !.AS:.O.R/i::TO.R:lf:;S, J.NC •.. ,.. 1J'f1:5 W ,F-J.r.srS.t .* Gt'f:lefte., WY '827115 
]off Fr~l$ fJ~~/6$§,717!5 * $Q7 .$?1§,717¢ "'FAX $1l7,Q!J.2Ai~S *..J!J!jt:~tte@enr,!'r~b.'o~.'rft 

· ~~~ : ~-trrrf~-~~ 
Cll@:nt: lance OJI.~nd Gas ·"'~''' , , ; . ::.;-~~~i:lT-elil Pate: U'1/-lp.!Cff 
Site !\lame: fch~ta_;Road_Un!1 r. . ,.. '· .. ,~~port :Oa~e: 07/0~~~ ~~:-., .-::;;:r~(LI 
Proj~ct WYPPE.S .· ':i.:·l· .. '~. P?:,H~cti911 Oi'!te;~-R~fWm. 12:00 
Cllent.Sample lD:. OP _WY0049e97_00.9_ET60 :o,a-t$R~cahred.: O(l/18/01 
L~;>cat1on: NWNW~24_:53N_78W Sii!mpliiltf By: Gay)P,,;f;ssen 
S~im:p';f_~;~YP~i,' .. ,:¥;R.t·' , ... _ , . · .. _.,,, '·'''Mmx:·J~qtJ~du"s 
Wll:1 to~r.: ;v.:::'' ,._. ··Bo~70fiDS'l;p,;oo;,; · .,,; · ' · ,y:.·'.· .. ·· . .. . ._J.: r_l:I:Y.·_;~_.:_ .• ,::?.',o'.··.·.· •. ,!~,·:.~~-~.:.,,m_.·.''.8.·,·_.e,1.,·'.r . .rc_.:.~·.-.'.·,.·,1.··~ .. ·, . 

, 2 ::,".: •• ~: .... ,..:.· ·' .• J)-f'!l:~~r~ .• ,~~;i•·.~-v-:·.: .;·L::: · . . -!J.:iff .., ~· · -- · 
An<~lys~.$ ~·---::;~;;:;;;3';7"'~;.·: .. :·;-;::;·::--~-"R;;uJt · .uNlf$•·· "' · '•:· ··f<.~~cii( · 'Bhiril ·· ' o.ua-Jffi:e-r·''M<~'·tfi8'8~~,-· j;,.::;,,,;Ab~l~#'.O..a.~.l ~:Y 

MAJ·OR lON.S, DI$SOLVED 
·~lch.rm 

M?Q~il.lm 
Sodium 

Report RL - Analyte reporting limit 
Definltlons; QCL - :Quallty ·control limit 

WYPDE$ Supplement31 ior Renewal 
Lanc.e Oll & ~. lnc., 
:an Anadark-o Petro~um Company 

82 mgll 
11 mgf\.. 
500 mgll 

2260 L)mhoSicm· 
'13.~ . Jri1~,~1?s 

·: lh· 

S
. 

. 

. 

.. ,·!':\;:: 

4.08 meq!L 

.,;0.~9 m~'L 
21.7 ·tneq!L 

.... 

LE 

··.·,_:· •!:;{.•,:..,:(_(:' •.. · .;·).:' ;;:.. !~·~;;,· !: .' 

.E200.7 06/2$/071 ~~:05 J aJI..:t 
E200.7 00/23/07 19:05/ ~~t 

"€Zoo:(·" ' oa12ifo7 is:o;;/ ~!-t 

A:?:51 o s· . o6ham7 1 1 :09 t slm 

'''Q.~i~l~~i(ri · :~vi~pp~';j.#\351 tic 

[: . 
~::· 

MCL • l'Jlaximum wmaminant level. 

ND - Not datected a! the reporting limit.. 

Echet:a Road Unit- VVYOD496B7 
HUG 1D- "JOD9D2020B 

August 2D, 2007 
Page 3 of3 
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From: 
To

1
.:.' . 

o~te: 
su&jebt: 

• ,:.• ;o~ •' . 

Jason,· 

Jennifer Zygmunt 
Driscoll, Jason; Egenhoff, Dena 
12/4/2007 12:16 PM 
Re: LOG: Echeta Road WY0049697 

because:!he direcl discharge outfall on this permit is above irrigation, we have to put in an SAR limit at the EOP if,! order to protect 
fo_r.,,tQ~t. [rrig~~pg..,us~, ~pe,ciryS?IIY for preventing a reduction in soli infiltration. We can put in an EOP limit. for dls~olved sodium as 
well; but·we will not' reri1ove the· SAR limit (in this case, the $AR formula) from the outfall. This is standard for direct discharge 

. eutf?]l~:~~qve irrlga~ori. The sodium load contributed frorl). the outfall.will still be counted for assimilative capacity. · 
..... -· .......... . 

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

Jennifer 

>>>"Jason Driscoll" <.iQf.iJ&QH@b!l.rniJinc_.corn> 12/4/2007 11:15 AM>>> 

Jennifer and Dena. 

!understand you are now proC".eeding with the above mentioned renewal. My client brought up an issue which I would like to offer 
up to:yoy;guys. When this permit was being modified in July of 2006, w_e requested that sodium limits be applied. This wa.s denied 
and r cannot remerrlbeir'why, or find any correspondence explaining why. LOG and CMBA were wondering If you woula reconsider 
this. Now that AS CAP 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 wtlat you think. Thank you for your time. 

Jason Drl.scqll 
Envlfpnryfen~l Specialist 
CBM:As.sociates. Inc. 
920 · E~ .sheridan 
Laramie. wY;B207o 
Main: (307)742-4991 
Fax: (307) 745-1582 
jdrisco/1@ cbmainc. com 
www.cbmainc.com 

~~ ~PPlEMENTAl 
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-Qep9fr+.rne8t ~.f :;mn~>{:i:rornm~ntai Quality 
·. . · .... ··. .·. .· •'",,··.' ·' ....... , :' . . . . .·· .. 

D5Ve freude:nt'nal, Gove:mor 

Apri.l 2 7, 20D6 

.T1:1:k.e .Str0hmm:n 

To protect, conserve and enhance the .quality ofWyom'in,g's 
·enY1ronme11t for the benefit of current .anq future generations. 

Petro.:Canada Re.s{mrces USA, Inc . 
.3801 Ntxrtb,:,Ehvy.l4-l(;i 
·Gillette, \¥Y·S2719 

Rf-:: Technical Re,;iew "WY005l985 {Wild ·Bur-se Creek;) 

• Mr: :s'tr6hm!m: · 

John Cerra, Director 

-~ DEPOSITION 
EXHIBIT 
3 

The \!Vater Quality Division (WQ]}) has comple.tJ;:d its technical rc~view trf the above referenced consolidated 
application. Following is a st:tmmary of our conclusions reg<n"di11.g this appl icaticm. 

· Ti\!J 1 ~CISAR E"','~luatir.m nDt'l.fault .Effluent Lim] tli! 

Bm;ed :·oil t~lf.! _:i!lfor:mat~on .irq;l);e; application. the ll19st s.t:n$itive irrigated plant sp~cies ide:nti:fied d.~:rwm:,trearil 
wi'fhi1l the·Wi:td .Horse Cr~ekd:raina.gt:r at~pea:rs to he Snwoth .Brmnegrass, with t~ ;publi:~hed soil ECttilerance of 
2,25.0 ~n:ibos/cm (f,l:~r.iso!\, et a1. 1999). The yalu.e of 2,250J.:t:r.r:thos!cm as a su·i] .EC thteS:h(lld for S.mootb 
.l3romegrass '\Vas dt.,+ved)y taking the mid-J)oint valur: between 1 ,500 to 3.000 !Jm.hosli::m, which constitutes the 
,.Moderately Sens1ti:ve" range for !.00% crop yield {Figure '13.3., Agric.ultn~aJ Salin:ity A.ssessment and · 
Mimagement, A.m:eric,an Society of Civil Eng:ine.ers, U/96). A soil EC thresbo.ld of2,250 pmhoslcm results in a 
default effluent iimit of 1,500 J.tmhos/cm, usiug the conversion factor of EC,m1 == 1 .5 X EC""'1cr· The defauh SAR 
l'i rn1t, given a:n eftluem limit of] .,500 j..Lmhos/cm., wou1d be 8, based on .c:urrcnt WQD pn1ctk:e. Theref-ore, under a 
default sc--enario, tbe aiJpropriate end-of-pipe efiltterit 1i:inits for this penn1t would be £C = 1-.500 J.LTithos!cm and 
SAR;: 8. 

Its!: 2 ]3C/SAl(;.;;J3·valt;m1iq_:n_ ffiaokurm.:rrJd:Sou Cond.itiQ.ns') 

]~gseil,on 'fh¢ ~{)jtshk1i~~-'Q9.iiQ.i.u::tet)Joi· P.et;o"'¢~t;nada :wjthi!)..-tbe dr:r>vn&re~li:n in·ig,:atecl:tJ~as .(Floyd )l<mc.h), :it 
~lJ)P,ea;:sthat'the :defaillieffhi.¥ndimits !).O~d-filJOVe ·wo{l]d be t.nore stri:ng,e:r.ft 0Jatl necessary to protect the 
ir!~gaiio!a.use.~ The i>11hl'l1itted s_ciiJ :pX; data indic.U.te$1:l.Z<!.11lPle,.popu1ation mean of 4~08~1 p.mho;;/cm for rppt zone 
Et,·witb ~J r:;tanf:lard .dev5ati'on (if L:594 ·fodhe 32 sa:mples analyzed .. This il'.qumte5 :to a Q5'Yo confidence interval.of 

M~" +/- 552 f!l'l1hos/cm. Taking t11e lower confidence Jit.nit {the more const~rvative end -of mean nmge) resulis in an 
e.st,lmat.ed mean root :z.onr:; EC of.3_,532 JUnboslcl.1l for the entire irrigated ar~a. Tb:is yields an cnd~of-pipe effluent 
limit -of2,350 f!Jnhos/cm, Ul.iing the 1.5 conversion factor descrlb~;:d above. Reg<Lrdir.J,g SA.T{, 1he submitted soil 
data 1ndicntes ~~-mean· bm::.kgr<mnd SAR of 5 withir1-fhis downst1'eam irrigate-d .area. This would .be lower tban 
necessary t{) protem tbe :irri'gation use, based -on Cll!Tent 'WQD pohcy. Therefore, the SA.Rlimi.l un.der a tier 2 
prmectiou scenari\> would default ce l 0. Under tlris sc~nario, the pem1lttt~cl eml-c>f..-pipe effluent limit..<; would be 
JtC = 2;3:50 )lmhos/cm a:nd SAR= 1D. 

.J 
S.·.u·p··p·: ·. ·-.: ~ . ·; -~ . ·M· ······E· ~N:· . :.: .: . · ... l . 

He·r.schler Builrling •12>2West 25th Street • Cheyenne, WY 82002 • http://rleq.state.wy.us 
ADMlNJOUTREACH ABANDONED ·MINES 
('307) 777-7758 {307) 777..;6'f115 
FAX 777~3610 fAX 777-€462 

A!R Ql,JALITY 
{307} 7.77 ·7391 
FAX 777--.5513 

·JNPIJSTRIAL.S!TlNG 
{307} 777-736':1 
FAX 777-6937 

l:AND.QUAJ..!TY 
{307) 777-7756 
FAX 777-5864 

SOLID !'. HAZ. WASTE 
(307)777-7752 
FAX 777 ·5973 

WATER QUAlln' 
(307) 777•7781 
FAX 777-5.973 
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Data w"1s ~!so -:presented for E,-.;.¢'hang,eab1e.Sodiu.m :Pc;:rcentage{ESP) ofthe smripled ·soils. WQD has plotted the 
Si\1~ and .ESP data, ancl: fotll1P the toH~Ywing.rel<rtiomiltrpfor tbis site: · 

This ecp.Jation bas ~m R2 oorre!at:ion value ~f0.84, using the ES,PISAR data fro.m this sit~. An .Fe va.lue (Jf0.S4 is 
not jdeal, but the equation is useable if <1 margin ohafety is incbrpomted. Typically, so:ils are ·considered non­
sadie ~nd generally exhibit adequme pC<JL1ea~i1ity wbe11 their ESP is at or be1o-;v 151~. Using the abo-ve equation, 
~m ESP of 1.5% would equate ·U.Hl.P. .aJbwahle SA.R of 17 in the sol]. However, .given the R' vaiue of O.B4, h 
would be more,aJlpropriale io cap the ¢1es·ired :ESP. at 12%. which \,V(mJd corresp1::md lp aD allowab]e SAR of 1.5 in 
the soil. WQD .does not 1~se a ;;tMda:rd concentration fnctor of 1.5 to convert: soil SARto applied water SAR>In · ,. · ... · 
tlw same way th~:t EC is conv.t;rt~d. Thus, the aUowable SA.R, given -its reJationship to ESP.at this irriga~e\i s.i:te,· 
w<:ruld he 15. U.nder th~s s:ceri~rio,thep~m~itted enfl:..<>f'-pipe.efiluentlimit,s w-o:rt:Id be EC = 2,350Jurlhos/l!m irnd 
SA:.R. = 15. . . . . . . . .. 

. ..()ther.&ite:~s~,t.icifLc c:on§i~es·ntim1il' 

'Reyentl.y. :rei~-o~Canada~s -~~ techi1ical consultant. for ihi.s project (J(C Harvey, LLC) recon:tmf:!nded to WQ'D that 
.only l,h.e :Floyd sprcade,r .d@.m ~1e'lds and Martin:veltl.be evaluf!.te4, w:hile the Snyder anil Tubbs field data should be 
di~na:ted 'f:ror.n e~a:luaLionin fue StL~dy. The']Jasis Jor th'is: recommendatJ<)n \Va:s .U;ppal'entlythatthe Snyder .and 
TubbS·:fields wcmlcl.not constitute tm existing irrigation use under WQP's current ag,ric'IJ.h:untluse proteo.tJcm 
policy, While the Snyder.:and Tt1.hhs 'fie1d.s conjb.i:ned \y:au.ld amount to 2'! acres. (,)fsnb-irt.i,gated.agr.lcultur.r:'i:lland, 
K;C Han•ey, LLC points out ti:ml each oftllese :fields is less than 20 acres on its ow:r1,-and not in dose .enoLJgh 
prmdm.ity to on:e ~notber to :COilStitute pr~,;~tected .acren:ge :u.nder WQD's curr~r\t poJ.icy. WQD :recognizes that these 
t\l(O :fie:ld.s pre marginal wi:fu regard to thei:r prott1Cted status as.an .. e:xis.tingirri!:,P.r.t;'ion l!Se. Hoi.veve:r, in order t0 

procee1:1 ·1¥ith the consuibmt's reco.i:nmended appi·oach (dr.Opping the Snyder and Tubbs· fields from the 
~valuation), 'WQD .vloul~J.need :~,.v,ritten confirni<rJjfm fnn.ntbe·lartdown~r tliatthese two.iie1ds-nrenot 'in need of 
imgation w.a:ter quality ptotection. O.nce .Petro-Ca:nada st1hmits that documentation from the l~mdowner to WQD, 
\VQD nan re-cakulate appropri<~te effluent limits irom tbe remain.1ng date ~1ccordingly. 

Suffic:icmt dat.a has been ·submitted to suppor:t end~crl'-pipe effluent limits of EC ""' 2,35() p.mhps/cm a.nd SAR,;, 15: 
Jor this permit. lu tbe absence a.fany mlditionalin.fi:mntttion regard:ing the drnvnstream irrigation us~: on Wild 
H-orse Creek~ WQD ii1tenos to proj.)qse these limits ·in the up.comi·ng draft of c<mso'liclate.d pem1it W':t0051985. 

Ify.m.1 have ~ny que;;tions, pll:!:~s:e.co.n.tact meut(~'()7) 777-5;504. 

Sincerely, .---

'"~) .. 2~7/~~-·~ ... / 
Jason Th,1mas 
Wyoming Departmem ofE:nvironmenta:l Quality 
Wu'ter Quai11y 'Diviskm 

CC; Len.h Kra:En 

~·--.. --··--·-· 
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EXECUTIVE SUMMARY 

Al1 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 

Augupt-2Q09, in :,~oniuihc!io~ V\(itl) 'the ;±'ri~n~ial R~v~ew pf the Chapter i Surface -w;ater 
. .. . ,. .. ,, ·. .. ·' . .. . '· . " 

Standards. The policy is contained in Chapter I, Section 20 ofthe AuPP. This policy is 

under consideratiol} ,,by t!le, Wyoming Envrironme;ntal Quality Council (WEQC) for 

adoption as an App~~di~ to the Chapter j rules. Until ~' rlnal decision is rendered on the 

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

on discharges that may affect agricultural use . 

... · . ' .. t ;_I'.:.: :: :_ • -· ~ · , • . ,.. :~ ; . .:. · 1 r ,; : 

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 Wyoming such that degradation of the 

receiving water will not affect crop production. 

Chapter 2 lists the services to be provided by the contractors and specifically formulates 
. ~ . • ·'.l . . -•. 

two specific qtibsticins by th~ Council: Question A. Wh~th~r the Tier 2 meth,odology 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 pr?duction. 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 Wyoming, and provides 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 discharge permits in a 

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

ii 



.. Chapter 3 educates the reader on the-causes of~o.il $alinity focusing.on the relation 
' ~· ' ' '· . . . .. . " ·:.· . ··- . '·· : .· .•. . ' ... ' . ' ' .• 

. ;between soil salinity and the quality of ir!igation,,v,vater. Major causes fgr ,soil salinity .are 

-~oiJ characteristics, ground water table depth,, c1im,~1e, presence of salh,le ~eepagys, and 

.. .iri!g~tion m~nagement but not the quali~:y_ o.ft~e irrigation water. No nYJqe,n~~;h'l~,p,e,9n. 

found in the pe~r-reviewed literature in support:of,th~ assumptiqp on yv_hi~p<J;ier 2 .is . 

based: "soH salinity in artificially and naturally irr.ig~F~d lands in ephemeral 4~ai11ages 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. 

Fi10ally, 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 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. 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 

Wyoming. 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 wil1 

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 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. If the water quality 

iii 
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requirements of Tier cannot be met, the Irrigation Waiver seems the preferred 

alternatiVe since it requires an irrigation mariagern·ent plan that provides reasonable 

assurance that the lower quality water will be confined to the targeted lands. In this 

manner, the Irrigation Waiver 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. 

! ' ~ 
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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 I, Section 20 of the AUPP. This policy is 

·under consideration by the Wyoming Environmental Qu~:~.lity . Council (WEQC) for 

adoption as an Appendix to the Chapter I 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 use. 

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 Wyoming 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 serv1ces 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. 

.1 
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· :2. SERVICES. TO:BE PROVIDED,BY ·CONTRACTOR 

': > 1',· .. ;·, i.-.~,.·, ,' , · ~. ' . 'i '· ., • 

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 

Service One: 

Review the following: 

A. Appendix H Section c(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 Council on~ October 24th and 

28th, 2008. 

C. Section20 of the Rule as proposed by DEQ on November 11, 2Q08 (see 

Appendix 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 provide, in 

written form, a report outlining Contractor's expert scientific opinion regarding: . 

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 drainages in Wyoming so that 

degradation 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 

determining 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 unbiased for the determination of soil EC from which you can reasonably . 

2 
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infer the quality of the water EC and SAR ·that historically flowed within the 

drainage that wil'l · support the· establishment· of 'effluent"·1imits 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 goals 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 Mr. John Wagner .of.DEQ to these ·questions was very helpful: Their expert scientific 

opinions are presented in Chapter 5. 

The basic processes of soil sa:lini.Zation 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 sci~p.tific opinion into a 

fair and balanced· system for discharge permits of produced waters into ephemeral 

drainages in Wyoming. 

3 



3, WllAT CAUSES SOIL SALINITY? . : . ~ l 

Soil salinity is the amount of soluble salts in a soil (Soil Science Glossary Terms 

._Committee,· 2008)1 but tlw tenn ,is· often'u~ed in the ;gense thatthe:salt contenhof.the son 

is too high for .satisfactory crop production~: the soH js saline :or salty. Important·n§.tural 

_,!sources of salts in -.arid :and semi~arid ·regions are atmosphetk:C:i,eposition (wet and dry) 

(Bresler et a1., 1982; Scanlon, 1991 ), mineral weathering (Bresler et aL, 1982; Rhoades et 

aL, J 974), '~fossiJ?:_ salts (built up .in poorly drained f1ood-,plain or. playa ,sediments) 

.(Bresler et aL, 1982: Carter and Robbins, 1978), seepagef~ofu uplands :(Stephanie J. 

Moore, 2008),.and upwelling from deep ground water brines,(Hogan et~al., 2007; Phillips 

et al., 2003.;: .Stephanie J. Moore, 200.8). Four c.ommon anthropogenic salt sources are: 

irrigation water (Rhoades,,et a!., 1973; Rhoades et al., 1974), fertilizers (Darwish:et a1., 

2005), discharge of treated·.sewage water .(Gonc;alves et al., 2007; ·Mills, 2003); and 

-discharge, of saline waterS''~uring coalbed methane (Ganjegunte .et aL; 2005) or::oil :and 

-· ·gas ·extraction~ ,(Hendrickx et al., 2005a). Most so'il<\saiir1ity is caused by mineral 

-weathering and application of waters containing ;salt on irrigatedJands.,:The impmttance 

of each source of salinity depends on soil type, climate and . irrigation . management 

(Bresl~r et al., 1982; Keren, 2000). 

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

precipitation as is the :case 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 atmo~pheric 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 report three common scenarios .of salt 

accumulation in the root zone of semi-arid lands wil1 be described: soi1 water chloride 

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

1 Scienti:fic references are listed in Appendix xx. 
2 http://waterwiki.net/index.php/Soil_salinity on May 8, 2009. 
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water is precipitation, soil salini~y 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 soil 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 I 000 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 

(Heilweil and Solomon,- 2004), or geomorphic setting (Hendrickx and Walker, 1997; 

Johnston, 1987; Scanlon; 1991; Scanlon, 1992}. For example, in Australia the chloride 

concentration in soil profiles beneath native· Eucalyptus vegetation is about 4000 mg/1 

versus '1000 mg/1 under .fields clear~d from native vegetation 12 years previously. The 

lower water use of the crops -that replaced the native vegetation lead to- an increased 

recharge and salt leaching (Walker et al., 1991). Thus; in semi,.arid u_plands with deep 

ground water tables no unique relationship exists between salt concentration of 

precipitation and soil salinity. 

'· . ' ~ ·;, 

Scenario II: Soil Salinity in Semi-arid Riparian Lands with Shallow Ground Water 

Tables. In riparjan areas soil salihity is often variable and can change over short. 

distances (Amezketa-and Ler.sundi;2008·;:Hendrickx et-aL,- 1994:;-Hendrickx-et al., 1997; 

Sheets et al., 1994). For example; in the, Hor:se:Creek Diparian; area on the .Rottman Ranch, 

. Hawk Springs, Wyoming~ soil samples indicated an "extremely high variability" of soil 

salinity depending on soil age and texture, topography, and depth to· ground water3
• 

Salmization in these areas is caused by discharge of groundwater to the atmosphere, a 

process that-can)i:r:esult :from three different mechanisms: (i} deep-rooted plants tap 

dir.ectly .into the.ground.waterto acquire water for transpiration, (ii) capillary rise.from 

3 http://wsare.usu.edu/pro/fieldrep_OO/pd:f7refinal/aw96014.pdf on May 15, 2009. 
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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 receiving precipitation with a .chloride concentration of less thari. 5 m~liter (Eppes. and Harrison, 2003; Hogan 
et.al., 2007). Despite the low chloride concentration of the .precipitation the maximum .chloride concentration in the "no 
run-on'' :profile exceeds 5000 mglliter. · · 

. · 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 accumulatiqn depends. on the quantity or rate of ground water 

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

Adry sponge in contact withwater.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, quring a 

s.even. year study near Buckeye, Arizona, the annual ev."apotranspiration of salt cedar 

varied from 2150 mm with ground water level at 1.5 m to 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 dischaTge in a virtual homogeneous clay profile was 

49 em versus 19 em in a virtual homogeneous sand profile; the average discharges from 
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ground water depth 100, 200, and 500 .em were 66, 31, and 5 em; the average discharges 

with rooting depths 30 and 300 em were 21 and 47 em, 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; Jolly et al., 1993; Moayyad et 

al., 2003) while it typically can be ignored when the ground water table falls below I 0 m4 

but not always (Hoffinan and Durnford, 1999). 

During a soi1 reclamation project in a riparian area close to Albuquerque (Caplan et al., 

2001 ), the authors of this report evaluated soil salinity dynamics in a non-flooded riparian 

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

and Kachanoski, 2002; Hendrickx et aL, 1994; Sheets et al., 1994), extensive soil 

descriptions and laboratory analyses of representative riparian soils, ground water depth 

measurements, ground water quality measurements, and simulations with the forward 

model for prediction of electromagnetic induction responses (Borchers et al., 1997; 

Hendrickx and Kachanoski, 2002; Hendrickx et al., 2002) as well as simulations with .the 

model HYDRUSlD for prediction of. .soil water contents and soil water salt 

concentrations. (Simunek et al., 2008); Although· all 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 ofCochiti reservoir around 1970 that prevented flooding of 

our riparian; study area. The difference in ·soiJ,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 unique relationship exists between the historic salt 

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

shallow ground water tables. 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 Australia5
. Thus, in semi-arid riparian areas with 

' .' 

4 htt_p://www.Ciw;csircUiUIJ'es'eai·cli/rivers/flows/floodplain/timescales.html on May 15, 2009. 
5 http://www.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 
content,. soil-salt content; and soil-water concentration. Initial ground water and time-independent bottom solute 
bpundary conditions are 200 ppm. (SIL: silty loam, SL: sandy loam, S: sand, L: loam, LS: loamy sand, CS: coarse 
sand). The simulated salinity profiles have been confirmed in the·field with electromagnetic induction measurements 
(Hong, 2002). 
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shallow ground. water tables no unique relationship exists between historic salt 

concentration in the river and soil salinity. 

Scenario III: Soil Salinity in Irrigated: Fields. The purpose of irrigation is to provide 

sufficient water to agricultural lands in ;arid and .semiMarid regions to meet crop water 

requirements during the growing season. Since even goodMguality 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 em of good-quality irrigation 

water, i.e. a typical amount normally applied in a single irrigation season, cont~ns about 
' ~ ' 

5 ton,s of salt per;hectare which is suffic;ient to salinate an initially salt-free soil (Hillel, 

1998). Therefore, leaching of salt at thlbottom of the root zone should be adequate to 
f 

prevent salt accumulation in the root zone. Most irrigation projects need a drainage 

ilffrastructure to .. ,accomplish the leaching neces~<:!TY to keep the root zone at salt levels 

that are tolerable for the crops (Hoffman and Durnford, 1999). 
. . - . ~ 

' . . . . . . 

The soil salinity of irrigated fields depends mainly on the farmer's m,@~g'ement. For a 

given irrigati~n water quality the farmer can regulf1.t~ salinity conditi6£~c'l~~he root zone 
. ·.. . . . . ; ,. . . . .. . ... -~.-· . ~- ' 

.by adjusting the leaching fraction which equals the volume of water drained from the 
! : . . 

field divided by the volume of water applied bf irrigation. The ·larger .the leaching 

fraction, the more water is drained, and the more salts ar'e removed from' the root zone 

(Hanson et aL, 2006; Hillel, 1998; .Hoffman and I)urnford, 1999; Ros~,: 2004). For 

example, the senior author of thi~ report used electromagnetic. indu-ction for the 

assessment of soil salinity in a 37 ha·~epresentative_~xperimental dnl'inage area located 35 

km southwest of Faisalabad in the Punjab Provfnce of Pakistan. Although the site 

received the same quality irrigation water on all fields, it had a wide range of salinity 
! ·• ' 

conditions from 269 dS/m on abandoned fie1dsto.20··dS/m.on pepper·fields~,,Excluding 

the .abandoned fields, the range of mean salinity v~lues 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 fields and then to 20 dS/m on the pepper fields. These mean values are 

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

irrigation management influences soil salinity to a much greater· extent than irrigation 
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water quality; Thus, on irrigated lands'iio::'iinique relationship. exists between the water 

quality in the rivers that supply theirrigatio-n canals and· soil salinity.· ·"···· ... · ,,~. '"~-

Relevance for Tier 2. Tier 2 is ·based on the ass~~mption that soil salinity in.artificially 

zmd naturally irrigated lands in ephemeral drainages is entirely "determined by .. pre-

1existing background water quality. However, the three typical scenarios for causing .. soil 

salinity in semi~arid lands described above do not support this assumption. Ori 'the 

contrary, pre~existing background water quality appears to be a minor; factor or :none at 

aU. Major causes for soil salinity .are soil· characteristics, ground water ta'Qle .:depth, 

climate, presence of saline seepages, and irrigation management (Hillel, 1998; 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 ofthis 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 sti11 .. cause 

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

existing background water quality maybe 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 ,Jands. 

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 submittals 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 CBMwater; In this·section 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 Appe_~dix 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 ephemeral drainages is entirely determined 

by pre-existing 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 frorri soil EC~and,salinity within:the'.soil". Later in the .. hearing Chairman Boa] 

· . asks Dr:,Munn "I think you're ai'e tellingme.thEt;t it is nbt a good idea. to u:se soilsamples 

to come up with those [background water quality]· numbers" and his answer. is "That is 

my professional assessment~~. 

Otv 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 especia]Jly 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 

scenarios .... Managed irrigation scenarios ... do not fall under the Tier 2 process ... It is a 

different environment. We're applying water in a managed manner evenly over a field 

using separate center pivot equipment or other such equipment. Discharge into channel, 
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it's just a different si,tuation". He cor:~tinues "The T~er 2 pro_cess .. ~ is m_eant to derive 
:. ' ,·,!_;I ·, ., ·~·: ,,,.~·•,· ':.: ,,~,·~~~~-'\~-" ·.;·,~)\•.:/ ' • I ·'''I , ... , 

conservative limits for unmanaged irrigation after discharge to the channel". '' 

Since 2005 Mr. Harvey has been involved in "most of the Section 20 report,s EJ-pd analyses 

that are used to derive EC and SAR effluent·limits". His mr;thod for dedving pre~existing 

background water quality from current soil salinity is based on the assumption "that the 

1.5 concentration factor from water to soil EC is appropriate and conservative in the rule, 

and lam supporting DEQ's use of it". He adds '~the 1.5 concentration factcir was agreed 

to by all parties the first day of3ir(1f_ting this p¢1lcy,)hat nowj§ 'A.Pfopos~'d mle .:. It's 
· : · · · · · · · • ··- "• ... '- ~ ... · ' ~v· ·, •-' r-; · • ·• 

been the basis of all of the Tier 2-based WYPDES permits to date". _Mr. Harvey's 

testimony did not provide scientific support for the number 1.5'- to be· used as the 

concentration factor for artificially and naturally irrigated lands in Wyomili:g's ·ephemeral 

drainages. However, Dr. Munn stated "the idea [Of Tier 2] is.~. we can use relationships 

from managed irrigatidnfields ... to back-ca1culate background watef'lquality]' and the 

number chosen is 1 .5'' and "1.5 is an arbitrary number based on an assumptibn 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] in the root 

zone". 

Experts' Opinion. In Chapter 3 scientific evidence has been presented that pre-existing 

water quality in a drainage cannot be derived from current soil salinity. 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 whUe Harvey makes 

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 (Ayers and Westcot, 

1994)6 as a field guide for evaluating the suitability ofwater for irrigation. Two oftheir 

recommendations have 

0 http://www .fao.org/docrep/003/T0234En'0234EOO.HTM on May 16, 2009. 
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Leaching Fraction (LF) 
0.05 . 
0.10 
0.15 
0.20 
0.25 
0.30 
0.40 
0.50 
0.6q 
0.70 
0.80 

A[!plied Water N~eded (Percent ofET) 
. 105.3 . 

111.1 
117.6 
125.0 
133.3 
142.9 
166.7 
200.0 
250.0 
333.3 
500.0 

Concentration Factor a (X) 
3.2 
2.1 
1.6 
1.3 
1.2 
1.0 
0.9 
0.8 
0.7 
0.6 
0.6 

T.able 1. Concent~tion .factors for predic~ing ~oot zone soil water salinity from irrigation water salinity and the 
leaching fracti6n from Ayers artd Westcott {1994) (Ayers and Westcot,' 1994). · · · 

been used ;for the; development of Tier 2: (i) the concentration factors for predicting root 

zone soil sa~inity :from irrigation ~ater salinity and the leaching factor (Table 3 of Ayers 

~nd W1ys~cott)an~L(ii), the relativ.~ rate of water infilt~ation.as a.ffec!ed bysalin.ity·(EC) 

and sodium adsorption ratio (SAR) (Figure 21 of Ayers and Westcott ( 1994) as adapted 

from J~:.hoades (1977) (J.D., 1977) and. Oster and Schroer (1979) (Oster and Schroer, 

1979)). Table 1 presents Table 3 of Ayers and Westcott; itpresents concentration factors 

as a fl.lnction ofleaching.factors. 

The concentration factors (X) have been developed by Ayers and Westcott to calculate 

average root zone soil salinity (ECsoi!) from irrigation water salinity (ECw): 

In Tier 2 E,q. [1]: ~as ~een inversed as 

. ECsoa 
ECw =-­

X 

[1] 

(2] 

Eq. [ 1] is based on several assumptions: (i) the crop water us'e' pattern is such that 40 

percent of the water is taken up :from the upper quarter of the root zone, 3 0 percent from 

the next quarter, 20 percent :from the next, and 10 percent from the lower quarter, (ii) 

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 
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. ·shallqw gr.9v11d wa,te.rJ(:I.ble. The crop water. use Pl3.tterp .in .the r.ootz;o!le an.d the, abs((nce 
. . . ' ' . '. l ' . - ..•. ~ •' .... . ... ' ., . ' f' . '" 

, qf capmary,ris.e ~re reasonable assumptions for managed irr.i,gated)a,~<;ls in 9aljfq~~i~but 

are ur10ertain a~~UJ,nptions .in the artificially and n~turally irrigated l~n~s :i.l? .. ~P~9n~ral 

drainages in .Wym;n,i~g. Not kpowing pa.~t il:C~Ui=l:l.e~appt~Jm~.J?i5~~i.on ... f:ates_ ~nd_;.~~ter 

. applicati_ons froll! the ephemeral drainages to: the irrigr:t1~~- lands .n}~kes,.}.! .ne){t to 

impossible to estimate a leaching fraction. An irdgator who knows the\,S!OP: 'VY:~ter, use 

pattern and the actual evapotranspiration can use Table 1 and Eq. [1] to estimate the 

unknown leachin'gfraction necessaryto maintain. a favorabk r;oot,zo:ne ·soil~w.EJ.t~r ,sa.ljnity. 

In other words, Eq.. D] is us.ed to estimate one- unknown .. variable, ·the leaching fraction . 

. On the. other hand, a regulator who only knows the:root zone soi;l water salinity wi.ll Jace 

.great difficulties using Eq. [2] to estimate the pre-existingback.,.ground w~ter.qualiW in 

the drainage. Instead ,ofone unknown, the regulator must estimate. three unknowns: .yrop 

water use pattern in the root zone of the heterogeneous artificia11y and :naturally irrigl:!-ted 

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

the irrigated land, and the average actual evapotranspiration of the-,crop during th.ose 

deliveries. An error in: arty of these estimates will lead to an errpr in, the conceptration 

factor and, therefore, the pre-existing back-ground water quality.-Even when capilla:r:y 

·rise is ignored the regulator is faced with the problem of solving one equation ;With three 

unknowns. For a11 these reasons, the use of Eq. [2] in Tier 2 cannot be scieQtifically 

·defended; it is incorrect. 

Tier 2 also depends on Figure 21 ofAyers and Westcott (1994) as adapted :Q-ow Rhqades 

(1977) (J.D., 1977) and Oster & Schroer (1979) (Oster and Schroer, 1979) that estimate 

how salinity {EC) and sodium adsorption ratio (SAR) .affect il:he relative rate_ nf water 

infiltration. This figure is known as the "Hanson" diagram to the ·CounciL Use of this 

figure has resulted in protecting the infiltration capabiliHes of the -s_qils in eph_emeral 

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 mapagement as 

discussed in the previous sections. 
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Dr. Vance has expressed concern about using Figure-21 ofAyers and Westcott (1994) to 

assess how the relative infiltration rate of soils with 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 Figure21 for soils containing smectitic clays should be 

further explored. 

Soli 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· fo.Howed by: soil coring at selected validation sites. 

Experts' Opinion In the previous section we explained thatthe prediction of pre-: existing 

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

correct.· Yet, for the management of CBM waters on artificially and naturally irrigated 

lands·it'will be:necessary to conduct~salinjty 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"'r&ndom sites meaning. that within specific 

terrain Zones soils will be randomly,sampledi The term terrain zone is not defined in any 

way and could be interpreted to meari .a number of different landscape characteristics. 

; The·,exartiples given· range from units identified by landscape characteristics (channel 

bottom, firstterrace, 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-

15 



·-

Electrical .conductivity methods have ·been used fo; ,.several . decac:l~s · (Rhoaq~s . and 
,. • !,' ' .. J'····- .: 1 ••••• , •• 

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

equipment, computers, and Global Positioning.Syst~ms-have~:all come together novr ip.to a 

system· that ,allows the me~surement of sc;>il apparent_.electr,ical conductivity at a 

_,. reasonable .cost' .(Flendrickx .and Kachanoski, 2002;). Of-, sp.ecia] , iinterest . is ·the 

.electromagnetic induction method since it doesn't require contact with tbe soit (McNeill, 

.. 1:980) .and allows for -quick and n~liable measurements either. on foot in difflpl!lt teJ.wain 

(Hendrickx ~t al., 1997; Hendrick:x et al., 1992; Sbeets-and Hendrickx, J995) or on a 

vehicle in flat agricultural lands (Corwin and Lesch,200~) (Figure.3).. The methoq has 

been successfully used for the detection of produced oil-and-gas :vv;.aters,in.the.arid V;aQose 

zones of New Mexico (Hendrickx, 2003; Hendrickx et al., 1994; Hendrickx et al., 

2005b), Often the electromagnetic induction (EM!) measurements alone are sufficient to 

prepare maps of soil salinity. Taking measurement~,.at diff~r~nt heights _abov~ 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; Henddckx et al., 2002). 

However, for regulatory purposes or for the management of lands irrigated with 

challenging water qualities it is necessary to relate the EMLmeasurements to EC and/or 

SAR. Therefore, the U.S. Salinity Laboratory in Riverside CA has developed a software 
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Figure 3. Mobile dual-dipole electromagnetic induction equipment for the continuous measurement of apparent soil 

eleCt'tid~l c~riductiVitY ;(c~iwffi ~d 1es~h, .2003). : . . ·::· · ·.~ · · 

package, ESAP-95, to select optimal sites·for calibration of the relationship-between the 

apparent soil' electrical conductivity measured w1th EMl an'd the EO fofthe soil· wat~r at 

different depths measured :in the'laboratory;(Lesch et al., 2000).1Tcfie st>il sarriples can·be 

easiiy taken with a soil· cotiri.g- device in the:.back-of'a 1-ton pickup· with a 2:.:inch' diameter 

device' that can go down 4 to 6:feet or'deepetHf soil conditions permit The theoretica1 

background ofESAP"95' is:pteserited'by Lesch and his colleagues (Lesch et al., l995a; 

Lesch et al., 1995b), Several applications of this software -have been reported in the 

scientific litetatur.e (Amezketa, 2007; Amezketa and Lersundi,~ 2008; Corwin and Lesch, 

· 2003; Corwin et al., 2006) as well as by consulting companies7
• 

Managed and'UninanagedTrr-igatioil with CBM Waters 

Iii' several testimonies reference' ·was•tnade:to: unmanaged 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' 'Bdal expresses succinctly the idea on which Tier 2 is based: 

7 Soil and Water West, Inc, personal communication March 2009. 
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;?~Jjer,2·.i~ the option th~t if:'?'{e, know th~jwater quality, t}1~,b~cl~grqu]}J;l.w~ter,quality, then 

;thedi~charge can be no ws)T,se thap the Jm9wn". 

The i~~timony of le,ndowners rypically refers.to yY{lter quan!ity rather th..a:I,!W~~.er.:~maJAty. 

, 'Ms. W ~st states: "We have as much water, as .we w~n~, a.pcJsyvay mqr~ ~GI.ter than w.s: vyant. 

.... We l:lG~.ve ]J~d .~ great deal of flooding. We have lost 80 acr~:Js of m:hne hay meadow .... 

. Plea:;;e cjo nothnplernent this Tier 2".· Ms. Barlow states: "~In 2003.,a larg~ reseryoir a1?9.ve 

r:ny .PWPJrtY contained CBM water, upper flowed and f1o9ded th~< bp'!;to:r,r.lland. of r,ny 

property for three months ...... The carpet ofnativegrass W{t§,fep+acecl for theflrst t]1ree 

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

;~J.tme2008 they .dumped water at 102to 136 cubic feet per secoml. .. ~ D~Q likes to s~y ... 

,M/ea.re not concerned with quantity. We're only concerned;wi,th quality~State engipeer 

p~ys we aren't concerned with quality, we're only concerned with quantity, .. And I'm 

. g~tting . th~ n,maround and I don't like .. it". These statemepts :confiriiJ Dr. Munn '.s 

observation "In many cases, you're are gQil),g from ephemeral to a perennjaJ f1owing 

system". 

Landowners who don't have to deal with qarn~ge by flooding are quite positi;ve, :Mr. ,Brug 

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

these in~tances I wouldn't be a(>le to use mme water"; Mr~ Litton .observes.: ."We've got 

f{ight:mil~s. of bottomlands, ·which we hayed at one time. We cl9:fl.:;t any.111ore. But it. has 

s.ome. methane water running the length of it, and spreads out for so.rne pl~ce~.a qu~:~.rter of 

a mile wide. And yet over this past .seven years that we'vr;, been letting water qn ;there, we 

still se.e no signs of salt showing up. Ju~t a point ofthe quality of water that we have". 

Ms. Faye Mackey testifie.s: "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 

beneficially for our BvestockJ .wi-ldlife habita~, irriga.t.ion,. and even some. P.9m.estic water . 

... There is no waste of water here .... This water, and my ability to dir,ect its use ()n my 

ranch, is essential to my current agriculture operation .... There's no one-size-fits-all 

solution. We, as ranchers, kpow our soil .types. We look at whether we can 1rrigate 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 times thicker with CBM 

produced water than without the appUcation of this water. Mr. Eitel's opinion: "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 variabWties 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 us negotiate 

with industry on our ranches, but, boy, keep your oversight, too, on your rilles". 

Experts' Opinion. Several landowners clearly have suffered flood damage by unmanaged 

releases of CBM water and Iiot recognizing the duration and volume of CBM waters to 

be received. AlthOugh these issues are serious,' 'they can be. resolved by proper 

engineering of CBM water release infrastructure and by developing management plans 

for the use of CBMwater 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 variability of their ranches. 

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

· Bureau of Land Management forecasts 5'1 ;oo('J'wells in the Powder River Basin operating 

and producing gas and water by'20tO. These 51,000 wells are expected to produce nearly 

700 million' gallons of CBM water p'er dayB. These water 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 general agreementthat beneficial 

use· of marginal waters for' irriga:tion is possible if principles and strategies of salinity . 

management are considered at on-farm and project~levels (Ayers and Westcot, 1994; 

Rhoades, 1999; Tanji, 1997). Mr. Harvey has presented some nice examples how 

marg1ria:l water din he i:n'ade productive in Wy6ming on manage'd irrigated ·Ja.nds. 
_,!.• :f 

8 Petition 05-3102 before Wyoming Environmental Quality Council by the Wyoming Outdoor Council. 
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, .. "The .most beneficial use oL.CBM .. waters .. can, ... only be.-realized .. by. managed irrigation 

:taldng into account both the qU;?l;Jjty,, Wld quantity of the p;rqdu.c~!'i, w~:~tei:~·., M£m:~:~ged 

~rrtga,tion n~eeds to b,alance,JlJ!iu<eiJJ?PlY. .Jr,c,>g+,.)he C.BM V)!.ells.: with. .th(frCrgp;_.,yy~ater 

_, _requirements during th~ yyar. talc~g; :intQ. :acco}Jnt quality and: q:u~;~r:lt~ty ,oftbe) pJpduced 

waters. This will be a great challenge for engineers in the petroleum jndustry, 

landowners, soil and water resource consultants, researchers at the Unjversity of 

V{yoming, and regulators at D:SQ.):]:o)¥y:yer., th~ hearings have .sh9Wl1that a l~rgepgol of 

de.dicat.ed professionals i~. rel}dY )o face th}s ,challenge. Give:tl the, broad rZ~.nge of 

_ .. experiences with existing usepf pro,duced waters in Wyoming, progress with irrigation 

111~11?1-gement plans and regulations . .s~ou)dn 't take too long. 

(. 
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5. EXPERT SCIENTIFIC OPINlONS 

Iri Chapter 2 expert scientific opinions are request~d 'bn two qu~stions A and B. In this 

chapter we will respond to these questions and fonnulate a short opinion on the way 

· forw·ardthat we cohsider relevant for the policy contained in·Chaptei"l~ Section 20 ofthe 

AUPP. 

Question A.: Whether the: Tier 2 methodology as set forth in Appel1dix 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 production. 

Scientific Expert Opinion A. The Tier 2 methodology as set forth in Appendix 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· belief 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 

ofthe 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 irrigation 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 provid~s, a uniform testing.prooedure that is:r.e.asonably accurate 

ang 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 supporLth.e, establishment of effluent ]im~~s: for ·.discharge 

, .,~: perrnHs in a given drainage that will.not cause a measurab1e .decrease in crop 

production. 

Scientific Expert Opinion B. The method· set forth; :in Appendix H ~~ction .. c(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 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 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. 

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 

scienc.e literature how an accurate soil salinity map can be made without spending 

too much. 

Scientific Expert Opinion on Way ForYJ1ard. 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 strict 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 Irrigation Waiver will deal with the issue of. 

water quantity. Given the large scale on which CBM wateds 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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·:i .DEPOSITION 
E~HIBIT 

1"1 .~ 

··J, Purpose 

AGRICULTURAL U~:E PRO'J'~CTIOl'tPPLlCf1 
r 

(Chapter 1, Section ~0) .,. 

} .' fl/. 

Ali surface waters in Wyomi~g are protected to some extent for agricuit{rraf use~_t,.\<'i· '_. 
"Agricultural uses" are described in Chapter 1, Section 3 as being either stock watering or 
irrigation. The standard that applies to the protection of these uses is contained in Chapter 1, 
Section 20 which states: 

'; '·.:::£: ' 

Section 20. Agricultural Water:Supply. All Wyoming surjace:1;ll,_ater,s.;)1}
1
hic(l hpf the 

natural-water quality potential for use as an agricultural watersupp!y shall be ._ 
maintained at a quality which allows continued use of such waters for q.gri9zdtural 
purposes. 

DegradatiO)J of such waters shall not be of such qn extent to pause- a me_asurable 
decrease in crop or livestock production. . . '-

Unless othen1'ise denionstrated, all Wyoming swface waters have the natural water 
quqlity potemtialfor use as an agricultural water supply. 

. . 

All:;water qtfality standards are established for tvvo reasons. The first is to provid~ a 
,.!Jenchmar~ 'l,gainst which a determination can be made as to whether a\vaterpody is iffi.paired 

. , -__ and requires. some kind of corrective action. The second is to provide a·basis for-establishing 
permit limits on regulated activities (WYPDES & .Section 404 p~JTI!its) ... The purpose of this 
policy is to provide guidelines to be used by the Water Quality n·ivisicm ·when translating the 

. _ I;larrative goals expressed in _the Section 20 standard into appropri,ate WYPDES permit limits 
where maintaining agricultural use of the receiving waters is an issue.· 

, .P' 

Agricultural u,se of surface water is an opportunistic endeavor. The varyinggse~ .CJ.s well as 
the different qualities ofthe water found inthe state are n;mny aqd the :farming and ranching 
industries have always had to make do with what water is available. The goaLexpressed in 
the Section 20 standard is simply to maintain surface ~ater quality at a l~ve! tqat will 
continue to support the local.agricultural uses that hav~9eveloped 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 concentr~tiop_. ~nd ,c,!;~W'l,!cal: _mak~up of 
dissolved solids. Because oflocal differences in crop types, soil types and natural Water 

I This policy was finalized in August, 2006 in conjunction with the Triennial Review ofthe Chapter 1 surface water 
standards, 'A modi:fled version ofthis policy is under consideration by the Wyoming Environmental-Quality 
Council for adoption as an appendix to the Chapter·] rules. Until a final decision is rendered on that rulemaking, 
the provisions of this policy remain in effect for establishing effluent limits on discharge§.-that may affect 
agricultural uses. The only exception is that the formula for calculating SAR limits has been updated to be SAR < 
(EC dsiM X 6.67)- 3.33. 
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qualit and availability; it'isri't p'ossible to establish shnple numeric criteria for pollutants 
·' ·~§ucH''as TDS and SAR that will alloW ah' 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 watering uses, it is somewhat less complicated because there are fewer variables to 
consider. · : · ' · · ·· · 

"Measurable Decrease" 

The firstpart oftransliting the standard is defming what is meant by "measurable decrease 
in crop' or 'livestock producticYn". The phrase implies that there is a pre-existing agricultural 
use of a stream or drainage prior to an application for a WYPDES 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, or a suhstimt1al acreage of naturally sub-irrigated 
pasture within a stream floodplain. Where neither oJthese· conditions exist;- there can be no 
irrigation use, nor loss in crop production attributable to water quality . 

. · -:: 

Where there are pre-existing agticulfural uses, it may often be ini.possib'le to measure a loss 
in crops or livestock that can be attributed to water quality because of the many other factors 
thatwiii af:fect'hctuaf prodGctiori. Ifis' iil~o lrriporlahfto oe ableti:rpredichhe probability of a 

•. 1rt~asu:rabH{d6creas'e: :iri:pt6dlicti oWrathei~Han, reiying's'O'lely ·on ·afte:r.:rn e"-fact\ measurements. 
". THfref6?~,?ffi.~qriiP.1:6meiiiaflon. ofthi:?'nartativ''(ci~terra through 'WYPDES·;pef'i1ili'fs:wiW ·always 

· ·invd1fe')li*~ingt6~sBy,a'?f€·]utrgHle'tits}U.d~~~~u@P~iof1s~·~·,:r:~~· . ''"·· · ~-- '. ~'ut;:, :, · ... ,-. 

·Effluent lhnlis mfhisto_H&a~chfu'ges dfpfCfdticed ~water Will not.be affected by-this policy in 
relation to the protedron' oragriCufhlraH.is'ei where discharges 'ha.ve beetroccu:rring for 
many years, the perm~tt;ed quality of those discharges shall be considered to be "background" 

.. c6nciiti'dils; and be fully protective of the agricultural uses that have develop.ed around them . 
. ti:i~refore;' it is ·nbfli'ecessary to modify those discharges' iii ofdefto achieve the; goal~of "no 
measurable decrb~se'; in crop or livest6ck'prbdriction;' It wm:dd only b~ nec~ssary to• 
m~iniatH)th& existitfg·ql.hi'lity·O'rthe d1scharge:' ·'It is impdnant to 'n'ote; 'however, that effluent 
limits on hiStoric discharges may be rriade where the. quality of the discharge is shown to 
constitute a hazard to humans, livestock or wildlife. 

~ ~ : .. ' ·. ,... . ~ { . 

' ' I , : ! ' ~. ,' I j 

The basic concept in protecting a livestock watering use is to ensure that water quality is not 
acutely, toxic to. livestock or does not cqntain pollutants in concentrations that would affect 
growth or reproduction. There are basic effluent limitatiCni.s provided in the, WYPDES , 
:permit regulations: (Chapter 2 of the .Wate1: Quality Rules andRegulations)Jhatare intended 
to ensure tbatthe'waier' is safe fodivestockt6 dri1lk:. TRese limits are: ·' ' 
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5000 mg!LTDS:;· 
3000 mg/L Su1f1lte; 
2000 mg/1 ·Chloride; 

and each must be achieved at the end-of-pipe;prior to mixing with the receiving -~~ream. In 
addition to the basic effluent limitations the following limits for livestock prQtecti()n ·may be 
incorporated into WYPDES permits when there is reason to believe they may be associated 
with a discharge: 

Selenium 
Fluoride 
Arsenic 
Copper 
Cadmium 
Boron 
Chromium 
Lead 
Mercury 
Zinc 

Livestock watering waver 

50 llgiL 
4000 llg/L 

20 llgiL 
500 llgiL 

?0-!lgi.L 
5000 llg/L 
1000 llgiL 

100 11g/L 
10 llgiL 

2500 llgiL 

Total Recoverable 
Dissolv«d .. 

Total Recoverable 
Dissolved 
Dissolved 
Dissolved 
Dissolved 
Dissolved. 
Pis solved 
Dissolved 

An exception to the limhs above may be made whenev~r the background water quality of the 
receiving water is worse than the value listed for the associated pollJ:~,t.EJ.I;It or.yvl;l~nJhe 
livestock producer requests use of the water and thereby accepts anY"'potential risk to his 
livestock. 

Ill. Irrigation · 

The interpretation of the Section· 20 standard for irrigation ·is more cmn..plex t]:lan 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 a,nd 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 pr()duction will 
not be diminished as a result ofthe lowering of water quality. 

The ,basic water quality parameters of conc.ernin 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 ofirrigation Uses. 
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Implementation of the Section 20 standard through the WYPDES permitting program 
involves a sequence of decisions based upon the)arhount·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 techniques;· ifcould not· affect crop production on that 

··field; For the purposes of this policy;· i:tHgated lands include the' following: 

1. Artificially Irrigated Lands: Artificially irrigated 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 m:echimism intended to ·divert water from a stream channel for 
application on iadjacentlands. .. :'· 

2. Naturally Irrigated Lands: NaturallY:irrigated lands are areas ofland along stream 
channels that have enh!mced vegetative production due• to peniodic 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 geometry rprO'vloes for enhancecf productivity of agriculturally significant plants. 
Naturally irrigated lands may be identified by an evaluation ofinfra-red aerial 
photography, surficial' 1ge6logic maps; wetland mapping, landowner testimony or any 
combination ofthat information. 

Appropriate effluent limits for EC and SAR will be calculated and applied to WYPDES 
discharge permits in: all instances,where·the'prqduced w'ateri.disch:arge may,reach·any 
'arfifibiall)dff-ighted land~/ : .. . '!'): ,: ' ! > ' ' ' ' . ( ' / ; ' . ' ; j '.J ! . 'I 

EC and SAR limits will also be applied to WYPDES permits where the producedJWater 
discharge may reach stream segments containing sufficient acreage of naturally irrigated 
land to be considered agriculturally significant. In general, stream segm~nts~ScOJltain.i.Il.g 
single parcels of naturally irrigated land greater than 20 acres in size or multiple parcels 

·. in near pi:oxiinity-that total mote· than· 2.0 acres ·shall:be-considered .agricul~rally 
significant: In ·making :this estimation, sman drainage ·bottoms may be excluded. from 

.. I • eorisidetationi ·. Twd'specific -criteria which;rmiy be used:to: exclude··landsinclude la.ck of a 
petsistenractive chaimel and unconso1idated rfloodplain deposits which are generally less 

. ·thari'50feenrrwidth.:'fi! ~ <·::., j·v : ~ c; '; -~ f'.'; " ~· ; ;r· :~ i: . ,. " 

If there are no pre-existing diversions within reach of a discharge or if the water will be 
imp'ounded or managed so as-notto reach·a diversion during the irrigation season, there 
would be no potential to adversely affect crop production.-· Likewise, ifthere are no 
agriculturally significant, naturally irrigated 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 a minimum amount of data that must be collected in every circumstance in order 
to .identify existing irrigation uses and to appropriately set effluent limits on discharges 
that may, affect those uses ... j\dditjonal :information that is beyond the minimum 
requirements can also be considered to fine tune the permitting decisions in a way that 
best addresses the various interests for .the watet. 

At a minimum the following information must be obtained: 

• Location(s) ofirrigation diversions and/or naturally irrigated acreage; 
• -Crops grown under irrigation; ~ 

• Published tolerance values forthe most sensitive crop; 
• Season· of use 
• Description oflrrigation Practices 

C. Establishing Effluent Limits 

A 3-tiered decision making process wil1 :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/orthe discharge water quality is relatively 
good. Tier 2 refers to a process whereby the default limits may be refim~d to equal 
backgrou:qd water ·quaHty 'conditions ·and is intended to be used in situations where the 

· backgr'ound EC and SAR is worse than the eff11fent quality. ·As .a final measure, Tier 3 
applies where background EC and SAR :is better than the effluent quality. The purpose 
ofa'Tier 3 analysis is to provide sufficient justification to establish effluent limits that are 
of a lower quality than the pre-dischargebcickgrouhd conditions. Under Tier 3, effluent 
limits may be established based upon local ~ite conditions and :Jrrigation practices to a 
leve1 that can be demonstrated to caus'e nb harm to the existing irrigation uses. 

~ . . 

1. Tier 1 -Default EC and SARlii:nits 

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 published s6il EC tolerance values for the most sensitive 
crop and shall be calculated ;as· follows:· 

. ' 

a. Default EC limits wi11 be based upon 100 percent yield threshold values 
for soil EC reported by the USDA Agricultural Research Service (ARS) 
Salt Tolerance Database. ln 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. 20062
. Agricultural Salinity and Drainage. DANR 

Pub. 3375, Univ. of Calif. Davis; 

(2) Ayers and Westcot. 1985; Water: Quality for. Agriculture. UN 
FAO Irrigation and Drainage Pager.~ 29 (revised); ;'a:nd, 

(3) CPHA. 2002:'; Western Fertilizer HandbOok. 9th Edition. 
Interstate Pub., Inc., Danville, IL. 

. ~ ' 

The relationship·between:soilEC values and irrigation water EC values 
wi11 be: EC (soil) = 1.5 EC (water), i.e:; ,the published soil EC threshold 
obtained from ,the· appropriate refere,nQe·wiU 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 theoretiCa.I-100% yield,' effluent limits 
may -be set to .maintain that higher quality. . . .. 

. b. De~~ult S.AR ;val~,e~,:.w,dj p~ .~~trappi~~~d fro in' th_e Han~9n et al. (2006i 
C4~l§~~ tf'!&¥11f6 ,J:;q£tr;zpb~JIJ:J?~t~,d:}H?2P,·:~_et~~f~H-Hi~:S: y~a~~ejn each 
,circu111;~t~J;l_c~ :"\om ·:19 • ~r~~PSi_!nl.gn, d~f~~JtJ~18~Pf.XO ~ T.~e ef9~~11t limit 

. '} .. ,. 

.... f 

; :.' 

·i 

Jor.:S.AR willp_.e.%~t~I;I11jpe;d)~n. .p,ol).j;yn,ct~~!.f:-,yt)t~,)3C §pJhat t~Y.; 
relation~.l?JJ,J. 9f.:~~A'~)9, _]3C~[~J.1}~~~1:\- ;vv}tWP. th~r~~p.q_re.cl1l.~tjpn)_r:, rate of 
ii.lfi"ltratLo;n~;q,:ql'l;~. p~,.f~gur~J. i>Jpe=rqa;*tmup.;§,b-iR .Jiwtt is;, t1Jerefore, set 
b~Jpw .the)l~~-;~~j).~~~~ng~th<t~:~ngJt~4~8tiqn., iJ;l ra:~epf in:fi}t~a!ion" zone 
frQ»J.: tJ;l~; :~sJ!gh:ht~mPA~;aJ~£E~f!,ycji8n)~ jpJ'Ptr~~~~Jl;' zqne jn t~e Hanson 
et al:. diagr;am,yll}ichj;:;j~m,es~n~,e4 ,qy:th~.follo,wirig eq;uation: SAR < 
( 6.67 x, ?<:) - .~ .3~~~.-!ltJ.1!\-!%t8e n.orecL~lf~t ,S~ values _are tied to the EC 
concentration and might need to be adjusted to correlate to the actual EC 
concentration rather:than;thetheoretical ;maximum . 

. . ; ,,. Use of11he Han~pn,diagramto ~~tEapolate d~ff!.Hlti~:ffluent limits for SAR 
is, qappe,d~~at a 1)1aximu.m. ~i,\.R of 1 Q tp minimize the potential for sodium 

J:>u.ilcht~P in poorly drain_.~~( ~9)~s. T:h~~ lp, $AR.~ap is only intended to 
apply when utilizing the default proc;.edure and may be modified 
according to the provisions 6{ s~cti~n cj "R~fining EC and SAR 
Limits", described below; 

~This reference has been-updated to thec2006 version of the Agricultural· Salinity: and Drainage Manual from the 
previously cited. 1999 versio.n ·. . .. • . 
3 This Formula has been updated fro~ thy previo1-Jsly use9 SAR<; (Ec; dsMX 7.10)::- 2.48 in accordance with the 
2006 Salinity and Drainage Manual. '· ' · · ·" · · ·· · · · ·! ·· ·• ,. 
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c. At a 1}1i11imUin, the E9 and Sfill. 1i.mits will ~pply during the irrigation 
se~son and when flows are suffjcientto support the use. On sub-irrigated 
lands an.d passively irrigated lands S1Jch as those umler spreader dike 
systems,the irrigation seaSOJ?. s4all gen.~ralJy be considered to be year­
round. 

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

Establishing EC and SAR limits ·based si~ply on the ·most se11sitive crop is the 
most stringent approach and WOlJld be prote~tiye of the irri_gf!:tion use in all 
circumstances. It may be possible to refine those values if additional information 
is avai_lable showing that less stringent effluent limits would be adequately 
protective.. This type Of showing can be made by demonstrating that background 
water quality .conditions are of a lower quality than ·the default values or by 
demonstrating that because oflocal soil conditions and irrigation practices there 
would .be no harm to crop production from less stringent EC and SAR limits. 

a. Tier 2- Background Water Qualitv 

If sufficient data is available to demonstrate or calculate .that the pre-existing 
background w'ater quality at the .point(s) of diversion is worse than the effluent 
quality, EC and SAR effluent limits may be basectupoii. those background 
conditions rather thi:m tolerance values for the Iilost sensitive crop. 

\ _, - .. - -. 

(1). Measured Data: Background water quality may be established based 
upon pub~ished pre-discharge historic data. Generally, this data only exists 
on larger, perennial, mainstem str~am charinels where historic gauging has 
taken p~ace._ Actual measured data is the most r~liable 1-ri.eans of establishing 
backgroi.md and mustbe,cousidered on those waters where it is available. 

(2). Cal~ulated Background: On intermittent aria ephemeral stream 
channels, pre-qischarge water quality data is usually scarce or non-existent 
and very difficult to collect. In these circumstances, background water quality 
Qan be ysfim'ated 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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irrigated segment and select sample sites randomly within each terrain zone. 
For exainple;·the chan~el bottom may constitute one terrain zone, the first 
small terrace above tli~ chartnelbottotn ma)ibe another terrain zone, and the 
adjacent meadow or field may be a single remainii'1g'terrain zone, or that 
meadow l field· may· actUally be ·comprised '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 idehtifi'ed terrain zones (based on 

·-' z<;me area) within 'a coTI.tiguous· irrigated segment: 
' ' ~ ,.. ; . ; ·: ~ ~-: . ·: ( . ' 

Zone Area . Minimum N:umber ofSain ph~ 'Sites 
....• ,J·. i'•. ,. . ,. ,. . . . . . . . 

0-5 acres 3 

.5 -10'. 5 
, ' I ~·' ,, 

10 +acres 7 

(iii) ·'$ample Cbllecti:ori:' s~rilpi'fsit6s' mii~fbe located a minimum .of so feet 

. . ,.-_, ~;P*_::ff~ip~~ne .. ~?,!hf~·,,g~cb.,'~~.w.r.!~.A~~ ~h.~li b~ s~wp_t~d at a minimum of 
- · ._. _; . ~~9Nf:.~~~~hr~~;q;;,}~i~~~"~:-_2,~~~/?,';3 .. ~7;;t~~~:~;,~~f-~l.f~};~~',iF'present within the 

terram zone, eacn sample site Withm that tetram zone must be sampled at a 
t9tal of() d~pths(E~;tthe above-noted dep~~~' plus 49:-60" and 61-72"). Each 

. ;;f' '• .-,, , ., •: · , J • >-, '!./ , .. ·· · . 1 • •. I . . -t • . '•,. '',• '.' 1j 

.. . , .-t?~m~~~J~~r~b s~mB~,mR~~; ~~~~~1?'~f-~1:~!t8.~r: !nRh'i1~~H?' or combined 
. . . -(9WW~~~t~e19! :~?,~? ?7Rtf,-:9?~eJ,R9,~~~pg ,d~pt~. ~~~ple~. from the ot~er sampl ~ 

.. P,J~e~. ~~~h,~p ,.!l),~r~~l}.le ,tc;rr.~Nl?~s>n~. (~;i~·~-·~r g~q~ 1 ~:: ~~tn£!9~. ,from a given terram 
·' · · ·_· t(:>rie oi.illced'to'ge~h~tart<fana:Iyzecr as 'tt S,iiigle compOsite)ample). 

-· ,· 

·"' ~ ! : . ; _,> • ' • :' ',': • ,' -

Ov)_ .s~pl~ f\nalx~.i§: ~t a rrHrim~m~. ~-slitura~~~ paste extract for each 
samj:He.shall be aiialyzea for EC. -Though· not necessary for the estimation of ..... ·~~~ .·. , ...... ~ ........... ~f'·::··1 · ···:·_.,....-!: ... ·)' ~·-n ··~ ·····. ·r· 
badq~round'water 'conductivit)i, 'it'is''aav!~ab:Ieto also"ahalyze the soil 

• • • , • • • • I t·· I 1 ~ , o;' • ., r' 

. s;iinples for pH, SAR, soil textUre 'Enid exd1angeable sodium percentage (ESP) 
;.:~ ..... •.:;:, .-tr ,. ·; t.·.·; ~-~-~·_i!·-:-. 1 r'<Jf!r'-:-·· .J(-~ ~~ •• ,.tr·:rl·')-:--. ~;r> r•:·: 
' to 'avoid having to diiplicatetne~ samplirig'lftne.:r~sults 'indicate that a "no 

harm analysis" (item b. belo11~ needs. to be' completed: Percent organic matter 
. sn~lJb,e,an~Jyzed in tp~_surface 0-_12 inch sample~ only. In addition, analyses 
. '. to ,fd~n,t~:fY 'ih,e clay ml.neralogy t)ipes present i'n the soils may also be 

warranted. ·· 

,., 

60 



--------------- -~------------------------------
---~------..J ___ ,:--~1-~---.-----=~ 

Figure 1 

_,-., 

0:: 25 <( 
(f) 
'--"" 

0 
:.p 
ro 

0:: 20 
c 
0 

-+-' 
0.. 
l-

0 15 (/) 

'U 
<( 

E 
::J 
'U 1o·-
0 

(f) 

0 0.5 

Severe Reduction 
in Infiltration 

1 1.5 

Hanson Chart 

2 2.5 3 

Slightto Moderate · 
Reduction in Infiltration 

--
"· .. · 

. '-. ·::-~·-·-. 

.. : .... ~ '. ..i; ~-. .-~· .... ~ .. 

3.5 4 . 4.5 5 

EC of Irrigation Water (dS/m) (Ref Hanson et.al., 2006) 



~: 

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

i. A ·map or diagram identifying where each ofthe:sofl sample 
sites Y{ere located. At a minimum, the map or diagram must show 
the basic 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 
irrigai.~d acreage (including downstream irrigated-areas) and 
sectio"n I township I range identification. This map_inust also show 
any &\Hneated terrain zones, plus elevations ofthe-ter~clin zones; 

ii. An accompanying location table which includes the quarter I 
quarter, section, township, range, and latitude I longitude for each 
sample site; 

iii. Summary data table showing the analytical results 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 ofEC and SAR on crop productionarcLvariable based upon soil 
type arid chemistry and may be mitigated to some ext~fit -by managing irrigation 
practices. EC and SAR effluent limits may also he established based upon a 
sCientifically defensible site specific study that examiifesJocal soil charaCteristics, 
natural water quality, expected crop yield, irrigation prac:t1ces and/or any other 
relevant factor related to crop production. · ~€ 

Because of the very site-specific nature ofthis approach and the number and 
complexity of variables that may need to be considered, it is not very useful to 
specify any-particular type of analysis in this policy. When taking this approach, 
however, 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. Thifapproach 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 c'annot be precisely measured or 
modeled. 
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c. Irrigation Waiver 

An ex.c:,eption to EC or SAR limits established under the Tier 1, 2 or Jprocedures 
may be made when affected landowners request use of the water and thereby 
acceptany potential risk to crop production on their lands. Irrigation waivers will 
only b~ granted in association with an irrigation management plan that provides 

·reasonable !:\_Ssurance that the lower qu~lity water will be confined to the targeted 
lands. 

d. Reasonable Access Reguirement 

The procedure for establishing default EC and SARlimits is intended to provide 
the ability to per~it the discharge of high quality water without an ob,ligation to 
conduct site specific studies. In practice, the use of the defall-lt proe:e9ure will 
only apply where permitted discharges are ~f exceptionally high,cpi<tJicy:;,Jn many 
applications, appropriate limits for EC and SAR will have to be based on:refined 
procedures rather than default. Because the refined procedures' require the · 
acquisition of site-specific data, it is necessary that permit applicants and/or the 
DEQ have reasonable access to obtain th~ require9informa,!ion. In,· 
circumstances where a landowner chooses to deny access for tiie'purpose of 
developing a Section 20 analysis, .EC and SAR limits will be based upon the best 
information that can be reasonably obtained and may be less stringent than Tier 1 
default limits. ·· ·· .. ,,,;. · 

., =·.\··· 

WJD/7-0156.DOC 
revised 11/20/2008 
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1i -------------.. ·-·- ---~~-~-----~-~--·~----~~ .-SrERVlCES CQ;N'J;\RA.,{:;T Bl!tTWEEN · ·· · · · -------- ·---.. ·-- --····-~ ---- .. -·-. -· 
. -WYOM'W:l.G .D$iJ>AR!JY.liE+WT''0W' ENV):11~~0N.M\BN.T:4L ~QJJ~ITY AND 

J;A.;N lV,L. ;a., ,;B:ENJJlUCJ.):'X ANP B.R.TJCEETICH.ANAN 

1. . l~al'.ti~s. ·'Th~ partis::s to this .Cont.t:ag:t ~re th~ Wy.omir,tg Departmen:t of 
Enviro:n:m.ental Q.ua~1tY [D.EQ~; whos~ ·aodn~~l> is~ 12~ W e,s:t 2\5:tb $tv.e.et,, 4 Vil'es.t; -Gheye.nne. VITY 
8Z0.:o2 Jtn~ j:an M .. B.. }l¢nd.#o'kx :P:P,,p,~ Jl:ro;fes,sor q.f.kJY:Pl~ql-.o:g~., w.h~se ~p~dr~s:s i-s Dlt)pmtrnent of 
Em;t.h ~ :E'JJ.V;h·o.nrn~m.t~l So.l~~'l.9e, ')New ~x;ico hrstitute -of Jx4hring and 'I.e,ohnO.hrgy, S.0oon;o~ NM 
~87;$,·0·}; ·~;n.d J?ru~e !IB.C.l$hamam.of:.Budhanan :Obmiulta:tit~, Ltcl-.. 1 Wh.a:s.e a:d&tess is :P.O. ,:B:o:x. 2SA9, 
:FartTJ.i.~lgton):XIM 874BJ.§..:2ffi'49 .. Het.einaftet. J).r,. tl~ndf.iq'k:x. J:lno DJ ... B.:t+¢htin~m sh~ll b:e .n~fexr.e.d to 
jointly ana sev:er£\11)1 'as '!ContJ.ia.otot. '' 

2. :Btnrpos:e :of Dontra.ct,_Th~ 'PW1H?.S,~ :qf ~}·J1s {:;iql.1~mtet i~ ip 'Syt fqrth 'the t~nlrs ,and 
,,o:QnditiQi'J;S 'b.~l Wh.l~b $h.~ . :QpJ,1traptq,I: =sha11 'P,J!~ryt~~ f,\Jttn!ilJI elfwiiicati0n cO~ the repcrt entitled 
.:~:~.B.xp~~rt ~Sci.~r::tti:fic Q.pi:nJp:lJ -pn the Tier~~ 'JM,etb:0.dol0gy'' and :dls.cuss in .more detail the DEQ 
p~nnj~ing pr<J.m~atlil ,f;l.s ·it pertains to agtiou1tuta1 use protection. The Contractor shall pr:oyide. 
g~:@:;vi9e t0 .D;BQ as t0 whether ai'lo l1ow the :finding~ and .re.c.omrnen:daJi.G>ns in the expert .rt)pl'ni 
may~be :t:tse.d ;to;:r.e.Y.ise. DBQ; s:t\p}.iro.aQb"to.p..er.rr.iittin;g swrf;}\p-y .Cli$,Qh§tges _qf p,to:~l'uP.eQ 'W~ter. 

3.. Tel~nl ,of eontHac:Lan:d.Reg:uire'd Ap;:p·J'OV•als. This Qqntnwtis-eff'9lqtiv.e W:h¥~1 :al1 
_p$.t'ti~s have ¢i:egxt\¢tl:1L~:n.d';~t.I r~q:t:J;i,r~·~:~pp:r;py~l,-~ 1i~¥el:r~~P.·gt!ap;t.~¥1-:[E.ffect.~ve]::iate.)J. The term 
t>f:the:· Q¢/4'tr~~t is fi.;%'>J:P.. 'J.pu,e it~; ~AQ9 ~t\1i:o:qgp J~ly 'll., :2!0:09, .Atl sen/ices ~shall ·he :c.0nipleted 
Q-uf:$:qg:th~s·'tet:m,.. 

iBy ~law, -contracts for Jin:oi'essiena1 1.dt •.other ·s·ervices must b.e approved by the .AttoJ.Il~~ 
Genena;1 ·an:d the P.ro.Cl;ltem:ent :S'ervices Dis'lsion of th.e Dep:artm~nt ·· o.f Ad!Tiinistratiqn and 
Information, Vi/yo. :Stat. ;§ 9·J-4Q3:(b1(\t), ·-and ·a}1 ,qQl.}tl~a~~S fo;r serviqes :CO.$tigg QVer ·Ol').e tho.:usatid 
five hutrdr.ed dollars C$:'l,'~·oo.:OO) m1;1st :P~ -approv~d by the G.ov.ernor pr his 'cl~signe.e .as ·v.vell, 
Wyq, S:t.~t. ~ 9~Q.-4-Ql9{~o.G1v).. .. 

·4,. P-a¥-ment. Tlxe PE.Q :~gr.eys to pay C0ntraoter for the serv:ioe.s ·des~~;ibe<;l in 
i}.tt9:oll;ment A 'w~).i:QJn is ;?-ttach.e.d ,arrd ·matle ·a p.att ·of th1s eonlta:oL T.bfus is ;a ·unit p.ri9e QO)J;tract 
'~nd pf!.:y;t:R~J.Jt shE¥U 'b.e based ;0:fi a.Gtu<H .hour's worked at ·a TBJe .of on~ J.ImJ.dt~.d fifty ·dollars 
.(!lll5'fLOO):::Per hour W0.1'kRl:d, hty,tnaV:el reqiiired by the Gontraot.ox shatl he r:eJ.m'Pur:~e'd at a :J:'~te of 
:sevent)i-•ft:\(e o011ats ($751.00] per hour :tnrv,el~d plus the :State :ofWyoming -rate f0r mtlea;ge ancl 
actual e~penses for lo,d:ging, m.~al.s £).11~ ~;J.i.if?J.r..e P~tSllAflt 't0 Wyo .. stat. § 9-3~ t02 an:d 9-3-103. The 
:tO't.alpay.lnent xlt!.derthi~ Contr~c.tshall.npt ex.Q~ecl fdte.en t:b;o;usand dollars ($15~00GJ..OO). 

Funding for this Contrac.t is provided b)' the Wl."PDES Fee Pro,gram. 

5. Resp.onsibilitles ·_ofContra:c.tor. Th.e services to he·p.roN'i:ded by .Contractor ;ewe 
=described in At~:ac1urrent A_, :S:eop.e 0fWotk, vthicb :is .. _,ci:ttaohed :and 1rrade .. a part o.f this Contract. 

A. Limitation -of Pay:rnerrts. The DEQ1s .obligation tGl pa:y the Contractor f0r 
se)n!ices rende1'eo p"Qrs:u~nt to t)Jis Corttr!J.C.t is conditioned up.Ol1 the availability of State or federal 

- -
.Se~;J!ii?as £DJIIl:ao(bat\\;~eJI Jf~VO!Jii11g .Q_e.JJ!Il'/111~!11 ·o/EIIl;ii'OIIIII.eiJ(G]· Q!.IIJiiO' (lJJd 
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-----~ ·---.. .,.~ go:-~P.:ifuR~t ~~;rd's which· a1;e a110catelft :t0 ;'JDil:Y ~h.~ O.olrttMt.ot;- lf funds ::~n;e m~t ~a}lQ~at~.cl anal-.. ~~-~-.. -
ny~j1~'b1~ foT the TXE'Q to :pa~' "the :e:orttract0J £gt th,~se ~r?rNLio.e~; ~tl.w PEQ .m~y .terminate thls 
'Contract ·at the ~nd of.tlW]ler!oi;] '.fpt yil[ich :t}J:e-·:IJ;u:J,d.s .a~e ~Y:~ila'ble. 

'The PBQ :shall ·notif,y Co;rx!;:r~aotm· .at the .GJa:d1e.st ,pQ,S:Sible .time iffbis C.on.tr.act wHl ·or rnay 
"Q~ !J.:f.{(;,qtt;l:a b.y a shortage .of funds.: ·No liability shall ·.aocnw to .tlte DEQ in tbe event tl1is 
pr,o:v~sif!},P is ;exercised,) :and the DE:Q shall J');Qt b.e obligat@d PJ lia:b.l~ ·:fliJJ' :an~ $uttn~e :paym.ent~ due 
:IDr ·'fer :anw danxa.:ge.s ·as >& :r~su.1t of "le.lml1.1-YJ.t~qn u~~4er ·thi:s :secti.<Dp.. This ;:p,.r.ovisi:on shall n.oi :be 
'.Cs!i.hslw.weGJ s:o a!i\ .• ·.t:o p~r.m;t.t th¢. l:PEQ tP't~r,r;n:~p:ate::this Oontrac1·~ih .ot(l:er to ac~ui11e shnila·)' s~rvic~s 
fton;i;~m:oth9t·;p,~rt.y. · 

J),, M.onttor Acti¥itles. Th.eDRQ slwJl.b~'-\'te lhe right to .mq.P.itor al1 Cgntraot 
tel~iii~tJ ·~~}iytties -of the :C.a.J:i.tuaot0r and :atl =:s:db.P..~.P:tt~ot~r,s. T4is :S:ha}l :l~glV,.g~, h11t n.oi b:e 11tnfteol 
·to., th.~ J'tght t~D make site 'inspeJetiqns -at •a,n.y ·fi:m.e, to 1l.rin.g ~x:perts ;a!').d c~ns~1tan:ts on site to 
examine ·;or ;eyaluate ;¢ompl¢tC:.G :W9.JX qi· :Vi'tll~k i:n p.J.pgr:e~s~ ~:~n€1 t0 0bserv.e all Gontractor 
:petson:ne-1 in 'e.Y,en~7 p1J.a.$.e-.of :p.e.tfp.:rrn~n'J.~.v. ,qf ;c_o.l}~.P~Ct1'elated w0tk. 

·c, N.!=p:rGl1s~r~n1ination. The .Contr:actQ1: shall oompi.y ·with t:he C1vi1 JMgbts 
A~t .qf ~9..64, th~ ·wyp;m.ilJ;g :Fair Employ:rm:ent :Practices A.ot (Wyo. Stat. § 27--9,.1'0$ et s~q.), the 
Anwr:i:c~ns "With DisabiHti·es Act ::~ADA;)J 42 U.S .. -C. 1<2.1'01:0., et :s~q: ... > .lil,lld 'tl:te Age· Discri1l'linatiot1 
Apt qf l97}. · The ·Centractoi :§ha11 rt·ot o!sorim.,lnate ·ag~ip'st any 'l.t1div):-dua:1 on-the gro'!;)nds 0f age, 
:sex,, col0r.~. race, :religlG11., ·natiori:al :.oxigitt or :disability in oonnectiep with tbe performance bf the 
.Cotitra.ct. 

U:• No Fi:n(l,.er'·s Fe:~:~J>. 'N.m firrder!s fee, ,e~ploy.ment.DBQ fe.e, :or other .s:uob 
:feeri.l~ted to the prp:cl.lr~n'len;L~Dfthis Contract:sha1:1 b.e pai.clb)' either .par.tD'.· · 

'J. ,Qen.eral Prov:isitms. 

A.. Ame:ndin~mts. /A.Jry .ch?.ng(;!s, modifications, revisions .or ;arnendi::n~rtts to 
1:nts>Cbntraot wllioh.:a:re .rou~lLy -~;gr.~~.a \lpon P~' the ;parti~s to this ,c.ontraoi -sb:all :he incorp.or~t~d 
'hy w,ritten:inst).~uJileat, ~!);~ppte~l aria §i~tr.e9. l~r-~H p1:mt~~1> :te this ~contract. 

~-· . .A:111.erica-ns w.ith 'Dlsabllit.ies Act. The Cpntxacto.r shall :not di.s~ritninate 
aga~nst a q-cyali:tied b.~.dh6Glua1 with :a dlisability ancl ·shall ·yOri1pJy with the Americans with 
P.i:qabi,'J.,itie~ A:G~, P ,L . .101 ,J3:6:, 42 Ll.S.G. 1.2101) et -'ii:eq ... ) ~ai::to/or ~P:Y :pro.p:~t}y pJJomtJlgate.d .rules 
ancl re.gg,lf;l:ticns Telated theret.b.~ - · 

ic. . A,pplicable :Law/Y en.l,ie.. The c;onstnw.tion., int.cmp.retat1oE and 
en..fot6.,ement 0ft'hi's Q.ot.ttJ:f.ao.t -~ha11 b.e gO"llt~n}eq ·by't):re 1~w$ -ofthe State:of'V\1y0ming. The ·Courts 
,mf the Stat:e o.f W_yo~Tifug sh&'H ha¥.e ]ut~qqlptJ;on .~ver th.i.s Contr.aet and the :parties, and the venue 
:s.hall be the Fh·st ju4.i:cta1 Di.stript, J;..;~we,wie O.oun:j:y, Vi1yoming. 

n. As~i;gJ!).~menttContract N:o:t Used as C.ollateraL. N dth~r party -shall .assign 
Gr otb;erw~ise transfer an.y mf the r-igbts ,o:r .. c.\el.e.ga:te an:y of th.~ t'L1;1.ties "$et fort1; in this Contract 
witlwut the pr:isr written .eonse11t 0f the ,o'fher p.a1'ty. The -Contr.~otor ~b.al1 rro.t U1:>e this Gor-ttract) 
or any portion fhere0f, for collateralfol' any ihrancia1 o:'bliga,~ion. 

-.Sem•lpcs Ccmn·act :b~i,wean JJ>)•omlng Depnl'lmew !!TEnviroJ.JmcntrJI QJtality . .CJn.d 
.[q/1 /11..1:[, 'fl~nilkfP!io:"..and B.n.tcec{Jita/ianan 

· :?.r/gc i'pfi · · 
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,f'#"~o· :· :. . 

E.· ··' A:!?!>'l:tmptio:n 9f BJs:k, T.:he ·.C.ontractPr ~haH.'b~.·resp·on$ible for an.y 1o$S of 
,Sl~t.e. or J.~.9:erw f\:lt'l-di·ng1 ·elth:e:r a&min~sttt:atiye or p:r.o:~llm dolhl;l:JZS~ du:e to Cc.>nt~actpr's .failure 'to 
Q'O~pl.-y w:i~b State 0i'f'eCleral.r..equir.~r.n(;;iltS. 'The DBQ .shall·n~ttfy the 0\'>J,1..tr~ctor of any State or 
federaJ determi,t'latiP.J,1 df nonoo.rn..phm40e, 

............... 

Ji\ AuQ:it!Ai<.!P.f;lS$ ·t.lil :Re-.c.otds. P.BQ and .aP,y ·0f'its wp:re<s~nt~tiv~$. sha11 hav.e 
a.Q.Q.el'Jl!l to art§' b9o~·s~ doc:J;unents> papers) an@ ;re.celids. of the 'Co.rJ:ttl:tctorw11iql1 are. p.ertir.wnt to tpjs 
Contre.ct. The Oentraoter shall;; i~diat¢.1y llP<m J:eceiYing w:dttep i1,1strnotf~n :ffqrn DEQ) 
providwto aNy1nd.ep~nderit {t"U.dit(;rr;~··2.w~~9\l,t;);t~t.~ or Stcqpunting .f.Jrm..) :WJ boo.ks., Q:o.cuments.1 paf>e:rs 
~nd TeC(i).rds o..fthe Conti:aqtor wh:lQh f;:t;:e p.¢~1;\h~~tJo th.is Contract. T:ln.e :C®ntractot sha11 co:ope~~ate 
fully with ,any sucb tp;d~peJJClY.n~ a-u,<;lt.tor, .!;1-cc.oJ.'l!Jtaii:t,.pr .acco1Jnm~g fJ.Tl)l<l, •.cl.u.ring. th.e entire c.oll:rse 
(llf,an;p' f:l:t'l.diJ au.t.lw~i.~~d l)y,DE.Q . 

. §i;. Ax~#;:J.b.~iy yf ~u1l.ds... ~a~h. .. pa)'J;n~nt .ohl~gatiP!1 ~- t.l+.~ DE.'Q is 
-9!iln:4tf.i.one;:gl 'tlPW~ the av~i1~1i~Ltt~~--~f-gov;.6i;,m:nenfr.q~ids \y"):iich ate .a,pproptiat~cl or alto:c~~or 
tll.~Jt-?ym.eat··0fluhis obl~ati'bh. !f.funO,s,#r~.:rrQ~. $JQytJ.t~d El'P-~ avai1·~ble f9r tbe co,11iinuano.e oftne ·--c-

--i.~t-i1ice~B p.er.fa,1,i;n¢d }?y;·:th~ 'C.J)nti?.~9t.qJ.·~ th¢· OQl'!:iP.~Gt :~pay 'lre t~J:!n1i1!l'ateGl by the D~Q :at the.. end pf 
the :pedo.iil for ·whtdh th.e f'unds .'~ty av~~~bl.~.. Thy :I)RQ shf!ll ·mrtify tke. C.oJ:itraGitor .at -the ef!;di,~~t 
p,0ssib11i _tit'.b;e pf'tb:j;i: a~IY1.¢-es:·w4t.¢h ~wi.~J qr' JF.a.Y ~b:e affected ·my .. a .shontage of :fu.p,ds. 'Nt~ p.5}fi;a1t§t 
s.1ra11 aoX}.J;l.t:e. t~ th~ . PJJ;Q iA th.(} ·€J¥yf!J tl:ris JllRJvisian :is exetois·e:a-, .. ani( the. BEQ s:b:fiitl n.Qt he 
'o.li11§Bd1e9' .'Ql" Ul2J'b~e 'f.~J :~i1J~ m~re :pa.yJn:efits :due or for 'at1;y dam·a;g¢~· as {!. r.eslilt of t~qrfi'J.'la;ti!;l~ 
'Ql1.d~t tP,J~-I;l~q.t.iQ.:r;,.. ·wl;ftsp1'0Yislbn' .smalU 1:J,tM 'he €onstl.R1Sid ·to :P.~nl;ih 11.1.~ 'Ll.;BQ ·to terminate fh.is 
·Qqp;tr.f:¥?.1 im o.r~-~r t,9 ~c§luite:similar s¢m?ioes.£tom anoth.~r.J:>arcy.: 

Fl. AW.JliJ1,4 Qf ~~l~t.~t:J P€!11otr~~::t&. P.EQ mE\>~' m1dertake .er -award 
su.pple.menta1 Q! s:u:o,o~ssPr :c.:QI).:\1:eypt§ fQ.r \V'Otk 1\el~t:ed tG :th'i-s -:corittaet The Contraotor sh&ll 
co6per.ate ful\Y- with o~);ry~ Pon.tractqr~·'a.n.9 P:SQ in ai:I. such cas.e.s. 

J.. C~rtffj:cate of Ge.od Standing. GontraQtQr sh~ll proyi9,e Q.e,rtif19;1,t~ of 
Qq.o.d "$t,anqin.g verif'ying .compliance with th~ une.tnpLq;y.m:ent in~;t.wan~y .and wo¥l¥ers~ 

cqw,p,e~~~atj:on pr0grams:pri0r tb :P~rfiDil'Iiin~ woik 1Jncl~r thi~ G<:~n.1J(:r¢t. 

J., Comp}:i!l;)JPe w~tl,i L.fl:'£1\, The Qc;mtractqr shall k.eep 1nfotmrtd of aJ>,d 
cG!JJ;p:lq' with all app~1c;a'til.e .f.eideral, ·statfi\ ap.q local lt;~:\V£ and regulations in the p!3J.{ormatlce of 
this Oonttaot. · · 

I~. Co.nf~qe~l:tiali~' an:d Ptt:b1i'city. All doc:un\le;nts, data com,pilatio.ns., 
.;re;pqr,ts, CQJ:IJ.p:t;~Je;r prQgpn');l.s., pho:tqgrapbs~ and ml)' other work pro:vlO.ed to or produoed by the 
Qo~1Jt·~ctwr. :hj tli_e p~.rforq-1:ance ofthis ·Ccintr:-acf shall. he. kept coJxfi:d.e;ntiq1 by the Cop tractor 1.:1111 es? 
writt~P ;p.~1:11'J.:iS1?j;Ql:1 ·is gt~a;nted :'b_y the D.EQ: fm .its·1:elease. Anypp.b'li:p_it_y given t9 the pro-gram. ;cdr. 
s.enr.}oes Pl'c;rvW:e.cl h6r-ein~ ~incl:udin:g, b'l;l:t.no.t 1:4ntteo tQ, :n,9tices.) ~:n.fol.'l1Ml.t,(i)n,, pa111,phlet~) pr.ess 
Tel.eases.l •1;eseard1., r.eports, :;dgns._, ~no /simi:la;t y}fb1t~ n0tic~s p,n~pared [Jy er fer the Co111tr:act.Or) 
shall idenhfy the D.EQ :a.P ih,¢.'s_pon~ori.:n.g ·agt::.n9.~' and 'shall J;l(!Y( :he g;e]:eased wti:ho:ut p;tio;r wrltt~n 
ElJ?Pl'.O"la) :from Jhe.P.EQ.. · · 

Srm•ice,, Co_1Hrac/ 'be!.ll'e~/1. H.~\'f!llliJ.!EdT!ep.ar]JUe/11 pf'fon;•iraiiTJ.lell/IZI Qua lily and 
)OJJ .. M; .H. .'/J.eJ{d,j,'c}¥:rp.nd)JJ:I/G~ Buchf!l/(111 

Paf!e J,of!i 

\-.. 



···--~-·~.~-~-.. ·--.~-. ~. ~-~--···~.-~-.. ~ :t;·--~ D1W.11't¢S:i.'E!em:~:dt~r.:-- :;;ur .&~S11<in;g ~o J~f?·q1y~ :a,py l.cl:i~pJJte .relating to this ~····.-:·· -· · 

"CnntJt:aot,. the. :OlEQ .&.o.~~ :t.ro:t wtr'iY~o'~t$. s0;p~r~±-gp ~~mnu~11w. J\11~' cH~ptite !;:il' dmiJm! arl~i:ng ;o_u.t of 
.qr J.'.¢}a~in~ to this:C~;n:rtn~o.t mf!;-y·b~ ~ssi·~ne& tGJ.'liJ:otJ":bindin.g n:J:edl:atrol.n i~Ji-O;I!J,.:mutual.ag:r.eem~nt of 
th~ p-~!~fi,<;l~S, in :ae~ot:dauo.e \1.\fith ··the Wyomiil;,~ :SU:pnetne :c:out~\s rule$ fo.r alte!,'l.');ative di:s;PJ;lt(!l 
J:i;J.s0lution. The p.arti:es .to th'e ·O.ispu.tr;~ ·tfha'11 :b.¢ar ~th~il' :x·~~pecti:ve oo.~ts for the mediation. The 
ri:grrts a-nd 1~em·edies .ofthe_J?.arti:es pr¢Yide~ for in these clauses are .in addition. te any other tights 
anGf :rertredies pl'OV1d.ed by law Qr l;t\1d~r this ;.Qp.ntnact. 

:Nt. Entire:t.v .at C:on-tiUl'ct. This :Contnmt~ inqluding Att~o'hm~nt A1 oon;~i~:ts pf 
sf!lY.©n (7) ,pi}.g~.s, :repre.s·ents thf;l·:entir.e :atttl ;irtt.~~grate.:o :C,pntrac;t betw~en the p.arti·es an.d sup('(rsedes 
~Jl pripr '~lego'fiati.onso x~pr~.s~:htati~D..ns., :and ·~tT:t~Jil\'<ltlent~., whether WI'Ltt~n.wr: ·cimtl, 

N., :FoP.~¢:Mf!;J0.!Jre, J.>j.~it).ler .:w.a.rty .91~~11 be 1iP.tble for .¥atl\Ure -to ;perfm;m..under 
this i(Jontr.a.ct.1£ $:p:Q'b f?i1tme 1;¥J p.:~rfo.;nn ;fl;l/i~?es om of ;causes \b:ey.o:nd tbe contro'J 'at10 without the 
fault or ·llt?_gltge:noe.qf the :.n.qp,p.:et'for..n1ing patiy. S:ucb .causes rnay inOlud.e_~ :buf are not lit.n.Jteo t~., 
:Mts of <Q.o,:~ 9J' the ·ptiplle ~e.lJ:emy;, fires:j floGOS, epider:nic.s.) q).lav.antine I'estdotiotrs, freight 
'em'b:a:r.go.~fil, ~~:~,d ~nusually .s.evem:~ -weather. This pi:ovfsi:otl. sh.ai1 be.com.e effeotive only i~f t'P.e 
;p:ar.ty fgf.ling t0 petJorm cimin~dhit¢ly n.Q:ti\5.!¥.8 the.--oth~r par.ty :of lh.e :e.x..tent :an6 r1ature 0f the 
problem, iimits delay in:p.er!Gtm.-anee·to tha:t~~eq:uireq 'bythe :eventj a.n:d :taJ;~es ·a11 reasonable steps 
,t<;,:mtni111ize :d_e18;ys_, This ·pro">~isi:~n:.;shE:tH..:gQt be !.eff~p~iv~ :un}ess.tll~ fiJif~U;l:e to perf011I1 is beyond 
:;£he::eontr.01 :a.rtd ·Wltho:l.i± fh~ .f~P:tt .pJ;JJ§i:~li.~)i).n;~~ :.qf:tl+e· no.f.lp~~fqlT;l!J1in:g pat!J:W. 

-!Ql:; !.ltc;lel.1Wi'tac;a.:tlQ~.i:. ';f:he ;C.G!ntnacthr ;shan inderru.iii.(y, .iJ.,eien~., .an,6 h\D1o 
har.n1l~s:s 'the ;Si§.t~,. :r;:},"EQ~: :F!;l(l,'O their ri~-£l,cens, .~gents, ;eil11D10;y,ees, s'!-1o¢.es:S:OlJ& :!;l.:nd 'll:Ss.i-gpee;; from 
· !J.p;y 'Eg).~,~11 glaiw~, lawsuita, ·1:0sse's ana liabli1ty fatlsin_giQtU .otC.ilntractpi"' ~s .faillAre::to per~or.rn fl.l+Y 
9:'f.Cpp:1rftcto.r':s duties and di1i;g:attons liei:eund.erw in ·qo:nB.eotton wi:th the 1'J.~gli:g~nt .p~rfonnance 
9lf~Corittact<i>r~~·s dutie.s ;or obli:gati(e):t).s_, ;i))1,:;}ludingbr~t.1XOf }irni!Md ;t0 f.lll'P' -q~~~p.:s).}awsuif.s~ t®sses Ql' 

.lia:bi:l1t$7Jitlsittg ou.t,o.f· Co.rtbia:itq:t\s·rti:~lptao.tfq¢,: 

.:P. J);~;fl:~J!)!':l».:,c.'i.l'liJ;t ·Cmpb.JaSt<.!:t~;. The Gontt~actor .sha11 .futrctio.n ~s ~n 
itl'd~p~.trd\3.PJ :QQt1ttw~twr f¢_:r ~P.~ ·.p~:mFJ:<:>s.,el3 of this Gotitract) :and ·shP'-11 not b~ ·.Gons:id~1:ed an 
:~rrnAP:;y.~~ ,qf t}\(1 .:J~~c:p;e ·.of 'W~oming :.foJ -'aD:)' p:m;pose. Th:e ,Co.ntraGtPr ;s}}a;ll -~.ss.tJr.p;e :~:ole 
Te~;p;o.ristbi1~t~' 'f.0r aP.3' ,(lebls ;et11iibf1ifies :t1iat n:ray ib:e :incun:~d ·;by tb.e :Qontta:ctqr ip ·fulfill1ng ·the 
terws 'Qf<t}}:is Contract, and :s1'u.i''H b:e sdl.¢Jo/ :1;esp.e:1na-ible fQr the pa;ytr:L.@+.r.t .p:f :£111 fy·de:ral., .St~te and 
1osza1 taxes which may :a¢¢I:;Ue heG_Ei:]l$3,~ .qf' fhis Copt!'act. Nofhir;rg -·~n 1bi:s Contraat shaH b.e 
lN:tel}~F~tes .as attth.oiizu\l,g t}:t~ -O~:mtractQ.lJ: .pr J,.ts .-G.\:gY.nt~ ~p.d/o.r eJD.plqy.ees -to aot as :an agent ·or 
r.epres~litative ·fer or on h.e1;ra.-lf o.f.:tlw·Sta:te pf. W:yqi:ni~-xg .-or tb:~ PEQ,, or t0 -incur ·any .obligafiGn of 
any kind on the b.elw,lf o.f the 'St?;t~ pf Wyoming or th~ DEQ. The CCDrttmctor s,gre.es that no 
,h~aH11/hos;p1talization .b~nefitJ?; w.o,rker:S1 Q.op1pensa:tim1 alJ.df:or similai· ·b.enefrts a.:vailabJe to State 
o.f ·wyoming ~~:nplq::Y~e$ wlll.'h~l.tre to t.be benejit of the Contractor or the 'Conu·actoi1s 'agents 
;FAno/or e.rn:p:lqye.es as,? 1·e.~.uJt of.·:t1;ris ,G0nt~aot. 

=Q~ iKid<?hac1~s. The C.ontraqtor c.e:rtifies and wal'l:am.s that no gra'tllities, 
)~i0kha0l<!S ·or pont'ing!;:noy fees Wer.e __ p·ar,Gl iu G.OJ.'l1'l'et;;tion wjtb this Gontra.ct) nox w.er.e any .fees, 
oommissions., gift-s., or other qons-i.der.ati.:0:n-s made continge),lt upon tbe award of this Contract. If 
the Contractor breaches :ox viola.te.s this warraJity.. the DEQ ma.y, at hs discreticm, terminate thl·8 
Contract without li:ahility to the .DEQ, or deduc.t fr{llil 1he Contract price .o.r .consideration, or 

'Seri!loes. CoTifl'<le.l'b_erwe.en ·Jl~1'9111iJ.Ig.]J!eprmment of I;m;il:qlll(lenlal Quali))• alld 
Jan M . .Jd. :He!idi·i.ch-nnd·BI'!lea.:Buciuinnn 
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·- · ·---------,,-------::o:t1ierw1se h:.eoo'Ve1', 'th¢ .ft:rl-1 ·amoum of ~I1Y oo:+n.m'i~sion,, peneentag~, brok-erage, or co.ntillgency·:-··---·--·-----·-· 
:fee. .. 

R. N.otic.es . .AlLnotLc.es:·a.~;i'siti.g o:P:t of., -or fr.om., the _-pr.ovis.io:t:ls of this cont1·act 
sha11 be in writit~.,g. ·.!md ~tv~n to the P,!:!rti~s :at -the addr:e_f:ls J)f9Vide.¢ )1:trcl~r ·thi~ ·DqntJ.:E+Qt~ either by 
regtilar mail X;>r ·d.~livety h) p.~~:~qn. 

·' 
$., ::r~:ior Appl!o.V:rtl. Tl=Jis!•-c.¢ntraQt:sha:U :not h~ :bindfug :up.o1a ©ith:et v:~rt:Y~ .zyo 

s.~mi.~fil:lll ~h~R') b.e .penfoi'me.El ui.lder ·the t~rms .o:f Jhi.'S D.o.ntt~¢.t, F.liJ;o ·the. Yii,yoming ·stat@ .A:"JJ~li:t.gr 
s!}Jci.:1J 'P.lDt :dr:aw ·W.atnauts. for pa.yme;n.t ·~Ut :this ·CO.tJ.tt:~JQt, 11J.:dtJ i.hil; -:Oon.tt:gqt 1i~s 'b.~en :rp-duc~¢1 te 
wrl:ting, :applZiiJo/.ed ·as to forJn P?' ~the ·Of.fiG.e .o:f t1re.Attqrp,ey G_ener:a~, ·ftl~:d with and -approved ·.by 
the Depattme~1t ;of Ad.mini(ftr~Jlo;u a:no mfP®atiqn, ~E\ltd ~pp:t:ov.oG11Dy the Governor oJ the Stat~ 
o.~f''V\Z-yqm1ng.ifrrilg\irr&0.1?.:Y Y/;;,p. S'ta;t. §/9-$~r~J.&fpo:Gh7_)£D). · - . . 

·:c. -$~ry~rf~lgn, Imm.1nfity. The ·state of'Wy.oming ,.ano the D_EQ do p_o1 wa-ive 
S,.QW.,@.r.~hw :ir.r:ttfrlli1ity by entei5ng in:to this Co.nh;a;:c.t, m~cl '.s;p.e,c.i:!'i¢.ally r~tain. irrun1ln'ity an~ all 
tt~fYA&.~s a¥ai1ab1e to them as :s_ov.er:_eigns pursil~ntto Ifh)o, :$~at :~ l~~~,~-l04(tt) and Jill ~.ther $-~a~y 
law. 

·u.:. . 'f.f,!;x~~-· Th~ GQp,jragtqt sha11 P-:EI:o/ ·an ta:x:es and ·other :such ,amounts . 
:t~\li:iiv~.~. by .;f¢.p,~r~l, :s.l.:ta.t~ ~.rr9l.oq~1 }\'leW,, 'ip,c}u<\ling 1;r\;1t·not lirnHea te !eileral and 'S.o.oi-al s.ecurity 
.t&X!::&~ wmtkel:El :o.omp~n?EJ;ti,pn_, 1'm,ewJ1loy.rn.enbia-suttanGe ahtl.:sales- taxes, 

V· Termination,,of:Contxia.ct. 'Tl'i.ls :Qbii'maqtJn;ay b~ t~tJ:nb::i.aty_d i.mmediately 
for o9.;1;1.se if the Co:ntmict<:lr fails to perfQrm in acqbtelanoe M;ith fhe terf.!is of·thil> Contra;ct. T4:ts 
Centr.act •may b:e teoo1nated.> 1D; ~itli!l)t p?.tty, with-opt caiJs~, ·;qppn tJ:rirt,y (29) Q'tYI> pdo.r wrltten 
:fuetice,. 

W, T:ti!r:O. Party J3.~n;~fi9.-iary Ri,'ghts, The :pmlties de> n.o't intend tQ create .h~ 
atlW ·oth~r lndivid1ll:ll or .ent+~y·tJ:ie st_atu~'ofthird <Jla.rty b,ene.ficiary, and :this ContraoUih.all not be 
pqnstru~~ •.9.0 as :t0 '-ore§.'te s&ch ,status.. 'The ti\.,ghts, duties an~:l .obligations ·g.o.J:itaiJ;W~ i.p t_h~lB 
C.qJI.tpaot s'l;lal} ,gp.~rate :.only :belW-een ·the ·parfie:S. to this Contra¢~, ai1d ~Sh~Tl in~n~~ sol.~)y :t.o th~ 
benef1:t 0fthe:parties hD this<CI.'lritradt. The pn'J.vis1~ns o::ftb.is :conttaPt ane inte;p.d.ed o.nl')' to ·assist 
the parties in .deteun:ining and _perforrrl;i.:ng their o:bl.lgatio_np under this Gf:!)~ltrapt, The parties to 
:t1tis Contrac:t intend -;ana .e;xpressly 'f),gt;.ee :that o.ul;y· p.arties .s~gp:?:to:r;y to this Contract shall hawe 

. -an;y Je;gal or :eq:ui:tab:le ri:gb.t to -~,ee'k to eU:fOi'Pe this Qcn:rtrac.to :t0 &ee_k ~1~y -.remedy :.arising out oJ a 
:p.;M~t s ]JY.tf9Jl'lnat1q~ ·o:r .f.~i1vre tp P,eh~totm a.11Y t~1;rn ~r QOl,)dition of thi-s Contnac~, or to brlng an 
~m:c.tion for ·the:b.w.a.cb of :this ·c..ontnlot 

X. J;'in~e is qf the EsBence.. Time is of the essence in a11 _:provi·sio.ns of the 

Y. Titles :Not Coutr..ollin..g. Titl:es of par:agra;p}ls are for ref~r-enoe only, and 
shall not 'IDe us.ed to .COl1Strtle the la11gp:a.ge.in this Oq_p.Jract. 

Z. Waive.t. The wa:1veJ of any bJeach of any term or condition m this 
COI):tra...ot shall p:qt b~ ,deemed B. wa,i:ver ,<Dfany :prior or .subsequent .breach. 

Se~Wa~s,C.omraarb.a.IW~?II }l;yomirw !Je~JPI-'IIJJ~III of'En~/1;'0/llllC!llal Qual~r;umd 
.Jall}i1. B. :F/.~rJrl/'ia/<.>: ,arid B.t.Jrca •. 'Biuilrmum 
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:8 .• ---··-· ·Siigrratl!I'res·.- B»' .sl:gri1~g tbd:s -CCJ1'1trao~, the ·partl:es certify that they ·have tead anB·-·--·~-­

~1'Xde)}SD~:0:~- dil tt:rat ·the.y a:gr:~e. to 'b~. ~l.i>:OJJ.'Rd ··b~' thr;: .i.§l.tt»!P :qf 11~~- ;QQt1~Jr~~t., th.gt ·tlJ~y .h:F!¥Sl t1w 
:aueho:i.1ty t0 -~si;~'}t'it. 

1.:bis Qq.ntva:fiilt ~s, JJ9t ·ib1n:qh'J.;g :<i)J:) (1ithgr pattl!y ·un:t~~ -app±:G.v~a by the DJ~dsi.mh .o:f 
.:P,;r,Q:Q:~;we.ro:e.P:t S.e.r\"iees) Dep.alJft"mem:t ot Ykdl1>litL'istratioh ,& Infon:nati.on, a:na the Gov.~rnor .of :tl.Je 
:S!t,ate".mfWw.0mi:m.,:gldif.re~:U1JJe.d}d~'~~y.o .. ~tat·§ :~~2-.-l0J.,6.tP.»tl\O,. 

' . 

·n_. 'Ifp'··A 'E~"I'J'JM. ''f1'"'7r.r OF···"£l';Nnrrno'"'TM·'Ii'~TT.A·T Q·-:r··< ,..'~"l'~"Y·· M'.~---~-'\;.)-~ .. :_._'.t.;.:iJ.'·~.'.,l. :: .· .. ~,~:~~\-:: ·-;.1.;\:.,·.:l'·~ .. - . .f.l;.l!·~-· ·~ .·_,'U!tlLt :J.. 

.JAN M. lt HENDRlCJ<X~ P.h.D. 

.Dat~ 

1 Pate 

'Sf?rVIC~e:·Cc:>mmoJ.balll'e~n Tf~VOJiiillg_-J)apcmmli/11 qfEnviT;onmen.(al Quai/Jy a!Jd 
Jpn.M. /;f..Hpnci_dclp;·q.JJil.iJ.J;t.a.e t]n~}Jpnan · 
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·· ·· · \A:T}:'41.XjHMEWT A··· ... ···-- --- · ··-~- ·-·-·---· --·-­
S:c.o;pe·:Qf W-o:rlL 

RU:l~pD'sce of :Contract. CoJ:rtraoto;r ·~h~l1 p~·.o,;lde furch\Sll' cladfi(!).at.ion on tl1e ·re,po11 entitl~a 
''Ei.p.@ri · S:pl~P:iifie Opjnjpp on _t):l(t Ti~r;f? J\ii~th.od0logy'' an:d disc1.1:ss in nJ:ore detail the DEQ 
p.i~tmJtting program ·~s it. per:t·ains t0 agr.icult~:wa1 use protection. The Contractor s1-J.a11 provide 
:a.!'hv~c.e to .DEi:Q :as to wheth&r and Jr0w the -~nmttQgs a.nd l'~c.omniendation-s 1a ·.the exp.Yrt report 
may be used to -,r·e:vise D'EQ~.S appr.oao'b to p(').~tk\itting $:1Jtface oiE~chaq5e~ :Of p:rodu..o·ed water., 

STATIDMJDNT' ·OF INTENT 

T.hP.. J),EQ hafl the resp,qn$.1bH#y. ·of ~:e.;g,ulf.htitr~ surfape .dis_qlf.~!:rge.s gf water pr..odgce:cl in 
~rnt1:Pl1Gti.0lJ wit1l ±h~ fl·el~ yro§iv~i!i'Q;r,t ·o:Loii1' ?:?Jd ;natura1 gas.. {Jp:cl~r :a S(::P1'U'at.e gonti:a~t wJtb -the 
Wiomtn.g ]lmiiro.:amen~.a1 :@uJt}ity ;Qg;~:JA:GU, the Don):racter h~:s :pro:~uce·Gl ·§! r~por.t containhlg a 
:!lpi,entifi~c an\flysi? aJ.l.P r~oomnwndations 11elati:ve t0 DEQ''s current ·procedures -for ·establishing 
.ef.fl;q:ep:t ,~i.mlts 'for··the pr0tecti811 of.·irr.i,.gation :uses .in Wy6rn.in;g streams. DEQ has .an 'iiltet.e.st lin 
fully understandib,g the :C.01tt'Fact~n''·s 'intentions and re·cornrnettdati.ons an:d to .ev.a:1uate how they 
ma)"be :hest 'implemented :tl:itongh Jhe :dis.ohar~e pennittin,g pro:gram. 

Tasks and est!milted Time 

Task 2., -Participate 1rr meefihgs ·ahtl .a Jiele ;•tour- .or :co.al \bed :m:ethan.e op.erations in the 
P.t:>woet '.Riiv.er Ba~in with DBQ staff .to p1:o:vide ,additional ciet~il on the meaning :and 
:inte1;pn~.tation of the .t..eport entitfe:d "'Exb.er.t 8cientifi.c Opinion on theTieT~2 Methodology''. 
The. o.on~aotot :shall also provid.~ adYi~J~ ·i;o· DBQ qn the ~mpropri:~t.e appli oa£i9n oft11,e ·ii;ndin;gs 
~nd ;£ntevp~:¢t!;l;tion of ·,t}Xe. a'tro,;y~.,r,~f(f.re:n;9~4 repqrt ip ·fh~ cu~:rtext ef PEQ' s p~nnittin.g 
tes:po-n9fb:tlities. · (3 Q<lY~) 

T:·as¥: ~- r~e O:c:mtractGr :Sha11 :pr.CDvi:de to D~Q :a written .Syn~psis . .pf any new. 
·r.eo_o1T.llneJadatio.ns ,gJ- nnd1ngs that :hav.;e been iderttirietl drt ·or result n'o.tn the meeting 
discussio,ns b;y .. J:ri1~~3:Q.1 ,2:0.,0.&.. p il.~~') 

'Se!-~;ices .Co!l]raat b~i-We?n Ji(romilJg [)epnrrme/JI o_(Em!ironmen.wl Qual/ I)• and 
.J{ln}l{. Pf. Henrh·jp_lp:.qnil,!)r<<i<c 7Juahm!a/J 
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