EXHIBIT

Applicants Exhibit #2
Case No. 15723



Expert Oplmons Regardmg
Bobcat SWD No 1

Authorlzatuon to Inject _

Lea County, New Mexlco

- O|I Conservatlon DIVISIOI‘I B
Notlce of Hearmg Case No 15723 S

 Preparedfor  OWLSWDOperating,LLC

. TNelBlndiorgffs.

#7  Daniel B. Stephens & Associates, Inc.

6020 Academy NE, Suite 100 + Albuguerque, New Mexico 87109 -




o

' ‘ 3. 2 ‘Simulation of Fate and Transport

‘Daniel B. Stephens & Associates, Inc.

Table of Contents

._Sectlon S L - ;;'-':_'Pago;:;.,. s
;Introductlon and Summary of 0p|mons..-...;.._._'.,.-..-.‘.\.,.;..;_;L;.:.'.-.;;..,Q.;.'.;._.._.;;;.".f..-..;.;.f..'._.}..i.;,_.;.;.-.-._.’r,‘.-..;.;,-._..Q..-.'.'1 =
Clty of Jal Water Supphes.....;'.‘.;.;;.'....;;;},-.;...;.';.'.'.5...;._.’-..;.:.-..:._.-.'.'.'.i.._.‘..'...é.;:..'..’.»:.;,;.:...;.,.'.'-.b.'.f,;.;.i.»..]._......:;f.'..:-..'.._" o
2.1 Geology and Aquifer Systems...............c.cicuecueenivinn: ieciieniens RS
- 2.2 Existing and Proposed Shallow Water Supplles ceedreene, 4
23 Capntan Reequurfer EUERRTIOR - 3
3. "Fate and Transport of Injected Water . :
3.1 Current and Historical Observations.... veseebiinenlasssnnanethadee ifesresisvesaied

- 3.2.1 Model Extent and Dlscretlzatlon

~ '3.2.2 Boundary and Initial Conditions.......
. 3.2.3 Initial Condmons...-..;.'.'..._;.r.._.._.._.,...._._;
" 3.2.4 Hydraulic Properties.................

325 Predictive Srmulatlon Results ...... SR 3

S Referenoes 16 :

 ListorFigures

' Figure

© o ® N o o AW

1 :,Slte Map

o 2 ,Stratlgraphlc Column and Correspondlng Aqunfer Umts in the Vlcrmty of the_" |

. Bobcat SWD Well -

| _Cross Sectlon D-D' from HISS (1975a) :

: Capltan Reef Aqutfer Water Quallty Near Jal New Mexnco _

_- O|I Gas and Water Frelds m Penman Rocks Near JaI New Mexlco |
:»Top of Yates Formatron |

' Top of Capltan Reef Aqurfer from Hlss (1976) and Model Gnd

o Model Layer Thlckness o

- Conceptual Cross Sectton of Modet Boundary Condltlons

L.ADB17:1137..\Production\Expert REL7-17\OWL Rpt_724doc * . i -



Daniel B Stephens & Assocrates, Inc SRR T R

- Listof Figures (Continued)
L 10 '.General Head BoundaryCondrtrons R S

' 11a fSrmulated TDS Concentratron at 20 Years

B ‘ jﬂ" 1 1b Slmulated TDS Concentratron at 40 Years

. 1 1c :-Srmulated Hydrauhc Head at 20 Years

o :;12a ;Slmulated TDS Concentratlon at 20 Years No Caprtan Reef Aqurfer Hydraullc
;'}g_"Head : : A : _ U

BT :'.;1_ 2b iSrmulated Hydraulrc Head at 20 Years No Caprtan Reef Aqurfer Hydrauhc Head' '. SISER

Table ‘;:.:»' f : I by

1 Groundwater Modet Hydraulrc Propertles

| | ~ Listof Appendices
Appendrx s | o
A Water Qualrty Report for Maralo Sholes B No 2 SWD WeII

© . .ADBA7A137.\Production\Expert RELZ-ITOWL Rpt_724doc - -l -



@’ Danicl B. Stephens & Associates, Inc.

1 lnitrodi:cfti_dfri and sumfrjnj_ary 6f; op'i.;ﬁ:msﬁ |

:Orlﬁeld Water Loglstlcs SWD Operatmg, LLC (OWL) retamed Danlel B Stephens & Assocrates -

. -, Inc (DBS&A) |n May 2017 to assrst w1th groundwater analysrs as it relates to the Form C-108;

g Applrcatlon (Appllcatlon) for the Bobcat SWD No 1 well (Bobcat SWD well) The Applrcatron; :

o irequests a maxrmum |nject|on rate of 30 000 barrels per. day (bpd) of produced water at a

maxlmum surfaoe pressure at 580 pounds per square mch (pSI) and an average volume of -

‘ 25 000 bpd at 550 psn surface pressure (Lonquust & Co 2017) The proposed Bobcat SWDf ?':'

o '_ well lomtron lS provrded in Frgure 1

o The Crty of Jal (Jal) uses shallow groundwater in the vrcrmty as a publlc water supply and may' o

o need addltlonal future supplles from the area The State Land Ofﬁoe (SLO) ralsed objectlons to

:the Applrcatlon clalmlng that the Seven Rlvers Formatton of the ArteSIa Group contalnsg'”'"‘ -

- protected groundwater at some locatlons and that |nject|on of produoed water into- th|s zone: SR

3 ;should therefore not’ be allowed The O|I Conservatron Dwrsron (OCD) has rarsed the ooncem;" o

S that the proposed m]ectlon mrght adversely affect the Capltan Reef Aqurfer thereby |mpact|ngf

L -,the aquer such that Jal W|II not be able to evaluate |t as a potentlal future supply (Goetze : ;:* B

i A summary of my oplmons regardlng these and related |ssues |s provrded below Detalls andf

; ?_: techmcal analyses on whlch my oplmons are based are provrded in Secttons 2 and 3

| 1 Injectron of produced water at the Bobcat SWD weII as proposed wrll not adversely affect: =

© Jal's exrstlng water nghts Jals current applrcatlons for appropnatlon CP—1512 POD1 IR

' 'through PODQ or any other shallow groundwater Thls oprmon |s based on the followmg o

i 'facts and analysrs

Water from the proposed |nject|on mterval erI not mrgrate upward to the Pecos_- o

B 3" . Alluvrum or the Santa Rosa Formatron due to the thlckness of the Tansrll Fonnatlon'

3(~14o feet), the Salado Formatlon -1, 250 feet) and the Dewey Lake Formatlon: o

. ;ii (~480 feet) The Salado Formatron |n partrcular is W|dely reoogmzed as havmg:
| ‘ ’permeablllty so Iow as to be essentlally zero : ‘ ' '

~ . L\DB17:1137..\Production\Expert RptL7-17\OWL Rp_724.doc * . 1
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| - The |nject|on well wrll be constructed such that upward ﬂow of |n1ected ﬂurds cannot, S
' occur anng the weII casing (Lonqurst & Co 2017)

o _2. The. Caprtan Reef Aqurfer ts not an expected future water supply for JaI due to |ts depth; -
o 'iand more rmportantly, the poor qualrty of water found |n the aqurfer Thrs oprmon |s: -
;consrstent wrth that of Jat S water resources consultant (SMA 2015) Thls oprmon |si |
| rsupported by the followmg facts and analysrs o o '

- g The nearest Caprtan Reef Aqurfer water supply weIl to the Bobcat SWD weII Iontlon' _
o ”_|s EOG weII CP-1446 POD1 This weII produced Capltan Reef Aqurfer water wrth aiv .
. total dlssolved solids (T DS) concentratron of 13,298 mrllrgrams per liter (mgIL) asof

o 'November 2015. Other. Caprtan Reef Aqurfer weIIs such as the Federal Davrson DR

I Welt northwest of Jal have much hlgher TDS than the EOG weII

: ié In addrtton to htgh TDS Caprtan Reef Aqurfer water may contaln hlgh concentratrons: : B o

: of hydrogen sulﬁde (HZS) banum sulfate (BaSO4) and other constltuents that would' 3
. _ render treatment to dnnkrng water standards dlfficult and very expenswe ' i

o — jJaI has not made appllcatlon for Capltan Reef Aqurfer water nghts therr current plan 3 B

: :_ f for future water supplles as recommended by SMA (2015) is to expand use of thelr; ; S

_ :" ,Westfield (Pecos Valley Aquer) water nghts and use Santa Rosa Aqurfer water mi , f_[' '
PR the vrcrnltyofJal - ' '

- S 3 Produced water |njected at the Bobcat SWD weII erI not reach the Capltan Reef Aqurfer g -

' erther through honzontal or vertrcal mlgratron ThIS oprmon is supported by the followmgﬁ |

) 'facts and analysrs

) - The hydraullc head in the Capltan Reef Aqurfer is greater than that |n the Bobcatf -
f v VSWD weII m;ectron zone by more than 2 000 feet therefore if there were a hydrautlci ‘
K oonnect|on the dlrectlon of groundwater ﬂow would be from the Capltan Reef Aqurfer: -

e ; _lnto the |nject|on zone not from the |nject|on zone into the aqurfer Freld data- _ .

= vlndlcate that hydraullc head |n the m;ectron zone is very Iow lndlcatlng a very poor :
o -hydraullc connectron between the Capltan Reef Aqurfer and the m;ectron zone rn the-‘ :
' ArteS|a Group ’ o

© . .\DB17:1137..\Production\Expert RGL.7-17\OWL Rpt_724 doc ~ 2
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= Predlctlve snmulatlons that account for the densrty of the lnjected water the structure L

-of the Artesua Group, the structure of the Capltan Reef Aqurfer and reasonable

_‘hydraullc propertles of the Artesna Group sedlments mdlcate that there w1II be no o

B ‘|mpact of Bobcat SWD lnjected water on the Capltan Reef Aqurfer o

" .\DB17.1137..\Production\Expert RL7-17\OWL Rpt_724.doc ~ .~ . -3 .
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. 2. City of Jal Water Supplies

' Thrs sectron drscusses Jal‘s exrstrng and future water supplres and explarns why the Bobcat; :
g V_SWD welI wrll have no effect on these supplres : ‘

. ;z.-rleemﬁogy and Aqujife_r Systémfsié

}fA summary geologrc column desrgnatrng geologrc and hydrogeologrc unrts in the Jal area rsi ,

S provrded rn Frgure 2. An example geologrc cross sectron is provrded in Frgure 3 The foIIowrng

. i-geologrc descnptrons for the Artesra Group members from youngest to oldest are taken from -

| E-": Hrss (1975a) The Tansrll Fonnatron is- domrnantly anhydnte The Yates Fonnatron oonsrsts of - -

: rnterbedded sandstone srltstone and anhydnte "The Seven Rrvers Formatron is- pnmanly; o

: ”?composed of anhydnte but also contarns rnterbedded shale dolomrte srltstone and sandstone o

: E'The Queen Formatron consrsts pnmanly of sandstone and anhydnte wrth thrn rnterbeddedj o

I édolomrte and shale The Grayburg Forrnatron is composed of dolomrte wrth thrn rnterbedded?'; L :
o _sandy dolomrte sandstone and anhydnte These descrrptrons are based on a reference well in f S -

' ;'§ {Eddy County rock types can change based on locatron relatrve to the shelf margrn at a grven5 ; S

| trme—synchronous honzon (Hrss 1975a)

s .li:z-%z:»-sxisﬁnséana Proposed Sh#“owwatéf Supplies

, fJaI currently obtarns rts water supply from f‘ ve wells screened rn the Pecos Valley Aqurfer about{ | ,
’ 7 mrles southwest of the Crty and about 6 mrles southwest of the Bobcat SWD well (Frgure 1) _

N iThese weIIs tap ﬁrst groundwater rn the Jal Underground Water Basrn and range from about? _ :

’ ;L:'500 to 700 feet deep (SMA 2015) Based on the recommendatron of Souder Mrller &f |
] _fAssocrates (SMA) (201 5) Jal has filed applrcatrons to appropnate water from the Caprtan' _
o Underground Water Basrn in the vrcrnrty of Jal from mne wells (CP—1512 POD1 through PODQ)f

" :f up to 700 feet rn depth whrch would correspond to productron from the Santa Rosa Sandstonef ;
o Aqurfer (Frgure 1) Thus Jal s current and future water supply wrll contrnue to be obtarned from _
_ shallow groundwater sources (Pecos Valley and Santa Rosa Sandstone Aqurfers) separated' '
: vertrcally from the Bobcat SWD well rnjectron zone by about 2 000 feet of Iow-permeabrlrty_ :

© . .\DB17:1137..\Production\Expert RL7-17\OWL Rpt_724.doc .~ .. - 4
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';:'rocks.'é These Iow-permeablllty rocks mclude the Salado Formatron whlch is essentlallyf -
, .|mpenneable and the Dewey Lake Formatlon whlch has very Iow permeabrllty

- As mdrcated in the Appllcatlon (Lonqurst & Co 2017) the Bobcat SWD well would be} o .

. f constructed wrth a surface casrng to the top of the Salado Fonnatlon and a productron casrng to f o

' ‘the top of the |nject|on zone The annular space of both casmg stnngs would be. cemented by; :
'crrculatron to surface Th|s type of well completlon is common in the orl and gas mdustry, andv : -
‘ }w|ll ensure that there wrll be no contammatlon of shallow groundwater through mlgratlon ofi: = |
| - ] |nject|on ﬂurds vertlcally upward along the well casung : ’ s

23 Capitan ReieffiAqﬁif.efff ’

- ;Goetze (2017 P. 4) states that a hydrologlc |nvest|gat|on report prepared by SMA (201 5) for Jal B x

. ff ldentrﬁed the Santa Rosa Fonnatlon and the Caprtan Reef Aquufer as potentlal groundwater; j':. R

sources for the Clty to explort Mr Goetze then provrdes the followmg conclusron on page 6 of e .

' hls report

: ’If the Clty of Jal |s gomg to have the opportumty for the future assessment of thls portlon of the S |

: Capltan Reef Aqurfer for mumclpal use the Drvusron should make every effort to mlmmlze all
- v'potentlal sources that may |mpact ‘the aqurfer Thrs should mclude commercral drsposal
o foperatlons |n shallower Zones above the Capltan Reef Aqurfer in the vrcmlty '

' :It is |mportant to clanfy that although SMA (2015) mentlons the Capltan Reef Aqurfer |n therr: 8

o report they do not recommend that JaI pursue the Capltan Reef Aquufer as a future water -
: i-supply SMA (2015 p. 10) states “The potentlal for poor water quallty as well as the extreme-

. depthto the formatron in thls [Clty of Jal] area erl llmlt the use of thls formatlon as a mumcrpali

o :water supply " In the conclusnons sectlon of thelr report SMA recommends that Jal construct'

addltlonal water supply wells ln the Pecos VaIIey Aqunfer and pursue addltlonal groundwaterf. o

Zappropnatrons in the Dockum (Santa Rosa Sandstone) Aqurfer (F|gures 1 and 2) Thesei S

= o addmonal water nghts would be wnthln the Caprtan Underground Water Basm as def ned by the; .

. New Memco Ofﬁce of the State Engmeer (OSE) but they would not be from the Capltan Reef o
Aqurfer :

| .\DB17.1137.:\Production\Expert RoL7-17\OWL Rpt_724.dcc 5
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' _I concur WIth SMA that the Capitan Reef Aqurfer |s not a surtable future water supply for Jal e

pnmanly due to |ts water qualrty and seoondanly due to |ts depth ThIS oplmon is consrstent wrth o

| past and current mumcrpal users ‘that have consrdered the Capltan Reef Aqurfer as a :

o ,groundwater SUPP'Y The only mumcrpalltres that use Caprtan Reef Aqurfer water are Iocatedi Co

o near the aqurfer recharge areas where the water quallty is substantlally better and the aqurfer is

: ’}_much shallower than in the Jal area Examples mclude Carlsbad New Mexnco and Fort' L

: Stockton. Texas Each of these localrtles is more than 60 mrles from Jal

o Flgure 4 provrdes a summary of Capltan Reef Aqurfer groundwater qualrty |n the vrcmlty of Jal _ '

o ._As |nd|cated in the ﬁgure the nearest Capltan Reef Aqurfer water supply well to the Bobcat:" :f

S '_: SWD well Iocatron |s EOG well CP-1446 POD1 Thrs well produced Capltan Reef Aqurfer waterf
o :wrth a TDS concentrahon of 13 298 mgIL as of November 2015 (NM OSE, 2016) o

o The Federal Dawson 1 U S Geologlcal Survey (USGS) monrtor well northwest of Jal (Flgure 4): 5

| | _'; has prellmlnary sampllng results wrth TDS ooncentratron of 140 028 mgll_ (Land 2016) Thls ts{- N

| ff one of: the monltor wells ongrnally used by Hrss (1975a) for hls research the TDS ooncentratlon .

ﬁ‘_‘fof water from the Federal Davrson 1 well was 173 448 mg/L from a spot sample in the ﬂmd; o

o _2 ffcolumn in 1972 (HISS 1973) TDS was not reported by Hlss (1973) for other spot samples in
_:the ﬂurd column at this well collected in 1966 but chlonde concentratlons ranged from:

~ - 157,000 fo 161,000 mg/L. The Southwest Jal Unit 1 well (also a USGS monitor well) southwesti -

- ?of Jal (Frgure 4) had a reported chlonde concentratron of 82 500 mgIL in 1966 (HISS 1973)

| -;lntercontrnental Potash Corporatlon (ICP) has proposed to construct and operate the Ochoaf o -

i Mrne Pr01ect in south-central Lea County The mine would be west of the Capltan Reef Aquifer, o

- '.. but the water supply would be obtalned from the aquer (Intera 2012) Two water supply wells L
o CP-1 056 and 1057 were completed in the Capltan Reef Aqurfer in 2012. The weIIs are about;- .
1 ‘/zmrle apart After well development was oompleted a step test and subsequent 7-day; o

_ constant-rate aqurfer test were conducted for weII CP-1057 (Intera 2012) Measured TDS;‘ :
concentratlon for the pumped well, CP 1057 was 69, 900 mg/L (Flgure 4)

Infonnatron on the Skelly Oil Company Jal Water System mdustnal supply wells operatronal o

;;from the Iate 19603 through the early 1980s, is provrded in Exhlbrts H M ‘and- N off

| .ADB17:1137..\Production\Expert RpL7-1MOWL Rpt_728doc© . = 6
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:;fCEK Englneenng (2017) Well Iocatlons and several TDS concentratlons are plotted |n_ '
| Flgure4 The mformatlon provrded mdrcates that in addmon to hlgh TDS or- chlonde_"

- concentratlon, the Capltan Reef Aquer water may contam hrgh concentratlons of hydrogen:

o ;sulﬁde (HZS) and banum sulfate (BaSO4) rendenng treatment to dnnklng water standards even S

= more dlfﬁcult and expensrve The Skelly Jal Water System reoords also mdncate frequent pump_ f
: -fallures e ' ' ' '

: tGoetze (2017 p 7) references the Jal Water System mdustnal water supply and mcorrectlyé

o states that these wells were a former mumapal water source These wells were never used as{

f: ; mummpal supply, ln fact the Capttan Reef Aqurfer has never been tapped for mumclpal supply»'_ _ |
- anywhere in the southem Lea County area : g . . :

: :The most loglcal and appropnate use for Capltan Reef Aqulfer water |s for mdustnal supply, as: S

s : occurred extenswely |n the past for 0|I and gas operatlons (HISS 1975a) and as is belng: __7_ e

| :V_pursued currently by entltles such as ICP (wells CP—1056 and 1057) Chevron USA o C

: (Appllcatlon CP-1487 PODs 1-6) and EOG Resources (well CP—1446) Thls recent trend

e _toward mcreased use of the Capltan Reef Aqulfer for mdustnal purposes is consrstent wrth the |

o vrew espoused In Land (2016) who states that use of bnne from the Capltan Reef Aqunfer for

B ; tmdustnal purposes is favorable because |t wrlI reduce the |mpacts of groundwater wrthdrawals
j | von Ilmlted freshwater resources o ' ' ‘ o

g L As use of water from the Capltan Reef Aqurfer mcreases |n the future the aquer potentlometnc

B surface (water Ievels) wnIl decllne The mlmmum hlstoncal water level elevatlon oocurred dunng: o

o ; '-3 the mid- 19705 when there was sugmﬁcant groundwater pumplng from the aqurfer for Oll and gas |

- purposes The Iargest pumplng center was in northem Wlnkler County |n Texas (HISS 1975a:
":and 1980) Slnce the mld 1970s Capltan Reef Aqunfer water levels have recovered S|gn|ticantlyr o
3 '(Goetze 2017 Land 2016) due to the cessatlon of groundwater pumplng from the orl and gas; a

o rwater supply ﬁelds

L ADBA7:1137..\Production\Expert RpL7-17\OWL Rpt_723.doc 7
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3 Fate_ And;rran_spo:rt.of .mjje.‘cj:teq;_Wait_er o

- :ThlS sectron presents observatlons and analyses related to hydrauhc commumcatlon between- o

g the m;ectron zone and the Caprtan Reef Aqunfer and addresses the fate and transport of the: -

| Bobcat SWD well |njected water L

jf73.-:1'_ 5?-¢'.i"ﬁefhf ‘4"?' ?Hi'storié#' ﬁbscafvatiohs L

' ,The Proposed rnjectlon zone for the Bobcat SWD welI is the base of the Yates Fonnatlon and:_ D

: the top of the Seven Rlvers Formatron both formatlons are mcluded in the Arte5|a Group :

o - (Frgures 2 and 3) The proposed |nject|on zone was fonnerly saturated wrth gas and to a Iesser; o '

. extent oil, and is part of a reglonal trend of 0|I and gas ﬁelds that have been explorted for many L

o .»decades (Frgure 5)

. i'_ As |llustrated in F|gure 3 the Artesra Group rocks l|e on top of and to the west transrtlon mto '
) rocks of the Capltan Reef Complex In some regrons there is good hydraulrc commumutronj :

' ;;between the Capltan Reef Aqunfer and the Artesra Group, but in other reglons there is poori o

connectron (HISS 1975a) For example HISS (1973 p 7) states that “The rock umts': o

K .surroundlng the Caprtan aqunfer generally have srgmﬁcantly less permeablllty than the Caprtanj : .

S ;'and in most places act as partlal hydrologlc bamers to movement of water mto or out of the: : R

. : aqunfer

' "South of Jal in Wlnkler County Texas there |s very good hydraullc commumcatron between the; .

3 ICapltan Reef Aqurfer and the Seven Rlvers and Yates Formatuons of the Hendnck Fleld (Hlss o R

1975a) Thls conclusron |s supported by s|m|lar reservorr pressures pressure decllnes thatf |

L _:occur at srmllar rates between the formatlons and slgnrﬁcant amounts of water productlon |nt B

N vaddrtron to o|l and gas

. The Yates and Seven Rlvers Fomtatlons however are in very poor hydraullc oommunrcatlon:

B ;fwuth the Caprtan Reef Aqulfer in the Jal area ThlS is ewdenoed by the Iack of correspondlngj ‘

L i reservorr pressures and oorrespondmg trends The hydraullc head in the Yates and Seven

| "Rlvers Formatlons |s around sea level or even below sea Ievel (Sectlon 3 2 3) wh|le the Capltani o

©T . LADB17.1137..\Production\Expent RpL7-17\OWL Rpt_724.doc -8
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Reef Aqurfer hydraulrc head is about 2 600 feet above mean sea Ievel (feet msl) Desplte thlsj -
 enormous dlfferenoe rn hydraulrc head the Bobcat SWD well m;ectron zone hydraulrc head has
»remarned very low and volumes of water productron have hlstoncally been small i in the Jalmatf :
" fi eld (CEK Englneenng, 2017 Exh|b|t F) desplte many decades of actlve 0|| and gas productlon

R : 'If there were any effectlve hydraullc oommumcatlon between the Caprtan Reef Aqurfer and the_ :

:V, Bobmt SWD mjectlon zone |n1ect|on zone ﬂurd pressures and the correspondlng hydraullcﬂ'

B 5 head would be much hrgher more in Ilne wrth those |n the Capltan Reef Aqurfer

o ?3-fz;sisij-.ﬁ-_-at:on of Fate and r.ra.-:s:t-oin f§ )

. ':ln order to evaluate ‘the fate and transport of water |njected at the Bobcat SWD weII ai' 3

| groundwater flow and transport model was oonstructed for the Arte5|a Group rocks excludlngf L

. _the Tansrll Fonnatlon (Flgure 2) whlch |s assumed to be |mpermeable The model wasé o

ff constructed to address the concems of OCD that oomputatrons of m;ectron ﬂurd mrgratron:
- fprovrded in CEK Englneenng (2017 Exhlblt K) do not aooount for the structure of. the top of the;

L . N 'f"Capltan Reef Aqurfer or the densnty of the |njected ﬂmd (Goetz 2017 p 5) The model was; :
B :developed usmg the MODFLOW—USG (MF-USG) oomputer code (Panday et al 2013) asib; A
U 3reoent|y modrf‘ ed for the Texas Water Development Board to srmulate densrty-dependent_' - -

S | : jgroundwater ﬂow and solute transport |n the Lower Rro Grande Valley of Texas (Panday et al : 7 S
':l;].2o17) | o » - |

o :When analyzmg flow and transport of groundwater wnth vanable densrty the tenns; o

t'enwronmental hydraulrc head and equrvalent freshwater hydraullc head are used (e g.. HISS

- 1975a) Enwronmental head refers to the water Ievel measured |n the ﬁeld The densrty of the; o

| water through TDS oonoentratlon is- used 1o determrne the equrvalent freshwater head whrch -

’ _- is necessary to determrne the true groundwater ﬂow velocrty and drrectlon In the fate and: :

S _:;'_transport modellng presented in this sectron all water and boundary condltlons are assrgned anf |

- ,envrronmental head (hydraullc head as it would be observed in the fi eld) and an assocrated DS o

v._value the MF-USG model oode uses thrs rnformatron to compute equrvalent freshwater"’

5': ' hydrauhc head WhICh IS then used to calculate groundwater ﬂow and solute transport

L.\DB17:1137..\Praduction\Expert RoL.7-17\OWL Rpt_724.doc : 9
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| 321 Model Extent and Discretization

o 7.5 The top of the groundwater model is equnvalent to the top of the Yates Formatlon as provrded by

e 'VCEK Engmeenng (2017) (Frgune 6) and the base of the model |s equrvalent to the top of the" -

o :Capltan Reef Aqurfer is deﬁned by HISS (1 976) (Frgure 7) South of the Bobcat SWD well the

:"_'}top of Capltan Reef Aquer —250 feet msl oontour of- HISS (1 976) was adjusted as mdrcated in- '

L ' anure 7 based on observed data from Standen et al (2009) There are no data pornts in HISS

o - f(1976) to confinn thrs oontour and subsequent data analysrs of Standen et aI (2009) mdrcates

A that thrs feature Ilkety does not exrst

. fv",The groundwater model extent is presented in Flgures 6 and 7 In the westem dlrectron the _:

o : ‘model extends to the Yates. Formatron shelf margln as determined by. CEK Englneenng (2017 L
- " Exhrblt B) The model extends far: beyond the reglon that erI be affected by |nject|on at thef - - ‘
S Bobcat SWD weII in the northem southem and eastem drrectrons such that the srmulatlon: o R

S _ _results wrll not be mﬂuenced by the Iateral boundary condrtrons The honzontal spacmg of the» -
- - model oells |s umform at 250 feet by 250 feet : ' : : .

. 8 ‘f_.: S|x model Iayers are used in the vertlcal dlmensron to represent the Artesra Group rocks The | o f
: :top of model Iayer 1 (shallowest Iayer) is the top of the Yates Fonnatlon (Frgure 6) and the base_ . S
o g of the model is- the top of the Capltan Reef Aqurfer (Flgure 7). Model Iayer thlcknesses arei 3

- ‘based on observed condltlons at the Bobcat SWD well, and model Iayers were oonstructed from: g

o the top of the Yates Formatron downward Modet Iayer thrcknesses are provrded |n Table 1 and o
o }'Flgure 8 Model Iayer 2 represents the pnmary |nject|on rnterval Wthh |s about 50 feet thrck' ;
o based on the Maralo Sholes B No 2 mjectlon test (CEK Englneenng, 2017 Exhrblt J) Modelf St

| g?layers do not correspond to geologlc forrnatlons because the lnjectlon zone crosses geologlc' :
: ';umts and aII members of the Artesna Group contam mterbedded evaponte umts Ieadmg to very
’ Iow vertlcal hydrauhc conductlvnty : SN -

_' j3.2.z fepundary' ,-._ha lnitial_ Conditions

SR The top of the model |s a no-ﬂow boundary, based on the assumptron that the Tansull Formatlon? =

a is essentlally |mpermeable AII other model boundanes are general head boundanes where the :

© ADB17:1137.:\Production\Expert Rt 7-1TOWL Rpt_724.d0c ~ .~ 10
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,ftow across the boundary rs calculated by the model accordtng to a oonductance term that' R

»depends on ceII srze and hydraullc conductrvrty and accordlng to the srmulated hydraullc head :
inthe. model ceII and an assugned hydraulrc head representatrve of oondrtlons outsrde the modeti

o domaln near the model cell.

o ':The conceptual approach to the asstgnment of boundary condttlons between the Artesla Group:.

_”and the Capttan Reef Aqurfer is provuded |n Flgure 9. As lndlcated rn the ﬁgure aII model oetls; o

’ '-that oontact the Capttan Reef Aquufer are desrgnated as general head boundary ceIIs Where o |

o 5 : 'ﬂow would oocur |n the vertlcal drmensnon to or from the Capttan Reef Aqurfer the boundary- .

o : conductanoe term |s based on the vertlcal hydrauhc oonductlvrty of the appropnate modet Iayer o

N _ Where ﬂow would occur in the honzontal (Iaterat) dlmensmn to or from the Capltan Reef Aqurfer '

“ ';fttte boundary oonductance term ls based on the honzontal hydraullc oonductlvrty of thef, -

5 appropnate model Iayer Figure 9i is a conceptual dtagram and is not drawn to scale Flgure 105 FR

' |IIustrates the actual dlstnbutron of vertlcal and honzontal general head boundanes used m the

B - model Lateral modet boundanes (north south and east) that do not lntersect the Capltan Reef - B B

"'Aquer are aSS|gned general head boundanes representatrve of assumed lnltlal oondltlons; AR

g ‘ wrthrn the Artesra Group descnbed rn Sectron 3 2 3

- Capltan Reef Aqulfer envrronmental hydraulrc head was: assumed to be 2 610 feet msl based on . E

o reoent observatlons at the Southwest JaI Umt USGS observatron weII (Land 2016 Goetze , -
B _‘2017) (thure 5) For the envrronmental head a TDS concentratton of 13 298 mglL was .

_ assumed based on the EOG Resources well CP—1446 (Frgure 4) Hrss (1973) reports a chIondef
. ooncentratlon at the Southwest Jal Umt weII of. 82 500 mglL (thure 4), whrch would tead to .

L even htgher equwatent freshwater hydraultc head than |s oomputed for boundary oondttlons m’: "-_

- : -the model Usmg the TDS concentratlon from the: CP-1446 weII |s therefore oonservatrve As :

B detalted |n Sectron 3. 1, if there were a good (or even moderate) hydraullc oonnectton between;
, the m;ectron zone and the Capltan Reef Aqurfer the ﬂurd pressures |n the |nject|on lnterval- .

o vfwould be slmltar to that tn the Caprtan Reef Aquer The fact that the ﬂund pressures in the} v

| m;ectton zone and the Capttan Reef Aqurfer are drasttcalty dtfferent (by more than 2 000 feet of 3
hydraullc head) IS very strong evrdence that there is very ||m|ted hydraullc connectlvrty between

S these two unlts
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: 3.2;»3 Initial Conditions

' :'The |n|t|al envrronmental hydraullc head in the model domaln was assumed to be 13 feet mslﬁ o

v (approxrmately sea level) whrch provrdes about 5 feet of saturatron at the base of the rnjectron_ e

| zone at the: Bobcat SWD locatron Although a ﬂurd level or statlc pressure for the Maralo -
3 Sholes B No 2 well |s not avallable the mjectlon test results mdrcate very low pressure wrth: .

- v'the fact that the |nject|on occurs wrthln a depleted portlon of oil and gas ﬁelds that have beent :

o explorted for many decades Hrss (1980) notes for the regron around Jal and east of the, |

L E;Capltan Reef that “The potentlometnc surface rs extremely low over orl ﬁelds on the Central-: ;

I Basin platform Wherever the hydraullc commumcatlon of the orl reservorr wrth the Capltan:_ S

| B aquer is poor HISS (1975a) also states that the potentlometnc surfaoe of the shelf aqurfers: o |
o ": (Artesra Group) south of Jal has apparently been lowered below sea level but “the effects have -
not spread very far mto surroundmg areas due to the very low transmrssrvrty of the shelf_: : ‘f o

, aqurfers

?‘lThe same mmal hydraulrc head was applled throughout the model domarn even though;

R . fonnatron pressures below the m;ectron zone (mrddle and Iower Artesra Group) are probablyf

' ,hrgher beoluse orl and gas were not produced from these unlts The assumed TDSE';'

L ' j" 3‘ 2 concentratron for the Artesra Group water was 20 000 mg/L consrstent wrth water quallty dataf : - '
SRR ; ’summarles provrded in CEK Englneenng (2017 Exhlblt L) whlch is based on Hlss (1 975b) '

| 93-;2’..4 ;Hyd,rami_c Pmpérties |

o The Artesra Group hydraullc propertles used in the fate and transport smulatrons are presentedf -

| in Table 1. These propertres were estlmated |n conjunctlon with Mr. Chad Kronkosky of CEKf
7Engrneenng The propertres are reasonable based on the results of the |nject|on testsv; ‘

o b. ;completed for the Maralo Sholes B No 2 SWD weII the geology and. physmal propertles of theﬁ' |

" Artesra Group rocks and mformatlon provnded in Hrss (1975a) Hydraullc propertres provrded in ,:. o

HISS (1975a) are based on orl and gas well core analysrs As noted in Hrss (1975a) hydraullc
) conductrvrty obtalned from core anaIyS|s is likely biased toward hrgher values as dense or tlght
- beds are not tested and tests are typlcally targeted at productrve zones only
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‘ The effectrve porosrtres are Ilsted in Table 1, and the Iongltudlnal dlspersmn coefﬁcrent was seti
' to 50 feet o

o 325 ;r_'?‘redrc't_ive Simulation Results

| 'Predlctrve srmulatlons were oonducted for a penod of 40 years It was assumed that there

| would be 20 years of m;ectron at the Bobcat SWD well after whrch trme |nject|on ceases The o

o last 20 years of the snmulatlon are therefore for a post-lnjectron condltron Injectlon from otherT _ |
N SWD weIIs |s not mcluded in the srmulatlon Thrs |s a reasonable assumptron glven current:
- gestrmated pressure in the m;ectron zone and grven that the volume of expected |nject|on for the -

: Bobcat SWD well |s srgnrﬁcantly greater than recent mjectron volumes for the Maralo Sholes B: .

. No 2 well The |nject|on rate was assumed to be 25 000 bpd (729 gallons per mrnute [gpm]) as' o

specrﬁed in ‘the Applrcatlon The |njectron water was assrgned a TDS ooncentratron of :

: 125 367 mg/L based ona reoent sample of the: saltwater mjected at the Maralo Sholes B No 2 o . :
SWD well (Appendrx A) Assrgned hydraullc heads for the general head boundary oells:- R
o - remalned unchanged dunng the predrctlve srmulatlon o B

_' = The results of three predlctrve srmulatrons are’ presented In the ﬁrst predrctrve srmulatroni ‘ff :
' 'f . f(Scenano 1) a Capltan Reef Aquer hydraulrc head of 2 610 feet msl is used for aII generalv
o N head boundary cells representlng hydraulrc oonnectron between the Caprtan Reef Aqurfer and‘ .

~ the Artesra Group (Sectlon 322). The S|mu|ated water quallty for each model Iayer at 20 and ': -
: 40 years is presented |n Flgures 11a and 11b respectrvely The lowest oontoured. '

concentratlon in the f' gures is 20 1 grams per Ilter (gIL) or 20, 100 mg/L whrch dlstlngurshes’ .

L . |njected water from the |n|t|al assumed ‘Artesia- Group water quallty of. 20, 000 mg/L The gray; B

’iareas |n the ﬁgures represent dry model cells Wthh are cells that are not saturated wrth
, brackrsh water at the beglnnlng of the srmulatron and do not become saturated due to m;ectronz
~at the Bobcat SWD well The whlte regrons |n the figures mdrcate the boundary of the Artesra

: _Group rocks wrth the Caprtan Reef Aqurfer For model Iayers 1 through 3, the Capltan Reef . |

Aqurfer lateral boundary is farther to the west not v15|ble due to the scale of the ﬁgures Inv -

' 'model Iayers 4. through 6, the Iateral boundary of the- ArteS|a Group wrth the Capltan Reef‘ 2

o Aqurfer |s evrdent

| “.ADB17:1137..\Production\Expert ROL7-1TOWL Rpt_728doc .~ 13 ©
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_ As mdrcated in the ﬁgures the majonty of |njected ﬂurd remarns |n model Iayers 1 and 2 for the -
| entlre srmulatlon penod A small amount of rnjected ﬂmd mlgrates into model Iayer 3, and nof :
flnjected saltwater reaches model Iayers 4 through 6 In addltron the center of mass of thei :

o _|njected saltwater mlgrates to the east over trme as mdrcated by the Iocatlon of the red zoneg '_ -

: (90 000 to 125 000 mg/L. ﬂund) relatlve to the Bobcat SWD weII Thrs eastward mlgratlon occurs

8 ;due the mﬂuenoe of the Capltan Reef Aqurfer hydraullc head whlch is far hlgher than thef o

vhydraullc head throughout the Artesra Group, wlth the except|on of very near the Bobcat SWD{ . ,
o well in model layer2 ' | '

: _The srmulated hydraulrc head after 20 years of lnjectlon is presented in Frgure 11c As would
be expected there is a srgmﬂcant mcrease |n hydraullc head at the lnjectlon weII in: model '

- layer 2, but there |s also a srgnlﬁnnt lncrease m hydraullc head |n other model Iayers due fo the' . :
o mﬂow of Capltan Reef Aqurfer water As explalned |n Sectlon 3 1, exrstlng data mdlcate thatj o o

o N Caprtan Reef Aquer water has not entered the Bobcat SWD well |nject|on zone These: :

o srmulatlon results mdrcate that the hydraullc oonductrvrty of the Artesm Group rocks should be

vneduced substantlally However there rs no need to oonduct a fate and transport S|mulat|on‘ o

- :where hydraullc commumcatlon W|th the Capltan Reef Aqurfer is essentlally zero (as lS the case:

in reallty) so addltronal slmulatrons wrth adjusted aqunfer hydraullc propertles were not._-'_..t

o . fconducted

o »Two addltronal sensrtlvrty S|mu|at|ons were also conducted The fi rst sensrtrvrty S|mulat|on3" 5

o }_ | consrdered a lower Capltan Reef Aquer hydraullc head of 2 109 feet msl whrch was observed L
o at the Southwest Jal Unit 1 monltor well about 40 years ago (Goetze 2017 Land 2016) The:
- »purpose of thls run was to account for the potentlal that future Capltan Reef Aqurfer hydrauhcf -

y head may be Iower than |t is today due to mcreased use of the aquer for oil and gas purposes_
(Sectlon 2 3) The results of this srmulatron are very srm|lar to those of the base-case srmulatlon :
a (Flgures 11a and 11b) therefore figures for thls sensrtMty run are not presented '

_ The seoond sensntlvrty run consrdered the case where the Caprtan Reef. Aquufer hydraullc head. -

s assumed to be the same as that of the Artesna Group initial hydraullc head of 13 feet msli'; :

j (sllghtly above sea Ievel) Thls is: obwously an unreallstlc scenano |t is only presented to- :.
;-demonstrate the propagatlon of hydraullc head through the Artesra Group rocks attnbutable to- .
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- ,'the Bobcat SWD weIl and to demonstrate the effects of the hlgher Capltan Reef Aqurfer‘ .

o | hydraulrc heads on the srmulatron results through companson ‘with the base-case S|mulat|on,." e

B scenano The results of thrs sensrtlvrty run are presented in Flgures 12a and 12b Flgure 12a |

o 'presents the S|mulated mlgrahon of the m;ected saltwater at 20 years Because the hlgher; |

o o Caprtan Reef Aqurfer hydraulrc head values are not prescnbed the srmulated dlstnbutron of the;

o m;ected saltwater is more radlal oentered around the |nject|on weIl (compare Flgures 12a_ .

and 11a) Even in th|s unreallstlc scenano where the Capltan Reef Aqurfer hydraullc heads aref - -
B not consrdered there |s stlll no mlgratlon of the lnjected saltwater to the aqurfer ' o

o : The snmulated hydraullc head after 20 years of |nject|on for thls sensntlwty S|mulat|on is’ .

' presented in- Flgure 12b The srmulated hydraullc head presented in- Frgure 12b is the result of

o :the |nject|on at the Bobcat SWD weII for a 20-year penod supenmposed on the rnrtlal hydraullcf ;

:_ . 7 ' ;'head of 13 feet msl The ﬁgure |llustrates that the S|mulated hydraullc head in the lnjectlon Iayeri. - o f_:
S '(model Iayer 2) mcreases by over 2, 000 feet Srmulated hydraulrc head mcreases by nearly; - ] S

: ;200 feet |n model Iayer1 and by about 20 feet |n the lower model layers o : L
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Explanation

A Bobcat SWD well
® Skelly Jal Water System supply well

Source: Aerial imagery from USDA NIP, 10/11/2016

SIMXD

® Other water supply wells
' Capitan Reef Aquifer extent
13,298 (2015) TDS concentration (mg/L) (year)

OILFIELD WATER LOGISTICS
Capitan Reef Aquifer Water Quality

Near Jal, New Mexico
Daniel B. Stephens & Associates, Inc. -
7/24/2017 JN DB17.1137 Figure 4
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Explanation
A Bobcat SWD well
® Jal Westfield supply well

PORT

\FIGUR|

S\MXD

© Proposed City of Jal Santa Rosa supply well
/] Field with oil and gas as the principal fluid produced
D Field with water production only 3 %
D Jal Westfield boundary Source: After Hiss (1975)
i Capitan Reef Aquifer extent OILFIELD WATER LOGISTICS
Oil, Gas, and Water Fields in

Permian Rocks Near Jal, New Mexico
Daniel B. Stephens & Associates, Inc. .
7/24/2017 JN DB17.1137 Figure 5
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; Explanation

q a Bobcat SWD well Top of Yates elevation (ft msl) -250 to 0 315
4 Artesia Group shelf margin ® <-1000 0 to 250 /
Pl % Capitan Reef Aquifer extent ®  -1000 to -750 * 250 to 500 K\ermii
4| Model grid * 750 to -500 * >500 %

| ¢ -500 to -250
OILFIELD WATER LOGISTICS

Top of Yates Formation
Daniel B. Stephens & Associates, Inc. P
712412017 JN DB17.1137 Figure 6
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Q:\PROJECTS\DB17.1137 OWL _SWD\GIS\MXDS\FIGURE S\REPORT 2017-07\FIG08 MODEL LAYER THICKNESS MXD

Layer 3

Layer1

Layer 5
Explanation
A Bobcat SWD well Layer thickness (ft) W 50 - 100 200
=== Artesia Group shelf margin [l <50 I 100 200 - 250
0 25 5 Mies Ez‘*’:t"w < W . 50 100-200 WWN>250 ) FIELD WATER LOGISTICS
apitan xeer exien .
P Model Layer Thickness

et T

Daniel B. Stephens & Associates, Inc.
7/2412017 JN DB17.1137.00
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Q:\Projects\DB17.1137_OWL_SWD\VR_Drawings\Fig09_Concept_Cross_Sec_Model_Boundary_Conditions.dwg

Shelf margin

No flow x ‘ /' Bobcat SWD

San Andres

Capitan Reef Limestone

Explanation

Grid cell

\ General head boundary cell representing horizontal groundwater flow

% General head boundary cell representing vertical groundwater flow
OILFIELD WATER LOGISTICS

Not to scale ’
Conceptual Cross Section of

Model Boundary Conditions I
Daniel B. Stephens & Associates, Inc.

7-24-17 JN DB17.1137
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Q:\PROJECTS\DB17.1137 OWL _SWD\GIS\MXDS\FIGURES\REPORT 2017-07\FIG10 GENERAL HEAD BOUNDARY CONDITIONS.MXD

Vertical conductance to Capitan Reef Aquifer

Explanation
A Bobcat SWD well

Active model cell - no boundary condition B Horizontal conductance to Capitan Reef Aquifer
—— MR FRoRs WXt H'H

. L cepiar General Head Boundary Conditions
Daniel B. Stephens & Associates, Inc. S
7/124/2017 JN DB17.1137.00
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Q:\PROJECTS\DB17.1137 OWL_SWD\GIS\MXDS\FIGURES\REPORT _2017-07\FIG11A _SIM_TDS CONC AT 20 YRS.MXD

Layer 1 Layer 3 ) \ \
18)
209
Layer 4 429 Layer 5 428 Layer 6 G2e
A A A
Explanation
A Bobcat SWD well TDS concentration (g/L) W 40 - 50 70 - 80
N =Capitan Reef Aquifer extent [l 20.1 - 30 P 50-60 [ 80-90
0 06 __12mies AcMemodlow N 30 - 40 60-70 WEN90-125 & £E) D WATER LOGISTICS
—— ry ce

Daniel B. Stephens & Associates, Inc.
7/24/2017 JN DB17.1137.00

Simulated TDS Concentration at 20 Years
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q} | 8inoi4
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0 0.6 1.2 Miles
e

Daniel B. Stephens & Associates, Inc.

7/24/2017

Explanation
A Bobcat SWD well
a Capitan Reef Aquifer extent
Active model grid
Dry cell

JN DB17.1137.00

TDS concentration (g/L)
I 20.1- 30
N 30- 40

W 40-50 70 -80

W 50 -60 B 80 -90

60-70 W 90-125 o) ciE| D WATER LOGISTICS

Simulated TDS Concentration at 40 Years




Q:\PROJECTS\DB17.1137 OWL SWD\GIS\MXDS\FIGURE S\REPORT 2017-07\FIG11C_SIM HYDRAULIC HEAD AT 20 YRS.MXD

Note: Maximum head in layer 2 is 2,855 feet

Explanation
A Bobcat SWD well Active model grid
= Capitan Reef Aquifer extent Dry cell
0 0.6 1.2 Miles —— Simulated hydraulic head (ft msl) OILFIELD WATER LOGISTICS

e

Daniel B. Stephens & Associates, Inc.
712412017 JN DB17.1137.00

Simulated Hydraulic Head at 20 Years
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Q:\PROJECTS\DB17.1137_OWL_SWD\GIS\MXDS'\FIGURE S\IREPORT _2017-07\FIG12A_SIM_TDS CONC AT 20 YEARS NO _CAPITAN REEF AQUIFER HYD HEADMXD

eZ| ainbi4

09

Explanation TDS concentration (g/L) ¥ 40 - 50 70- 80

0 12 Mi A Bobcat SWD well B 20.1-30 B 50-60 N 80-90
i . iles ) ]
e — =2 Ca;.man Reef Aquifer extent [l 30 - 40 60-70 W 90-125 OILFIELD WATER LOGISTICS
g‘:"‘;‘:;"m'g"d Simulated TDS Concentration at 20 Years -
2 No Capitan Reef Aquifer Hydraulic Head

Daniel B. Stephens & Associates, Inc.
7/24/2017 JN DB17.1137.00
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Q:\PROJECTS\DB17.1137 _OWL _SWD\GISIMXDS\FIGURE S\REPORT 2017-07\FIG12B_SIM_HYDRAULIC HEAD AT 20 YEARS NO CAPITAN REEF AQUIFER HYDRAULIC HEAD MXD

‘ Explanation
A Bobcat SWD well

N n Capitan Reef Aquifer extent
0 0.6 1.2 Miles —— Simulated hydraulic head (ft msl)
e e

Daniel B. Stephens & Associates, Inc.
7/2412017 JN DB17.1137.00

Active model grid
Dry cell

Note: Maximum head in layer 2 is 2,137 feet

OILFIELD WATER LOGISTICS
Simulated Hydraulic Head at 20 Years -
No Capitan Reef Aquifer Hydraulic Head
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Table 1. Groundwater Model Hydraullc Properties

Intrlnslc Permeabihty (md)_'. ‘ :Amsotropy

| layer| Descripton | (feet) okl ke ] ) ] %) ()

™ot | Thlckness B e 1 Facor. -'_Porosuty Coss |

1. | Yates above injection zone - = - Toponatestotopof 10 - | 04 |00 ] 7| 1x10"7_* |
S PR ': mjec"onzone - l EE Y R P P 1B :
’ ~200feet at. Bobcat SWD

2 ‘3|n1ect|onzone(baseonates/topof 80 1 - 30 | 35 | 1000 _‘_“15‘ - --1,(_1‘0‘—:7»., ]
‘Seven Rivers) » : . o : : ST PP : : .

3 | Dolomiticlowk zoneinSeven = | -~ 20 - - | 20 | ‘002 | 1000 | 7 | 1x107 |
_Rivers below base of injectionzone | .~~~ .~ cp o o s e

4 - Secohdass_uméd hi'ghe,r-kZOne.'but.' . 50 " :150 S - 15 ‘.:: .:100_ iv i} .:‘ ,1'0.. : . 1)(,10'_7' .
not as highas injectionzone = | S R CR R I ! KI T I | o -

5 | Bottomof AtesiaGroup;lowk = | 100 .. | 10 . | o001 | 1000 . [ 5 [ 1x107 |

‘md = Millidarcies; 1 md = 0.00274 feet per day (ﬂld) hydmuhc conduclivﬂy assuming fresh water ‘
" kx = Intrinsic permeability in the horizontal direction " . :
- kz. = Intrinsic permeabllity.in the verticaldirechon - 'v )
Ss = Specific storage- : :

..ADB17.1137..\Production\Expert Rpt.7-1\TO1_MdIPrprties.doc *.

6" ‘Boﬁomof'ArteSia'Groin;'lowk | Remainingthickness . | : 10 | 001 | 1000 | 5 [ 1x107 | ..



Appendlx A
Water Quallty Report for

Maralo Sholes B No. 2 SWD Well s



o Lease:

- Company:
© Well Number:
. : vl".qcatiotnp-:r -

) ?l.‘)atél'l-un:v
. LabRef#:

o simse
-~ Carbon Dioxide

MITCHELL ANALYTICAL LABORATORY

2638 Faudree

Odessa, Texas 79765 8538

561 5579

?_Bobcat SWD H Pump .

owL.

:,_-wcs1437 o
sp32007
17-may-h27255

(H2s)
e _(c02)

L :Dlssolved Oxygen . :',(02)

. " : jCalcmm
R Magnesmm R

s ;Sodlum

' 'Banum '
O .Manganese
S :Strontmm

o _:Hydroxyl
: ,Carbonate

: }BiCarbonate o

. sufate .
‘ i;Chloride

- _Total Tron

_ (Cé;i-:-T-:)‘ B

C(MgHe) -

:"f;(Na+)

h (Ba++) -

."i(Mn+)

‘(_S'-"H')

(oM

oy
- (HCO3-)
soas)

e v»((_,l_l")

- Dissolved Gases

 NOTANALYZED

' iTotaI Dissolved. Solids ‘

.. Total Hardness as CaCO3

' ;Conductwnty MICROMHOS/CM

"'-':,pH:'ﬂ;' :' "f"' 6300

FCaSO4 Solublllty @ so F.

. ‘Cac03 Scale Index _

700 . 261
. s00 . 381
Ssn0 581

. 42.25MEQ/L,

e 'WadeCo Specialties, LLC

' ,Sample Temp':'
- ‘Date Sampled:'. N
. Sampled by:
- Employee #: -
* Anaiyzed by: -

Cations "

- 732.00

U a287164
- NOTANALYZED =~ =~ =

27 61i_

’ 125 357 16

-+ 15,061.20
160,000

Specific Gravity 60/60 F.

.S81 . 1300 - 1161
851 1406 1161
851  150.0 1.401

WadeCo Specialties, LLC =

Mg/l Eq W
g 5.00
. 800.00

» 50

2200

| 4,824.00 2010

S0

126

.00
00
73320
. 790.00
. 74,581.95 '

'~ 48.80
3550

 CaSO4 scale is unikely.

. 5/15/2007. . . .
- Wade Havens

C2750 oS0

S0 00
73000 - 000
12,00

5110?_-'_3?, .00
1619

1860 148

;.: :271‘.087} R

o MEQ/L
"1600 T } DU
.3
80013:],'-'- .06

24000
1220 - - 60.00
1,863.98

2,10090



