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Abstract

Cali brating Perf or manSccea |l Rer eldnijcetcito no

Chinemerem Cl ement Okezi e, M. S. E.

The University of Texas at Austi |

Co-Supervisors: Alexander P. Bump and

Current Carbon Capture and Storage (CCS) projects build on over 50 years of experience
with CQO; injection. However, the planned injection rates of projects currently under development
are as much as amder of magnitude larger than anything previously attempted in saline aquifers.

In the United States, about half of these lasgale projects under development are mostly
concentrated in the Gulf Coast r e g ihioknand That
permeable sandstones and its proximity to large emission sources.

To calibrate predictions for larggeale injection in this region, historic saltwatejection
into nontproducing reservoirs in the Texas Gulf Coast is used as an industriad.ahlaé Texas
Gulf Coast was chosen for its long history of laugpdume saltwatemjection Data from over
8,000 saltwater disposal (SWD) wells were analyzed in this study. Injection pressure, rate, and
volume data come from the Texas Railroad Commis@RirC) reports via B3 Insights but need
significant Quality Checks (QC) to be usable. Of the >8000 Saltwater Disposal Wells in the
database, only 5,105 Saltwater Disposal wells have monthly injection data.

Results from the regional study show that 4,8@8s injected ~20.3 billion stock tank barrels

(stb) of saltwater into the onshore Texas Gulf of Mexico from 1990 to 2020, the period for which
6



digital records are available. That is volumetrically equivalent to ~2.3 Gtat@eservoir
conditions. Moretian 15 billion stb (~1.7 Gt CCEq.) of the total volume were injected below
800 m, the depth at which G@ttains its supercritical state. The bulk of this injection has targeted
Oligocene, Miocene, Woodbine, Wilcox, and Lower Cretaceous formations.

The injectivity results obtained for 592 wells with reliable pressure data showed a wide
distribution of well injectivity indexes with a P90 of 1892 stb/year/psi, P50 of 355.5 stb/year/psi,
and a P10 of 51.55 stb/year/psi. The injectivity results obtaineshftwater were translated into
CO equivalents, considering only single perforation wells injecting below 800 m, with the
distribution resulting in a P90 of 0.713 Mt/year/1000 psi, P50 of 0.125 Mt/year/1000 psi, and a
P10 of 0.0118 Mt/year/1000 psi. Fugthregional study, shows the Miocene, Woodbine, and
Oligocene to have the best injectivities and potentials fari@j€ction in the Texas Gulf Coast.

The wide distribution of injectivity observed in the regional study shows that-$aede
injection ispossible in the onshore Texas Gulf Coast, with some wells injecting up to 1 Megaton
of CO, equivalent per year. However, some wells have low injectivity indexes, and this can be
largely attributed to the issue of intermittency observed to be common Wilatesiinjectionas
a majority of the wells operated below their maximum permitted monthly volume and pressure,
which means that fomost casesthe injectivity values only provide a minimal indication of
reservoir performance.

A detailed case study oflacal well cluster that cut across Caldwell and Guadalupe Counties
shows the target injection unit, the Edwards Group, to be heterogenous and volumetrically the
biggest target in the Lower Cretaceous. A few shallow wells in this unit, mostly withhateen
completions and possibiptersectingfracturesets account for most of the high volumes going

into the unit, possibly the low bottomhole pressures reported for the cluster, and the high



injectivities observed in the cluster. The injectivity range estdah for wells in this cluster
injecting below 800 m in this study is questionable for lagme CO2 injection and further studies
will be required to confirm that trends of highly injectivity zones are also present below 800 m in
the Edwards, as this alal potentially be a huge storage resource in thdipg@ exas Gulf Coast.
The detailed case study of a local well clusteRefugio County analyzes the high pressures
reported for the cluster to assess the possible impact of heterogeneity onepoaddup in the
Miocene.

Furthermore, the observed local variations in injectivity among wells in the same formation
are possibly due to intermittency and variations in reservoir properties

The results and insights from this study shibve valuable experience saltwatejection
provides to deisk CCS, the potential of multiple target formations for lasgale CCS, that
injectivities and volumes estimated in this study only provide a minimum indication of
performance due to the issoiintermittency associated with saltwaitgection, and the potential
impact of heterogeneities. Therealsoa suggestion ofiell interference with a few wells sharing
similar injectivity profiles There is not enough evidenoé compartmentalization based tme

data available and the analysisraad out in this study
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The Ed@WraouwWp t heBrlaunlfioenpd a | eached, por ous
dol omitic | i mest enet depmedsairditeradd ¢ iremveGid Isl,al(;19 79
Swanson ej. alt,i201d6und at an aver aai depnd o
Goode,) .19%2% complex diagenettiheechust®emgye odf tiha
l entils make the r(Gsoekr,v d@&vahdgam!l e Xad artdaaddl e
Hwv orekta( 49,98t)he amount and distribution of dol o
t hat have increasedomyNbn dleler @ cnamduadt v f ¢ hm, C
the EdGwabhpgds a thum@edhecknessst hwareasewi th se
450 ft thick present in the subeasténnepbat Boul
(Fiher and Rodtdreamrutl® 68n dcNot biwvar d seMekd warhdass huni t
thichmessmuch RiBe60a&ndtR¢ dadhad, ulp9 6t9s0 UWRIB @ fMte air n
t he MaBaesriReké, ) OOer2l yi BdywatGues u 3 a thin seque
appr oxi metqalliw atl -lmmé i rogp emarar acnadr broomcaule mudst on
oxytropi doceifdied ammo rRiotdRlees,( HBEZ ri bed t hese ¢
formations as the GeoRkRogenadwrm,nsDelBeRioav, tdrd EB U
Rodger matRo @, )(19TRe CHddWprodis)@o mpr i lsa&iskogrimeat i on,

a massive dol omiticFommati be, dadcrtihredPeasohi
col |l apseSwnmsacrcia)s. dAc ¢ CRBOKL A F 9ttch e uogpfp e d vbadr df st i
the primary reservoir, possessing good porosi
extending Just bel o-Cheappt ¢t x ia@atDblayndb@&d@6d ft hat
EdwaGdesept ends throughout abdt Was e tsdnroetdheer | L &rs
Marcos platform area. With the focEsganealo8B
this stCGhhkeyatudkesa@® Dbra@emeratp apRPOBMYEY hpl aci ng t
EdwaGrdaesiup both the WashDtai avindmB it encke rujpdolecth lErdgy a

i's |l argely t,aheden) e D8 ivdassihoatr @ e t
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MEMBER

DOLOMITIC
MEMBER

T GLEN ROSE

& L & LIMESTOME | TAN-GRAY , DENSE |, SHALE STREAKS, PELAGIC FORAMS AMND
& e CALCISPHERES , GRADATIOMNAL AT BASE
la_——— |
= =7 SHALE, DK BROWMN-GRAY, FORAMS AND SMALL CLAMS
P & ™
T&.—; LIMESTONE , TAN -GRAY , DENSE . STREAKS CARBOMACEOUS SHALE,
. — PELAGIC FORAMS, CALCISPHERES, SMALL CLAMS; GRADATIONAL ABOVE
e ° & BUT SHARP BELOW.
_g” _"ﬂ_»’ LIMESTONE AND DOLOMITIC LIMESTONE, GRAY-BROWN, WISPY,
== | BURROWED; CLAST, PELLETS,CHERT, VERY FOSSILIFEROUS,
A 4 _A| BOUNDARIES ABRUPT.
oL - LIMESTONE, BROWN, WISPY, MEDIUM-COARSE SKELETAL PACKSTONE-
ﬁ,., GRAINSTONE ; CORALS, CLAMS, RUDISTIDS, FORAMS.
- & il BOUNDARIES ABRUPT
O DOLOMITE, BROWN- GRAY, MASSIVE ; PELLET-SKELETAL WACKESTONE;
| ~% sUM|  CALCITE PSEUDOMORPHS AFTER GYPSUM , SPAR-FILLED CRACKS.
A gag DOLOMITE AND DOLOMITIC LIMESTONE; COARSE, ANGULAR,
[©_S = | _COLLAPSED-BRECCIA; SPAR-FILLED CRACKS; GYPSUM PSEUDOMORPHS.
—_— = DARK BROWMN ,DENSE, ARGILLACEOUS LIMESTONE.
— — — —
fﬂ’m“'
o P LIMESTONE , BROWN, MEDIUM GRAINED , WELL- SORTED, CURRENT -
D g | LAMINATED MILIOLID, PELLET GRAINSTONE AND PACKSTONE;
~ | FOSSILIFEROUS. UPPER BOUNDARY ABRUPT, LOWER BOUNDARY
D LPp| GRADATIONAL
& ==
= = &
=]
= -_—
- -] Qd‘)
= =
':.;. o DOLOMITIC LIMESTONE ; MEDIUM-DARK BROWRMISH GRAY, BURROWED,
— — — | FINE=MEDIUM, MILIOLID =PELLET WACKESTONE - PACKSTONE
& = BOUNDARIES GRADATIONAL
[=~]
@ @
S —

LIMESTOME ; PELLET-MILIOLID WACKESTOME; ANHYDRITE NODULES.
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Ewing et al., 1990 Schultz, 1993 B3 Insight Facies (Phelps et al., 2014)
Datum = mean sea level B )
Surface Elevation =~100 m Freshwater/Saline Water Interface (1,000 mg/1) a Edwards Trend of high performing ] Peritidal dorqnnated .
MNormal Fault (down to right) 10,000mg/! saltwater injection wells ] Shallow subtidal dominated
_— Normal fault ‘ ] StuartCity Reef Margin
400 m B Slope toBasin
_ 1000 m

Figlbr8Geol ogicalaOvecali emwe doff « hBersatheyloifEwiigeétd &Phel pgd9606Scahlt z) 20888 red and bl ack

the 1,000 mg/ I and t heTHe, PdIOd mgrn d p mdadeusll tirsees ptelxdt 0 weethdyo evr alnlitdinee jgs eeme |-dh@Ren sl it he.

The red dots show the cl ustTehre afhrvwed |fFa vil ntjheed tdiornwgnbhiBMivi inshet iEadmw.a r Tdser edsadfatiterse nty pec
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The Cattarmmaltliaon ido nrheer TfoimCbOdni{ Ref Bgubhern
consofst-mani ne,ctagdd vell@asnoc deposits i nterb
sedi mElowshuf(y etGadboway 2a0n0dB;)K.aisreayn did®@b heoMom
Fietde focomadoidads t o 60@o oplsiaitdi (Geol og)i.c al S
The average formation thowdwygemwt h ntdiebbaptebt
sedi mentary patte®wveragethhib&néssmathgnng f1
central Texas, 200 f@thdtua BO® fftt itro CGARWDOh Ty adn
et al;. ,Ga2l0l0o6vay Thé@9TCat ahoula sands havanexcel
averapesipog of 29% and permeabilityCoamdd®ydl® 0 md
as theCdmroed d. Growth faults initiated by ear
Catahoula and deeply influencé&adwaey, ) rlednfdise o f
Cat ahFoumai sompl ackBlidodenet hlepoc h, with the wuppe
overl aying the t hiwhki cAn achvweardio anast Qihtedehsirayl ocet a l
200@r pus Chri st Ge;ONilongaircta)l 9 3S&ice e g tnaeth®@6I@ah et r
Tom&Onnor(FFop@ehdstwel | s | ocated on eithepbnside
sealbiem gtuhsee &f atuh tow ,iws afni mi mat geosliodgey tohhet efiat h

Al so, the pressure respon®é o¢hiee faletadtr otmh eved :
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Ewing etal., 1990
Datum =mean sea level
Surface Elevation 100 m
Normal Fault
—— Normal Fault
—  County lines

Fig&. 9Geol ogi cal Overvi eweafr ttHieo e dma(fenuge laedt T radl i & 1990;

gol d | ines ,trleer pisneepst eaf rbeu latroklihnet yd oltisnesshow t he wel |l s i n t
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2. Literature Review

21 Class |1 Well s

Briamgsociated with wbkeanpnecgas pmoducanhidemgha
the petroleum industimydoB@Babé etdobbdd REMatl®d 6
addition, i ndustrial weastehhectedasdodtkbigal bwe
i njectwasn dveillll ed i n A AfEs ety )Blylpdoont,0 0 Be x1a%s b e
t hfei rst epateegol adi onsi nrjeegea ridanm gvreil rd dsw sOOn7iGau It t
Howe,verregul &sktiaotneselraetv enlot unigroatme dtni g rwest eorf q
fopotelnius alghr®@und@btkeret RlaFl o2vd Wy edocamenst
groundwat er dcuoenttaomi natd eogr o8 nodhtvas tcea sienjoefct a o
injectiaan twel IHRammer miCloimp a n ys yilnni, abrei eUni Pemdd St
Congress passed theethS$ athe aWMdnoenremdP riithilek i Pgot ect i ¢
(EPA o establish the Under gr ouinn® 7¢Mmg uercdtyi).o n2 0Cloln
Foll owing these ersetgaubllaitsihoends , aftoheet cBoPdla & m dstt eamntdi a:
drinking waastB2B00 09o toagdi dsss osb vV § dTD E)R , JUB@er this
program, Class |1l was established for injectir
includes | ar ge amoTuhnet sn uonib esra | otfw aitnejre(tla nsers ewred |
inased ovefrr ome3 eiam stSrhiet ke, atrd gyp BLAOx6i0Omwa t(el vy 180,
' 1 weallrlrent | y EiRn &Edreatyivad?a ylfi lol | @fn fHaleal pencst e d
in the Upiwedh Smasewel | shse niClag & eftoironn a Loui si

(EPA, 42T0WRe EPA di vi d@Esg Cl)easso |t hweed | cat egori es:
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a.Di sposallheWeel Ivsel | s arse @assedctatedjwcthbpoi he

or wast ewytderaulii ¢ franttioseamaeg arctsivintli @ s un

f ormatdiosnpddodleyamepresent ERPRy X021 ass |1

.Enhanced Redbesey weéeplsesenting &0CT% afsedl &g
i njfelcuti d 9 nao rosi sbhiraitneer,, p bsitgemabnr, c,ar bamtdi ocoxiilde

bearing formations tno Ftemoved applHR,ati ons$

2 042 .

.Hydrocarbon :$hesageveWe¢lIs|l sare wused to injec
undgerodmd mati ons, such as salt caverns, fo
Petrol euumnBRestboewweer 100 of these wells in opg
( ERPA 20.2
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Class Il Wells

‘‘‘‘‘‘‘‘‘

*PRODUCTION WELLS ARE NOT
REGULATED 8Y THE UIC PROGRAM

FigureCRass ERA,WedTUhzed base of oesdeof§rduondksaoagr
mar ked by a thick blue | ine. Ththottehfetr wenol wesl
are used for enhanced oil recovery, with the

the middl e.
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Class ||l waliindumdami avgklelssed fiomrj e@@tetome
scal e ofniding elcan @hudy omaglcl@heasmso wibdien ssi gnh to
howarsgel e f | pedf omrcjmeno teemr vaen dwihtohw rtei gnoebda m g
beé mproovedinipeorteent i alandhal Is&sgas ssoccdllagt £d Wl tvhe |l

can be mitigated.

2.2Cl ass VI Well s

Cl aswelNIs arienjeexadon o@®o xiindteo (deep froorck f o
geol ogi ¢ gleQHG,t rEaBtli8ehni A we | | (Ffc ba®&wad&st abl i sheo
by ERAMIHawever, the i mpiemeHobMmwymly haisx bwelnl [
i sspreidor (Loy 2P eteantcevsave Pfi macystate, terri
responsibilities assoapptededvi U QirmpChlvgeadadmsViln g
(Lau, ERA,2 ;)2a0n2d4 acti ve Cl ass @urremealllys artéelrienanme
Class VI projects (Fund®é&pepwittehv iacbw uatt 3tOh eo fERAh e s e
the Guwltf r @E3A,0on2Te2 4hel g hreedwmeg wait ti mes asso
per noitthsd rastuecsh alsavie xastnlhamicendt | Bni macgeeker Cl

wel |l s
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Class VI Permit Tracker
1/5/2024

Region Applicant Name: Project Name Wells State County/Parish/Tribe
enbury Carbon Solutions, LLC: Orion 3 fh paldwin
Mississippt Fawer | Southern Company: SECO2S Kemper
4 st /3quhen L?np A i AL i
Denbury Carbon Solutions, LLC: Leo & M Y andcopian
Wabash Carbon Services: Wabash Carbon Servi é& 1 I\, Yermilion &Vigo
Lorain arbonIZefoSolul&)as ILC: Lorain OH
Heartland Greenway Carbon Stara e naanla?ﬂ Pssreer;w;i i o “f A
artoersh sier an,
5 - One gr'ﬁm;equengn‘m W8 bucé";hcc . u p&l
ear way Garl e, ervain cLean & Logan
Krehee Banials MidTang: A ghﬂ)ecalur s £ Mo .
i\ Montgomery
Archer Daniels Midiand: Mbron It Magon
Heartland Greenway Carbon Storage: Compass it Dewitt
Magnolia Sequestration Hub, LLC: Magn LA Allen
Hackberry Carbon Seaeaiatag (T Haeierry A B Cameron
ulf 5t Sequestration: Minerva LA alcasieu
Oxy Low Carbion Ventures, LLC: Brown Pelican X g
apturePoint Solutions, LLC: CCS 1 - Wilcox U Rapide:
Gul Coasx Sequestration: Goose Lake LA a(amu
Migstream Holdings, ULG: LA CCS LA abine
Capio SequestShEI U Power an&Gb Caming A g d é'
AP0 Sequestr; n, rum olne oupee
e .gsml,. e e gl # »
apturepoint Soly
4 e mfbels it LG?FC Iu G\a [A raldweu
River Parish Sequestration, LLC: au ish Sel %uslrﬂmn LA Ascension
wer, LLC: Diamond vaul LA apides
Riyer Parish Sequestration, LLC: Rlver 0y Sequestzation - RPN i Asfumption
sour Corners rbon Capture, LLC: san Jap Basi n Sequestzation M u;
iver Paris| uesnanon iver Paris| ues|ramm Assumption
6 River Parish ¢ LLC! Riuer Parish Se
arbo nSolu| LC: Jasper County Storage FB{lllly X asper
b ?r%on SOIu ions, LLC: LA Alien, Beauregard, & Vernon
River Parish gequesxu jon, LEG" nm garish seauestration - REN 4 LA berville
River Parish equesuanon LLC: River Patish Seguestration . R6N & A berville
Venture Global ccs mmeron llbovem regloha! C% Cameron LLC gO . =f LA Cameron
CCS Hub, LLC: Dusek CC T Upton
Exvonobil Low Low lutions Onsherg Storage LLC; Pecan Ishnd.. LA Vermillion
uestra tion Hub, LLt el(-‘m ﬁuestranon Project om— LA Livingston
River Parish chuz ation, UC: mv v Parish Sequestea 2 A Assumption
nerey (AR Development 5 a2 A n
g oint Solgtions, L{C: CCUS T N/A sageNa(Icm
Bluebonnm e uestrauonﬂ LL uebom\eé O— T bi
Pineywpoods CCs, LLC: P:neEw s CC3 Hy Ko ertH Hardin
1PointFive Se tration, LLC: S (hT Se tion Pro; ot (Kibars V)\( Kleherg
ointFive juestration, ol l’K S jues) ion Pri " lebery
N BB s Selitons LW ES X Galveston
PureFleld Carbon Captyre, LLC: Russell CO2 Storage Complex 1 g Busel
7 tt Energy: Pratt Energy LCS Project o K Pratt
8 Carbon America: Denova 1 €O  Washington
arbo [nViul(l LLC; CTV El mlmf«‘7 2 ¢ fem
sanmaqumnenew les, LLC: $an Joaguin Renewables Eﬁ em
TerraVault |, LC ik i Is 26K
Ear on errzv:ull Hal LLC 82 gan Joaquin
Carbon, TerraVault Ho g-r&s UG CTV Il an Joaquin
9 E bonf rontier €A Ken
Y' °| f‘?les LLC: Pelican A SanJoaquin
rbon erravau cA Sagamenlo
Montezuma Noj ’Civbons ueﬂuno lont zumi Czrbon uc CA
Calpine Callfornia CLUS fings. uner ecarbanization Project So— CA  Sut
Rult Holdings, LU & 3nisaquin
Chevlonu A | Kem River aslrldge s 3 A KernCounty
Total Projects = 63 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25 Jan-26 179

== Completeness Review I Technical Review** I Prepare Oraft Permit I public Comment Period Prepare Final Permit Decision***
(est. 30 dwys) est. 18 months) (est. 60 days) (o5t 3045 days) (#51.90 dwys)

© Notice of Deficiency (NOD)Sent A Raquest for Additional Sent [ o NODs and RAls

Note: Hashed bars represent estimates of future review periods.
*Compl few restarted after ! made to project
**Estimated Technical Review period depends on the complexity and quantity of RAls needed to evaluate the appiication
and recewving timely respoases from the applicant

** Time to Prepare Final Permit Decision depends on the number and complenity of Public Comments received.

Figu¥FeCkass VI P&EPAMI t20T2rdacker

2. 3Previ aolks Ukio@hbass | I DiSaposvalt ewel |l s as an Ana
Niet a2lev@2 @ atteeadh ntihcea lo gfi gead CAISt i@tf yvo gd . hSe.
Gul f uCsoidmg a f r odhi s pwbesl albst eirna nalseeedsestgh @ nbest f or
for diMopofs atlthe saltwater injection data used |
and | HS NHetelc d e spiddrejrect i on data from 1983 to 2«
analssd¥In@00 ftthdee p tlhoewb ewchQicsh super cr ietdinclayl waenldl ss
i njecting béall oweftotchusse dd etphtehi.r anal Yy oius GCiudrilaot h
CoaBhey | dpvaerraangeet er s such as tot al injection v
injce i on pressur e, pressure buil dup, &dmad itmjeec

Texas GuNiét . Caebhetct ed well s maomrdd d®irmpatf@ onhi ng
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efl ect per.Mmdaree nytabdiaddphesseael soc emwmal OB @éj ebhei on
apaci tly. S.f Quhlef c cCovaesrtt i ng sarkegwahéentCmame b
ssums mge r €CrQidteinsalt y o.f T/Hdcikigdhea3iognat ed- as t h

sti mat & osnpearrmagpraicai mp | lyy asldi ndyi sapo ¢ &fleo na atlt hwemdéa c t i

we l lThsE s esccoenndae g or d vk aeesctoimmu@ae ma o mp [ICtaggaci ty by

a

F

ssumiong nj et er omntdheanta gtt wevlel s useeécarmeag at the
i stonj eat i otnhirrad ebleleat | tocbd &t ihimg h @ saskceesn aardivoa nt &
f the | inear rel ati onshibpy baestswere m gp rceosnssuraenta

onstant manji enautm @mut aditor i ZTenck ispurl et s=s dishhed wigatl oune s .

er yaelm@amngdo be achhegkdstwi ebtdndet et sweohbhdi oy
equire 1500 2wW:00 sbbin/jckay itndfhadhi we utlthhsastad s al
owate well s airre tmoe er egimmonand suggewtéd st hat
vail able are sufficient for t hteh atmotuhne Mifo csean

racehei ghest injectivity formations.

Sever al aspects of dterd afieal ybyh phioiteede xanto.t
alcul ati onsasismmmehdirri cs$iody | oss when conver:t
ottomhole pressure foTheressdivdpibabbdwpf asse
hase float e nciadinesiiladasess otthact e rinbutiing to
nj excdr foogdnadnacnobunt for the huge variations i
nd I|,ocaldl ymans!|l ate injectivitdispwealhltss todt@QC:

er ms COQ/nd awt/ p s i
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2. 4Key Performance I ndicators

Stor agei tayakiesy per for,madc e t itnhdeivoaddvteismat i on
amoun@Qtolfat can be storedFaimg g&ldPITdher 0p rfocremast i
estatmm@Qst orage capacity of a Brdehawi etf at mat
va dvereand Yav20e0s9peci ally due t dr wapned vtarrai popuisn
me ¢ h a npiossnssi bd ief, f etrheertt wrbhatcdhpitmgapbecbomes, ebhdc t
di fferent physCOai gbt abhagishawwilitlnalt het d2GBT ,
assessimieeftf i afi exnpcoyr eo fv 0G QW me sboececnu puasnecdy sthoa rdaegtee r n
capacity, imgaoti oljuipldempmres sirmatldartiyasasfo riang et h e
spavwen Meernd Yavulowe2vedad is i mportant to al so
t aktehse ef fect o f pressure buil dupviadidng oanpbet

eval uat iormapd pdadteerstti al of a | ocation.

|l njectnotiigr ilseya per,dmd miat c iemeianddubees etoll e gi C
formétiadbn |l ity to accepinjiectiidndtyiectei€Qi né or a
can bted naamitiy@@tfo mi gr ate fromatgheti reple ¢t i200nl
Silva and ) )PanjfierggeolR0@gRc formati onaniade fdiefrfead

boundary conditions, whi ch CQam imm fglr dorec ed \Wtahye |

i njectiFoonr npadtiinotn.s wi t h | ow porwistiht ya acnldo speedr nbec
condwt !l bnmost | i kely haviel umoddcer ess$baieubti ledup
t o be bbsfgohr madtuweohnt o | iomidtiesds isppaaticee i pivad £d wr d ead i

i nj ecwhivlioer mati ons with high por casdpgen almau npdear rn
condition wild@ most | i Hiénlgye cetx pRirtd yeeni cmegh eétwhed loofp p

vol umeowircafte (q) to t hief fceo(DgrifBasinpgol nedti )nagl .p,r e2s0slu0

Ap Equation 2.1
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3. Met hodol ogy

3. 1Data Gatheriersg and Sourc
The primaed dawashb s afsrbc@Mattdeirs pawoeslalls i n t he

Gul f .Thoeasset dat a aree oudweal lby gSenldfu sytamo mdglew iart eod s
t hRea i | Road Comhd cesd et ¢ RKRIC) Bh4Be lilns t he Texas
Coast wa@g@isemblteB 3t hhaymk sgthlt d dieu idratlsae fRRPGN and ma
it easilyi acspesasnadd sdbweaxitl abl e f.BaclBaWwel It oi $ hey
assigneldibp B8l 1 nsight, wh i cdo nmpaakreesd itto etahse eAP
which has more digibsheEadht wetypabsoeucbhntaain

injection start date, injection statlTmd, ec mpal

summar ioztelge rit maartygapes usedanki oftuhrseh sdwh® dlyocat i on

the wells from which these primary data were

The secondary dastachseds i@eowebh®8tEBdy Texa

tectonwer enapbt & HS eEwitdr g ne tr easl p. e c t1i9voell vy .

Table &e¥yY Primary Data Types

Seri al Pri matage
1 We | | | D
2 APl Number
3 Vol ume
4 Rat e
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Pressure

Compl etion interval

I njection target (for

Latitude

Longitude
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Cartridge No. C-.0-7
Panel No. kP

sgn@ - RS-C- [83

SPONTANEOUS-POTENTIAL § RESISTIVITY CONDUCTIVITY
millivolts z ohms. m¥/m millimhos/m = ;2%
16” NORMAL INDUCTION
20 0 . 20 | 2000 40" 0
—l=l 0 . 200 J4000 , 2000
LEFFTTTIrrrarrirrlirirrry FErFirrilirrrrrrrirglirry
INDUCTION
0 4Q" 20
0 200

/////////f//l!/////////f/

kziod
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009!

/..l-b,

A
|
|
!
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\

]+ 71]

N

Fi gurieSa3npd e Wel | Log That 4 ofgsomrleH®ostly avai

require digitization to be more useful

32 Qualdhteyakd Data Adjust ment

These 8,348 well s havei njheed tainm-gnr cectt a tnigv € yzpa
The different data typersonspstéertt Hoe,wibhdpoeow
l ots of outlieamsdimr ¢ Samtdiv et deatmeyr @ amtc®Nnsi st enci
the rate anldhedmt e ©snuweblwldse e aecthee c&knsufmTkheqbal | bwi n

paragraphs pruommas s g hahmldibd cagttboy @ ach euaa l.g t y
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The volume data for each webkl cowasi ptentedi
anavoi d agsty adultahp aecdta ttah eva bw iszthyr.o v ol sameal rt ehcocsred
withconsi gt @Bicl esfitdver e ex cl udgewhiflred miletéd eso hie st
showmn hrei ght Fisd @ieweorfe moved to the nhkastlevet he
data for thesel ardelcy ebooenwssirdusewentelrss pi kes 1 n th
daf(sa mi Ilwahta t & osnh otwne | Fe fgtu3d)shiaddehsepgi kes el i mi nat
replacing ¢$ heaihs$igmgwy tdtheveeshpaigkee svta lmiaet evd) tod her ¢
poi,mesul ting indatdao.e foohbestemtsaojectgiuahnhi dat a
01/01/1990 to 12/ 34Vl amel0,anmiatwmsiosudd i dewveot t hi
i nconsistent and r edacoedr dihfRai dtz0o mdhges eil ghohtyal Al
records of these data o&0§utbeacfant, a@ndh pWbaalbliest | 5 |
have their mont hl yanidnjfeocht woanhiinthgt aheegpor baedy 4

deemed toemawgh doodvol ume anal ysi s.

The rate data for each well was al so pl ot
el i mi natTehiosutdlaitear si,.s t he monthly volume divide
There was no need to rteenodva@t a.nyThweldnldyei ¢ oudl
some wWebbdagkeBf) 4siAmiel ar approach of mepyleaaigreg t
valofe ot herfdataaphbhi webkl was usedt &€ o”diachwsruef e3 .cdo

Trighit. sThlies adj ust melnive lwlas applied to only

't is i mportthaentvaloumeotaend hragat e data recor de
the injection scheeuime gswhhbhskenmaytbhe produced

di sposal
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To utilize theafwet | ihejaec pi,eissehyer & aold @ tiol wai tnigo nsst e

to selwicthweo opdr eesnsouurgeh dat a:

i . El it minat e0 wed Itshewmirt hmodthl ycawrtrei mghd pr es:

the | if emeillrhe of t he

ii . El'l minat el ewsesl Ihshravibitslh2 h of pressure dat a.

ii i El't minate welpreswiurle megatriave correlatior

Havi ng tahpepsle esdtte pwsatsh anto tsi ocnekd owesltlasn t h gf roea s stuwoe ¢
consecutive mont hs wiotrh ecvheanrvweeu e esep deiha dt
across two caondacwat if ve mhret mEento viealc é mto mmda mteh d
Thesaslbredd er data quality as injettreaotGautpressur
t he2wdldMist h nnfecmaoind ysBéttOhcewet esi a provided a

these wells were used for further anal ysis in

The compl etion dat at hper otvoi pd easn di nbf ootrtnoam i cofn poe
we |[Howe,x déllerow r es olsutdiadm aonfa ktelsi. WH i da tff i tclud t we lol
have perforal3Donti,whebbabbd oh f iiedndd eecotdme hiee n c ¢
possi bdeeeamdohser vad sfpwesladmd t waltles havesperfor
up 6t @00 ft, whcchiSos édag&el gr gecaperberathenbut ¢
well s having multiple perforatiohsl|l i ¢tbmpl & hie

Some of these-l eaggbl wet f mahkbe@dnibeet he-hole@ort

compl egetnidontshi s can | ead to easily assuming tha
open completions. Unfortunately, this assumpt|
i n rtehpeddd & tea . For exampl e, a few wells with on
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assigned tholhlawe nappaeria ofnsw ot hers with | arge
mar ked as ®o0otThepen arel ee5 wedlo$s e ma o kugidlt ent 070 hoafy «
those wells injectimadi toi amt b afgdro wiehre Clr aert gaec epoe
of the volumes going idnob® the bBowell|l Eresacespse
high, out | yiinndgeixs o jl eaeiendivii € y.c hlpeg e Mi ocene, Olig
Wil cox have 2 wells each marked to have open ¢
one wel | each with opsenapkrRirdlor@os ®inlsi. | Why | th &
|l engt hawel bpen coimplaésiopaspivhhielewdeysl esnnmdud vt i pl e

perforatienrsepvrithadsrivaealgeng t he normalized i nj

for such wells | ess accurate.

Henowea, tfhe odl aoovoddiilmaectii,®ewi.mpl yntdbg {(nject
divided by prr fomrlayt iwenl |lse ngitthh si ngl e perfora

uncertainty associated withisweahkhdewaretlhmolftitfg

i nt ecoratl sti d utt ke gener al performancée efi mheatwel
the uncertainties as there are still wells (6
it unclear i f those wells htawd imutl ¢ pales penr fto

hole compldetaddns® g some uncertainties.Tthoestehe n
uncertainties pr ompttweala stelse iinnttrlbrelucabr mal iofed
cal culwatoineeis t henchedsng the wells with | arge

including those well s.
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33 Vol ume Analysis
Foll owi ng th,e8®élllesc twiotnh ogffood vol ume data, t
tget a better understantdangedf onwemw tiinmecandn

vol umes are dist rTiexwmtsedsuddr cCosastthe entire

i .Vol ume wihhstpmet S h ovwosl udnaEwo sisn jtelcd | Deax as C

changed fr0O20 1990 to 2

iil.njection: Vdhume meagp s hoorwso ftaheer dddiss ttrhieb uTte x a
Coast colored by ,thlheilmowimgeatsi dm Vv dlennma fy
anal ysis. Theseaf ®a&a s wJad lleuansel oogpaed [l ds mee we | | s
botWel | st amidlh i nj ectemnt vanh s Paér, e@ Oc@,ad@qrOewe | | s
wi tlhtal ection vol ume gthbmadat drestsharnsdabr M0Q ,00(

coloredwklwiat,ls altnéddaan dtald @0 ,c®@0®red yell ow.

i ilinjection Vol ume Wa) $ urkhadchngrletcdvis fofrie mTesardagt & to n(
i nt earvhtitshal v oleumecteheryed from 19%0bhatro 202
repr egsheeat al awoslocmeat e@d.iAkoi,t ht htihse pl ot was ma

4020wel | s wittiho naealsodriogart h e m

For the purpose of this study, It ascsoumedr ta ssaln
vol ume tOQemawisyv awlfent at Eegseaetr wamsr ucsterdd ittoi arcd.i
assumC@demsi ty o&ndODoKkgvddiBume factor oaft 1. 02

reservoir conditions
co (Gt) =V, (STB) X B TOLY 5615 (2L x 0.0283 (2" %9 ) o 0.001 (227 ! Gt
2MASSLGL) = Vorine brine \ g | % 2O\ ppp ) < ref ) 7 Peoz\vem ) ™ U kg ) 1,000,000,000 \ ton
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Equation 3.1

Wherpeirmépr a nvenlt sme ,afidbBepeesents the formatio

brine.

34 Rate Analysis

The r aftoer deaatcah wel | volsu me oiprk gpintwteen tmotna lh  di \
by the t otdaaly sn ummb elthrd eacfaendsnetrdieg lo r r el eatt vireossdne d
viume heis esameeraasasiceyd wi t h,etshpee criaatliein ydeadtuae t t e n
as it 1s fumkdaweamtl sownj ect .f IThiids waoasdrdp edmeoatdyht
underesttimatawer adgagomgampbl gar aXksltobi nyatacgron | vy
5 diary sMAwit tOh d3a yasv, eatam® mtah ley wi | la Xty e3 Orl &f p omrotreed wa

was avail abl(eY fsotrp@gtrbhaatp sma mteh wegX#) 806ul d have i

35 I njecti @ kFoTaraAlsesp nine n't

Some well s have theiwhedntjheecrtsi oma vieaamaet mjee
reported!| | Bowi t he r etpaorr,gheesdst hoefj e @a me ® mrnepnayotne d a
fiwslpeé cadhscal dtetehceey, wertemarses i gomrmemdon f or mati on n
chronost(sa&% mgampihlyok Oramplewas ass,agdedefgoa W
was assigneBotbo@i agbbohnesmmoommatifon heame £ owe |

into differ enanihnmjl &itBimanz e ntterevsad smer ger s.

Tabl e FonRati ons merged into Iinjection interval
I njection Interval Ot hesrsoAci ated For mat
Mi ocene FI emi ng, Gol i ad, Ca
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Ol'i gocene Vicksburg, Frio
Lower Cretaceous Washit a, Rodessa, F
Pl ei stocene Bentl ey, Chicot
Austin Cl arn ks$e

Navarro Escondido

These well swenelrse wiatoigefder md t it ihvmej e cetpidaat! dtdawigred s
assignment to conventional formati on names WEe
Theisejectioncltadge®Baramet Sal t, Guadal upi an, E I
Hence, wel |l s iansjse cgtniausdnr tdoagtgedtassel ed from further
i njectinmmametsarrgeetor t ed f or s arlei twer d tsurwe ran d odo
assignadyt conventional f or mat ilvoenl Insa meist. h Swrcihd
for madWedns withouttaregeepor hpdciwedd st avgdgehdut f ol
To assighargpgpeesel ba with uni demiitfhioeudt ffoorrmmaattii
machine | earning (ML) model was tdregitrhe dd ausai nfgr
the wells with formation. Some wells that fal
formati on becauseott hred pdaetbggdsd e pt hdeweme egori e
dept hamaermaoope dephbbeduse ,mdietset immdgs i pl e perfor

same injeBel ow tartgee summary of the ML model

Machine LeadamRandg nMid-ob@lleas si fi er
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from sklearn.ensemble import RandomForestClassifier

from sklearn.preprocessing import LabelEncoder

Group_le = LabelEncoder()

ver_grouped wells["Group Encoded”] = Group_le.fit_transform{ver_grouped wells["Group"])

features = ["TopDepthFt™, “surfaceHoleLatitude™, "surfaceHolelLongitude™]

target = ["Group_Encoded™]

X = ver_grouped wells[features]

¥ = ver_grouped_wells[target]

X _train, X test, ¥ _train, ¥ _test = train_test split(x, ¥, test size-8.2, random state-=42)

classifier = RandomFor Fier{n_estimators=18@, random_state=42)

classifier.fit(X_train,

¥Y_pred = classifier.predict(X test)

Figus eRandom Forest Classifier Summary

't i s important to , s0oclke ahakKNdadidhroeanCl a$ aiski
SupportVectorMachinekweRddrad mbPbonus@id@li s Sitthers 1
proved to be twiettheatprfedi t4h%.c nWhaislkeu rtalciys oo d7e
not produce aapdradds pr bdtitaeb,o0hihts edd eas nd yg d ac
assigning well s(Ft gu@wi i3nj ekl ®ni hpegeengaisto
such as the Miocene and Oligocene |loaxmtlkea cl o
seemi ghr® Hetnhpesovi d eessn capglo ofdor furt heFormegi ona
speci fi c iannjaelcytsiboknn oterreensdtsd r tpemed Itsh oisre at eends

reconfirmed.using well | ogs
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Out of weleln8t B48Texaasb|IGamuriardozaesst . how t hese
assigned thEhe 722 mwel basincludeiopégtiwehnl!| san
reporthadmfas the volume data does not ,annddi cat
doi n@ptpleias ed tlo tnhoet spsfoolbviee tailp | eepem f Do me | weals| $

mul ti pl e egterdiofrfad rheamte iomtleyr vaalss ngl e f or mati on

Table 8nBection formation status for well s in

Type Count

Wel | s with triegnosr tveedr iffoirenmda t o K722

Well s with Predicted formatiol5606

Wel |l s without reported or pre{2020

OQut of the 4,805 wells Rweldl $§ohavel ameoamatyiys
t hem (eietdh eorr rperpebdnecwesdd ed t oF igedBewhdatcen s hows
injection votamgdthye irrejseacthiaobre no top depth re

not be asshnhgredibo amyget
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Austin

® QOligocene
Escondido
Jackson

® Woodbine
Pleistocene

® Wilcox

® Navarro
Claiborne

® Lw Cret

® Miocene
Clarksville

e Taylor
Eagleford
Midway

i
100 km &7
50 mi %

Fi gugd eDBspwslal s bny tiaWdgdecst iionj ect i ng jsnutcoh yaosu n g

t he Miocene,caannd bCel isgececne ncel oser to the coastl in

36 I njectivity Analysis
Whil e the volume anadiynppies f pnrtoaenctiesi mddme v ii ih

providesndi bawadgreaff orTraen cfeor mul a bel owt weas us

injecti.vity i1index
kh
I == = 1412 B(lni—§+s)
(Pr—PgH) e T, 4

Egati2n 3.
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Whede repreisejne st itsi¢tidya yi/qpdeeippxy e sent si ntjheec ed woer arg:
(st baRsyr egpsrent s thhoel eb oftltoown(rpgsH pe pesesemtifeancteh e

for mptriesfpskie)r epr esent(smdper nme arbeiplrietsye etps etsfeind lsr
Vi scosiB yr e(pcrpe)s,ent s f or marteiporne semlt s mesl r i aatdr @ re,
represents weléabore rn@®&pnessgtisnpsdkito. beghypdabst
hydrostatic gradient of O0.465 psi/ft combined
each,waesl lused to caltawl gtree ststueg ehydr ashte f or mat
i ntOwut of t hwa t6h0 Og owedl Ipsn & 9w e hlesdldmp het i on. dat a
Out of these 599 walnlt s®n racame tye r5 903f wehl e sc ohnapdl et i
(i ,veal ues <> .Zbset09 IorweNalNg) swair @djodrditeinvitlyowntaypgei
in these other well s coiudtde rnnoatld ehd€idacnsechtltetmalt @ tde \
injectivithei ndpapt edlsanedtl dve a & edootnt omhol e f 1l o

presByusi ng t-Weei sDaacclyslegwiat belno w:

= 411 - 147E, . D} ( [(pl pz) + —— zz)D
°rr FpwpAL 1 Equat3 on 3.
Wh e:r e
g = Flow raté&TBdaplugh tubing (

Eei Efficiency (tuning) factor for the tubing

Di= I nner tubing diameter (I n)

g/ gc = ~1.0

Fow= DaWeciysbach friction factor (di mensionl ess)
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r= Fluid d®0sity (Ilb

DL = tubing | ength (ft)

pl, p2 = pressures at pwbdD)points Iin a section
z1, z2 = Elevations at two points in a tubing
411. 147 = Equation constant

144 Unit co*hfhersion (In

To determi Wei shacibafcyction factor, the type

determndethi s wastnheg che enweldds equati on shown be

N ~ 1.4775q
RE pDip Equat4d on 3.

Where q is itoheiththeew t atbeinaipd isa menteerdygmami ¢ cypi) s
The Reynolds number is the ratio of inertial

flowl ocity paamdrdgeomest hagn adlyynsainsi,appi sxiokag ¢d i s0

Having computdd bhbmbe&kre,ynbhe foll owimmagt ee gtuhaet i

di mensionless frictional factor:
For Re < 2000 (l aminar f1l ow):

f =64/Re

For Re 2000tranRfelt&«wh000 (
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f =0.045
(Estimated usi ngF tohd)eMadgwanbmabeaamve ro

of 0.001)

For Re > 4000 (turbulent fl ow)

Q

o
B

( Swa-thaen Equat aroel, ataissaami mmgghness to be 0.001)

Nlc | C
),‘9@
—

Equatibon 3.

Moody Dlagram
0.1
0.09r+-
0.081 -
0.07F+-
0.06} -
0.05}4-
., 0.04r -
o !
- R
2 0.03f++1
[ i
=
o i
L= ' Y B
o 0.02f-rrr
e =~ [ 2
E . Material £ (mm)|
0.015 [ 77 Conerete, coarse 0.25
I | Concrete, new smooth 0.025
i | Drawn tubing 0.0025
E Glass, Plastic Perspex 0.0025
| 2| Iron, cast 0.15
0.01 -E Sewers, old 3.0
| 77 Steel, mortar lined 0.1
-4 Stecl, rusted 0.5
!| Steel, stractural or forged | 0.025 '
_i_.\.\?l:'lr m;-l']lll.»i. nl:ll I I'.IIII] b][loﬂt 1 Plp(:'
103 10* 10° 106 107
. Vd
Reynolds Number, Re = pT

FigureTBe Moody WDkadgiram (

For the injectivity 1inderxesawlatlsy salst,aitrmeed rfaom i s
are first summarized in stock tank baCQels pc¢
equivalents in megatons per year PplelenjledcOtOi vpisti

54



i ndex 1| semaédnooicnojaescited ym jiect ¢ bvmasli st envwhi & osnilg
t teop five wells based on volumMdi coarse de®leidg o ¢

Woodbi ne, Lower Cretaceous, and Wil cox

Having &dtei mantj et tleavci it yo fi ntdhee 593 waevléllss, one
with higher injectivity i ndeixretseaomulgddebei wekbktlC't
r astleeadifrug tther Isetrtudri nryepgroesent t hes athoopltat ge o
flubydscal cthéanhonmal i zedandnjeécmiwiaty ngnddédrx i mp:
The normalized i njecaoataitviot yofi ntdheex iinsj escitmp/liy yt |
i nt efroraleach wel l . Thit® rppa appeltee mit neplaicnti noaft e e
i nt e Howavle,vemsi nted ,outumeeanrt aiemti es associated
injectivaltgul mtdiean due to the | ow resolution
we ll ledt hheor mail njzedt i vity index computed for onl
mul tiple cases developed Thepeamdimnmad iaredpeéemnif erc

measusd @ aiyn psgiVi vénabg ikBe equation bel ow

k

T _3
141.2uB (ln v, 4 + S)

__a
(Pf—PBH)

] =

Equatd on 3.

Mul t speparios are developed when computing n
injectivity ind€R rEsusts onhnswalklesd Wwiorh si ni
ft and injecting below 800 m @acauseontshideries . b
be the maxi mum perforation | engt h dtilsgwoeslalds. b e e
The second scenari o involves includi sgg e3ad esri n
t han a3n0d0 afltsgo bienljoews n8d0BOr st andi ng the uncertaint
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perforation | engths. The normalized inj-ecti vi
by nterval bawiig hi mni lyi ¢« het udy fi ve dwelT hse sheas

intervals include the Miocene, Oligocene, Woo!

Tonderstand what meani hjdehcetCECWi, t gy o0Obs-al ned
phase (bweme)cdtnowapritaesde -COpr f hewnbryglescosi ty ar
relative Qrlrynempdntibegagyti on wel | s 1i6mj pvetliNesgd bpt |
at w@GQche supercritical Oniwegr welclosssiwdehedi hgt e.
considered for thisheaspcéecauseyithat i i naée
depth data for well s widash smoume i @fl et lpeerif mtrear v a
800, amd it is not clear how each interval cont

For ga-pebaBe tshjasitveorhves the injection of brine i

in it, the equation thRRéng w danddoefixi yhesegst emrepr
kh
hrbr"ine: T, 3
141-2“br1neBbrine(lna_Z‘l'S) Equat? on 3.

For @®htawe tshjasttveohves t i hhpeatsgstem that al-
it the equation bel ow c¢annHoefx utsheed styesvteeenp gie s g

Ssimli bgmcsElosi and2)Ni cot (201

kkrcon h

3
1412410, Bco, (ln:—i—z+s)

I, =

Equatd8 on 3.
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The combienqautaitormna n@8r3®.sul ts i Nbeelgauhaitcihonwa3ds. used
cal cuhientjed gytnideefx ap hawoe sy sGins wheeirneg i nj-ect ed

saturated system.

krco 2 Hbrine B brine )

”coz = ”brine ( ﬂcochoz

Equatd on 3.

To estimate the rel atsiane par meakit Bathys | adfe e & & m
Nayl or wi(t2rD 1pdyb |l i shed ex preali anteint e | p evrarheuaebsi Ifiotry
carbon@®@esFotro all the formations considered i
and AwBitcim are both mzrbBbuonathe8esleaus&haetsth®ne
et al wit¢tdhodthame porosity of 22.1% andCPer meab
saturation -pdi Mt 55el dthie€@ingle® mM@&Brbh Fnatyemwmdof t h
Cretaceou<hand Auwsedads utrheetmbNa tsSow ma,f r dmni odn an

Bachu wWi2tOH 0Oan average porosity of hMma@Pmamd a
CQsaturation @foihht602, ath Qe P MeAHBICODTPE Of

birnvei scoappiyoxismdt2ddd gtu @eabs€&s.umi ng t he aversage i

| ess ktnfTam 2tlBal ., 20
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Figud eC®BribensityecsxintdyT\éirateito)al ., 2013

One of the wells (APl 4218730407) was r
t os iery high i njtectriewotvye itrhccexouvdliea ef fect
|l eaving only 592 wells for further analysi s.
there seems to be noté$o hgicead h aipmaél e pwsirtdhe etl hyi. s
wel B connecet eeddlomamadtsi o n had significantly hig

compl etion type -hwase rceopnopriteetdi oans. open

37 Petrophysical Analysis

Thidomer the | ocape aieftit® Dthe n sTtledr epseta. e &
to understand how per faonr mannjceecotwi aoenv etsa ringoetth | hy a
injection interval and the factors influencin
in thendamel lsexrtdsozn i s cr eatgadnmasymmg mahe zada

spontaneolusgpobeénntseh il tf @ msmtirke rnieegat Welrl sa par ti c
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wetl ust eirnttheeaeg et iIfordmattdaiomgnéetdeupteofg@aianiioms id
ingeol ogi cal c hamalelso vaicnrgo stsh entelilel sh &ar §ecaf ooma
average thicknesasstoifnaantteedt, her mateiramgei por osi ty
esti mat ed suistiynigpgtrhoes dneenut r(af pofao diatbyl kBbgss w

any nearby well with density orthmhe& uterran ulrceg,

38 Geol ogi calzaGharnact er i

To better understandithevaspeciiftiicadr ¢ as i afe
structurfmal s8¢t h was alos ounidnepr tsrt tadardtwa fds wel | c
beow theglO(phbh@@dewa) erhéeidepth with high salinit
ae not tepdobBwiilngw(elt9 9adt)t oni ¢ map of Texfasl twas
|l ocaamodnextract depth .Bod sbheGCEademphdidé v atgi dm ed :
Schul(il®3®Provi dedwattleeg HadhPBPhedaptsa,etapad i dgd2 044dine

information on faci es.

39 Softwar e

39. Enhanced Analytical Simul ation Tool (EASI T«

The EASi Tdwolusies samuilmti on model at the Gul
t wo versiorhseeaswvaiolnallse d hiere btvheimsh i sctihu dne Iditesh st e r
di sposal into saline aquifers. Fbhe bbtihneeveli ®
mo d e | assumes the formation to be homogenous
constantH&becakineph20i& injection is done throt
wel lacsoas$t aHots sreatne )@hi al ana2@18 cal mo d e | pred:i
on fC@Qod KHYrine) injectivity &Gad) shomage Hoap &

2017 Different equations are used to estimate
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wel | injecting in a reservoir with either an

or a closed boundasgeconndfeadrn amonfe 2dé@tBaitlos on

and how pressure buiiwelp issediasti o)buted in a
Easi Tool requires i papnudt sfoomme noufl ttihpel see ppaarraanmeet
using the following methods:

a.Comprbebity

Compressishbitlo ttyhe emieeasur e of the change i n
pressure applied tdatche ,)s.2rdfGcies ou s uaanl Tayb j eexcptr
esti mhrreaock mpr esfsomi butry EasinToweé tree friediled toiwi n g

correl at:ions bel ow

For | imestones witQ. p2ar thNewnba(@BByadsa rsdid@vig nfdmo m

Donal(282pn

0.8535

Cr =
T 7142367 x 106¢0:93023 EquatliOn 3.

For unconsol iwdiatthe dp osraonsdi stdi.ofB8m sgtia ¢eatt)e 2 0O Han

C; = (—65.462¢ +31.194)107° Equation 3.1

b.Pressure

To estimate the awehrea goeo trfeosne rdvaigpshrhnwpelrl®is g luir @ c
ar egiporneaslsur e gr adjaemnmdt tdhfe Gvedagmesiofft hese val

reservoir pressur e.
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c. Temperatur e

To estimate the average reservfoarmr deaipewaltl
feet was muekgitpehnapeedr abtyu rae g raanddi etnhte orfe sOu.|Ot0Oi 7n6g2

added to the atmospheric. temperature of 20 de
d.Salinity

Assuming a salinity of 1 OEqg O @ 63i.20fwa/sl  uasnedd st oo

convert salinity to mol/ kg
~ mol 10,000 mg/L
Salinity(—) =
kg 1000 mg/g x 58.44 g/Mol x1.025kg/L Equatli2on 3.

39. Lali brated Forward Modeling with Easi Tool
For each f or rmaitsnvwanl v ensyv od ivreudt, lawitd ensy aa aamkei nca
of the average formation properties either <ca
for the field and the reported values for oth
match the bott olmhtod & Ipy etstsair i mwall &atuor t o t he |

the calcul ated bottomhole pressure i s above 't

For the Edwar,dst hmgecdii folnerterethdcases were ¢
Case, Case .BhBasrel Case Lets the boundatrlyecond
boundary condition to open and is subdivided
thi cknmd@dase C maintains the boundary conditio
par amedrert he twdFosulathseases, average reservoi
and was estimated using the DPHI and NPHI | og
value provi de@Gaf oway hetTfhacke lpae(ping 83)y. of 200 md
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Base Case,an@ase B8_1,is the average permeabil:i
and was obQaawmagd@®Ra@&nds.i mul ati on time refers t
time in the tresd. viheececavwvéeér 8%e mt nisekinén t he B

C_ 1 is the difference bet weent hidoept Rdorrfmaz a noen

mar ked by FHouwiQez.onOmrRe (wel | has no pér baodat isom
included in the calculation. The average thicl

is the difference bet weée &portnaet iPoerr fmaZrokieedu3bega nHlo

39 . Fort hvehd spevi forations bet bgganhreay I[Zogqei 2,u

To run the simulation, the maximum injection
wel | . I n the Edwards injection theydar e ntltye 8w
with good pressure dat a. The average of the r

assigned to the other 20 to run the simulatiol

the simulation iszedberaperbge Doérthlkeehd®| wekl s
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For the Catahotuhrded hgereeht ooatst e slnhdeesree ianlcsloud
Base Case_ R, Case. BTRe Bagse CAaxe @GR Bmd i siamu loat e
approxavwvara&gle reservoir pr opyer taineds r(eppoorrotseidt yv a:
ot her pdahmaematpemr DX i ma&tFeadr vpad rucessi toyf abnd 500 md
somewhat conservative cobmgepruesd Cho itsha aGwerl agd
19pf8or t he Cat ahlTooul@@O mmanrdidfdi e atstee Case R i nvol
with single or multipl enpertfhoeriart iionnjse cwiitohni np rte
datavail abl e and dCGaesnee dB gh ocdo nebniornuegsh .t he 9 wel |
with ranb3 hwel l s injecting into the same inter
deemed bad. Hence, the maxi mum permitted pres
the 13 wells had its pemand ht s d vsp Freespsl waiecee dr ewpi ot
average of the pressures for the other 21 wel!/l
for the period consider ed alnhde rwedaosreeoB R nich wadale

21 wells. Case_ C_Risceadmhbinn eCsasteheB 2RlL wetlhl sanot he

per forwaittilbonat | east one of those perforation
assumption for Case_ C_R is that mosgobhgt het o
t he i retiemrgvealonlsi der ed, hence relevant for expa
their injection prepuuitTehde( bnoa xtiomuhno | pe r ndiatttae d
was also used for the other 23 welalvaiil matod @edud
these 27 wells have no injectionoimbe ¢$ihmulpati

Hence, we have a total of_lo#i6t welhafsoive@ kel €ia s & e
injection pressure aepopagedofothet ppadshraas t:

assigned toheretlFeorbadbhdarayesondition is firsi
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of 2®. an average permeability of 500 md, an a
Ssubstid uddpptigh tadhfon 4 fronki 0BAP, ohnHppr BaeamAt e

aea of 25 FkomBxl¥ 3wa& muged. Simul ation time ref

time inThlke aveemdge I njection well radius of
wassed for,a0@se@&B8mRused for Case_ C_R. For eact
wel | radisuber alpelea gait zwe lolfs adsle d.he
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Ewing etal., 1990
Datum =mean sea level
Surface Elevation 100 m
Normal Fault
—— Normal Fault
—  County lines

FigBné ApproxBamane Ar ea -Mioocdarhee THeingdoo!l d | i,wés |l eepheseutr pfl @ulli ®#es are county | ines.
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39. Petr a

Thi swasroef ti s pmH®V iMhewkhibgh SK&l pblatk iosf an i nte
solution for mmanha pumeateigamendt iionnt,egeatl ogn c alf,
geophyseongl neardd@Mar & &281@ h( s |setvuedrya gneadl fiPoerh e a
managemamtidamdssment / gweal i t yogeéy o&if @ fudsiignhg i z e

Neural og.

39. Neulroabi gi ti Qiurad iaryd Contr ol
This softwar Beusalpalglvihodse éaiult Y ndaitgeidoif z iwed |
| ogsMoofveltlhelsegssthudhiare availl dlf gnadeclayn nied r a

i mage #Hetnhcbegtdo b e d onntvoegrdtt.edfiagt)imar fauwnratl ihyigsei tsr e |

39. PetE&P Software Platform

This soft wdadrSeLyE fsr pwacdoaestbesa tt wa € $f odwheexte cut i on
of ass ks uictht earspeiesimjbg i | di ng geclreqitd algsaved d o®w s 0 ¢
etkkor thPetséeludwase anei€dgdsasas | @fn weelalss ofnniant er e

petrophysical anal ysi s.

39. Pyt hon
This is-parpgeser alr ogr aunsnmeidn gt H jamag sriblagyed y d at a
anal ysi s, data visualizati on, task automati o

foll owi nagdmoidlewmeensedt hi s study:

A NumPyThis is-davebomedutrp@ehi braryawhae pr

functions t o-diomen i tehacwrin st (s et. al . , 2020

A Pandashi s -siosuracne olpiebnr ar yt ¢ hvadr kmawkieRgh hdateaassd
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Mat plotThi-Bowpeea | i brary enaglaé¢sttyhtphonasatin

Sci:PyTrhi s -ssuaneopePytahfoonr usnedlei mng and sol"

problvVemsangegn e}. al ., 20220

Sci-leiar nThis | ibrary integhaibees mhevhidree mgn

algorithms for supervi(Pddegndaupgpsupbkryi 286d

SeahorTnthi s | ibrary is based olnevneat pil mottdrifba c

produwaeiarug i f u®u pgtraa)p h2i Ocls8

Foliumhis | ibrary allows theyctcheation of pi

Cartoplyhi s | i bRydmfiooni scuesatdi n d hlaeuvaswaetdieffuol r ndaapi

anal ysi s.

Geopandlahsi s | i Py ahtg ne sss iulsyedcamry out oper at

PyProThis | ibrary provides functions wused f

Dat e:t | Tmmi dsu Ise u Pyetdhfooon mani pul ats ng dates anda

St at:i sTmacdksuplreovi des accessmatohemarta cadv dnume

Pyt hon
OS Tnmoidswplreevi des funct i otnlse foopseyrisatteiemogpct i ng

Mat h This modul e provides access to mat hem

mat hemati cal operati ons.

Warnings This modufeanaddmewst fof warnings e
programming.
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3. 9A6c Map
This software is one of the two primary de
ArcGl S de<£ktng..suti tleag been mai nlcy eladdi elrgangged

and angéyzpatgi al dat a.
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4. ResulRegional Assessment
41 Vol ume

Theiseno cl ear geosvpdtuineel-varlr elmaw wd | |hsi gihn t

making it difficult to point tThhewmampé bted otwarg
41)shows the 4¢dBSYSpweslallist wiat erhe Texas Gul f Coa:

i nj excdli wme.

FigureSdal t Dasewslal s i n t he,cToexoarse dGuwlyf ioea srt t ¢

vol ume.
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The volalnmew antfeasntt op rnoochuci ngi hot matTernas Gul
reghavsardiedce W99, the volume of saltwater avali

on aonid pgaducti am achteHsetgiiedsmt er mi tt enmy®ti s a m

t hseal t dwia ¢ pweslalss most of the wells are operatin
vol uMese t hathhoev 2% odfi | | i on barbedr o] esatldadvah e
mThat i dPidveronlharrels of saltwater.

Mu |l tii ptl eiravvad sbeen targeted for sal twéatuer i n
maj ority of thegdmg eRn tg@mi dve) ewde nh al | 4002 wel
i njact aabgxitgned to them are considered, the Mi

and Woadlkiomet f ort o86@.I5% ng fevbtetleawealblysu menj ecti ng
800 ame constder e ocene, Ol igocene,usaWsadbil ne,
responsi bl e tfotranljmocstt e (lo8f % ®pbhuemedro u t hal f of t h
i nject eldowert oCrivchiteang ecut £ d .a bTohvee VO Oc onx and Cl ai

|l ead t hdaerjessat iodn i nteiwals for both scena
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s Injection Interval by Volume - All 4002 Wells

w

Fy

N

TotallnjectedLiquidBBL (1e9)
w

1

0 Miocene Lw Cret OligoceneWoodbine Wilcox  Austin Claiborne Jackson Navarro Eagleford Midway  Taylor Pleistocene
Injection Interval

6= Injection Interval by Volume - 3226 Wells Injecting below 800 m

5

TotallnjectedLiquidBBL (1e9)

Miocene Oligocene Lw Cret Woodbine Wilcox  Austin Claiborne Jackson Navarro Eagleford Midway  Taylor Pleistocene
Injection Interval

Fi gu2 eTdtimjle valeudmim j eyinti emvathe top figurewhmnt¢ludde dlolttdH&MO2 i gealrlesi nc

bel ow.BWea xyns i s in billion barrels (1e9).
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4. 21l njectivity I ndex

The injexeéesvh®ey2 iwdalelhs rel i abl es upmnmeasrsiuzreed dia
Fi gu3EBhelyange from 2 STB/year/ psi to over 21, (
STB/ year /| p3shi5. 5a SPT5BY ycefar / psi ,eam@pamPOBeofi Guet
can be seen that a ameoqe emrtamdretdi owm ,d fhaen di etfhwe |
number of well s rekengesctdxgdrnyenntnidelxl yi nacsr eases

t he pibouggtelldd t high injectivity index wells a

even though |l ow injectiviTlyesiendlexw wien |l esc tairvei t
mo st |tyo rdtueer ma eantaginocryi ty of the well s arne titngdec't
pressur es Tahned ivsosluuemeosf. i nt er mi @d etnicyn i 8. 4 urt he
Injectivity Index Distribution (Brine)
0.0040 - p90 = 1,892.33 stb/yr/psi
p75 = 990.16 stb/yr/psi
0.0035 p50 = 355.52 stb/yr/psi
p25 = 148.37 stb/yr/psi
0.0030 m — pl0 = 51.55 stb/yr/psi
iy
5 . B B
$ 0.0025 B
D —
2 0.0020 Al
a L
3
S 0.0015 | a
o
0.0010 N
0.0005 |
0.0000 ; ; e :
10! 102 103 104
Injectivity Index (stb/yr/psi)

Figu3eSdal twajectivity | aTORyxe al¥ihsptsriii mwtl iuadre si ral |
Theaxyi s reprmredarbti 4 i(ttilyreedmdntiskvadyw imioloegla) Xi s repr ese
thpparnemntecti vity i ndexl ovgaalruiet hammidc issc aplleo.t t ed i
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The injectivity index values oQeaiunevdalfeonrt s
for 6% ienpgld ref orati on we80@musjegtitmg meltdwds d
st udyureNodne of these weaTlhse aecsttu amaltye di nvjad cute sC
mi ni mum i ndicati on lolfo w etrhfeo rsnmaal ntcwea taesr tdhiesyp o soa |

to intermittency.

Injectivity Index Distribution (CO2) - 169 Single Perf Wells Injecting Below 800 m
i 1 ---= p90 = 0.7129 Mt/yr/1000 psi

35 p75 = 0.3546 Mt/yr/1000 psi
- p50 = 0.1250 Mt/yr/1000 psi
30 p25 = 0.0482 Mt/yr/1000 psi

p10 = 0.0118 Mt/yr/1000 psi

N
w

Probability Density
- N
() o

10

i

10-3 102 | 101 100
Injectivity Index (Mt/yr/1000 psi)

Figud eC®Il nj edtnideeoxhy ermeegdattoms per yd&he pegudé
shows the idi®tcrtiilwb®iyoginfexer wiotrhiedoipobdwelklr sn
bel ow . Blodaxyns represents ,pred@abiviei tly keodarnhotoy ) (

repr etsheentasp mg reecrttiavn d yi sigradmx hmi ¢ scal e.

Fi gaSsdhowd nfleetiivn t&ahiinde@x0 psi subdivided
The Miocene interval I s, tobsdaigdestoi hphet ioni t

minimum injectivity index achieved by 50% per
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Ol'i gocene, oWielrc oCxr,etaancdeolus i ntervals. The Mioc
(i,tdne mMinimum injectivity index achieved by

Woodbine, W lcox, Oligocene, and Lower Cretac
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Injectivity Index Distribution (CO2) - Single Perf Wells Below 800m for Miocene Case Injectivity Index Distribution (CO2) - Single Perf Wells Below 800m for Woodbine Case
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14 Lo ---- p75 = 0.7134 Mt/yr/1000 psi ; - p75 = 0.3859 Mt/yr/1000 psi
_ i p50 = 0.2456 Mt/yr/1000 psi 14 i p50 = 0.1842 Mt/yr/1000 psi
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43 Nor mallinjedctivity I ndex
Toremove the effects dfnjidvicfttfyeiiesndreictha tap lneetdi of nosiC QEahtteh viahiemeaé@é@m @ erde psri tnegd tphef bor aaican

we.lHoweveuncertainties surrounding the completion datar malsipzeecd ail nnjye cftoirvivieyl lisn dweixt hv all e

under esRiionaiteasdd3d how t he normalized injectC®regpeontdexelystributions for brine and
Normalized Injectivity Index Distribution (Brine) - Single Perf Wells Below 800m with Perf Len < 300ft Normalized Injectivity Index Distribution (Brine) - Single Perf Wells Below 800m
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Normalized Injectivity Index Distribution (CO2) - Single Perf Wells Below 800m with Perf Len < 300ft Normalized Injectivity Index Distribution (CO2) - Single Perf Wells Below 800m
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