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Lithofacies Petrophysics St. Louis Oolite Shoals Cored Well Wade Allen 1-36 Lithofacies Statistical Analysis of Predictor Variables (GR, IDIM, IDID, PE 1 s
_ 1. Core data: 15 wells, up to 600 ft T and Log Porosity) by Lithofacies Types I
" . - . — _— — Permeability Distribution in of core, are available. 6 main Prediction — o
| Porosity VS Permeability (St. Louis Reservoir Facies) (S) (N) Oolite Shoal in Wade Allen 1-36 Ith f . . d d Type |Obs Variable| Mean | Std Dev |Std Error|Variance| N |Minimum|{Maxmum| Median | Range | Sum X
4 1600) 02 -0.07 N | - 1 e
bt PE RS (M) PHI(D) Depositional | Sequence & 20504 e 0 Peqrgeab"'tyfgnodo) Itho ?c_:les are recognized an o 1| 509 | GR (API)| 24.53065  6.551287 | 0.200381| 42.91936 | 509 | 13.4821 | 45.6511 | 23.0294 | 32.169 | 124861 | ~ %)) =
l: : | 7 A 55 A 1600l MINI 02 007 Environment | Stratigraphic o ' ' C|aSS|f|ed based onNn core deSCH pt|0n 2 IDIM | 128.6969 | 58.55246 | 2.505292| 3428.39 | 509 | 18.8295 | 357.2844132.1738| 338.4549| 65506.73| ..
rk =1 : : I ' = Intepratation | Intepratation 9625 — N . . STANTON |+ A DID | 114.1554| 46.48365| 2.060351| 2160.73 | 509 | 19.2626 | 282.3079| 121.5432| 263.0453 | 58105.09| |- e u .
= - B GR Depth | Texture _ RS (D) PERM PHI (S) — —o— Mini-permeability and thln SeCtIOHS _ _ ) -
= : Lithology o £ : e 3 Sos roow e R PE (B/E) | 4.311731|0.285626| 0.01266 | 0.081582| 500 | 3.4743 | 49160 | 4.3843 | 14426 | 219467 | -
‘;’c El ® é 10 59 (ft) Sretl Bk IWkgiud 4 1600[1300 10.2 -0.07 R T < —0— Air Permeabi“ty 0 ﬁ: 13 L Phil 0.02716 | 0.010648 | 0.000472 | 0.000113| 509 | 0.0101 |0.108014|0.026489| 0.097914 | 13.82427 7 i e s S S WSS i SRS WSS BSOS
. '8 | = 8 ¥ ﬁ?ﬁ?" M e 2 | 107 G(I)Rg(TAPII) 48.49241| 21.88198 | 2115411 | 478.8213| 107 | 10.7431 | 120.4600| 46.7938 | 109.7178] 518869 | S
o | : | Cros.s Badded Quartz e : = S o oo - _ . . _ _ _ _ . . =
1 > ’~ _ Rich Carbonate o S . L S BN 8%“?‘ AU IDIM | 35.99753 | 35.39252 | 3.421524 | 1252.63 | 107 | 13.4974 |175.8676| 22.0363 |162.3702| 3851.74 | i = -
N 21 : 2 e Lowstand K 5 - LOg dala. abou Wells have ¢A¢ = IDID | 28.4744 [ 19.31776|1.867518|373.1758| 107 | 13.7989 | 93.9007 | 21.0539 | 80.1108 | 304676 | :- [l
S . £ Eolianite w4 inm - . . T : : : : : : : : : MEE
5 i = 10 ; 5620 N b E dlgltal |OgS, InCIUdlng GR, RGSlSthlty P " Gy PE (B/E) | 4.347271|0.168024 | 0.016244 | 0.028232| 107 | 3.9391 | 4.6701 | 4.349 | 0.731 | 465.158 L
38 = e eachiShore line ‘© : : T e Log_Phi | 0.050008|0.024398 | 0.002359 | 0.000595| 107 | 0.009114 | 0.127746 | 0.044493 | 0.118632| 5.350806 | (51" P
2 B o — Beach/Shore line T30S-R40W & T3BSHBIW T30S-R38W g_ 2=
_ o \ ; _ Eolianite s 5630 |09, denSlty, pOrOSlty (nGUtron & [ SR Y & 3 | 12 [GR(API)[18.97439] 6.333412[1.828298( 40.1121 | 12 | 10.2784 | 25.7447 | 21.5374 | 15.4663 | 227.6927 —
e 1 ~ | = T/ T 1T = TArgillaceous | —SB— - density porosity) and PE. Several 3% Ty — IDIM | 179.7169 | 108.2094 | 31.26336 | 11728.77| 12 | 36.8966 | 203.9465| 224.8855 257.0499 | 2156.6 | ~ |
= o Facies 1 = Limestone | Transgressive = _ o IDID |157.5153| 101.011 20.15035|10203.22| 12 | 21.7274 | 258.6658 | 204.4415| 236.9384| 1890.18 | . ™= ==
o = Eacies 2 2630 _ m Skltnleekp""a";‘f, _ A wells have Stratlgraphlc dlpmeter PE (BIE)| 4.683 |0.056499| 0.01631 |0.003192| 12 | 4.5744 | 4.7806 | 4.6754 | 0.2062 | 56.196 | | W .
0.1 Focios 3 T e 7 - cleld whe-open Narhe | Transgressive o= IOgS Log_Phi|0.031843 | 0.006893| 0.00199 | 4.75E-05| 12 |0.019268|0.043155 | 0.032294|0.023887 | 0.382111| | % -
A Facies B R s Ll /4 Q o — . . . . 4 | 151 |GR ST T e o o e
. | o WROMMTITIT | = = (API)| 23.65168 | 6.589459 | 0.536243 ] 43.42097| 151 | 14.9203 | 39.8662 | 20.8389 | 24.9459 | 3571.4 P
Facies 1 16 Facies 3 ® Facies4 e 0%%%02?% e ; ﬁ°ﬁ|3kg'e?a'§hr5tl Para-sequence = = o “thOfaCIGS have been recognlzed. and IDIM |312.7038| 252.837 | 20.57558 | 63926.55| 151 | 34.6873 | 1392.63 [ 193.9095( 1357.94 (47218.27( |[|: IR OHH
+ Facies 5 seq0l )" A rErEES : oo o8 = = s described from 15 cored wells. Five IDID | 193.7841|106.1637 | 8.639481| 11270.74| 151 | 27.8908 | 360.4768 | 148.3883| 332.586 | 29261.4 J‘-—
1 1 A Facies 6 e OO " c_% = c_% 5635 i 3. Petr()phys|ca| data: 10 wells have k_ey core W_e”S (red triangles in the PE (B/E) | 4.680009 | 0.247492 0.020141|0.061252| 151 | 4.1804 | 5.0272 | 4.7435 | 0.8468 |706.6949| | - —
12 . ‘ i Y etoidal Gratagoon | Coding-Surface— 2 —tJ : . figure) in Big Bow and Sand Arroyo Log_Phi [ 0.017848 | 0.010088 | 0.000821| 0.000102| 151 | 0.004511|0.056395 | 0.015315 | 0.051884 | 2.694969| | :-
" 1 10 o e e g Commed OaaSleel —| Para-sequence E b measured pOfOSlty and permeablllty Creek Fields were chosen to build the 5 | 94 |GR (API)|24.22432|8.506395 0.877368 | 72.35875| 94 | 11.5738 | 39.1622 | 27.18755| 27.5884 | 2277.09 g_J-
g > Median = 0.01 md 820 B e r Fenestrl e P — | 00ding-Surface— RS - . - Neural Network model IDIM | 86.90732| 83.96035 | 8.659849 | 7049.34 | 94 | 11.9363 | 238.1049| 41.67865 226.1686 | 8169.29 | £ 1 _Jg
- Arth, Mean = 46,7082 md 2 ° Goom. Moan = 0.0373 md = Arith Moan = 1482 md Porosity (%)  5650] eARRn T Gre MobleGranShest_| el d;S€QUENCE » o data. Mlnl'perm have been ' IDID |62.01261 | 56.88744 | 5.867491| 3236.18 | 94 | 8.7641 |153.9297|38.17615145.1656| 5829.18 | | - =
9 rith. Viean —_ 5 m g eom. Mean = 0. m 9 rith. vViean —_. m e — . . . :215: _
8 A S R g 8 Arith. Mean = 1.482md N[ measured within the ooid shoal PE (BIE) | 470371 |0.200306| 0.02066 |0.040123| 94 | 42417 | 50674 | 469 | 0.8257 |442:1487| 7 ——
R, B Frequency —r \ 4 _ ) Log_Phi | 0.076241/0.048918 | 0.005046|0.002393| 94 |0.019828 | 0.154445)|0.066216|0.134617| 7.166649| i _J__m
i o) r n . . . . . . . — - - = 0
—+— Cumulative % ~-Cumulative % | it o | Porosity distribution of facies 5 (reservoir facies) ranges from more lcidal Granstone Ve interval in two wells. sl W @ e T o B © | 11| GR (AP 2960201 1134525  1.076843 | 287147/ 111 | 113258 | 53.5982 | 24.0308 | 42.2724 | 328582 | | g
than 3% to around 20%. The main porosity type is primary inter- Lagoon 5640 > Target  f. . . . IDIM | 83.67752 | 55.47657 | 5.265603 | 3077.65 | 111 | 19.6756 | 1757563 77.8926 | 156.0807| 9310.4 | L EE_ L L L o
B | | — . | itv Th v of other faci i faci 5660 Para-sequence . . . S IDID [67.87586 43.7258 | 4.15027 | 1911.95 | 111 | 17.1854 | 163.6479| 63.5163 | 146.4625| 7534.22 | - 0g Porosity
0.01 005 04 05 1 10 50 100 500 1000 More 96 Gs ad 68 B 5 00 0 Mae 01 05 1 10 50 More granuiar porosity. 1ne porosity of other tacies (non-resgrvow QCIGS). Stratlgraphlc Dlpmeter Model Sl PE (BIE) | 4.503383| 0.232539 | 0.022072| 0.054075| 111 | 4.1965 | 4.9452 | 4.6212 | 0.7487 |500.8655| °| _ .m
Permeabilty () Permeability (md) Permeability Is mainly less than 3%. This figure shows an exponential relationship ] W Log_Phi | 0.033307 | 0.014575 | 0.001383| 0.000212| 111 |0.008961| 0.07059 | 0.028268 | 0.061629 | 3.697067| |- 1
between core porosity and core permeability. { o, Ske";tiﬂa':‘;‘:::t°"e 7 | 55 |GR(API)[21.01866|4.716644 0.635092| 22.24673| 55 | 13.3141 | 31.009 | 20.2536 | 17.7849 | 1156.03 | "]
Cross-bedded Quartz-rich Flosding Surface— Hidden IDIM |239.2579|114.2638 | 15.40733 | 13056.22| 55 | 38.5934 |380.5188 |265.9912341.9254(13159.18| 1§
Carbonate Grainstone Argillaceous Limestone Skeletal Wackestone 5670 Cro;iscm?;gnca:::rtz Coastal . IDID | 166.058 | 73.40164|9.897475| 5387.8 | 55 | 34.3387 |295.3645| 149.822 |261.0258 | 9133.19 [
Grainstone Lowstand S | Eolianite k/gﬁ/‘ PE (BIE) | 4.596264 0.252246 | 0.034013| 0.063628| 55 | 4.0756 | 4.9652 | 4.6764 | 0.8896 |252.7945| £- - ===
Mixed siliciclastic and carbonate grainstone contains Thin, laterally extensive condensed section, Very poorly sorted, and greenish to dark yellowish-brown Horz_Perm VS. Horz-90 Perm (Facies 5) J -oante 5645 |prem1a.gngm - Facies Input é@m é@z Input layer Log_Phi| 22104082 D0ALRRI 20053 [ 2.21E25| %0 |0 OTRRT| D3 Tom0 |2 I oer [ 022 1A 112 —i.iiL_
very fine quartz (Up to 40 ~ 50 percent) and medium characterized by th|n|y beded, often fissile olive green i:n color Wgh Igrge, (;ellcatively unt-)abraded skele’;\al T i Parameterﬁtho T p - o PE vs. GR by Lithofacies Log Porosity vs. PE by Lithofacies :mJ_._._
grained peloids, skeletal fragments, ooids with micrite to gray argillaceous limestones which is primarily ragments. Crinoids and fenestrate ryozoans are the P : : itho-
and calcite spar cement. Compactional effects, broken wackestone /packstone with abundant bryozoans and most abundant skeletal fragments, with echinoderms, 2 2 S = ALLEN WADE 1-36 The pay zone, oolitic shoa.l interval, ha_s a log response_ with | el A G °mﬁ'lDﬁfM@fOHgQMaMmW B
ooids, oriented grains, calcite-filled fractures and minor crinoids and minor brachiopods and ostracods. graCthiPOdS, gastropolds anctlhforamlnlfera also ;?[reser:’:]. T T T T the lowest RT value and hlghest porOS|ty on |Og. POFOSIty ?B/IUdbdy t e r
: - : - : i i orosity averages lass than one percent, wi : . : . [ arbonate : : : 7] §
dlssql_uthn of grains are evident. Inverse tr_anslatent Occasionally contains small amount of very fine to }l;'l't 0 81 4 Non. e p  0.9383 + 2 7108 E E E E shows an exponentlal relatlonshlp with permeablllty based on i Determined predictor variables (GR, o . i T
stratification, stylolites, are common. Occasional root medium detrital quartz. On electronic logs, it shows a permeabliity of U.U'1 md. Non-reservoiriacies. 600 - y="u. XT z. Sw=2109’2)0 R R X St Louis _ ) o _ nd ohale IDID, IDIM, PE, Neutron/Density A * LR ;221
structures are observed. Angles of cross bedding most distinctively higher gamma-ray response. Non-reservoir N \\\ X pepth: 3610- 5700 | @vailable data. Porosity distribution the ranges from 0.02 to Facies Porosity and lithofacies categories were E D = I [
. : — o . ) . . . L . . Bl 8 0074 hee
commonly are in the 10 to 20 degree range. facies. 2 500 S N\ \ s 0.15. However, the distribution of permeability displays high inoutted into Kiolina to build Neural o
Permeability is less than 1md, most <0.01md. Non- E Sw=60% NI\ \ Y: . Inputied into AIpling 1o bulld Nedra 8.:
reservoir facies = SH80% \\§§¥ NSC N \ a: 1 heterogeneity, from less than 0.01 to more than 1,000md. Network models. The size of network oo £ - —
. - — 0 —~ . . 37 ' o[ 4]
2 400 - N~ N— \ m-llff and dampling parameters were NEs e e—
—— -\ ﬁ\\ n: 1. ) - ) .. . . . 35- 00 o
= \§§§\\§\\E\\\\\¥ R G Porosity VS. Permeability (Oolite Shoal--Wade Allen 1-36) T optimized using cross-validation and N = e
! 0.100 \\F\:\ — —— o E—— ola-blocias ' Nt © 20 30 4 S0 60 70 8 90 100 M0 0 130 :;;
SRS || o | iz | [ vedvosedunlorameg T [ ——
R —— k=10 md e EEE S IR0E RNy Tees EEEEY T T EEEE:
oS T ke : = 0.9817x hole data set.
200 = X;F | i ma 1000 etk w
3 \| ! R NE Y 5 T~ |
e) wl K=0.1 md
5 | \? L NNmaas =T 100 ° Lo Predicted Lithofacies Results for Five Key Cored Well
5 T K=0.01 md o R T . . . redicted Lithofacies Results for Five Key Cored Wells
o *‘4 ~ E / £ b Bt o i Predicted Lithofacies Scorecard (Counts)
i’ N Z 10 / A beer-rdsybaerial for five key trained core wells without PE curve Model With PE Curves Model Without PE
0.01 0 ‘ ’ 5 e ....-....-...-....é_.._..i i N E....-.é...-...i.-_i E._.:_. - :
| | | | | ] | © N B A A Actuaral Lithofacies ] Core . ]
| b R kT : - Predicted _ _ Predicted Predicted
200 300 400 500 600 700 ** - E -DS?;(;PHSWO g 1 / ¢ 5 i Y e 2{PeBUe SR o , |Lithofacies Type 1 2 3 4 5 6 7| Grand Total Predicted Probabllity Discrete Lithofacies Probability Lithofacies
Horz_Perm (md) V‘I B oo | |© O $ o L e e i [PV T AR I e
— o o / .. Eolianite : : - 12
Based on limited available data, a linear relationship exists between the 5620 - 5640 ' Facies - 4 13 122 1 12 3 151 5710 5710
o horizontal permeability and 90 degree horizontal permeability in the reservoir 0,001 I 5600 - 5620 0.001 | | | 0 5| 2 92 A
5% ok o facies--ooid skeletal grainstone. It indicates the lateral connectivity within oolite | ' 5 6 12 2 2 1 94 11
Sma . = : i : : L 10 100 1000 0 ) 10 15 20 o 1 2 40 55 5735 5735
o — o shoals are good, whereas the vertical connectivity varies depending on the C o o I 3
. Sles 6 degrees of cementation among layers with more elongate skeletal particles. RESISTIVITY Ohm-m Porosity (%) Siebert #2. Sec. 22. T29S. R38W Grand Totdl Sr We A e v WY 4 1039
Facies 4 Facies 5 acles ) » L ) IS Pred/Actuarall 0926 09717 0857 0924 0968 0862 087
° Grant Co., Kansas; ARCO Oil & Gas Co} 5626 | 5626
8
; e The results of model with network size (humber of hidden :
Geom. Mean = 0.1159 md layers) 20 and dampling parameter 0.05 for five key wells 5651 5651 -
3 > 3 Sequence Stratigraphic Model Strati hic Surf d Log R without PE log 3
- : W q grap ratigraphic Surfaces and Log Response | i |
?-;4 I Frequency ;{ Arith. Mean 15455 md g Geom. Mean = 0.0241 md £ 5656 - 5656
= 3 ) L Geom Mean = d1797 n . . . N -
£ —+ Cumulative % n & e —— Predicted Lithofacies Scorecard (Counts) 2
uen —— ve O . . I i " " 1 . . . a
’ e Cumulative % | |-|’><|9|3_0\’V>|Fle|d Southern Kansas/ Meld Southern Kansas/ Main Stratigraphic Surfaces Gamma Ray «— Increasing for five key trained core wells with PE curve 51 .
0 /\Coastal Eolianite Facies Extensive Subaerial Weathering ) q y ) ngh Pqtassmm Lithofacies Type 1 2 3 4 5 (§) 7|Grand Total
0.05 01 05 1 10 50 More 001005 01 05 1 10 50 :300 2oodo_|:f»oo 430 500 600 700 800 900 1000 More 001 005 01 05 1 10 50 More /on Overlying Sequence Boundary Cross-bedded quartz-rlch & Thorium 11 502 2 5 509 5706 5706
Permeability (md) ermeability (md) Permeability (md) @ TR Laeslfaes] A e Carbonate gralnstone Slt on top / g 2 2 104 1 107
: : f Ooid-Bioclastic Shoal Facies f deep marine limestone. : Xposure S 3 1 11 12
N P k n . . . - © : O P High Surf
Peloidal Grainstone/Packstone Ooid Skeletal Grainstone Cemented Ooid Skeletal Grainstone Muddy = » @ o Eolianite Facies Uranium o 5 4 6 132 13 151 s 579
/[Fenestral Limestone Skeletal ~Qold-Bioclastic 2. Maximum Flooding Surface £ 5 3 1190 4
This Lithofacies deposited in back barrier lagoon or tidal This lithofacies is the reservoir unit and is characterized Corinzose-g Of_;_/ﬁry ngrsr? to medlg.mlsze an(i (noc:erattely Facies  Shoal Facies Ooid-Boiclastic (MFS): Argillaceous Limestone : Eolanites - 6] 5 2 7 96 1 111
flat and Composed of very fine peloidal grains, with some by very coarse to medium size moderately sorted ooids. Sortea oolds. € 00Ias have a radial concentric S_ ructure . . . Subaerial Shoal Facies : = 2 7 10 1 44 55 5599 5599
very fine quartz, and fine ooid grains present. The  The ooids have a radial concentric structure and are and are usually unbroken. Large skeletal grains and SN STELIE ] CEUAl Weathering_~ Active Coastal 2 deposited at the top of skeletal N . . < GrandTotal] 528 105 13 141 90 112 50 1039
- - - - i i i or Underlying Sequence Boundary Eolianite Faci wackestone or oolitic grainstone ; ZSoa =) ® rand ‘o
fenestral limestone is characterized by “bird’s-eye” or usually unbroken. Large skeletal grains, peloids present. peloids are present. Heavy syntaxial cementation y _ ollanite Facies g ' | ': S oat oms og o] € Shoreline O = Pred/Acturall 0951 099 0846 0936 1.00 0857 0.88
fenestral fabric (indicator of intertidal to supratidal  Main porosity is interparticle porosity with minor moldig occludes interparticle voids. Porosity and permeability Active Coastal 3 Flooding Surf £S): B High Potassium =——— Subtidal Mudstones e 5624 -
deposition). Large vugs, filled with anhydrite or chert or porosity. Total porosity can vary from 3 percent to as high are very poor. Non-reservoir facies. /Eollanlte Facies . F100dIng surface ( ) § - & Thorium (_Floodlng Surface o . . . .
calcite spar, can be seen. Typically occurs adjacenttothe  as 20 percent. Distinctive log response with higher S Skeletal wacke/packstone L= < The results of model with network size (number of hidden | | 10 05 S 05 1o 05 |
ooid-skeletal grainstone facies. Sometimes, mud cracks  porosity and lower resistivity. Accumulates in a high- contacted with quartz-rich Suptdz layers) 20 and dampling parameter 0.05 for five key wells with Probability MFaciest  mFacies? Probability
can be cf>bs_erved at the top of the sequence. Non-  energy, open-marine environment. Reservoir facies. carbonate grainstone (eolianite) rainsiones PE log. It shows a slight better prediction/actural rate with PE o
reservoir facies. . . |
: i at the bOttOm. High ] WFacies7
Sl Qe [ el ﬂ Selatfie Sae | Ur%nium A logs than without PE logs
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