Lithofacies, Sequences,
Depositional Environments

Statistically-based Lithofacies Predictions for 3-D Reservoir Modeling:

NATURAL RESOURCES

Example from the Panoma (Council Grove) Field, Hugoton Embayment, Southwest Kansas
Martin K. Dubois’, Alan P. Byrnes', Geoffrey C. Bohling', Shane C. Seals®, and John H. Doveton’

(AAPG 2003, Salt Lake City, Utah) | | [ideatized gy _—_—_

[ | N [ ) N
. . Depositional
(1) Kansas Geological Survey, University of Kansas,(2) Pioneer Natural Resources USA, Inc. Hittp://www kg ku.edu/PRS publication/2003/0fr2003-30/ndex.htmi | | | 2P e
odae (Modified after Reservoirs, Inc.) ”_\_‘\ (= R — '__,H\ gl
PN\ &
= ooding Surface
Purpose S tt. d H - t asly Creek Sh A
. . r!, The most striking large-scale geometry feature of the Panoma reservoir is the Lithofacies and Debositional Environments A "l
To construct a geologic and petrophysical model of the e Ing an ISTO Ge neral GeOIOgy reciprocal relationship between nonmarine and marine interval thickness. Though P M., P e Y
Pano.ma Field in Su.fﬂCIent detall to accurately represent The P Field (2.9 TCF d f W the total thickness of the Council Grove (A1-B5) in most of the study area varies In the Panoma Field of southwest Kansas the Council Grove Group comprises seven amirone [ amey Middleburg LS B S e ’
the fine-scale vertical and lateral heterogeneities for e Panoma Field (2. gas) produces from T e - less than 50 feet (from 200-250 feet), the summed nonmarine and marine intervals - - - - : s ) - L
_ _ _ _ & Permian Council Grove Group marine Statistics S _\TL_V Pa n O m a F I e I d ) A , , fourth-order marine-nonmarine sequences. Through the detailed study of ten widely panom s [ Bl e T
accurate reservoir modeling of the entire field. carbonates and nonmarine silicilastics in the lInitial Prod 1968 =3 \W/ﬁﬂ — each vary 120 teet (from 50-170 feet) and their respective summed thicknesses distributed and lengthy cores eight major lithofacies were identified and characterized Field 0 ks 3 Q Flooding Surface
Hugoton embayment of the Anadarko Basin. It 2002 Prod 67 BCE SN 71\ g\ﬁ( /@r; ol are rec:lprocal._ Thlck_ nonmarine shale ar)d silt dominates the northwest side of the (see Panel 2). & | Hooser st ; |
and the Hugoton Field, which has produced Cum. Prod 2.88 TCF gas i e\ T T study area while marine carbonates dominate to the southeast. —— B B — -
from the Chase Group since 1928, the top of Well count 2600 = 1 1 - | | 3 | [ — - o CEUi.uence Boundary
which is 300 feet shallower have combined to Per well avg. 1.1 BCF to date ot BTy T | J @5/ p.. [\ﬁ | ‘ {\ﬁ | o ooy : During Cou.nc'l Grove deposition, the Panoma Field . =~ " i
oroduce 27 TCF gas, making it the largest gas Area 17 million acres AT S T Lumped"” Lithofacies area was situated on a broad shallow shelf or ramp that = 3 :
AbStraCt producing area in North America. Both fields (1 well per sect) . A1-B5 Thickness - |Gross Marine "~ |Gross No NNArIx Council Grove A1-B5 dipped gently southward into the Anadarko basin ir_1 SN '-
are stratigraphic traps with their updip west and Top of pay 2500-3200 feet Council G"  Structy A G T gy Thickne - Oklahoma. The geometry of the shelf was conducive | |
The Panoma (Council Grove) Field in southwest Kansas lies northwest limits nearly coincident. Maximum (+800 to 100) . i S ' Non- for broad, parallel depositional environments and R NM'Silt & Sd - L1 Mar Shale & Silt || Wackegtone LI Packestone
rat hicall o £ 1o th ific Huaoton (Gh recoveries in the Panoma are attained west of Current SIP  ~60# 1 e T I 'L_ i e A associated lithofacies belts. In response to cyclical sea | Conentonal Core gy B NM Shiy Silt Bl Mudstone Dolomile Grnst & PA Baf
stratigraphically subjacent to the more prolific Hugoton (Chase) center of the field. Deeper production includes  OriginaSIPI ~ ~480# SEE SR B ° level fluctuations, lithofacies belts migrated across the
Fleld, and haS reCOvered 28 TCF Of gaS frOm apprOX|mate|y 2,600 oil and gas from Pennsylvanian LanSing-KansaS ~ 2 B ; o shelf resu'ting in a pred|Ctab|e vertical succession of the — N -\
wells across 1.7 million acres since its discovery in the early 1960's. E/I'_ty, Marmaton, and Morrow and the e\« .. eight major lithofacies. A 7 RN - W | p— |
Field-wide upscaling of lithofacies distribution for reservoir SSISsippian. SRS O =0\ -2 O s ;.
characterization has proven problematic in large heterogeneous & Lo ‘_ mj ¥ Sore h i
reservoirs like the Panoma Field, but prediction tools, neural Kansas Annual Gas Production | L Lo L Ll ( — = s & : 5 | g
. T . 1,000 { * ' A1-B5 Pay Facies (L6,7,8) 010 s i " v J 1
networks and the Excel add-in Kipling.xla, a non-parametric o [ Lae T | (* o g/ _ _ o (Sum of Net | Sum of Gross) i | - 8 o il . _
discriminant analysis tool, provide solutions to the facies prediction S | R | i e Lithofacies Distribution . M 1 B e !, | r
dilemma. A N 4f | / / Council Grove, Panoma Field . i qER 9 '
Panoma produces gas from the upper seven fourth-order E / ' ! I A camgddew :? 1
sequences of the Permian Council Grove Group containing 50% < Z,.A‘. ' -1 NS I NM Silt & Sd 30 128 | izl .
nonmarine siliciclastics and 50% marine carbonates and "” ' TS 4 = d's s | 6 N = B NM Shly Silt . | : :i * 3 :j
siliciclastics. Lithofacies controlled petrophysical properties dictate BANGMA FIELD GAS PRODUCTION fggﬂ'%‘@;ﬁff Well - NAS ' 36 “LAS” B Mar Shale & Sil o o k | |
gas saturations and discrimination of lithofacies reduces standard | Bvuastone  112% P U | |0 00T 40 168 . !
. ‘e - g . . . 160 3,500 . 17 17 e :
error in permeability prediction in marine carbonate facies by a _— * Generalized Field X-Section x Maps of the A1SH (top Council Grove) through the B5LM (base Cottonwood) (] Wackestone - 18 18 ot
factor of twelve. Nonmarine siliciclastic facies error was reduced by 140 | 3,000 _ Hugobn rafualges e I Dolomite - 19 _ | ;
a factor of three. At low gas column heights, lithofacies > 120 * { 2500 S RN | o . B Packestone %0 20 5 °9 20 | N |
discrimination can result in predicted saturation differences of 20- B 100 fﬁ;ﬁw | 5000 3 1 . ] Grnst & PA Baf .= b 39 | e B |
40% while differences at high gas column heights, near 3 80 \__ - Strat X-Sections (For A1 - B5) 23 d L)e rg (B2 |
1% - " LY =00 s . o
iIrreducible , dle less than 10%. % 60 jdjjdj ."czis' i COOK MORROW P.D. BEATY 3 HIKING G.U. EE CLDD{E%TEHA Northwest to southeast i “ - _
c 1 1,000 2
g 4 chFr | eo0 § [ m | A LM O ZEunst cross sections illustrate the
Both a neural network and Kipling.xla were “trained” on data from 20 & - T : 7o i ¢ VOl large-scale lithofacies and
elght wells including half-foot dlgltal wireline |Og data and 9|965 o7 o8 190 200: : 8 E }f\ : qeﬁlosgonal re||a:JFIC)|SSh'|I'Ff)]S Statement of Problem: Capillary Pre?Ps,ur_(t-) C71/j)rves by Facies Permeability vs Porosity by Facies
. . e ! Hugaton field no harzonta| =:ale § i ' N e rFanoma rieid. e . . . ; | orosity = % 1000 :
deSCI‘llptIOhS of two thousand feet of core utilizing a digital rO_Ck i - 11 updip limit to the Panoma 1. No comprehensive geologic model for the Council Grove available. - = = ’
classification scheme. Both models were then used to predict Seven Seq uences ' : coincides with thinned 2. Accurate reservoir model is critical for most efficient management of s S g ™
lithofacies in non-cored wells based on their log attributes. The Council Grove Group is comprised of : 0] & : : % B1 LM} £Crouse | marine carbonate intervals remaining resources in this large asset. 5 | Sy z =
Techniques employed in this study could be applied to other large seven fourth-order marine-nonmarine _ " TR e Bo L 2 and their reciprocally 3. Lithofacies controlled petrophysical properties dictate gas saturations. s N —~—— : -
and complex reservoirs where accurate representations of sequences bounded by unconformities on _ FNMSHESa (] Wackestone Council Grove 2 E = | ' Middlebu % Trfel e nerrErE Sl S 4. Accurate dlstc):_rll_mlnagon of IltrlmfaCIes reduces error in predicted E Sl <
lithofacies heterogeneity in the 3D volume are key to realistic SHPEEIZE Celioonels SUNEESS. Aljplesl vame] Stl"atlg raphy S Do Stratigraphy : . N . < shaly silts. The smaller BeleablItyiancigesivolline: , g 10 T £ e
| lysi succession, beginning at the exposed B s ) Grst & PA B Newby 2-28R s, Eis { scale cross section of the 5. The Council Grove is a large, complex heterogeneous reservoir. g e S E A
reservoiranalysis. SEIORITENS BUTTEIEE, Bl arlmellll wilud ot A ——— 2o 5 L ' same wells shows the 8 6. Field-wide upscaling of lithofacies distribution for reservoir characterize : [ eewewe 3 o st
_ Slltls, verly flg\% SandSﬂan% clay ”ffh silts with _ ST B e { : , Mili o lithofacies using Petrel's -ation and analysis of large heterogeneous reservoirs like the B e s £ 0000 L AL st
fansas Hugoton Project Generally ihin, shallow water carbonates with St S SS il T interpretive colorfill. It Panoma Field is impractical by traditional methods. S e oono L/
: _ : : grain-supported textures deposited during the '-E A g_ = illustrates some major ] ! S'TmS"PhA!'g il ! R S Po1rzosit3;?%) eormem
The Hugoton Project (http.//www.kgs.ku.edu/Hugot_on/mdex.htm') IS an initial, shallow water portion of the flooding g Sumner Funston E { ofton : lateral and vertical facies Solution: Use artificial intelligence to predict lithofacies in 500 U0 10 20 0 4 s w0 70 s %0 100 . .
Industry, University and Governmental funded consortium whose purpose is event. These are overlain by deeper water 3 | Woo, P . ; : : T - : : Water Saturation (%) Council Grove facies identification is important to
. . . 1SS . { relationships but is not to wells and fill a 3D volume with lithofacies constrained porosity, . o . .
to develop technology and information to better understand the oil and gas dark marine siltstones and silty carbonate _ Hugoton T ,‘ - % | be considered a true bility and Hirat Capillary Pressure Curves by Facies |  ooo'VoIr characterization because petrophysical properties
resources of the Hugoton Embayment in Southwest Kansas. This paper is mud- and wackestones which are, in turn, S c Chase Bverl Shale ‘ . ¢ I Non Marine , Z , _ permeabllity and gas saturations. e Porosity = 10%) vary between facies. At porosities > 6% permeability in
one of the outcomes of the five year project. overlain by “cleaner” mud- and wackestones £ N yerly Crouse > 7 PKst. Grnst & Dol. as. ot : representation of the finer — grainstone/bafflestones can be 30X greater than mudstones
gﬁgﬁg't?rfg'?hsegae"gge; water. With progressive & ; Bradshaw | [Eshoeas) | ) S} l Mdst, Wst & Shale | Lyl 1 YSLmETES. 1. Identify and characterize key lithofacies and tie to core petrophysical e 31 . L and >100X ?r:e[?etfrl;\g]jl?ilir’:i]eastlBits\lllésgr?r;eosn(r)r:casrlirr?e”asril’sggr)]iilty-
Wi \ | y €l R Bader Limestone ’ ' ) J -.':-f' : t g R & B -
We wish to acknowledge members of the Hugoton Consortium that packstones and grainstones, interpreted to . : Limestone | 'gee - : : : ;' . ? v : | Propertles'. . . . 5 X . — stones and shaly siltstones range from 3.3X at 12% porosity
i ted dats noludng P Notural R USA Ine. BP. OXY indicate increased wave or tidal agitation: quiet Council | panoma I Stratigraphic Cross Section T C e e ﬂ 2. Predict lithofacies for wells without cores using a neural net and electric P . 07X at 18%.
t:JoSnArl ﬁce an%aAl:gdl;rEOg Pel?r?)?eetzm aCch)rra \?\?S l;rrcees ateful ’?oC.t,hos,e who water, lagoonal, mudstones and wackestones; | | ] | R Datum: Top of Council Grove Not to Scale snass — }————” == | log curves and marine-nonmarine indicator curve as predictor s N
’ & . . . . P- grate . or silty dolomites and dolomites, where there L o [Cotonmood |B5 . " {1t 3 : x variables. Generate predicted lithofacies and probability curves. £ 100 el T Capillar ressures and gi t
served as technical advisors including Kevin Schepel, Louis Goldstein, and was little or no wave agitation. Fenestral and c - Admire Limestons _ _ _ MIEMSHIEISE (. ; ; - 3 Fill 3-D cellular volume with lithofacies and borositv using Petrel : - piiary p and corresponding water
Randy Offenb Pi d th that ided technical rt - - ' 2 3 . Lithofacies are those predicted by neural net models (see Panel Ciwarshaeasit ||j ; i e " - _ _ _ -~ P y 9 - S [ s ~ saturations also vary between facies. For example, at 7%
anay enberger, rioneer, an ose that provided technical suppo laminated tidal flat carbonates are also = = Eskridge , .. ; 4. Add lithof " d bilit d I t I 2 | ] . .
' i i i i i - S 2 Shale 3) in wells without triangles around the well symbols. Lithofacies Mudstone | - .' ' lileltiserveltiznelinistl pelittiselolig elnlel gl srelLlel el teria: T e = porosity (which represents >50% of all Mstn/Wkstn) at
luding Bob P Bill Tulp J A dS Leigh, P T h f th | > E [ wabaunsee ) u g u y , . i . . . £
Including boDb Ferry, bill 1ulp Jenna Anaya an usan Leigh, Fioneer, 1im common near the top of the carbonate interval. > S _. I ._ ; ; i :
_ _ _ _ _ _ S ~ C Sy . : : : [] Wackestone . - , properties with transform formulas and height above free water. @ UG Wk 200 ft above free water Mudstones are 100% water
McGinnley, McGinnley and Associates, David Hamilton and Jeff Kiester Exposure is evidenced by well-developed n Neva by core description are shown in wells with friangles which are _ i oo . . N D ) o SWhetht Pt . . e :
’ . ’ . ’ calcretes. root molds. and other indicators = Greenwood Crenola | Limestone o of the eiaht ‘kevst IIs.” [ Dolomite 4 i TR : 5. Export cellular model with porosity, permeability, and initial gas 8  H s esumoscon saturated while grainstones exhibit water saturations of
SCM, Inc., and Ken Dean and Mike Maroney, Kansas Geological Survey. Higher frequency cveles are evident in the. o st ——— O Or ine eig eysione welis. [ Packestone \ : T 2 saturations to a reservoir simulator. e b ~40%. Differences in water saturations between facies
F 9 f qd N y y - awnee S:%g::ihl_s Maps and cross sections in this panel were created [] Grnst & PA Baf <‘; € % : ’/ 10 | | | | increase with decreasing porosity and decreasing helght
unsion an eva, In partcuiar. In geoPLUS Petra with an academic license. ; 0 10 20 %I?Iatefos atu5rgtio r(?(()%) 70 80 90 100 above free water.




	Page 1

