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Abstract

The Tres Pasos Fm of the Magallanes Basin in Chile records the evolution of a prograding deep-water slope system with exceptionally well
exposed depositional dip-oriented middle to lower slope strata exposed at the Laguna Figueroa locality. The outcrop contains three channel
complexes comprised of 18 channel elements. While analogous slope channel deposits can contain significant reservoir potential, their
channelized nature creates uncertain connectivity, which can be problematic for efficient hydrocarbon production. This work seeks to quantify
the influence of reservoir architecture on reservoir productivity as a function of well placement and inter-/intra-channel architecture using a
high-resolution outcrop-based geocellular model. Reservoir flow simulation is performed to assess the impact of intra-channel architecture on
production profiles. Simulated production data is analyzed to elucidate potential clues useful for predicting channel dimensions and
connectivity in new and/or producing fields. Reservoir simulations were run for: 1) a single channel element and 2) sector models representing
areas of vertically aligned versus laterally offset channel elements. All models were represented at a 2 m x 2 m % 0.25 m grid scale. Three
primary facies associations (FA) capture the lithologies present in outcrop: FA1 (axial) — thick-bedded amalgamated sandstone (95%
sandstone); FA2 (off-axis) — thick- to thin-bedded semi-amalgamated sandstone with few fine-grained interbeds (81% sandstone); FA3
(marginal) — thin-bedded fine- to very fine-grained sandstone with interbedded siltstone and mudstone (39% sandstone). Three scenarios were
created to quantify the influence of reservoir architecture on productivity by varying the proportion and distribution of facies within each
channel element. Scenarios capture a range of possible architectural frameworks from highly connected FA1-dominant to more
compartmentalized FA2- and FA3-dominant conditions. Hydrocarbon production was simulated from a single extraction well at the axis of the
channel element(s) and two water flood injectors 35 meters from the channel margins. Inter- and intra-channel connectivity were evaluated
based on the volume and location of oil left in place following water breakthrough. The influence of well placement on productivity was
quantified by rerunning each of the realizations with injectors rotated to the center of the channel(s) up- and down-gradient of the production
well.
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OBJECTIVES: Tres Pasos Formation, lower Laguna Figueroa section
o
1) Quantify uncertainty/error introduced through simplification of fine-scale South (A)
internal channel architecture. North Cerro Cazador Cerro Sol Arroyo Picana Arroyo Hotel
2000
-
2) Investigate how reservoir testing can be used to populate reservoir properties in d i <helf-edgel = — .
moderate relie - . <
a Iarge—scale model. clinoforms delta-front deposits %5 \ 1500 8
\\ incision/mass 1500~
. . . . o . = — wasting N /annaco
3) Determine how uncertainty/error introduced through simplifying assumptions \ =1 wox @ 4 ; =, Clinoform -
varies with differences in inter-channel relationships (stacking, overlap). \ - “major _
- ‘ bypass | /H(_)tel I T S e j
C . . surface Clinoform Ly = = . = - . |
4) Elucidate the impact of upscaling inter- and intra-channel architecture on flow. ot 3 \ —_ ‘ e e — = e |y
) P P J R \ e : _PumaClinoform = — 5 1 1 e ~—r - [ -
Oveia \ waxis: 38 km = , mgmwEe 2 2 e R
Clinoform \ ﬁlé‘éés (1r_65|f)ef)' 1000m = é[ - = 0 =5 @ g% .~ & 5 = /
500 major zone : _Figueroa Clinoform: ks = 0 S & g - = L - = . 2 b
. lenticular 590 of bypass X'aX!S:(42|_kg] 900 | | = = = e é B e
sandstone bodies 1| y-axis (relief): m s =S s R T o2 0= =20 8 = s e e
Geologic Background and Study Area ndstone bodi | - Lopein = = .- . § @ b = = s
The Late Cretaceous Tres Pasos Formation consists of a turbidite-dominated succession that records the S M gizlggolifn VE=10X & . s -  J g = & =B g Sl F—
terminal phase of deep-water depositon in the Magallanes foreland basin, southern Chile. Slope slope mini-basin fil T a ~ 5km
channel deposits accumulated along a high-relief basin margin (> 1 km relief) along a depositional | |
profile that was > 40 km long. This study focuses on a 120 m thick and 2.5 km-long sandstone-rich Measured Section === sandstone Colour ~ O topset deposits | |
' f slope channel strata located adjacent to Laguna Figueroa. 3-D exposure of the strata -egend. = siistonelmudstone - Legend, fine-grained-dominated slope/basin floor deposits
succession o - P . . J 9 .9 T P . = mtd coarse-grained-dominated slope/basin floor deposits
along a depositional-dip oriented transect enables well-constrained mapping of channel architecture.
me%:,\' i i ik : G = o S il // ___________________ : T
| | strict wi ghli : : . . . . . Paleof] hly d th T — % e s~
T e e s o et Regional dip-oriented stratigraphic cross-section of the Tres Pasos and Dorotea formations (highly oblique to outcrop orientation) . Jrom
locations of the Torres del Paine and Puerto Natales). period |Fm. | Depositional Architecture showing large-scale clinoforms, which filled the Magallanes foredeep axially, from north to V5= 5%
Chile-Argentina < . El Chingue Bluff /\/—\M south (adapted from Hubbard et al.. 2010: Bauer. 201 2) Legend: channel sandstone interbedded sandstone and mudstone [l mass transport deposit - complex boundary element boundary 250 m
Int’l border Tertiary em ’ / / .
qu_Ja ° ° °
) Photo (top) and line-drawing '(Ij'hﬁ Lagur;la. Fliue[oa Outgop Belt. Two—Iahrgi—scaIe (>1 OOmb’ihlck),rc]:omp(I).an clhannel complex slets gavf? been
N ~——
: o trace (bottom) of a channel, the e mgate Im t e | ag%_r;]a I|guer0? ar:ea,w ic harfe compfars‘ etolc .an,\r;|e |zeI S opzslylstsgmssx;o?ge off numerous
2 Villa Cerro Castillo : orimary building block for continental margins. The lower of the two is the focus of this analysis (Macauley and Hubbard, )
2 | = B modeling. Note the more axial
el Pine | o amalgamated sandstone (at
: ‘, vy pcans 2| 2 | right) transitions to more Conceptual Cross-Section sedimentation unt
- o [T _ ~= - —=——————
j < :Eapguna Figueroa k: E .{TE\."‘“}”;_ - non_amalgamated and ﬁner ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
g_ = O e o faCieS to the Ieft ‘ . vertical exaggeration = 2X //_ eroded channelform
¢ - Hotel Tres Pasos % ~ E—— ] 20 | | | | bypass drape deposit
| —= — MARGIN ' OFF-AXIS ' AXIS ' OFF-AXIS ' MARGIN
\ G| —_—_—,—
A \\ il om Macauley and Hubbard, 2013
= Stratigraphy of the Magallanes Basin. 3% — — | ‘
Y This study focuses on the lower O-m ___ MATLAB template baSEd on MacaUIey and HUbbard, 201 3
_ fﬁf} portion of the Tres Pasos Formation.f —~— A~ —~ —~— —~_— Om 140 m
j Jurassic-U. Cretaceous Backarc Basin Deposits
/
{ :
’ Thick-bedded amalgamated sandstone (Ta and Tb)
gﬁl ° ° ° ° ° °
p B Thin- to thick-bedded sandstones, less amalgamation, grade rapidly into siltstone (Ts, T, and Ta)
¢ . . .
p i\ B Thinly interbedded non-amalgamated siltstone and very fine-grained sandstone (To, Tc, Ta and Te)
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A) Conceptual cross-section of inter-channel architecture from Macauley and Hubbard, 2013 (upper), and model
template generated in MATLAB (lower). B) Conceptual model of channel base drapes employed. Yellow = sand
on channel base (drape eroded or not deposited) and Grey = mud on channel base (drape or margin deposits)
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How does the respresentation of fine-scale internal channel architecture impact flow prediction? Intra-channel architecture: How does flow differ between realizations in a single channel element?
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A) Synthetic injection tests were simulated using “Actual” internal architecture to calculate a uniform flow-averaged permeability for each scenario. B) Injection rates and
bottom hole pressure build-up were entered into reservoir testing software for curve matching. The single channel case is provided as an example. Pressure buildup is shown
in green, rate of pressure change is shown in blue, production rate is shown in black, with matching curves shown in red. C) Summary table of reservoir testing results.
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Upscaling: Does upscaling impact flow prediction?

Intra-channel architecture upscaling: Does upscaling of internal channel architecture impact flow? Impact of upscaling on inter- and intra-channel architecture

Each of the 12 different offset models, modifying the two channel stacking pattern from

degrades the ability to repre-
sent the marginal facies and
limits the marginal facies
impact on flow. The effect is
stronger in laterally staced
channels than in vertically
stackaed channels.
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A single channel model was used to 1) characterize the flow signature cuased by the detailed internal element architeure, and 2) to test the impact of upscaling on flow. An injector/producer pair Channel-channel thalweg
was placed in opposite marginal locations to maximuize the waterflood contact across all facies. The above images show the 1) fine-scale and upscaled facies models, 2) permeability model with offset distance
corresponding values at each scale, and 3) water saturation at water breakthrough. Corresponding curves of watercut and oil recovery are shown to the right.
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1) Injection test results tend to favor axial facies and under emphasize the influence of marginal facies between
overlapping channels. This issue could potentially be mitigated with test design and the use of interference testing.

channel stacking (offset distance vs. offset angle).
Highest recovery efficiency (red) is for laterally offset
channels, while lowest recovery efficiency is for verti-

0.50 facies in vertically _ PR _ . . .
cally stacked channels. In the vertically stacked chan- 040 | suckedchamelstigh | ¢ ¢ N 2) Flow-averaged and random permeabilities under-emphasize the influence of the marginal and shale drape
s), while it is force R2 =0.7458

0.30

nels, a fast flow path is created along the axis, bypass- - facies, resulting in greater production volumes and increased injected pore volumes prior to breakthrough.
ing marginal facies,

while the water is

through marginal facies
0.20 | in laterally stacked chan-

nels (low Cs)
0.10

Surface Area Connections

. , 3) Error introduced by flow-averaged properties increases as the connectivity of axial sands between stacked

forced to travel through 0.000.3|oo o.3lso 0.4'oo o.ziso 0.500 0.550 Channels decreaSeS.
the marginal facies Recovery Efficiency
when channels are laterally offset. 4) Upscaling impact inter- and intra-channel architectural controls on fluid flow. These results of simulating both
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