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Abstract 

The Midway-Sunset Oil Field (MWSS) is one of the largest oil fields in California. Deposits of deep-water clastics constitute prolific 

hydrocarbon reservoirs in this field. The Reservoir A is one of several deep-water clastics located in the MWSS Oil Field; it is a new 

development opportunity in a very mature area and is the subject of this study. It represents the uppermost clastic unit within the upper 

Miocene Antelope shale at the MWSS Oil Field. A well was cored to be able to better characterize the Reservoir A sands. Core recovery was 

poor due to the conglomeratic nature of the rocks. Core data was integrated with other wire log tools to characterize the reservoir. Data 

pertaining to total porosity, effective porosity, permeability (facilitated by the nuclear magnetic resonance tool, CMR), lithology and facies, 

hydrocarbon occurrence, oil and water saturations, and frequency/effectiveness of naturally occurring fractures were gotten by integrating core 

data with CMR, image, and triple-combo logs. The approach used was to depth-tie recovered core intervals to wireline log as best as possible. 

Image log, FMI was used extensively to define lithology, facies, and sedimentary structures including open/healed/cemented fractures and to 

correlate to core intervals. CMR log results were also correlated with whole and sidewall cores to determine facies. The CMR data (particularly 

CMR porosity, CMR free fluid index, and CMR permeability as well as bulk volume irreducible water - BVI) with the porosity and saturation 

tools was used to infer reservoir properties for other wells with no CMR logs. A 3D static geologic model was built by incorporating the 

interpreted facies and “bias to facies” reservoir properties to illustrate reservoir interpretations of the Reservoir A depositional system. This 

allows us to better define the reservoir architecture, establish criteria for oil in place estimation and develop strategies for reservoir 

management, and production enhancement of the Reservoir A sands in the MWSS Oil Field. The Reservoir A sands were deposited within a 

southeast-trending trough at the MWSS Oil Field. The Reservoir A is a deep water, submarine fan system composed mainly of channel and 

lobe deposits. They are interpreted to be deposits of turbidity currents, sandy debris flows, bottom-current-rework, pelagic and hemipelagic 

settling depositional processes. The reservoir has a thickness of up to 550ft thick. Porosity types in this reservoir include depositional and 

diagenetic porosity (caused by dissolution of cements, feldspars, and other framework grains), and fractures (microfractures, and through-going 

fractures). Porosity averages 29% and permeability ranges to as high as 8446 mD. This study presents a detailed integrated methodology that 

better describes the reservoir distribution, geometry, and quality of the Reservoir A sandstones including how they are controlled by 
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depositional processes. The integrated methodology presented here has application in other deep water, heavy oil reservoirs; especially where 

core recovery is poor. 
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Introduction 
• The Need 

– Better Understanding of the Reservoir A sands; a new development opportunity 

• The ‘How’ 

– “Back to Basics – The Rocks!”  

• Cut Core 

• The Problem 

– Core recovery was poor due to the conglomeratic nature of the rocks 

• The Solution 

– Integrated Core data with other Wire Log Tools (Triple Combo/ADT, Image, CMR) to 
characterize the reservoir 

• The Result 

– A more realistic 3D Static Geologic Model 
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MWSS Oil Field Overview 

 
• 25 miles (30 km) long  

 
• 3 to 4 miles (5 to 6 km) wide 

 
• Largest Oil Field in California 

 
• First well drilled in 1887 

 
• > 3 billion barrels of oil produced 
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Reservoir A Type Log 

Base Reservoir A 

SP (0-100 MV) 

CAL (5-15 IN) 
GR (0-150 API) 

RES (0-200 OHMM) 
NPHI (60-0) 
DPHI (60-0) 

Top Reservoir A 

550’ 

Cored Interval  

Recovery  

Legend 
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The “How”/The Problem – 260’ of Core Cut; 63/1’ 
Recovered, 24.2% Core Recovery (Core End Photos)  
The "How" /T e rob em - 260' of Core Cut; 63/ ' 
Recovered, 24.2% Core Recovery (Co e End P otos) 
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+ 

The Solution - Methodology he Solu · 
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Image Log Depth Tie with Core & Interpretation 

Dip Analysis 

Erosional Surface 

Fracture 
Fracture 

Erosional Surface 
Dips 22-52⁰ S-SE 

Cobble 

Depth Match 
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Image Log Interpretation 
• Matrix: Highly segregated; uniform 

• Sorting: Well sorted - very chaotic sorting 

• Roundness: Rounded to angular 

• Resistivity/Conductivity: Highly conductive, highly resistive 

• Cobble/Clast Size:  Sand / sandy gravel or gravelly sand, silty sand sequence, very 
large (grapefruit to cantaloupe  +), cobbles 

• Thick laminations / thin beds 

• Packing: Not tightly packed; clasts mostly touching, floating 

• Cement (as resistive rind or interclast fill) : none - very highly cemented 

• Planar bedding 

• “Discordant” erosional surfaces – where underlying bedding is clearly truncated 

• Fractures – occasional natural fracture, discordant to bedding and sometimes 
stratigraphically confined 

• Bedding dips: range from  about 20-55  with a dominant  south to southeast  
azimuth 
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Importance of Detailed Core Description 
 

Level 1: Normal grading 
Level 2: Normal Grading 
Level 3: Several depositional processes 

• All sands are heterogenous. 
Capture every details and 
clarifies degree of 
heterogeneity.  
 

• Tells us if one or multiple 
depositional environment. 
 

• More accurate observational 
depositional facies; Internal 
features of the rocks as they 
respond to steam soaking 

 

Shanmugam, 2006 
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Reservoir A Core Description 

Bioturbated and fractured shale with 
cross, angular, & planar laminations 
(Facie 5). Very fine to medium grained 
sandstones with a floating quartzite 
pebble (red arrow) (Facie 1). Oil Stain: 
Medium 

5 

1 

2 

Medium – fine grained 
sandstones. Sands Fine upwards 
with no pebbles or clasts (Facie 
2). Oil Stain: Heavy 

Scattered pebbles (<1cm) in fine sands. 
Sharp basal contact (red dashed line) 
between unconsolidated sands and 
cemented Sandstone below. Presence of 
sub-angular – rounded mudclasts and 
pebbles. Mudclasts and pebbles  have 
oil-stained microfractures (red arrows). 
Oil Stain: Medium - Heavy 

1 

1 

4 

2 

1 

Sandstones associated with shales 
with sharp , angular, contact (Facie 
4). Massive cemented sandstone 
with fractures (Facie 2). 
Uncemented sandstones with 
some floating pebbles (Facie 1). Oil 
Stain: Heavy – medium. 

Massive siliceous cemented 
sandstone (Facie 2) with some 
fracture filling carbonate cement 
and oil (red arrow). Carbonate 
cemented conglomerates (Facie 1) 
with some through-going fractures 
(blue arrow). Shale clasts and 
quartzite pebbles are subangular – 
rounded. Oil Stain: Variable 

2 

Contorted shale (red) and sands with 
floating, subangular-subrounded, 
pebbles (blue-arrow) (<1cm) (Facie 3).  
Fine-medium. Oil Stain: Heavy - medium 

3 

Facie 1: Sandy Debris 
Facie 2: Turbidites 
Facie 3: Slump 
Facie 4: Bottom-current-reworked 
Facie 5: Hemipelagic & Pelagic 
 
 
 

Core Well Log 
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Reservoir A Core Layout: 260’ of core cut; 63/1’ Recovered, 
24.2% Core Recovery 

Diatomaceous Shales, 
siltstones, conglomerates, 
and sandstones 

Facie 1: Sandy Debris 
Facie 2: Turbidites 
Facie 3: Slump 
Facie 4: Bottom-current-reworked 
Facie 5: Hemipelagic & Pelagic 
 
 

1 
1 

2 

1 

2 

5 

2 

1 

2 

1 

2 

2 

2 

5 

2 

1 

4 

2 

1 

5 

2 

1 

2 

2 

2 

1 

1 

1 

5 

5 

3 

2 

2 

3 

1 

2 

1 

1 

2 
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• Massive sandstones – cemented, uncemented  

• Presence of cement, clay, and oil-filled 
fractures  

• Carbonate and siliceous cementation  

• Presence of conglomerates (subangular-
rounded)  

• Sharp upper and basal angular contact 
between cemented and uncemented 
sandstones  

• Presence of mud injectites 

• Unconsolidated normal graded sandstones 
held together by heavy oil 

 

 

Reservoir A Core Observational Features 
• Presence of contorted shale layers 
• Very fine to very coarse-grained sands 
• Gradational upper contacts  
• Floating quartzite pebbles and mud clasts 
• Carbonate cemented sandstones enclosed 

inside shales  
• Planar and cross laminations 
• Presence of big cobbles (up to 7cm) 
• Presence of siliceous concretions  
• Presence of bioturbated, diatomaceous 

shales, mudstones  



SENTINEL PEAK RESOURCES 

Facies  Depositional 

 Facies 

Depositional 

 Process 

Thickness 

 (ft) 

Cored 

Interval 

(%) 

Porosity 

Range 

 (%) 

So 

Range 

(%) 

Ka 

Range 

(mD) 

1 Sands with floating 
clasts, quartz pebbles. 

Conglomerates 

Sandy Debris 13.33’ 37.5 19.5 – 36.5 39.5-61.8 1160-
8446 

2 Massive, fine-grained 
sands, normal grading 

(no clasts) 

Turbidites 12.95’ 36.49 25.9-38.2 26.7-73.2 1165-
8260 

3 Shales with associated 
sand injections 

Slump 1.83’ 5.15 39.4 7.9 0.83 

4 Thin bedded, well-
sorted sands associated 
with shales with sharp 

contacts 

Bottom- Current-
Reworked 

1’ 2.9 31.9 67.9 1835 

5  Silty/diatomaceous, 
bioturbated mudstones; 

planar, angular and 
cross laminated  

Pelagic & 
Hemipelagic 

6.37’ 17.96 26.3-34.9 
 

25.9-52.7 25-287 

Quantification of Depositional Facies and Reservoir Quality in 
the Recovered Core 
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Depositional Model 
Channel deposits 

Lobe 

Shanmugam & Moiola, 1988 

Characteristics of submarine fan channel and lobe deposits 
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Petrography - Diagenesis 

(d) Mixture of grains (mostly silts) that have 
been altered to clay and squeezed into 
surrounding pore spaces (red arrows). 

(c) Partially dissolved feldspar (F) grain 
showing varying degrees of 
precipitation to carbonate cement (red 
arrow).  

(b) Partially dissolved grains (red arrows) 
and porosity (Ø), clay coatings (blue 
arrows) surround detrital grains  
 

(a) Plane-polarized light photomicrograph 
showing chloritized biotite (CB) flowing into 
pore space. Oversize pore (Ø) with remnant 
clay coating (yellow arrow) from dissolved 
grain preserved.  Point grain-grain contact 
(blue arrow) of fractured feldspar (red 
arrow) (F) with quartz (Q).  

Q 

F Ø 

Q 

Ø Ø 

F 

(a) 

(b) 

(c) 

(d) 
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Texture, Grain Sizes, & Grain Density 

Silt contents increase, Microporosity increases 

Facie 1 

 Grain sizes decrease, Pore throats and sizes decrease 

Slump Bottom-Current-Reworked Pelagic & Hemipelagic Sandy Debris Turbidite Facie 2 

Facie 4 Facie 3 Facie 5 

 Reservoir quality decreases 

0 
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Mode = 2.67 
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Petrographic Modal Analysis 

Quartz: 12 - 38 
Feldspar: 32 - 56 
Rock Fragments: 9 - 41 

 

0.06 -  0.55 

 

Moderately sorted to poorly sorted 

Contact Index: 1.62 – 3.23 
Tight Packing Index: 0 
Long: 0.6 – 4.2  
Concavo-Convex: 0 – 1.4 

Authigenic Clay Matrix: 0.7 - 5 
Detrital Clay Matrix: 2 - 53 
Rock Fragments: 4 - 41 
Pseudomatrix: 1 - 1.7 
Pyrite: 0.3 – 9.3 
Dolomite: 0.3  - 35 
Zeolite – 1 
Quartz overgrowths – 0.3 

 

Intergranular: 1.7 – 16 
Secondary Intergranular: 0.3 - 6 
Secondary Grain Moldic: 0.6 – 4.2  
Microporosity: 0.3 – 5 
Total Porosity – 2.7 – 22.6 

Framework Grains (%) 

Cements/Matrix (%) 

Porosity (%) 

Packing Index 

Sorting 

Mean Grain Diameter (mm) 
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Paragenetic Sequence Pa a e etic Se ue ce 

r BURIAL 

. ~ EVENT/DIAGENETIC STAGE I PARAGENETIC STAGE SEQUENCE 

Calcite 1 • Dolomite 1 •••• 
Compaction 1 
Fracturing 1 
Grain Re-arrangement 1 

Ductile Grain Deformation 1 • Infiltration of Detrital Clay 1_ •• 
Bioturbation 1 

Opal A - CT - Quartz 1 •• Pyrite 1 
Zeolite 1 

Authigenic Clay (Grain Coating) 
1 

Authigenic Clay (Grain Replacement) 1 
Feldspar Corrosion 1 

Grain/Cement Dissolution 1 
Hydrocarbon Migration 

1 Earl:,: Middle Late ) 
• 
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Log Derived Facies – Cluster Analysis 
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Multi-Curve Crossplot

• Five cluster cells  
 

• Due to the oil field age and mix of logging service 
companies, only the basic logging measurements are used in 
the cluster analysis (to enable the developed model use over 
a large area). 
 

• RHOB and NPHI are used. 
 

• Log calculated total porosity (PHIT) is used to extract the 
siliceous diatomaceous information (high porosity). 
 

• The log calculated total water saturation (SWT) is used to 
extract grain size assuming reservoir fill up (high Sw is finer 
grained). 
 

• The model is developed using the whole cored well with 
other wells selected due to their log signatures. 
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Petrophysics Log Plot 

Log Processing  
• Dual Water Model total porosity 

and total water saturation. 
• Clay volume from the minimum 

of several indicators. 
• Permeability from a Coates Free 

Fluid style equation. 

Electrofacies  
• Conglomerates 
• Silty Sand 
• Sand 
• Siliceous 
• Silty Siliceous 
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Petrophysics Log Plot 

Reservoir Parameters 
• Grain Density: 2.67 
• Porosity : 22 - 29% 
• Permeability: 0 to >8D  
• Oil Saturation: 50 – 75% 
• Viscosity: 3000 – 9000 cp at 100⁰F 
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Rock Property Modeling Workflow 

SLB, 2017  SLB, 2018 

ock Proper y oderng fow 

Property mod'e ling 
data preparation 

Scale upwell logs Univariate and biva riate geostatistics 

Facies modeli n,9 

Discrete Stochastic fac ies 
data analys is modeling 

Continuous 
data analysis 

I Petrophysical modeli l'lg 

Stochastic and 
deterministic 

petrophysical modeling 

Basic statistics 

Use of secondary 
information for 

property modeling 

Variogram 
mod'eli n,g 

t "::I .. ~ .. ... 

r-1ltr" " "11 r " i 
• .. " .!- :L ,I..; .. t.. . :" , j , .. - .. 

Volume calcu lation and 
Uncertainty analysis 

--·~""._.--I~-' .. 
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Rock Properties Biased to Facies 

Facies model 
5 Facies  
Sequential indicator simulation (SIS) 

Porosity  model 
Biased to Facies  
GRFS stochastic simulation 

Sw model 
Biased to Facies  
Assign values 

Perm model 
Biased to Facies  
GRFS stochastic simulation 
Collocated co-krigging 

I direction 

I direction 

I direction 

I direction 
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Conclusion 

• Better understanding of the Reservoir A depositional environment 

• Depositional Processes directly control the Reservoir A sands: 

– Grain size distribution - grain size and sorting control porosity and permeability 

– Spatial Sand Distribution – Better understanding of different sand distribution, prevents 
overestimation or underestimation of sand reservoirs in petrel facies modeling 

– Dimensions & Geometries – barriers, baffles, & flow units relationships in 3D space 

• Diagenesis (Compaction, cementation, dissolution, oil migration & accumulation) 

• Better handle of facies:  

– Facies prediction combining core and log data makes inferring reservoir facies for other wells 
with no core possible 

• Rock Properties: 

–  A more reliable petrophysics 

–  All rock properties are biased to facies during 3D geologic modeling leading to a more 
accurate volume estimation of the Reservoir A sands 
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