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ÅRegional Understanding 

ÅaƻŘŜƭ ƻŦ άaƻǘƘŜǊ bŀǘǳǊŜΩǎ Waterfloodέ 

ÅThe Gold Standard ς Seminole Field 

ÅGoldsmith ς LƴŘŜǇŜƴŘŜƴǘΩǎ ǾƛŜǿ ƻŦ /hн ƛƴ 
wh½Ωǎ 

ÅGreenfields 

ÅWhat Does an ROZ look like? 

ÅSize of the Prize 



Our Final Report 
on the Modeling 
Project has been 
submitted and 
accepted by the 
Research 
Partnership to 
Secure Energy for 
America (RPSEA).  



Key Findings 
ÅThe meteoric derived sweep of oil from the ROZ 

portion of San Andres reservoirs was probable.  

ÅModeled pore volume flushing in the Artesia 
Fairway ranges from 20 to 50 pore volumes over 
15 million years (Late Oligocene through Middle 
Miocene), with flow rates of 10 to 25 cm/year.  

ÅThis hydrodynamic origin can also explain the 
Oil/Water contact tilts seen in many of the San 
Andres reservoirs at the time of discovery.  
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[ƛƴŜŀƳŜƴǘ Ψ9ǎŎŀǇŜΩ 
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THEORIZED (U. PERMIAN) HYDRODYNAMIC FAIRWAYS 
 

There are a number of probable pathways that will eventually documented  



New Fairway Map 



The Modeling Effort 

ÅUsed Groundwater 
Modeling package. 

ÅInput Core, DST, 
Produced Water, Ground 
Water, Log Tops. 

ÅIncluded pre-existing 
data sets 

ÅDeveloped a three layer 
model with variable 
permeability. 

 

 

From Hiss (1975) 
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Horizontal Fluid Movement per 1000 years 

Conductivity Zone 
Velocity  

 (ft /1,000 years) 
Velocity  

 (ft /1,000 years) 

Velocity     
     (ft /1,000 years) 

Layer One 1.9 1.1 0.7 

Layer Two ς Center 
Zone 738 446 278 

Layer Two ς 
Intermediate Zone 

72 44 27 

Layer Two ς  
Edge Zone 

7.2 4.3 2.7 

Layer Three 1.9 1.1 0.7 



Time Period and Pore Volumes 

  n = 6% n = 10% n = 16% 

Total Pore Volume (ft3) 1.22 x 1011 2.04 x 1011 3.26 x 1011 

Flow Rate (ft3/day) 1,030 

Time Period 
 (Million Years) 

15 

Total Flow (cubic feet) 5.64 x 1012 

Number of Pore 
Flushes 

46.0 27.7 17.3 
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aƻŘŜƭƛƴƎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǘƘŀǘ ŎǊŜŀǘŜŘ άaƻǘƘŜǊ bŀǘǳǊŜǎ ²ŀǘŜǊŦƭƻƻŘέ 
will be completed as part of this study. 

Å The large sulfur deposits in northern Pecos County are believed to 
represent one exit point on the Central Basin Platform for the flushed 
oil and meteoric waters. 

Å These deposits are the result of the mutual occurrence of Water, Oil 
and a Source of Sulfur 
ïWater ς from the meteoric system 
ïFlushed Oil (Replenishing the Food for the Anaerobes) 
ïSulfur ς from dissolution of evaporites 
ÅAs the Source of H2S (and Sour Oil) 

ÅThe Sulfur Deposits  (product-of-reaction, residue) 
Å!ǊŜ tǊƻƻŦ ƻŦ hƛƭ ΨtŀǎǎƛƴƎ .ȅΩ   
ÅFairways of Oil Movement 
Å!ǎ tǊƻƻŦ ƻŦ hƛƭ Ψ/ƻƴǎǳƳǇǘƛƻƴΩ  
 



Seminole Field ς The Gold Standard 
ŦƻǊ .ǊƻǿƴŦƛŜƭŘ wh½Ωǎ 
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SSAU MPZ & ROZ Crossection and Zonal Attributes 

       Gross      Net                Permeability                                      Initial 
    Thickness  Thickness Porosity      Range         OOIP          Oil Saturation 

 
Main Pay Zone (MPZ):              160ô            126ô            12%      0.8-120 md       1 billion stbo             0.84 

 
Residual Oil Zone (ROZ):         246ô            197ô          12.6%     0.5-270 md   0.4-1.1 billion stbo        0.32 

Reference 2a 



 
Seminole Water Saturation Profile. 





Summer 2013 Update 

ÅThe Two Pilots Plus Stages 1 & 2 now Making 
>8,000 BOPD 
 

ÅNow in Stage 3 and Work Underway for 
implementing Stage 4 
 

ÅAll ROZ Projects in the Permian Basin are Making 
in Excess of 12,000 BOPD 

ÅWith a utilization factor of 10 MCF CO2/barrel of 
ƻƛƭΣ мнл aa/C /hн ŀǊŜ άǳǘƛƭƛȊŜŘέ ŀ Řŀȅ ƛƴ ǘƘŜ 
wh½Ωǎ ǇƻǊǘƛƻƴǎ ƻŦ ŦƭƻƻŘǎ ŀƭƻƴŜΦ 
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GLSAU 203R ς  
A CO2 Flood Front Caught in the Act 

Core Saturations 

Apr-2013 
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Legado Coring Program 

26 

58 

204R 

190 
222 

126

R 

203RW 203W    989 fnl, 2360 fwl 
203RW  979 fnl, 2495 fwl 
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Core Saturation 

Old  

Gas Cap Main Pay ROZ 
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Saturation Values Between 

the  

Main Pay and the ROZ 



GLSAU Geologic Model 
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Detailed Core 

Description of 

the GLSAU 

#190 Well,  

Goldsmith 

Landreth Unit, 

Ector County, 

Texas.  NOTE 

WELL 

DEVELOPED 

MAXIMUM 

FLOODING 

SURFACES 

MARKED 

WITH BLACK 

ARROWS 

Base ROZ 

LROZ 

UROZ 
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GLSAU #203R ς Background 

1. Observed major CO2 injection into LROZ zone in 203w initial profile (MP+ROZ) from 2009. 

2. Observed oil and gas response from #190 in 2009 prior to having compression in place. 

3. Plugged back LROZ and MP in #203 injector (10/2009) - completed as Upper ROZ only injector. 

4. Subsequent 203 profiles showed major injection into Upper ROZ. 

5. Drilled 203 replacement in 2013 for improved wellbore and to re-establish injection into Lower ROZ. 

6. RFT data from 203 replacement well showed elevated pressures in all zones (confirming general 

injection support in MP and ROZ for the area), with maximum local pressures occurring in the 

completed Upper ROZ zone (suggests CO2 injection remained concentrated in Upper ROZ). 

7. Obtained core from the 203 replacement well in 2013 and ran routine analysis using Core Labs. 
Å Confirmed significant reduction to oil saturations in the equivalent 203W completed UROZ interval (4285-4370) with nearly 40% of the 

samples being reduced below 15% Sor (versus <2% of pre-CO2 flood samples measuring below 15%) 

Å Saturations in the UROZ completed interval were much lower than both the pre-CO2 flood oil saturations and the post-CO2 flood oil 

saturations in the non-completed LROZ & MP intervals. 

Å Results suggest the 203W workover to plug back the LROZ in 2009 was successful at isolating CO2 injection from that zone. 

8. Completed the Lower ROZ in 203 RW and tested on 4/22/2013.  Flowed ~25 BPH at 5% oil cut 

with very little gas (FTP 100 psi), confirming isolation from #203W and banked ROZ oil from 

miscible CO2 flood process (typical oil cut prior to CO2 is <1%).  

Core oil saturations in the 203R demonstrate varying degrees of miscible displacement 

maturity throughout the Main Pay & ROZ, corresponding to the offset completed CO2 

injection intervals.  
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GLSAU #203R ï Post CO2 Flood Sor vs Offset Pre-CO2 Flood Sor 

Pre-CO2 Flood Oil Saturations (data is 
taken from 190 & 204R cored MP and ROZ 
intervals in 2008 & 2009) 

203R Post CO2 Flood Oil Saturations 
(data is taken from intervals completed in offset #203w:  
1080-1162 subsea)  
 
Å Data exhibits significant reduction in oil saturation 

with ~ 40% of samples below 15% Sor 

203R Post CO2 Flood Oil Saturations 
(data is taken from intervals not completed in offset #203w:  975-
1080, 1162-1190 subsea)  
 
Å Data exhibits some evidence of the miscible CO2 process with a 

combination of elevated saturations (banked oil) and also some 
samples reduced oil saturations  
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Velocity shows CO2 

injection across completed 

UROZ interval. 

SI vs Injecting Temp 

survey suggests major 

storage from MTS 2 down 

to just above LROZ. 

Temperature reflects packer effect 

Plugged Back completion interval (ran 
liner in 4Q-2009) 

Core shows 

major 

reduction to oil 

saturation in 

Upper ROZ 

GLSAU #203R & 203w ς Completion Intervals & Inj Profile Results 

(original 203w well, completed in 2009 for CO2 flood) (drilled in 2013 ~ 100ft offset to #203w) 

Max RFT 

pressures 

measured in 

Upper ROZ 
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GLSAU 204R and 203RW Saturation Comparisons 

Pre-CO2 Flood 

2009 
Post-CO2 Flood 

2013 

Green > 15% Reservoir ïcorrected Sor 
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Bright yellow 

bleeding gas 

Fluor 
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Gold Oil 

Fluorescence 
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What happens when the 
entire oil column is swept 

by Mother Nature?  
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Your left with a tertiary 
recovery target. 

GREENFIELDS 
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Anecdotal Evidence 
ÅThe anecdotal evidence from a growing number of exploration 
ǿŜƭƭǎ ŘƻŎǳƳŜƴǘǎ ŜȄŀƳǇƭŜǎ ƻŦ ǿƘŀǘ Ŏŀƴ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ wh½Ωǎ 
where the tests were unsuccessful as there was no associated 
primary production. From discussions with a number of 
explorationists and review and reinterpretation of research 
articles on Permian Basin fields, a set of common ROZ 
characteristics is developing: 
 

ïThe presence of sulfur crystals associated with gypsum in the swept 
carbonates,  

ïEvaporites may be dissolved or altered in the lower part of the main pay. 
ïEnhanced porosity and permeability developed as the result of meteoric 

dissolution of sulfates in the ROZ  
ïSample shows of oil and/or gas, 
ï{ǳƭŦǳǊ ǿŀǘŜǊ ǇǊƻŘǳŎŜŘ ƻƴ 5{¢Ωǎ ƻǊ ŀǘǘŜƳǇǘŜŘ ǇǊƻŘǳŎǘƛƻƴ ǘŜǎǘǎ ƴƻǘ ǎŀƭǘ 

water,  
ïCore with 10-40% oil saturation, 
ïLog calculations that suggest producible hydrocarbons.  
ïPorosities and Permeabilities can be higher in the ROZ than in the main 

pay zone as a result of the meteoric dissolution. 
ïtŜǊǾŀǎƛǾŜ άƭŀǘŜέ ŘƻƭƻƳƛǘƛȊŀǘƛƻƴ Ƴŀȅ ƛƴŘƛŎŀǘŜ ƳŜǘŜƻǊƛŎ ǎǿŜŜǇΦ 

 



Gaines, Future Targets or goat pasture? 

ÅAnschutz #1 Patrick Keating 
άпптέΣ ŘǊƛƭƭŜŘ ŦƻǊ {ŀƴ !ƴŘǊŜǎ ǿŜǎǘ 
of Seminole, had good shows but            
made only water for a few months 
before P & A (3600 BW, 3 BO). 
Water analyses show progressive         
drop in TDS over the two months 
of production.  

ÅThe 2 CORED intervals, from 5464 
ς 5602, had oil saturations ranging 
from 15 to 35%, 3 - 12% porosity, 
& 50-100% fluorescence.   

 



Westland  
Ім /ŀǊǇŜƴǘŜǊ άнумέ 

Drilled on the west edge 
of Seminole N. E. 

Core with oil,  

DST with Oil, Gas, and 
Sulfur Water. 

Produced 264 BO from 
upper perfs. 

 

hǾŜǊ пллΩ ƻŦ ǇƻǎǎƛōƭŜ wh½ 
based on shows and gas 
on sample logs. 

 

 

33413 

DST 5617-тт ǊŜŎ фллΩ DŀǎΣ мнлΩ Hvy Oil & 
Dŀǎ /ǳǘ aǳŘΣ оллΩ Dŀǎ /ǳǘ Sul Wtr 
ǿκǎƻƳŜ ƻƛƭΣ мнлΩ Dŀǎ /ǳǘ Sul WtrΣ пнлΩ 
Sul WtrΣ нмлΩ Sul Wtr Cut Mud 

SWBD Sul Wtr 

SWBD Sul Wtr 

Cored  
5377-5740 

SWBD Sul Wtr 

Made 264 BO 



George Allen Field. 
Peripheral ROZ Flood. 

The George Allen Field, 
discovered in 1956, has 
recently been the site of the 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ н άǊƛƴƎǎέ ƻŦ 
wells (Blue Box) of CO2 
producers and injectors 
OUTSIDE the original 
boundaries of the field . 



²ƘŜƴ ŘƻŜǎ ŀ άhƴŜ hŦ ŀ YƛƴŘέ ōŜŎƻƳŜ ŀ 
Trend? 

ÅThere appears to be a number of attributes of the BOSO 
at or near the base of the ROZ: 

ïLarge vugs (removed Anhydrite Nodules) filled or partially filled 
with SULFUR 

ïά{Ǉƻǘǘȅέ ƻƛƭ ǎǘŀƛƴκ{Iwκ5ŜŀŘ hƛƭ ƛƴ ǘƘŜ ǘƛƎƘǘ ǇƻǊǘƛƻƴǎ ƻŦ ƳƻǊŜ 
porous intervals 

ïTransition from dolomite above to limestone below 

ïThe presence of a baffle or barrier to vertical flow (Sequence or 
Cycle Set Boundary) 

ïSolution enhanced fractures 



Gypsum with Sulfur  



Calcite with Sulfur  



Late solution enhanced features with 
no SHR on faces  



ñSpottyò 
high oil 

saturation 
near 

BOSO 



These late 
features can be 
found at or near 
the base of an 
ROZ regardless 
of the formation  



Porosity and PhotoElectric 
Cross section Log 

 
! ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ άōƻǿέ ǎƘŀǇŜ 
on logs is generally present 
in the ROZs with decreasing 

resistivity and increasing 
porosity below the oil/water 

contacts 

ά.ƻǿέ {ƘŀǇŜŘ /ƘŀǊŀŎǘŜǊ ƻŦ tƻǊƻǎƛǘȅ 
Curve 



Field/Unit 

MPZ OOIP 

(BB) 

TZ/ROZ 

OOIP 

(BB) 

No. of 

Fields 

No. of MPZ  

Fields with CO2-

EOR Projects 

No. of  

Fields with 

TZ/ROZ CO2-

EOR Projects 

1.  Northern Shelf Permian 

Basin (San Andres) 13.0 13.2 13 5 1 

2.  North Central Basin 

Platform (San 

Andres/Grayburg) 2.9 2.6 6 2 1 

3.  South Central Basin 

Platform (San 

Andres/Grayburg) 9.9 7.9 16 5 0 

4. Horseshoe Atoll (Canyon) 5.4 2.9 10 4 2 

5.  East New Mexico (San 

Andres) 2.3 4.1 11 2 0 

Total 33.5 30.7 56 18 4 

56 fields  in five  major  Permian  Basin  oil  plays  that  have  potential  for  

significant  TZ/ROZ resources  were  identified  by Advanced  Resources  Intl .   

TZ/ROZ OOIP in these  56 fields  is estimated  to  be 30.7 Billion  Barrels .  

Size of the Prize 

Koperna, et, al., 2006 


