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 Understanding that capillary forces will 
act to limit petroleum fluid saturations in water
-wet fine grained rocks, including organic rich 
source rocks, dates back at least to King Hub-
bert in 1953.  Likewise, Philippi in1965 noted 
relationships identifying sorption in/on organic 
matter as a significant storage mechanism in 
organic-rich rocks. 
 Contrast these early insights with cur-
rent unconventional reservoir evaluation, 
where we observe a disconnect between ‘in 
situ’ (core exhumed to surface) measured total 
water saturations versus the produced cumula-
tive water volumes from a given stimulated 
rock volume. Water-free production in gas 
shales, from gas-wet organic matrix pores, cre-
ated an early impression that unconventional 
plays don’t produce water. So, in more liquid-
rich plays, water cuts were initially under-
appreciated: e.g. >80% in the Wolfcamp (stock
-tank basis). If measured Sw is so low (core-
based calibration), where is the produced water 
coming from; or is there an alternative method 
to more accurately relate insitu to produced 
water and petroleum production? 
 Adapting organic sorption models from 
the 80’s, we can split total hydrocarbon vola-
tiles into sorbed and, by difference, non-sorbed 
fluid phase yields. Converting to volumes and 
adding back dissolved gas using a formation 
volume factor (FVF), we can estimate the bulk 
volume fluid phase. This new approach then 
yields observations regarding remaining water-
filled pore volume versus sorbed and non-
sorbed hydrocarbon volume explaining the 
high water cuts in the Permian Basin 
stratigraphy; and additionally may indicate  
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striking are gas composition and GOR. There 
have been a number of horizontal wells where, 
as a result of large volume sweep/diagenesis, 
methane is not the primary component of the 
produced gas. H2S, CO2, and C2 – C6 can be 
very important components and have a signifi-
cant impact on both early and sustained oil 
production. The gas/oil ratio (GOR) also ap-
pears to be critical, as both low and high GOR 
values may be detrimental to a successful pro-
ject. High quality mudlogs (e.g., using mass 
spectrometry) are of immense value/essential 
for evaluating the gaseous components provid-
ing the drive mechanism. 
The rational for where to land the horizontal 
leg is also not “set in stone”.  The ROZ in 
some areas may have a three tiered saturation 

profile which is associated with facies distribu-
tion, degree of lateral sweep from MNW, and 
related diagenetic overprint. Finally, flexing of 

deep seated structures may have resulted in the 
development of shallower fracture clusters that 
have either been sealed by anhydrite, or been 

enhanced and became pathways for high vol-
ume flushing and/or created pathways where 
the frac can penetrate out of the target interval 

into porous, open marine facies with low-yield 
(low GOR) oil, below the paleo oil/water con-
tact. Again, mudlogs are often be critical in 

identifying these fracture clusters. 
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The Horizontal San Andres play in Yoakum, 
Cochran and adjacent counties has been ad-
vancing now for 5 years with over 150 hori-
zontal producing wells.  This pseudo-
conventional play developed to take advantage 
of lower lease costs, shallower depths, single 
horizontal legs from each vertical pilot well, 
scaled back frac design, and slower production 
decline rates. A possible resource play?  Opera-
tors are finding significant success, but not 
without well-to-well and regional issues. There 
seem to be as many theories on drilling and 
completing these wells as there are operators. 
Although many of the problems have been at-
tacked and tamed by inter-operator coopera-
tion, there is a firm belief that both the rocks 
and, especially, the fluids play a key role in the 
success of the play, and that these have been 
given short shrift. 
One of the keys to understanding the viability 
in the play is to correctly evaluate the im-
portance of facies, diagenesis (early and late-
stage), and fluids (both in-situ and produced) 
in a well/area. Typically these factors are eval-
uated separately, if at all. The best outcomes 
going forward will result from considering 
these as a vertically variable unit. We suggest 
calling this unit a PROFILE.  
This profile includes: depositional history/
facies analysis; understanding late diagenesis/
impact of Mother Nature’s Waterflood 
(MNW); and saturation values and composi-
tion of in-situ oil, gases, and water, as they all 
have an impact on location, drilling, landing 
depths and completion decisions. These profile 
components are often part of the decision to 
drill a San Andres horizontal well, but too of-
ten looked at in detail only if/when a project 
fails to meet desired production results.   
In our DOE sponsored project (DOE 10123-

17), we developed a “cookbook” in with a 
summary the “classic” observations of ROZs 
in vertical wells, and presented an ROZ-based, 

revised interpretation of the properties. The 
“weight” of these observations may be differ-
ent for horizontal projects. Two of the most  
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sweet spots in pore systems in different parts 
of the rock compared to alternatively derived 
saturations. 
 The final piece of the puzzle comes 
from basin modeling of petroleum charging in 
the 90’s. Some scientists applied conventional 
reservoir relative permeability to fine-grained 
rocks, but new research predicted that progres-
sively finer grained rocks with higher irreduci-
ble water should be able to flow oil at progres-
sively higher Sw: at 100 nD, both oil and water 
should flow at Sw > 80%. Lower petroleum 
phase saturations and adjusted relative 
permeability curves may better explain ob-
served production behaviors and profoundly 
alter our view of recovery factors and stimulat-
ed rock volume. 




