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Objectives 

This United States Department of Energy 
(DOE) research project was established to 
document the integrated team approach for 
solving reservoir engineering problems. A field 
study integrating the disciplines of geology, 
geophysics, and petroleum engineering will be the 
mechanism for documenting the integrated 
approach. This is an area of keen interest to the 
oil and gas industry. The goal will be to provide 
tools and approaches that can be used to detect 
reservoir compartments, reach a better reserve 
estimate, and improve profits early in the life of a 
field. 

Summary of Technical Progress 

Reservoir Characterization 

Distributions for porosity, water saturation, 
net sand thickness, permeability-thickness 
product, temperature gradient, and hydrocarbon 
thickness were derived fi-om the log analysis data. 

The distributions for Net Sand Thickness, 
Permeability Thickness Product for Pay Sands, 
and Hydrocarbon Thickness are shown in 
Figures 1-3. 
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Fig. 1 Distribution of Net Sand Thickness for the C S W O E  Terry 
Sandstone Study Area. 
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Descriptive Stastistics for KH 
DATAPTS= 181 

AVERAGE = 100.376500 
AVEDEV = 82.125650 
STDDEV = 134.671700 
VARIANCE = 18136.470000 
SKEWNESS = 4.344039 
CURTOSIS = 27.989300 

These values are based on the laboratory condition permeability 
measurements. A correction is necessary to relate to subsurface 
conditions. 

Fig, 2 Distribution of Permeability Thickness Product for Pay Sands 
for the CSM/DOE Terry Sandstone Study Area. 



Distributions for the CSM/DOE Teny Sandstone Study Area. These 
are for the wells with pay sand for the entire Teny interval. 

uncertainty of the estimates may narrow during 
history matching. 
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Fig. 3 Distribution of Hydrocarbon Thickness for the CSM/DOE 
Teny Sandstone Study Area. 

Reservoir Simulation 

Substantial effort was dedicated during this 
quarter to the understanding of the reservoir fluid 
distribution. In this study the following variables 
are uncertain: initial reservoir pressure, bubble 
point-pressure, and fluid composition. 

Initial Pressure and Bubble-Point Pressure 

The maximum known pressure of 1,768 
psig was recorded in April 1976 at a depth of 
4,422 feet. This pressure was recorded before 
fracture stimulation with the completion fluid still 
in the well. It was noted that the well was on a 
vacuum. A second pressure of 1,572 psig was 
recorded after fracture stimulation and well clean 
up. Based on this information, the initial 
reservoir pressure is estimated to be between 
1,600 - 1,750 psia and equal to the bubble-point 
pressure. The initial pressure will be different 
for each fault block because the Gas/Oil 
Contacts (GOC’s) are at different depths. The 

Fluid Types 

The average oil gravity was 5 1 O API from 
the predominately oil area and 60° API from the 
gas area. The gas gravity averaged 0.8 for the 
whole focus area. Based on the fluid analysis 
from production reports, one set of Pressure- 
Volume-Temperature (PVT) properties will 
adequately model the reservoir fluid in the 
different compartments. Using correlations, an 
oil API of 51, and a gas gravity of 0.8, the gas in 
solution is approximately 757 Standard Cubic 
Feemarre1 (SCFBBL) . This agrees with the 
observed initial producing GORs in the oil zone. 

Regions 

The focus area was split into three regions. 
Currently, the relative permeability curves and 
PVT properties are considered constant 
throughout the focus area, and did not influence 
the determination of the regions. These regions 
were incorporated into the model to account for 
the different gas-oil contact depths in different 
fault blocks, which correlate to either a 
predominately oil area, gas area, or an area with 
intermediate GOR values. The highly 
compartmentalized nature of the Hambert Field is 
the result of extensive faulting. The 
transmissibility of the faults (whether they are 
sealing or not) will be refined during history 
matching. 

Figure 4 is an example well log where the 
shale corrected density and neutron logs indicates 
a gas-oil contact. The relative amount of 
neutron-density separation was used to support 
gas-oil contact selection. Many of the wells with 
neutron and density logs do not have a clear 
separation of these two curves. Cross sections 
were prepared for different parts of the field. An 
example is shown in Fig. 5 .  The cross section A- 
A’ is shown on the area map, Fig. 6. Cross 
sections were made to augment the determination 
of gas-oil contacts for the compartments on a 
depth basis. Perforated zone, GOR, and neutron 



density data were integrated with the structural 
data to estimate the gas-oil contact. For 
example, the higher the GOR the more the 
perforated zone was assumed to be saturated 
with gas and less with oil. The cross sections 
indicate that the gas is in the upper layers and the 
oil is predominately in lower zones within any 
fault block having a gas-oil contact. 

Many of the wells that had an initially low 
GOR (predominately oil zone) are still producing 
oil at reasonably low GOR values. For wells that 
started with an intermediate GOR value, the gas 
invasion is minimal and the gas-oil contact is 
within the perforated interval. The wells 
producing with high initial GORs are in a block 
or region which is predominately gas, with small 
or no oil present. In these cases the GOR is 
constant at a value greater than 50,000 
SCFBBL. 

Simulation Model Layers 

The geologic description and the 
petrophysical analyses have identified nine 
layers, as shown in Table 1. The top and bottom 
layers were eliminated because they were shale. 
The identified geologic layers were combined into 
five layers for the reservoir simulation model. 
The layers for the simulation are summarized in 
Table 1. 

TABLE 1 

Comparison of 
Geologic and Simulation Models 

Geologic Model Descriptions Simulation Model 

Layer 0-1 
Layer 1-2 
Layer 2-3 
Layer 3-4 
Layer 4-5 
Layer 5-6 

Layer 8-9 

Layer 6-7 
Layer 7-8 

Top shale layer 
Top sand body 
Shale layer 
Sand body 
Shale layer 
Sand body 
Shaly sand body 
Sand body 
Shale layer 

Not used 
Layer 1 
Layer 2 
Layer 2 
Layer 3 
Layer 3 
Layer 4 
Layer 5 
Not used 

Most of the wells are perforated in simulation model 
layers 3 , 4  and 5. 

Gross and Net Thickness 

Manual mapping of layers 5-6 and 7-8 
were performed considering the northwest to 
southeast depositional trend. Computer maps 
were generated using petrophysical derived net 
thicknesses, kriging software, and the assumed 
depositional trend. Comparisons of the computer 
maps with the manual mapping of layers 5-6 and 
7-8 show good agreement. The perimeter wells 
in the buffer area have recently been analyzed 
and are now ready to be incorporated into the 
final maps. 

Porosity and Water Saturation 

The porosity and water saturation values 
obtained by the petrophysical analysis are being 
processed in a manner similar to net thickness. 

Permeability 

The permeabilities were estimated from two 
sources. The permeabilities estimated from the 
production-frac type curves compare favorably 
with the permeability map developed using the 
correlation derived from log data and the 
minipermeameter analysis. Individual 
permeability distributions for the selected layers 
were prepared from the log transforms. Maps 
were prepared using the kriging software and 
imported into the simulator. 

Relative Permeability 

Relative permeability data obtained from 
the Terry Sandstone core experimental work will 
be used as a starting point in the simulation 
model. These curves were obtained from the best 
of the three cores measured. The measured water 
relative permeability is very low (approximately 
0.1 at Sor). This agrees with field performance 
where the water production is insignificant. 
Similarly, gas coning is not a problem which may 
be due to the low vertical permeability and the 
shale laminae of the sand bodies. Increasing 
GORs are not a problem which supports a slow 
advance of the free gas in the reservoir. 



Leases 

There are a few cases where production 
was reported for a multi-well lease. In some 
cases the GOR history behaved opposite from 
what was normally expected, i.e. the GOR 
decreased instead of increasing. This behavior is 
probably due to the inclusion of a new oil well in 
a lease report. hdividual production is not 
available in these cases and the history matching 
will be compared to lease production. 

Technology Transfer 

During the quarter three presentations were 
made. An integrated team presentation was made 
on August 9, 1995 at the Colorado Oil and Gas 
Conference held in Denver, Colorado. Most of 
the team members were able to participate in this 
one-half day workshop. 

On September 27, 1995, two team 
members made presentations and conducted a 
workshop in Houston for a Petroleum 
Technology Transfer Council sponsored event. 

On September 10-13, 1995, one member of 
the team presented the results of the study at the 
1995 American Association of Petroleum 
Geologists (AAPG) International Conference and 
Exhibition in Nice, France. 
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Fig. 5 Northwest-Southeast Terry Sandstone Cross Section A-A' 
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Fig. 6 Terry Structure Map with Cross Section A-A' 


