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synopsis 
Bluebell field in east-central Utah is a large, extensively fractured reservoir. Conventional 

dual-porosity, dual-permeability simulators were used to study production performance in 

parts of this reservoir. Lack of data on a number of different reservoir parameters made 

modeling a difficult task. The main objectives were to: 

Simulate parts of the reservoir using the conventional dual-porosity, dual-permeability 

approach. Generate progressively complex reservoir models and use the production 

history match results to quantify formation damage. 

Examine the effect of the numerical aspects such as grid sizes and fracture properties 

on the simulations results 

Evaluate the effect of fluid thermodynamic properties on production. 

Study effect of inclusion of fractures on variability in production from stochastically 

generated reservoir models. 

Background: Fluid flow through fractured rocks 
Various approaches have been suggested to simulate fluid flow through fractured rocks. 

These approaches have been applied to petroleum reservoir simulations, simulations of 

multiphase contaminant transport, and groundwater flow simulations. The approaches can 

be divided loosely into four categories (Bear, 1993). 

1. Explicit discrete fracture 

2. Discrete fracture network 

3. Single equivalent continuum 

4. Dual continuum 

Above classification which is based on how the fractures are represented depends to a 

certain extent on scale of study. The scale starts at a few feet for explicit discrete fracture 

representation to thousands of feet for single equivalent continuum simulations. 
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Explicit discrete fractures 
These models incorporate explicit, discrete representation of fractures. This approach is 

also been described as “very near field approach” by Bear (1993). The approach which 

considers flow in single fractures, consists of writing mass balance equations explicitly in 

individual fractures. The models allow explicit representation of fluid potential gradients 

and fluxes between individual fractures and between fractures and porous media. Travis 

(1984) and Ward et al. (1993) have developed models for explicit discrete fracture flow 

approach. Murphy and Thomson (1993) have solved two phase flow in a single fracture 

of variable aperture with the boundary element method. Other single fracture flow studies 

have been reported by Schrauf and Evans (1986), Tsang (1984), Tsang and Tsang (19$7), 

Wang and Narasimhan (1985). As the number of fractures increases, the data acquisition 

and computational burden increase significantly. It is difficult to extend this approach to a 

network of fractures. 

Discrete fracture network (DFN) 
In this approach, the fractures are represented as a network of fractures. The flow occurs 

only through the fracture network and the matrix system is not considered at all. Bear 

(1993) cdIs this a “near field” approach. The individual fractures are approximated with 

parallel plates or planes and simplified transport equations are written for each fracture. 

The flow through the network is written by using mass and energy balance equations at 

fracture intersections. A large number of models have been developed using the discrete 

fracture network approach, most of which have been for appIications in contaminant 

transport and ground water flow modeling- Rasmussen (1991) and Rasmussen and Evans 

(1 989) have used the discrete fracture network approach and principles of the boundary 

element method to investigate steady state flow of water through a fractured medium. 

Smith and Schwartz (1984) have used two-dimensional DFN model where the flow and 

mass transport occur through two orthogonal fracture sets. Long et al. (1982) developed a 
two-dimensional DFN model where fractures were assumed to be circular disks with 

uniform aperture. Long et al. (1985) later extended this approach to three-dimensional 

computational domain. Huang and Evans (1  985) have also proposed a three-dimensional 
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DFN approach for steady, saturated flow. A one-dimensional flow tube formuIation was 

used to describe flow through the fracture plane. 

Single equivalent continuum 
This approach is also known as the “very far field approach” (Bear, 1993). When the 

volume of interest is large enough, the fractures and the matrix are considered to be a 

single equivalent continuum. This approach essentially combines the separate 

representation of fractures and matrix into a single medium. Various techniques are used 

to calculate the single set of equivalent properties for the fractured rocks. Pruess et al. 

(1986) developed a model for single equivalent continuum in fractured rock, where the 

equivalent permeability was sum of the rock and fracture permeability. Travis (1984) and 

Reeves et al. (1986) have proposed finite difference numerical models. Wang and 

Narasimhan (1985) used finite element approximations to study the fractured systems 

using the single equivalent approach. Brebbia and Maier (1983, Elsworth (1986, 1987), 

Andersson and Dverstorp (1987) applied boundary element methods with single 

equivalent continuum approach to solve for flow in fractured rock. 

Dual continuum approach 
This approach is also known as the “far field approach” (Bear, 1993). This approach was 

first introduced by Barenblatt et al. (1960) and later extended by Wmen and Root (1963). 

The dual continuum approach considers the fracture and matrix as two equivalent and 

interacting continua. Equations of flow are written for each continuum and solved 

together to describe flow through fractured rock. This approach has been extremely 

popular in oil reservoir simulations. 

Various other approaches have also been proposed for flow through fractured rocks. Bai 

et al. (1 993) introduced a generalized multiporosity, multipermeability approach. It was 

shown that the dual continuum or single fracture approaches can be derived from this 

general approach. Pmess and Narasimhan ( 1982, 1985) proposed a multiple interacting 

continua (MINC) method. The matrix was represented as nested blocks. The fractures 

were on the outside of the nested matrix blocks. Since only part of the matrix interacts 

with the fractures during actual flow, the nested blocks are used to represent the varying 
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interaction between the fractures and the matrix. The innermost block has a very limited 

interaction with the fractures, representing parts of matrix which are not in immediate 

contact with the fractures. Saidi (1987) used a numerical simulator where the entire 

fractured reservoir was divided into a small column of matrix blocks, each representing 

smaller reservoirs. The fractures were used to specify the boundary conditions for each 

small reservoir. 

The single fracture and discrete fracture network approaches are widely used in hydrology 

and aquifer modeling. These approaches need detailed characterization of fracture 

networks and are useful when the study area is small (few hundred square feet). In 

petroleum reservoir applications, usually the field of study is very large (several hundred 

acres). It is impractical if not impossible to perform detailed characterization of fracture 

networks for these systems. Also, implementation of these techniques will result in 

computationally intensive problems. The single continuum equivalent and the dual 

continuum approaches can be used in the field scale problems where the need for small 

scale variability is not that important. 

Naturally fractured reservoirs and their simulations 
A number of oil reservoirs in the world are naturally fractured. Some of the giant oil 

fields in the Middle East are fractured. These reservoirs have a wide variety of rock 

mineralogy. The fractured reservoirs in the middle east are mainly fractured limestones. 

These fields include, Ain Zalah, Kirkxk fields in Iraq, Dukhan field in Qatar, Asarnari 

field in Iran. The Gela and Ragusa fields in Sicily are fractured dolomite reservoirs, 

Examples of fractured sandstone reservoirs include the Altamont-Bluebell field in Utah 

and the Spraberry Trend in west Texas. The Santa Maria basin in western California and 

La Paz-Mara field in Venezuela are examples of fractured shale reservoirs. In all of these 

reservoirs, the porosity and permeability of the reservoir rocks are moderate to low. 

Fractures pruvide a means of production in otherwise unproductive reservoirs. Some of 
the reservoirs in middle east are so extensively fractured that two to three well placed 

wells can drain the entire field (Van Golf-Racht, 1982). 
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Even though a number of fractured reservoirs exist very few numerical flow simulation 

studies have been reported on these reservoirs. Two studies are described below. 

1. Saidi (1983) deveIoped a numerical sirnulator where fractures were used to assign 

boundary conditions for matrix blocks. He used this simulator to simulate two 

fractured reservoirs in Iran, namely the Asamari fornation and the Kirkuk field. 

Unlike the dual-porosity, dual-permeability approach, this approach did not need 

explicit specification of fracture properties, The fracture frequencies were 

characterized from core studies and flow-meter surveys. These fracture frequencies 

were used to determine the matrix block size. The matrix block size used was about 8 

feet. The observations from limited samples were generalized over the entire 

reservoir. Values of a number of parameters were unavailable. These values were 

determined by trial and error through a production history match. This approach was 

used to successfully match part of the production data. 

2. Thomas et al. (1987) reported results of simulations study performed on the Ekofisk 

reservoir. The simulations were performed with dual-porosity, dual-permeability 

simulators. The fractured areas were determined through comparing the well test 

derived permeability with rock permeability values. Blocks with effective 

permeability larger than the rock permeability were considered fractured and the 

fractures were assigned the effective permeability values. The effective permeability 

values were used to determine the matrix block lengths and thus fracture frequencies 

using following relation: k, = k, +1.69x 10" b x  . The fracture width, b was assumed 

to be 50 pm. The fracture porosity was assumed to be 0.01. The matrix block lengths 

were then used in the calculation of shape factors. These parameters were used to 

obtain a production history match. Values of various matrix and fracture properties 

were adjusted to obtain a satisfactory history match. The model that obtained a 

satisfactory history match was used to study the waterflood performance. 

Above studies used various sources of information to characterize fracture properties. The 

fracture networks were not characterized over the entire study areas, since it will be 

difficult to do so. Trends in fracture properties were determined from available test results 

like well-test derived permeability. Approximations were made about some of the 
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fracture property values and their distributions. Trial and emor methods were also used to 

obtain satisfactory history match. 

There have been no field-wide flow simulations of Altamont-Bluebell field. Models were 

developed to study different parts of this field using the conventional modeling methods 

its reported by Thomas et al. (1987) and Saidi (1983). 

The siudy area 
The study area is part of the Bluebell field in eastern Utah. The Bluebell field is the 

largest oil producing field in the Uinta Basin. Bluebell is one of the three contiguous oil 

fields, Bluebell, Altamont, and Cedar Rim, shown in Figure 1. The Bluebell field is 251 

square miles in size and has produced over 127 million barrels of oil and 155 billion 

cubic feet of associated gas so far. Most of the field is produced at a spacing of one oil 

well per section, though some sections have two wells. 

Geology of the area 
The Bluebell field produces oil from the Eocene-Paleocene Green River and Wasatch 

Formations near the basin center. Figure 2 shows a north-south cross-section of the Uinta 

Basin. The distribution of the depositional environments of the ancient lake Uinta is 

shown in Figure 3. Fouch (1975) has discussed different formations in the Altamont- 

Bluebell fields. 

North Horn Formation: The North Horn Formation includes variegated claystone, 

sandstone, conglomerate, and local deposits of coal and carbonate which are 

identified as alluvial, paludal and isolated lacustrine depositional facies. 

Flagstaff Formation: The lacustrine Flagstaff Formation lies between the fluvial beds 

of the North Horn and Colton Formations. The Colton Formation pinches out 

northward into the basin where laterally equivalent lacustrine rocks of the Green 

River Formation were deposited. It is difficult to distinguish between the two 

formations where Green River lies directly on Flagstaff. It is common practice to refer 

to the section as Green River Formation when Green River and Flagstaff can not be 

broken out, or the Flagstaff Member of the Green River Fornation. 

Colton Formation: The Colton Formation lies between the Green River and Flagstaff 

Formations on the southwestern side of the basin. Sandstone and red claystone form 
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this formation. The Colton intertongues with and pinches out northward into the 

Green River Formation. In the southeast portion of the basin the underlying Flagstaff 

is absent. Where the Flagstaff is absent, the red-bed sequence below the Green River 

is called the Wasatch Formation. On the eastern side of the basin, the contacts 

between the Green River, Wasatch and North Formations are gradual and hard to 

define. 

Green River Formation: The Green River Formation lies on top of and interfingers 

with the Wasatch and Colton Formations. As can be seen from Figure 2, large 

portions of the Uinta Basin tertiary aged rocks are part of the Green River Formation. 

The Green River and Wasatch or Colton Formations were deposited in inter-tonguing 

relationship. The contacts between these formations are transitional and inter-tonguing, as 

a result they are difficult to identify accurately. The depositional cycles indicate rapid lake 

level fluctuations and changes in water chemistry (Fouch, 1975). The Green River and 

Wasatch Formations were deposited in alluvial-fluvial, marginal lacustrine, and open 

lacustrine environments. The oil production in the Bluebell field comes from three 

primary intervals belonging to these two formations: 

1. Lower Green River/ upper Wasatch transition 

2. Wasatch Formation 

3. Lower Wasatch transition 

The Lower Green River/ upper Wasatch transition defines the transition between the top 

of the Wasatch Formation and the lower part of the Green River Formation, while the 

lower Wasatch transition defines the transition between the lower part of Wasatch and the 

Flagstaff Member of the Green River Formation. These three intervals are shown on a 

cross sectional map between two wells in the Bluebell field in Figure 4. There are a 

number of subsurface markers that can be identified through out the Uinta Basin. The 

middle marker is one of the most prominent markers identifying the top of Lower Green 

River. 

Production from the Bluebell field was first established in the Roosevelt Unit from the 

Lower Green Riverhpper Wasatch transition at depths less than 11,OOO feet. The 
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Productive beds in this interval are interbedded calcareous sandstone, limestone, 

marlstone and ostracodal limestone, deposited in fluvial-deltaic and carbonate mud-flat 

environments. Many of the lower Green River beds laterally extend into the Wasatch 

Formation. The Wasatch Formation is primarily made up of sandstone and siltstone 

deposited in alluvial to fluvial-deltaic environments. The source for Wasatch redbeds 

(sandstone, siltstone and red shale) in Bluebell field was the Uinta Mountains to the 

north. The Wasatch redbeds thin rapidly from north to south through the field, with the 

best sandstone development located in the west portion of the field. The lower Wasatch 

transition consists dominantly of carbonates with minor sandstone that were deposited in 

marginal to open lacustrine environments. The lower Wasatch is productive throughout 

most of the field. On the east portion of the Bluebell field, lower Wasatch is the primary 

productive interval, while on the west portion both the Wasatch sandstone and lower 

Wasatch carbonate are productive. 

The oil fields in the Uinta Basin have extremely high reservoir fluid pressures 

(Bredehoeft et d., 1994). The average pressure gradient is around 0.5 - 0.6 psi/ft. Pressure 

gradients as high as 0.8 psi/ft have been reported in the central part of the field (Lucas and 

Drexler, 1976). The abnormally high pressures have been attributed to tight low- 

permeability reservoirs and local generation of hydrocarbons from kerogen within the 

formations due to high formation temperatures. Due to the tight nature of the reservoir 

rocks the fluid pressures are localized. As a result even closely spaced reservoirs have 

considerable pressure differential. 

The Altamont-Bluebell fields are naturally fractured reservoirs (Lucas and Drexler, 1976; 

N m  and Cume, 1982). Because of the low permeability of the reservoir rock, oil 

production is dependent on the presence of natural, joint type fractures. The generation of 

subsurface fractures has been attributed to the regional geology, high pore-fluid pressures, 

temperatures, tectonic stresses and the depositional sequences (Narr and Currie, 1982). 

The evolution of the fracture network was gradual and formed before the generation or 

secondary migration of the hydrocarbons (Lucas and Drexler, 1976; Nan and Currie, 
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1982). Most of the fractures in the Altamont-Bluebell fields are vertical and have north- 

northwest orientations. The surface fracture pattern has been studied in the Bluebell field 

(Allison, 1987). The fracture trends follow the regional geologic structural trends. There 

are two dominant sets of fractures, one set has orientations north northwest while the 

other set is orthogonal to the first set. The fracture frequency is strongly dependent on the 

lithology (Lucas and Drexler, 1976). Narr and Currie also observed that the compositional 

and physical properties of the rocks controlled the amount of fracturing observed in a bed. 

Individual beds in the lower Green River and Wasatch producing intervals are difficult to 

evaluate for production characteristics. Fracturing and complex formation water 

chemistries make conventional geophysical log analysis highly questionable. Due to the 

economics involved, production tests of individual beds have been discouraged. 

Therefore, it is not clearly understood which beds in any particular well are potentially 

significant producers, limited producers, water producers or thieves. As a result, the 

common practice is to perforate numerous beds over thousands of vertical feet and apply 

acid-frac treatment. A typical well in the Bluebell field has between 1,500 to 2,000 feet 

of gross perforations. Figure 5 shows a histogram of gross perforations in thousands of 

feet from a data set of 132 wells in the eastern portion of the Bluebell field. As can be 

seen from the figure most of the wells are perforated over thousands of feet of intervals. 

Available data and study sites 
The present study was concentrated in two different study areas from the BluebeJl field. 

The reservoir rock properties were calculated from geologic logs. The following logs 

were available for the wells in the region: 

1. GammaRay 

2- Neutron Porosity 

3. Density Porosity 

4. Resistivity 

The logs were available for thousands of feet of formation interval as shown in Figure 4. 

The geologic characterization became progressively complex in terms of number of beds 

identified. The logs were used to identify the middle marker and subsequently the three 
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productive intervals in each well. Once the productive intervals were identified, the oil- 
bearing beds were identified based on 60 API or less gamma ray readings (only those 

beds with thickness greater than 6 feet were taken into consideration). The thickness of 
the beds were calculated from the gamma ray readings. After the oil-bearing beds were 

identified, the porosity values were calculated as the average of the neutron and density 

porosity logs. The porosity readings were used along with the resistivity log readings in 

Archie’s equation to calculate the fluid saturation in each bed, The porosity and saturation 

values represented the average values over the entire bed. Thus, the following 

information was available for each zone in each well. 

Thickness 

Average porosity 

Average saturation 

All the identified beds were correlated through each well over the entire study area. The 

two study areas are described in the following sections in detail. 

East study area 
As the name suggests, the east study area is in the eastern portion of the Bluebell field. A 

20-section area was chosen on the eastern side of the field. Figure 6 shows a map of the 

20-section area and the wells in the region. This study area included the Roosevelt Unit. 

This area has lower Green Riverhpper Wasatch transition, Wasatch, and lower Wasatch 

transition intervals. These intervals are commingled in some of the wells. This part of the 

field has the poorest producers. TypicalIy the wells from this area have produced less than 

200,000 barrels of oil, some have produced even less than 100,000 barrels. Most of the 

sections in the Roosevelt Unit have two wells per section, while some sections have only 

one. As mentioned before, some of the wells in the east study area are perforated in all the 

three intervals over intervals spanning thousands of feet. The characterization of different 

beds in these intervals was performed in steps and became progressively complex. The 

three stages of characterizations and the different study areas are as follows. 

1. A four-section area, which is part of the 20-section area was chosen for primary 

characterization and modeling. The four sections chosen were sections 7, 8, 17 

and 18 in Township 1 South, Range 2 West. Figure 7 shows a map of the four 
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sections and the wells present in those sections. The area included the following 

2. 

3. 

wells, 
Michelle Ute 

AlE Ute 

1 - 18AlE 

Chase1 Sprouse 

RU C-11 

Malnar Pike 

1-17AlE Ute 

The logs were used to identify five different beds in this four-section area. These 

beds were correlated through all the wells. The thickness, porosity and saturation 

values were calculated for each bed. Figure 8 shows a cross section through two 

of the wells, showing the five correlated beds identified as QELl - QELS. All the 

wells with the exception of 1-17AlE are perforated in one or more of these beds. 

Comprehensive single well models were developed for two wells in the four- 

section area. The two wells were Michelle Ute in section 8 and Malnar Pike in 

section 17. Michelle Ute is perforated in 69 different beds, while Malnar Pike is 

perforated in 50 different beds. The geophysical logs were used to calculate the 

reservoir properties for each of the perforated beds. The information included 

thickness of each bed, the average porosity and saturation present in each bed. A 

report on comprehensive single-well models has been submitted previously. 

A detailed characterization of the entire 20-section area was performed. The logs 

were used to identify all the possible oil bearing beds in each well. The identified 

beds were correlated through all the wells in the entire 20-section area. The 

information on each bed included thickness, average porosity and saturation. 

Side-wall core samples were available for some of the wells in the Bluebell field. 

Permeability values of these cores were measured by core flooding experiments (Wagner, 

1996). Figure 9 shows a porosity versus permeability cross plot. The permeability data 

indicates extremely tight formations with very low permeability values. The fracture 

characterization in this area is very limited. Narr and Cume (52) reported results of 
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fracture analysis in the Altamont field. Utah Geological Survey has reported results of a 

surface fracture pattern study for parts of the Bluebell FieId (Wagner, 1996). The surface 

fracture study was limited to orientations of fractures. No quantitative infonnation was 

available in terms of subsurface or surface fracturing frequency, widths of fractures, etc. 

Wagner analyzed cores available from some of the wells in the Bluebell field. The results 

of the core analysis were reported qualitatively for fracturing densities. 

West study area 
The west study area is located in the western portion of the Bluebell field. Figure 10 

shows the west study area and the wells in the area. The study area included sections 9, 

10, 15 and 16 in Township 1 South, Range 2 West. There are seven wells drilled to the 

lower Green River Formation or deeper in the four sections. 

1. 2-9A2Lamicq 

2. 3-1OC State 

3. 2-10C Springfield 

4. 2-16A2-b 

5. 6-16A2 Boren 

6. 3-15A2 Boren 

7. 4-1542 Sundance 

This study area includes some of the best producing wells with cumulative production of 

over three million barrels of oil per well. Many of the wells were originally drilled and 

completed in the lower Green Riverhpper Wasatch transition. Oil production from this 

formation ranged from 93 - 436 MSTB of oil. The wells were later deepened and 

completed in the Wasatch Formation and lower Wasatch transition- The wells produced 

greater than one million barrels of oil per well. Of the above mentioned wells only 

Lamicq 2-9C, Springfield 2-1OC and State 3-1OC were perforated in the Lower Green 

River/ upper Wasatch transition. 

The reservoir characterization for the wells in this area was performed only for the lower 

Green Riverhpper Wasatch formation. Eleven different beds were perforated in one or 
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more of the wells. For each of the beds, information in terms of thickness, average 

porosity and saturation was available. These beds were correlated through all the wells in 

the four-section area. Figure 11 shows a cross section of the reservoir through two of the 

wells in the area. Nine of the 11 correlated beds are present in these two wells. As can be 

seen from the figure, most of the beds have significant thickness in both the wells. The 

beds had cumulative thickness of 20 to 90 feet. No data on permeability of the reservoir 

rock were available. Similar to the east study area, quantitative information on fracture 

properties and their distribution was not available. 

Reservoir fluid properties 
Oil and gas samples from two of the wells in the region were collected. Experiments were 

performed to measure the oil API gravity, oil viscosity and thermodynamic properties. 

The details of the experiments and the results were provided in earlier annual reports. The 

gas specific gravity was 0.75. The geologic and fluid property infomation was used to 

develop a number of different models for parts of Bluebell field. The API gravity of two 

oils from the wells in the Roosevelt unit were 3 1.5 and 32 respectively. Glass0 (1980) has 

derived empirical relationship between the bubble point pressure and dissolved gas as a 

function of oil API gravity, gas specific gravity and temperature. The relationship was 

derived from experimental measurements of properties of a number of gas and oil 

samples from the North Sea reservoirs. These empirical relations were used to calculate 

the pressure versus dissolved gas relationship. The gas gravity of 0.75 was used. The oil 

API gravity was varied from 22 API to 32 API. The reservoir temperature was varied 

between 200 to 250 OF. Figures 12 a and b show the variation of pressure and oil 

formation volume factor with dissolved gas for three oil API gravity values. As the API 

gravity increases the gas solubility increases. On the other hand, changes in A H  gravity 

do not have a significant impact on the oil formation volume factor. As shown in Figures 

13 a and b, varying the temperature from 200 to 250 does not have a significant impact 

on either the pressure or oil formation volume factor at a particular solution gas volume. 

These thermodynamic properties and bulk properties were used to develop reservoir 

models and to study their effect on production behavior of a fractured reservoir model. 
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Reservoir models 
The numerical models developed were fractured models based on the conventional dual- 

porosity, dual-permeability approach. In this approach, the fractures are treated like a 

continuum similar to the nonfractured rock (also known as the matrix). For every grid 

block the fractures are characterized in terms of the properties such as porosity, 

permeability, frequency, etc. 

0 

a 

Fracture frequency: The fracture frequency denotes the number of fractures per unit 

length. The fractures are assumed to be orthogonal and present in the principle 

coordinate directions. The fracture frequency determines, to a large extent, the 

amounts of fluids transferred between the matrix and fractures. 

Fracture porosity: Fracture porosity is defined as the fraction of the reservoir volume 

occupied by fractures. The fracture porosity is equivalent to the matrix porosity. The 

changes in rock fracturing can be taken into account by specifying spatially varying 

fracture porosity. 

Permeability of fractures. 

In addition to these properties, fluid saturations, initial pressure, initial bubble point 

pressure, and relative permeability-saturation curves are also required for fractures. 

Assumptions were made about the numerical values of fracture properties due to the lack 

of quantitative information. Various numerical models are described below. 

The four-section models 
The east-side four-section model was a preliminary model, since it took into account only 

some of the beds responsible for production. On the other hand, the west-side model was 

developed for all the beds that were responsible for the production. 

East-side four-section model 
The numerical parameters used for various properties are listed in Table 1. The reservoir 

extended from 13000 to 14000 feet- The model had 20 grid blocks in the x and y 

directions. The x and y dimensions of the grid blocks were 528 feet each. Low porosity 

and low permeability layers separated the five correlated zones, which resulted in nine 

blocks in the vertical direction. The reservoir rock porosity varied between 0.0 and 0.18. 
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The initial reservoir pressure varied with the depth at a gradient of 0.5 psi/foot. The initial 

GOR was 900 scf/stb at a initial bubble point pressure of 4146 psi. The initial oil 

Saturation was constant at 0.7. 

The thickness, porosity and saturation data were calculated from the well logs and thus 

represented properties at the well bore. The values observed at well bore were assumed 

continuous over the area surrounding the wells. The values of matrix permeability and 

fracture properties were obtained through field production history match. The values used 

for these properties are listed in Table 1. Limited fracturing was assumed. Only about a 

million square feet area surrounding each of the wells was assumed fractured. The 

fractures were vertical and present only in the x and y directions, The fracture frequency 

was 1 fracture per 10,OOO feet. The fracture porosity was constant at 0.05 % of the 

reservoir volume. 

Figures 14a and b compare the model predictions for cumulative oil and gas production 

for the entire four-section area with the field data. The production performance for 

Michelle Ute well is compared in Figures 15a and b. As seen from the figures, the model 

does a good job of matching the cumulative oil production. For the four-section area, the 

gas production predictions are higher than the field data, while for the Michelle Ute well, 

the gas production prediction lags the field data. The final pressure distributions for the 

model are plotted in Figure 16 along with the individual well locations. As can be seen 

from the figure, except for the Chase1 Sprouse and RU C11 wells, the drainage radius of 

wells does not extend over to the next well. The history match was obtained with very 

low values for matrix permeability as well as fracture properties. The values used for 

matrix permeability were in the range of 0.018 - 0.33 mD. The values of fracture porosity, 

permeability and frequency were also very low. 

West-side four-section model 
Information in terms of bed thickness, average porosity and saturation were calculated 

from the logs. Similar to the east-side model, the reservoir properties were available at the 
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well locations. The property values were assumed to be continuous over the area 

surrounding the wells. The parameters used to develop the model are listed in Table 2. 

The vertical extent of the reservoir was from 10,250 to 10628 feet. The entire four square 

mile area was divided on a grid with 20 blocks in x and y directions each. The x and y 

dimensions of the grid blocks were 528 feet each. The 1 1  oil bearing zones were 
separated by low-porosity and low-permeability zones, which resulted in 21 layers. The 

vertical dimensions of the grid blocks varied according to the individual bed thickness. 

The matrix porosity varied between 0 96 and 26 %. The initial oil saturation varied 

between 0.7 and 0.9. Similar to the east-side model, the pressure varied at a gradient of 

O S  psi/foot. The initial GOR was 400 scf/stb and the initial bubble point pressure was 

2100 psi. Field production history match was obtained by adjusting the values of rock 

permeability and fracture properties. The values that obtained the final production match 

are tabulated in Table 2. 

Figures 17a and b show the comparison between the model predictions and the field data 

for cumulative oil and gas production for the four-section area. The production 

predictions for well 3-1OC State are compared with the field production data in Figures 

18a and b. As seen from the figures, the model does a good job of matching the final field 

production data. 

Twenty-section models 
Stochastic simulations are widely used to generate reservoir property distributions. These 

property distributions can be used to assess the reservoir production variability. This 

section discusses the effect of inclusions of fractures on the production variability. A 20- 

section area was chosen on the eastern side of the Bluebell Field. The details of the study 

area were described earlier. 

The geophysical logs were used for detailed characterization of most of the beds present 

in the 20-section area on the eastern side of the Bluebell field. Most of the oil-bearing 

beds were identified and correlated through out the 20-section area. The characterization 

led to information in terms of thickness, porosity and saturation for all the beds. No 
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information on rock types or lithotypes distributions was available. Principles of 

geostatistics were used to generate property distributions from the available data. 

Reservoir models were developed to study the effect of stochastic distribution of 

properties on fluid production. 

Available data 
The general geology of this region was presented earlier in the report. "he oil bearing 

zones are part of three different intervals; lower Green Riverhpper Wasatch transition, 

Wasatch and lower Wasatch transition. Most of the wells in this region are perforated in 

at least one of these intervals. The middle marker is a major geologic marker that can be 

correlated throughout the 20-section area. The middle marker identifies the top of the 

lower Green River/ upper Wasatch formation. 

The oil-bearing beds were identified based on Gamma Ray readings of 60 API or less and 

6% porosity. Once the beds that met the above criterion were identified in each well, they 

were correlated through all the other wells in the 20-sections area. Some of the beds did 

not have property values above the cutoff threshold in all the wells. These beds were still 

considered in model development. In all, 85 different beds were identified over the entire 

20-section area. However, none of the wells had all the 85 beds present. 

The two comprehensive single well models discussed earlier were developed using only 

the perforated beds. Michelle Ute well was perforated in 69 different beds, but for this 

study 77 different beds were identified in Michelle Ute. Some of the perforated beds did 

not qualify for present analysis due to their failure to meet the cutoff criterion. Limited 

information on matrix permeability values was available and no infomation on fracture 

properties was available. The reservoir characterization resulted in the following 

information for 20-section area: 

Correlated beds in different wells 

Thickness of beds in each well 

Average porosity in each bed 

Average saturation in each bed 
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The infomation about various property values was available at the well locations. In 
order to develop reservoir models, property distributions in the 20-section area were 

necessary. For the four section area models and the single well models, the property 

values observed at the well bore locations were assumed continuous through out the 

model area. For this study, the available data were used to generate stochastic spatial 

distributions of reservoir properties over the 20-section area. 

Generation of spatial property distributions 
The conventional methods used to develop reservoir models using stochastic techniques 

are described in geostatistical text books. The specific methods used in this study are 

presented in detail elsewhere (Pawar, 1998). In order to use those methods, information 

on rock type distributions, sands distributions within individual rock types and porosity- 

permeability distributions is required. For the present study such information was not 

available. Due to lack of the data, the reservoir models were not generated for all the 

beds. Instead the stochastic distributions of properties for different beds were obtained 

individually and independent of other beds. Stochastic simulations were performed using 

the principles of sequential Gaussian simulations. In order to perfom the stochastic 

simulations, the parameters for spatial variability were calculated for each property in 

each zone. The calculation of spatial variability and subsequent simulations were 

performed with normally transformed data sets. 

Thickness distribution 

The spatial variability was calculated in terms of two-dimensional thickness variogrms. 

Principle directions of continuity and anisotropy factors were determined by comparing a 

number of semivariogrms in multiple directions. Figure 19 shows a semivariogram of 
thickness for bed 30. The thickness data in this zone did not show any principle direction 

of continuity hence an omni-directional semivariogram was chosen. The semivariogram 

did not show any structural anisotropy. The semivariogrm was calculated at a minimum 

lag spacing of 220 feet. Figure 19 also shows a model fit to the semivariogram. The 

model was an exponential model. The model had no nugget effect. The semivariogram 

had a range of 3000 feet. A sill of 1.0 was used, since the semivariogram was calculated 
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for a normal data set, The semivariograms for thickness of all the zones were calculated 

in similar fashion. The model parameters for thickness semivariograms for all the beds 

are compiled in Pawar (1998). 

The structure of the semivariogrms for different beds was similar. All of the 

semivariograms were omni-directional. Different beds in parts of the 20-section area 

different beds might have exhibited local anisotropy, but when the entire 20-section area 

was considered, none of the semivariograms showed a principle direction of continuity. 

Some of the beds had higher correlation lengths than others. Since all of the 

sernivariograms were calculated for the normally transformed data sets a sill of 1.0 was 

used. 

The spatial variability information was used to generate multiple thickness realizations, 

These realizations were conditioned to the observed thickness values at the well 

locations. The output of stochastic simulations was transformed back to the original data 

format (from normal distributions). Figure 20 shows one realization for thickness 

distribution in bed 30. Multiple thickness distributions were generated for all the beds. 

Porosity distribution 

The distributions of porosity were also generated in two dimensions for each bed. two- 

dimensional semivariograms were calculated to determine measures of continuity. Figure 

21 shows an omni-directional variogram for porosity in bed 30. The omni-directional 

semivariogrm was chosen due to lack of structural anisotropy calculated through number 

of different directional sernivariograms. The semivariogram was calculated at a lag 

spacing of 220 feet. Figure 21 also shows the model fit to the semivariogram. The model 

had one exponential structure. The correlation range was 1320 feet. There was no nugget 

effect and the sill was 1.0. The semivariogram structures were similar to the thickness 

semivariograms. Multiple, conditional realizations of porosity distributions were 

generated using the semivariogram model. Figure 22 shows a realization of porosity in 

bed 30. 
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Saturation distribution 

The spatial distributions of saturation data were generated using similar steps. A 

semivariogram for saturation in bed 30 is shown in Figure 23. Figure 23 also shows the 

model fit to the semivariogram. The model had an exponential component with a range of 
1320 feet. The nugget effect was 0.0 and the sill was 1.0. Multiple conditional 

realizations of saturations were generated with the spatial variability parameters. The 

realizations were conditioned to the observed saturation data. Figure 24 shows one such 
realization for saturation distribution in bed 30 through the 20-section area. Similar 

distributions were generated for all the beds. The stochastic realizations of various 

properties were generated for all the beds independent of one another. 

Variation in fluids in place 
The information on thickness, porosity and saturation was used to generate models for 

different beds, These models were used to study variations in fluids in place. Four 

different realizations of porosity, thickness and saturations were generated for each of the 

beds. The resulting property distributions were combined to generate 64 different models 

for each bed. 

Some of the beds have high average OOIP compared to others. Most of the beds have 

average O O P  of the order of 1-8 million STB. These beds are not continuous over a large 

part of the 20-section area. Thickness realizations for four beds are compared in Figure 

25. The four beds are 18,25,30, and 38a. Beds 25 and 38a have low average OOP, 5.75 

MSTB and 5.0 MSTB respectively. As can be seen from the figure, these beds have zero 

thickness over most of the 20-sections area. On the other hand, beds 18 (42.5 MSTB) and 

30 (37.2 MSTB) have high average OOlP due to thicker oil bearing zones over the 

domain, as can be seen from Figure 25. 

Flow simulations 
The stochastically generated data sets were used to develop reservoir models. Due to the 

large number of beds and limitations of flow simulator, it was impossible to take dl the 

beds into account. In order to study the flow performance, independent and separate 
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reservoir models were developed for different beds. Six different, reasonably continuous 

beds were chosen. All the chosen beds had high average OOIP. The six beds were 13, 18, 

19,23,30 and 31. 

A number of different reservoir models were developed from multiple property data sets. 

Flow simulations were performed with these models to study the effect of fractures on 

production variability. Flow simulations were performed on ten different resewoir models 

for each bed. The 10 models considered were chosen randomly from the 64 models used 

for OOIP studies. 

Reservoir models 

The flow simulations were performed with both fractured as well as nonfractured models. 

The fractured models were conventional dual-porosity, dual-permeability models. The 

numerical values for different parameters are tabulated in Table 3. The models had 41 and 

33 blocks in the x and y directions. The x and y dimensions of each block were 660 feet. 

There was only one block in the vertical direction. The thickness of the grid blocks varied 

according to the stochastically generated thickness values. The porosity and saturation of 

the matrix also varied according to geostatistically generated data. The permeability of the 

matrix was assumed to be constant at 0.5 mD. The fracture porosity was assumed to be 

0.005. The fracture frequency was 1 per 220 feet. The permeability of the fractures was 

assumed to be 1.5 mD. The fracture properties were assumed to be continuous over the 

entire 20-section model. The reservoir fluid and thermodynamic properties were similar 

to the earlier models. The variations in the production performance of these models are 

discussed below. 

Production results 

The flow simulations were performed over a period of 8 years. All of the wells were open 
during this period of time. The statistics of the production results for both fractured and 

nonfractured reservoir models for each zone are summarized in Table 4. Production from 
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the entire 20-section area, and Michelle Ute and Malnar Pike wells are compared in the 

table. 

As can be seen from the table the presence of fractures makes a big difference in the 

amount of oil produced. The production in bed 18 tripled due to the presence of fractures; 

however, the gas production increased six times. The GOR for the fractured model thus 

increased from 945 scf/stb to 1660 scf/stb. GOR values of about 1000 scf/stb are more 

comm~n in the field than values around 1500 scf/stb. The Michelle Ute and the Malnar 

Pike wells appeared to be affected differently due to the presence of fractures. The 

production in Michelle Ute increased by an order of magnitude while the production from 

Malnar Pike only doubled. Since the fracture representation is uniform around both the 

wells, the production is related to other reservoir characteristics around the wells, such as 

bed thickness, porosity and saturation. Production responses from beds 19 and 23 are 

similar to the trends observed for bed 18. Oil production from these beds for the fractured 

model increases two to four times while the gas production increase is six to eight times. 

Thus the effective GOR values for the fractured model are 1.5-3 times higher than the 

nonfractured models. Once again, the production from Michelle Ute increases 

significantly more than the production from Malnar Pike. The water saturation for 

Michelle Ute in zone 23 is 100%. In a nonfractured environment, there is no avenue for 
the drainage of oil that lies beyond the well grid block. The fractures provide this 

drainage capability and as a result the oil production in Michelle Ute for bed 23 goes up 

almost two orders of magnitude. Fractures provide a much larger drainage radius and the 

fact that Michelle Ute is the only well in its section (section 7) obviously contributes to 

the observed enhancement in production. The quality of the reservoir around each of the 

wells also plays an important role. 

Beds 30 and 31 also show the same trends with respect to overall oil and gas productions 

(for the 20-section area). However, the increase in oil and gas productions for the 

Michelle Ute and Malnar Pike wells is comparable for these two beds. The standard 

deviation in both the oil and gas production is significantly lower in the fractured model 
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compared to the nonfractured model. Thus, introduction of a uniform fracture network 

reduces production uncertainties resulting due to the use of equally probable reservoir 

images of the nonfractured rock mass. In the dual-porosity dual-permeability approach the 

fractures act as the main pathways for production. The matrix rock acts only as a source 

of oil to the fractures. Once the fractures are introduced, they dominate production and 

reduce the importance of a more accurate representation of the matrix. Even with low 

values of fracture property parameters, the production from the fractured models for these 

six zones is much greater than the actual field production. This points to the following 

possibilities. 

Most of the fractures are closed and for all practical purposes, the reservoir behaves as 

if it is nonfractured. 

There are even fewer fractures than are represented in the fractured models. 

There is an extensive formation damage at the well bore preventing the realization of 

the full production potential of each well. 

These results are similar to the results for the four-section area models and the single well 

models. The sensitivity of these models to following fracture properties were studied 

(Pawar, 1998). 

Fracture frequency 

Fracture porosity 

Fracture permeability 

The results were similar to the single well model results, details of which were provided 

in an earlier report. 

Effect of scale on production 
It was observed that the low values for different fracture parameters result in low drainage 

radius for the wells. The reservoir models described earlier were used to study the effect 

of scale of representation. The single well models for Michelle Ute and Mdnar Pike wells 

were described in a previous report. The effect of scale was studied by using reservoir 

models for one bed. 
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In the twenty section models, the production was studied for six different beds. Of the six 

beds both Michelle Ute and Malnar Pike wells are perforated only in bed 18. The 

reservoir models for this bed were used to compare the production performance of the 

single well models and the 20-section area models. The values of fracture properties and 

matrix permeability used for the 20-section area models were different from the values 

used for single well models. In the present study, the values of these properties were the 

same as the ones used for single well models. Limited fracturing was assumed for the area 

surrounding the well block, Values of fracture porosity, permeability and frequency were 

listed in Table 3. All the other properties like initial pressure, bubble point pressure, 

thermodynamic and rock-fluid properties were also the same as the single well models. 

Flow simulations were performed for 10 different models. 

The production results for this bed are compared in Table 5. The table compares the 

average of cumulative oil and gas production from the layer for Michelle Ute and Malnar 

Pike wells for the single well model and 20-section model. The total oil production for 

the Michelle Ute well is about 100,OOO stb, while the gas production is about 90 Mh4 scf. 

For the Malnar Pike well the total oil production is about 84,000 stb, while the gas 

production is about 80 MM scf. As can be seen from the table for Malnar Pike model 

there is not a significant difference between the two predictions. For this well the matrix 

permeability values used were extremely low (O.OOO1 mD), hence the production is not 

very significant for both the models. For the Michelle Ute well the oil and gas production 

are significantly different. The matrix permeability values used for Michelle Ute well 

were 0.14 mD. For the single well model only it 40-acre area surrounding the well was 

considered for production. The pressures around this well for the two cases are compared 

in Figure 26. As can be seen from the pressures for the single well model, the average 

pressure is much lower than the 20-section model. Due to the surrounding high pressure 

blocks the production for Michelle Ute well for the 20-section model is more. The 

average pressure for the 20-section model is still above the bubble point pressure. Thus, 
for this layer the scale has an effect on production for Michelle Ute well but not for 

Malnar Pike well. 
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Conclusions 
The production performance of parts of the naturally fractured reservoirs in the Bluebell 

field was studied through flow Simulations performed on numerical models. Two models 

were developed for Four Sections areas on the east and the west portions of the field. The 

east-side model was a preliminary model as it took into account only some of the zones 

responsible for production. The west-side model was developed for the zones responsible 

for production at the time. Two comprehensive models were developed for two wells on 

the east portion of the field. These models took into account all the perforated zones. MI 
the models were developed based OA the information available through geophysical log 

analysis. Lack of data on some of the required parameters made model development a 

challenging task. The numerical values of these parameters were obtained through 

production history match. Extremely low values of matrix rock permeability and fracture 

properties were needed for matching production history. The low values of the rock 

permeabilities are in agreement with the observed values. On the other hand, low values 

of fracture properties suggest that either the fractures are not contributing to the flow or 

the field operations have resulted in extensive formation damage near the well bore 

rendering in noncontributing fractures. The mount of formation damage was quantified 

through time dependent permeabilities of well bore blocks. A 20-section area on the east 

side of the Bluebell Field was used to study the effect of fracture on production variability 

from stochastically generated data. The available geophysical logs were used to identify 

and characterize all the oil-bearing zones in the entire 20-section area. Reservoir rock 

properties were calculated for all the zones based on properties calculated from log 

analyses. Stochastic simulations were performed to generate distributions of rock 

properties. These simulations were then used to study the variability in fluids in place. A 

number of zones in the 20-section area had significant amounts of fluids in place. Most of 
the zones in the 20-section area were not continuous over the entire area. Inclusion of 

fractures reduced the variability in the production from the 20-section area. In the dud- 

porosity, dual-permeability approach, the fractures are the main pathways for the flow 

while the matrix acts as source of fluids. Only the matrix properties were generated 

through stochastic simulations and the fracture properties were continuous over the study 

area. Since the fractures dominated the flow, the variability in production due to matrix 
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properties was reduced. Effect of various fracture properties on the production behavior 

of the fractured reservoir was also studied. As fixture porosity increased, oil and gas 

production also increased due to increased oil in place in fractures. Increasing the fracture 

permeability increased the oil production up to a certain value of permeability, but 

beyond that the production was limited by the rate of fluid transfer between matrix and 

fractures. Increase in fracture frequency also increased the oil and gas production only up 

to a certain fracture frequency. Beyond that particular frequency, the increase in fracture 

frequency had only a marginal effect on production. Effect of variation in fluid 

thermodynamic properties on the production was also studied. Increasing the oil API 

gravity resulted in increased oil production and reduced gas production. Increasing the 
reservoir temperature did not have any effect on the production performance. 

The effect of scale was studied on the production for two wells in the reservoir, The study 

was performed only for one layer. The results showed that the production performance of 

Michelle Ute well was affected by scale of study. The production for single well model 

where only a 40-acre area around the well was studied was lower than the production for 

20-section area. The continuity of the sand around the well did increase the production 

significantly even with low values of fracture and matrix flow properties. 
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Table 1 : Parameters for east-side four-section model. 
Parameter Value 

Reservoir extent 13000 - 14000 feet 

Grid 20 * 20 * 9 

Grid block size ( x and y) 528 feet 
Porosity 0.0 - 0.18 

Penneabili ty 0.018 - 0.33 mD 

Fracture frequency 1 per 1OOOOfeet 

Fracture porosity 
Fracture permeability 

Pres sure 
Oil gravity 

0.0005 
0.023 - 0.04 ITID 

0.5 psi / foot 
35 API 

Gas gravity 0.75 

Initial GOR 900 scf/stb 

Initial bubble point pressure 4146 psi 

Initial oil saturation 
Bottom hole pressure 

0.7 

3000 psi 
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Table 2: Parameters used for the west-side four-section model. 
~~ 

Parameter Value 

Reservoir extent 
Grid 
Grid block size ( x and y) 

Porosity 
Permeability 

Fracture porosity 
Fracture frequency 
Fracture permeability 
Pressure 
Oil gravity 
Gas gravity 
Initial GOR 
Initial bubble paint pressure 
Initial oil saturation 
Bottom hole pressure 

10250- 10628 feet 
20 * 20 * 21 
528 feet 

0.0 - 0.26 
0.08 - 0.18 
0.0005 
MOO0 feet 
0.07 - 0.1 
0.5 psi / foot 
35 API 

0.75 

400 scf/stb 
2100 psi 
0.7 - 0.9 
2500 psi 
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Table 3: Numerical parameters for the 20-section models. 

Value I Parameter 

Grid 
Grid block size ( x and y) 

Matrix Permeability 
Pres sure 
Oil gravity 

Gas gravity 
Initial GOR 

Initial bubble point pressure 
Initial oil saturation 

Bottom hole pressure 

41* 33 * 1 
660 feet 
0.5 mD 

0.5 psi / foot 
35 API 

0.75 
900 scf/stb 
3950 psi 
0.7 - 0.9 
2500 psi 
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Table 4: Statistics of production from 20-section area for five beds. 

Statistics 

Average 
Minimum 
Maximum 
Standard 
deviation 

w 
P 

20-section area Michelle Ute Malnar Pike 
Oil Gas Water Oil Gas Water Oil Gas Water 

(MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) 
785.38 742.24 42.45 20.48 16.73 11.92 35.33 36.84 0.06 
68 1.07 680.40 41.06 18.48 11.72 10.84 13.58 19.56 0.0 
897.95 809.67 43.66 22.44 19.07 18.10 49.33 44.65 0.2 1 
60.83 37.58 0.86 1.35 2.1 1 2.20 12.47 8.99 0.08 

Bed 18 (nonfractured) 

I Statistics 20-section area Michelle Ute Malnar Pike 
' Oil I Cas I Water Oil Gas I Water Oil Gas 1 Water 

Bed 18 (fractured) 

(MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) 
Average 247.40 4228.20 19.4 1 23 1.06 260.57 7.43 89.95 136.82 
Minimum 232 1.70 3925.60 16.30 194.2 1 242.04 6.53 64.06 89.60 
Maximum 2994.50 4497.60 23.23 263.25 289.00 8.98 132.56 173.24 

22.37 I Standard I 136.40 I 150.07 I 1.42 I I 
20.09 

I 
0.5 1 

I 
11.98 

I 
2 1 S 3  

(MSTB) 
0.001 
0.00 
0.009 
0.002 

I deviation I I I I I I I I 



Table 4 continued. 

Statistics 20-section area Michelle Ute 
Oil Gas Water Oil Gas Water 

(MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) 
Average 2850.3 1 540 1 -70 12.92 345.3 1 508.86 3 .OO 
Minimum 2699.40 5 123.20 11.18 3 15.56 469.93 2.60 
Maximum 3043.70 5756.10 14.8 1 373.1 1 553.13 3.43 
Standard 101.13 173.15 0.89 16.42 14.70 0.29 
deviation 

Bed 19 (nonfractured) 

Malnar Pike 
Oil Gas Water 

(MSTB) (MMSCF) (MSTB) 
78.19 152.18 0.15 
59.72 99.90 0.00 
105.93 191.22 0.35 
14.04 24.77 0.1 1 

Statistics 

Average 
Minimum 
Maximum 
Standard 
deviation 

20-section area 
Oil Gas Water 

(MSTB) (MMSCF) (MSTB) 
967.11 898.94 39.44 
894.44 874.15 38.58 

i 1003.00 912.60 40.65 
3 1.65 13.38 0.66 

Michelle Ute 
Oil I Gas 

(MSTB) (MMSCF) 
96.25 80.27 
82.98 70.49 
110.01 90.88 
8.66 6.43 

I 
I 

Water 
(MSTB) 

7.4 1 
7.1 1 
7.67 

~ 0.18 

Malnar Pike 
Oil Gas Water 

(MSTB) (MMSCF) (MSTB) 
29.1 1 26.66 0.88 
17.34 16.5 1 0.62 
38.23 33.29 1.02 

l 7.17 5.43 0.13 
I 

Bed 19 (fractured) 



Table 4 continued. 
Bed 23 (nonfractured) 

Statistics 20-section area Michelle Ute Malnar Pike 
Oil Gas Water Oil Gas I Water Oil Gas I Water 

(MSTB) (MMSCF) (MSTB) (MSTB) 
Average 993.23 846.47 274.84 1.71 
Minimum 68 1.36 754.64 221.01 0.00 
Maximum 1106.70 944.67 349.62 8.55 
Standard 77.28 65.16 35.28 3.44 

I deviation I 

W m 

Statistics 

Average 

20-section area Michelle Ute Malnar Pike 
Oil Gas Water Oil Gas Water Oil Gas Water 

(MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) 
993.23 846.47 274.84 1.71 1.51 73.01 18.24 8.27 15.3 1 

Minimum 68 1.36 754.64 221.01 
Maximum 1106.70 944.67 349.62 
Standard 77.28 65.16 35.28 
deviation 

0.00 0.00 0.00 11.81 9.9 1 4.87 
8.55 7.49 129.63 3 1.99 26.50 11.86 
3.44 3.05 46.87 6.85 5.61 2.32 

(MMSCF) (MSTB) 
1.51 73.01 

Bed 23 (fractured) 

(MSTB) (MMSCF) (MSTB) 
8.27 15.3 1 18.24 

0.00 0.00 
7.49 129.63 
3.05 46.87 

11.81 9.9 1 4.87 
3 1.99 26.50 11.86 
6.85 5.61 2.32 

Statistics 20-section area Michelle Ute 
Oil Gas Water Oil Gas Water 

(MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) 
Average 444 1.68 8 156.44 f 79.04 161.28 215.33 44.85 
Minimum 4228.90 7689.00 121.23 146.39 197.75 18.97 
Maximum 4799.4 8508.5 279 185.17 237.9 1 63.7 
Standard 140.99 172.50 42.9 1 9.62 9.47 15.7 1 
deviation 

Malnar Pike 
Oil Gas Water 

(MSTB) (MMSCF) (MSTB) 
132.76 228.94 7.94 
108.92 200.45 2.15 
171.71 280,4 14.73 
19.09 18.96 3.98 



w 
4 

~ 

Statistics 

Average 
Minimum 
Maximum 

Table 4 continued. 

20-section area Michelle Ute 
Oil Gas Water Oil Gas Water Oil 

(MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) (MSTB) 
3492.84 6255.07 2 14.93 340.49 505.5 1 3 1.34 235.06 
3142 577 1 146.97 305.1 446.66 15.9 186.72 
3819.2 6710 3 12.66 377.43 576.28 52.19 313.14 

Bed 30 (nonfractured) 
__ 

Statistics 20-section area Michelle Ute 
Oil Gas Water Oil Gas Water Oil 

(MSTB) (MMSCF) (MSTB) (MSTB) (MMSCF) (MSTB) (MSTB) 
Average 43 1.80 370.78 268.57 21.73 18.45 29.96 15.71 
Minimum 35 1.28 30 1 1 1 2 17.24 12.41 10.55 23.58 7.58 
Maximum 496.39 422.1 374.22 28.29 24.05 42.06 27.79 
Standard 39*99 I 46.85 
deviation I I 5*20 I 

Aalnar Pike 
Gas 

(MMSCF) 
13.25 
6.37 
23.59 
5.68 

Water 

19.99 
26.45 1 

2*14 I 
Bed 30 (fractured) 

Malnar Pike 
Gas 

(MMSCF) 
432.78 
36 1.05 

. .__ 

5 19.57 
38.74 

Water 
(MSTB) 
22.93 
15.48 
32.9 1 
4.45 



2 
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Table 5: Comparison of production for two model scales. 

Michelle Ute 

Oil (MSTB) Gas(MSCF) Oil (MSTB) Gas(MSCF) 
9.607 8.400 6.896 6.900 

20 Section model Single well model 
Malnar Pike 

Oil (MSTB) Gas(MSCF) Oil (MSTB) Gas(MSCF) 
0.080 0.060 0.050 0.045 

20 Section model Single well model 
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Figure 1 : A map of the oil fields in Uinta Basin (Allison, 1995). 

40 



.... .. .... .. . ..., ,. 
~ .,. .. . .,. .. .. I. . .  , .  . .  

41 



Alluvial-fluvial Marginal lacustrine 

Open 
lacustrine Marginal lacustrine Alluvial - fluvial 

R 

Alluvial fan conglomerate Dark gray and brown claystone 
and sandstone and mud-supported carbonate Grain Supported carbonate %*$ 

Fluvial channel sandstone 0 Red, gray and green claystone 

Figure 3: A Conceptual diagram of various depositional environments in the Uinta Basin (Allison, 1995). 
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Figure 4: A cross-sectional map showing three intervals in the Bluebell field (reproduced 
from Allison, 1995). 
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Figure 6: A map of the 20-section study area on the east-side of the Bluebell field. 
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Figure 10: A map of the four-section area on the west-side of the Bluebell field. 
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& -- 
4 

-.e' 

oil Gravity 

- - - - -API 22 
- - - - - * .  APT 27 

API 32 

t I I 1 I 
0 lo00 2000 30 m 5000 

GOR (scflstb) 

3.5 

c -3 

0 
0.5 

GOR (scff s tb) 

Oil Gravity 
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Figure 14: Comparison of the field production data to the simulation results for the east- 

side four-section area: a) cumulative oil production, b) cumulative gas production. 
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Figure 16: Pressure distribution throughout the east-side four-section area at the end of 
simulation. 
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Figure 18: Production history match for well 3-1OC a) oil b) gas. 
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Figure 19: Semivariogram for thickness in bed 30. 
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Figure 20: A realization of thickness in bed 30. 
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Figure 21: Semivariogram for porosity in bed 30. 
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Figure 22: A realization of porosity in bed 30. 
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Figure 23: Semivariogram for saturation in bed 30. 
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Figure 24: A saturation realization in bed 30. 
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Figure 26: Pressure distributions for well blocks surrounding Michelle Ute well: a) 20-section area model, b) single-well model. 
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