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infringe privately owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or otherwise does not 
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United States Government or any agency thereof.  The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States Government 
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ABSTRACT 
 
This report describes the results made in fulfillment of contract DE-FG26-02NT15451, 
“Multicomponent Seismic Analysis and Calibration to Improve Recovery from Algal 
Mounds:  Application to the Roadrunner/Towaoc Area of the Paradox Basin, Ute 
Mountain Ute Reservation, Colorado”, for the Third Biennial Report covering the time 
period May 1, 2003 through October 31, 2003.   
 
During this period, field acquisition of the 3D9C and Zero-offset VSP data were 
completed, and processing of the acquired data commenced.  Two Decision Points, DP-1 
and DP-2 were successfully passed.  Although processing is still underway, initial 
indications are that the two remaining Decision Points, DP-3 and DP-4, will also be 
successfully passed. 
 
During the fourth semi-annual period, it is anticipated that the processing will be 
completed, the core studies will be completed, and the interpretation of the seismic data 
will commence. 
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1 INTRODUCTION 

1.1 Project Background 
This section describes the project background.  The first section summarizes the 
petroleum potential and geological habitat of the algal mound play in the Paradox Basin, 
while the second subsection summarizes the technical approach. 

1.1.1 UNDISCOVERED OIL POTENTIAL IN THE ISMAY ALGAL MOUNDS 
 
The U. S. Geological Survey reported in their most recent national assessment of 
undiscovered petroleum in the United States (Gautier and others, 1996) that the mean 
estimate of undiscovered oil in Porous Carbonate Buildup Play (Figure 1-1) in the 
Paradox Basin (Play No. 2102), of which the Ismay is the major established reservoir, is 
approximately 153 MMBO.  They also estimate that there is a 5% probability that an 
undiscovered field will contain 40 MMBO, and that there would be a minimum of 10 
undiscovered fields, a median of 20 undiscovered fields, and a maximum of about 50 
undiscovered fields.  The play is an oil and gas play.  Discoveries are typically in the 1 
MMBO to 10 MMBO, although the Aneth Field 
may contain an order of magnitude more oil in 
these facies 
 

Figure 1-1 (above).  Location of USGS’s Carbonate 
Buildup Play (purple outline) and locations where wells 
have produced oil (green squares) and gas (red squares) 
from this play. 

 
Figure 1-2 (right).  Stratigraphic column for the 
prospective region. 
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Figure 1-1 shows the outline of this play, along with the locations of discovered oil and 
gas accumulations.  The Ute Mountain Ute Tribe reservation includes the southwestern 
Colorado portion of the play that has discovered accumulations of oil.  The reservoirs are 
typically mounds of algal (Ivanovia) limestone associated with organic-rich black 
dolimtic shale and mudstone rimming evaporite sequences of the Paradox Formation of 
the Hermosa Group (Figure 1-2).  Net pay is on the  order of 3 m – 15 m but occasionally 
reaches a net thickness of 30 m.  Porosities typically vary from 5% to 20%.  The traps are 
sourced by interbedded organic-rich dolimtic shales and mudstones.  Oil generation 
occurred from the Late Cretaceous to the Paleocene.  After expulsion, oil moved updip or 
migrated locally.  There are a variety of seals, including porosity differences, overlying 
evaporates and interbedded shale.  Most production ranges in depth from 1500 m to 2000 
m.    The location of the Ute Mountain Ute tribal lands are shown in Figure 1-3.    
 

Figure 1-3.  Location map for project.  The Ute Mountain Ute reservation occupies the southwestern 
corner of the state of Colorado (unshaded region), adjacent to the Southern Ute reservation (red 
cross-hatching) to the east. 

 

1.1.2 EXPLORATION AND PRODUCTION CHALLENGES 
 
The goal of this project is to detect reliably stratigraphic features that are on the order of 
200 to 1000 acres (Figure 1-4).  These features have little structural expression.  The 
mounds are surrounded and overlain by massive anhydrite.  The reservoir properties of 
these mounds are not homogeneous throughout.  From the standpoint of reservoir 
development of an existing algal mound field, the critical factors lie in predicting the 
porosity, permeability, internal mound geometries and fluid content of the mounds.  
While well information and production data are useful in understanding some of these 
variations, they cannot alone be used to make more accurate descriptions of the salient 
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reservoir parameters between well control.  This requires the use of some tool that 
provides at least an indirect indication of these properties away from well control.  For 
this purpose, seismic data is the most appropriate technology available.   
 
The usefulness of seismic technology has been exemplified by industry’s improved 
exploration success in the algal mound play in the Paradox Basin (Figure 1-5).  2D 
seismic was first applied in the early 1980’s.  Success rates for exploration wells were 
around 10%.  This increased to about 25% in the mid-1990’s as conventional 3D seismic 
data was acquired fo r use in delineating exploration targets.  Advanced multicomponent 
technology, such as 3D3C and 3D9C, should improve success rates in exploration even 
more and also provide better static reservoir models for existing fields.  The key to 
developing a better image of the reservoir’s internal geometry and flow properties is to 
utilize fluid saturations and azimuthal processing that can directly respond to oriented 
heterogeneities and changes in fluid saturations.   
Thus, acquisition of shear-wave data and advanced azimuthal processing or both shear- 
and compressional-wave data will potentially provide a much higher resolution of 
internal mound geometry and, from a reservoir engineering standpoint, a better model of 
the distribution of reservoir porosity and permeability 
 
Table 1-1  shows the relation between multicomponent attributes and important reservoir 
properties. 
 
Reservoir Property Wavefield Attribute 
Porosity P, S, PS Amplitude, shear wave 

splitting 
Permeability P, S Energy flow1, shear wave 

splitting direction 
Saturation S Shear wave splitting 
Viscosity S Frequency and attenuation2 

Density P, S, PS Amplitude variation with 
offset (AVO)3 

Structure P Travel- time 
1 product of P- and S-wave amplitude at zero offset 
2 e.g. Duranti (2001) and Michaud (2001) 
3 Amaral (2001) 
Table 1-1.  Relationship between reservoir properties and multicomponent attributes.  Table 
prepared by Tom Davis, Colorado School of Mines, Phase IX Proposal, Reservoir Characterization 
Project (http://www.mines.edu/academic/geophysics/rcp/) 

As with any indirect means of detection, such as seismic data, the multicomponent 
attribute data needs to be calibrated; a connection needs to be made between the indirect 
data and the parameters of interest, in this case, the facies and their reservoir properties.  
The relations between 3D9C data and reservoir properties like porosity, permeability, 
internal mound geometry and fluid content of the mounds have not yet been exhaustively 
established through years of experience.  There need to be calibration studies carried out 
to support the establishment of these links.  For this reason, the proposed project also 
contains work by a petrologist highly familiar with Paradox Basin algal mound fields, 
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and by geologists who are experienced in developing sophisticated predictive reservoir 
models to help establish these linkages.  The proposed project not only includes a 
geological and petrological description, but goes an important step further and examines 
the relation of these parameters to quantitative production measures of individual wells 
and the field as a whole. 
 
The project will develop and test a method to improve reservoir development by utilizing 
a new and appropriate seismic technique (3D9C) and carrying out the necessary work to 
relate this indirect data arising from the 3D9C survey to the reservoir parameters and 
ultimately the producing characteristics of an algal mound field.  As a result, the 
proposed multidisciplinary technical approach is both reasonable and adequate to meet 
the project goal of improving recovery from algal mound fields through better reservoir 
characterization presented in a way that helps production engineers plan wells or design 
recovery processes. 
 
Likewise, exploration success can be improved using the calibrated Multicomponent 
data.  The resulting processed and calibrated seismic data should provide much more 
accurate and higher resolution of the lithologic facies variations that delineate mounds  
 

Figure 1-4.  Hypothetical Algal Mound cross-section 
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Figure 1-5.  Cross section of two wells, one drilled on 2D seismic, the other on conventional 3D 
seismic.  The Horse Canyon Federal # I - I 0 well was drilled just south of the Blanding Prospect 
Area by Miller Energy in 1998. This well location was based on 3D seismic data, and is only 700 feet 
away from a dry hole drilled in the 1980s based on 2D seismic data. The well IP'd for 960 BOPD and 
3 MMCFGPD. This is a good case history illustrating that the older 2D seismic data did reliably 
detect a mound, but the 3D seismic data was required to image the productive portion of the mound 
and resulted in a prolific new discovery. 

1.2 Technical Approach 

1.2.1 MAIN PROJECT PHASES 
 
The main steps in the project are outlined below: 
 

1. Acquire 3D Multi-Component data over existing algal mound production as well 
as off-mound area (Towaoc & Roadrunner Fields)  

2. Acquire a Multi-Component VSP (vertical seismic profile) in a well to help 
calibrate 3D processing and acquisition  

3. Process 3D data for P-wave, S-wave, P-S wave, AVO and anisotropic velocity 
attributes 

4. Calibrate processed seismic data against core a facies interpretations  
5. Calibrate processed seismic data against reservoir engineering data 

 
The seismic data will be acquired over portions of two existing fields, Towaoc and 
Roadrunner (Figure 1-6), as well as non-productive acreage in between, as calibration 
needs both positive and negative information. 
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Figure 1-6.  Location of  the 6 square miles (outlined by red rectangle) where 3D9C seismic data will 
be obtained.  Also shown are the outlines of existing algal mound fields. 

In addition to the seismic data to be acquired, additional existing data, listed below, may 
be used as needed. 
 
Core and Well Data 
·    10 cores in either the Upper or Lower Ismay in the immediate area.  
 Including relevant core from the surrounding area a total of 500 feet of core. 
· 34 wells with  well histories and conventional logs.  19 of the 34 wells are 

producing wells and have production data  
·  Detailed tops database and subsurface mapping (Red Willow) 
 
Existing Seismic Data 
·  600 miles of conventional 2-D data already acquired. 100 miles of which have 

been reprocessed by Red Willow.   
 

1.2.2 REPORT OUTLINE 
 
The remainder of this report describes the progress made to date.  In the fall of 2002, 
WesternGeco, who had been the project’s seismic acquisition contractor, decided to no 
longer provide this service in North America.   The contract was opened to re-bid among 
those companies able to acquire this type of data, and SolidState, a division of Grant 
Geophysical was selected based on cost and crew availability.  Also during the re-bid 
process, the project was able to upgrade the seismic survey from 3D3C to 3D9C.  The 
difference between these two surveys is that the 3D9C survey uses orthogonal shear wave 
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sources, as well as records the seismic waves using orthogonal horizontal geophones.  
Shear wave sources are oriented inline and crossline to the receiver lines, as are the 
horizontal geophones.  Additional information concerning 3D9C surveys, acquisition and 
processing can be found in Simmons and Backus (2001). 
 
Section 2 is an Executive Summary of the Third Semiannual Reporting Period activities. 
 
Section 3 describes the experimental methods used for the technical work carried out 
during the 3rd semiannual project reporting period.. 
 
Section 0 describes and discusses results for the seismic and VSP acquisition. 
  
Section 4 describes conclusions.  
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2 EXECUTIVE SUMMARY 
 
This report describes the results made in fulfillment of contract DE-FG26-02NT15451, 
“Multicomponent Seismic Analysis and Calibration to Improve Recovery from Algal 
Mounds:  Application to the Roadrunner/Towaoc Area of the Paradox Basin, Ute 
Mountain Ute Reservation, Colorado”, for the Third Biennial Report covering the time 
period November 1, 2003 through April 30, 2004.   
 
3D9C acquisition was completed by Grant Geophysical during the period April 1, 2004 
through April 22, 2004.  Weather was largely favorable, although adverse weather 
conditions did require 16 hours of delay.   The total cost for acquisition was $398,214.08.  
Table 2-1 shows costs invoiced to the project and paid for by project funds.  An 
additional $58,9358.38 for helicopter support costs (not shown in Table 2-1) was paid for 
by Red Willow and donated as additional in-kind contribution to the project.  
 
Red Willow has also donated as additional in-kind contribution the cost of the zero-offset 
VSP, which totals approximately $90,000.  With previous in-kind contribution of 
approximately $137,000 for permitting & surveying, the total in-kind contribution 
exceeds $285,000, surpassing the requirement set forth in the contract. 
 
Decision Points DP-1 and DP-2 were successfully passed during this project period.  
These Decision Points, listed below, involve the quality of the seismic data acquisition: 
 
DP-1  Field-testing of seismic data acquisition 
 
DP-2  Processing of Multi-Component seismic data 
 
DP-1 was an assessment during the initial stages of acquisition as to whether sufficient 
energy could be returned from the target depth to insure sufficient data quality.  It was 
determined that there was sufficient energy. 
 
DP-2 was an assessment as to whether the shear-wave data quality was sufficient to 
warrant shear wave processing.  It was determined that the shear wave energy provided 
sufficient energy to insure that the quality would be adequate for shear wave processing. 
 
There are two remaining Decision Points that will be addressed in the 4th semi-annual 
period: 
 
DP-3  Interpretation of multicomponent seismic 
 
DP-4 Interpretation of velocity anisotropy. 
 
These two Decision Points rely upon assessments as to whether various components of 
the processed seismic data are adequate to identify reservoir and algal mound geometry 
and internal reservoir architecture. 



DE-FG26-02NT15451  15451R03 9 

 
 

GOLDER ASSOCIATES INC. INVOICE: 953-258
18300 NE Union Hill Road
Redmond, WA  98052 DATE: 23-Apr-04

JOB NO: 11163

ATTN: MR. PAUL LA POINTE JOB NAME: ROAD RUNNER

ITEM 1. DATA ACQUISITION - 3D
   9-C

6.05 Sq. Miles @ 36,380.00$     / Sq. Mile 220,099.00$            

ITEM 2. STAND-BY - WEATHER
16.00 Hours @ 900.00$          / Hour $14,400.00

ITEM 3. ADVANCE PARTY MANAGER - DOYLE THURMAN
     April 1 - 21

21.00 Days @ 450.00$          / Day $9,450.00

ITEM 4. VIBE RENTAL
     Trace Ventures - Invoice # 1499-0404 $63,000.00
  Trucking:
     LoneStar Transportation - Invoice # 0642983 $3,034.91
     LoneStar Transportation - Invoice # 0642984 $3,034.19

con't. on Page 2 …

ITEM 5. PERMITS - Ute Mountain Ute Tribe
     Feb 21, 2003 - # 489005 $75.00
     April 3, 2003 - # 489046 $140.00
     Oct 24, 2003 - # 201294 $140.00
     April 4, 2004 - # 3010 $30.00

ITEM 6. TRUCKING
     J & N Trucking - Ck # 1591 $4,527.60
     Chapman Trucking - Ck # 1602 $10,530.00

ITEM 7. LOCAL EMPLOYMENT
     Period - April 2 to April 8 $2,330.00
     Period - April 9 to April 15 $5,743.00
     Period - April 16 to April 22 $2,722.00
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Table 2-1.  Costs incurred for 3D9C acquisition. 
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Due to the approximately one-year delay in initiating the seismic acquisition, the project 
is behind schedule by about 12 months.  Despite the delays, the project remains on-
budget due to the generous additional in-kind contribution by Red Willow, and 
preliminary indications from the processing are that the 3D9C data will prove very useful 
for identifying new prospects for exploration and better delineation of reservoir facies 
within algal mounds. 
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3 EXPERIMENTAL METHODS 
 
There was no activity during the project reporting period that involved experimental work 
not previously described.  The 3D9C seismic acquisition experimental design and the 3D 
Zero-offset experimental design were previously described in La Pointe and others 
(2003a), and the processing of the data described in La Pointe and others, (2003b). 



DE-FG26-02NT15451  15451R03 13 

Results and Discussion 

3.1 Seismic Acquisition 
 
The following section shows photos of the 3D9C seismic acquisition and VSP logging.  
All photos were taken by C. Rebne, Legacy Energy. 
 

 
Figure 3-1.  View of Ute Mountain. 

 
Figure 3-2.  The Roadrunner Field. 
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Figure 3-3.  Equipment staging for 3D9C acquisition 

 

 
 
Figure 3-4.  Phones and other gear being readied. 
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Figure 3-5.  Helicopter moving equipment into sensitive areas to avoid environmental harm. 

 

 
 
Figure 3-6.  Moving trucks into position. 
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Figure 3-7.  One of the trucks used to generate the seismic source energy. 

 
 
Figure 3-8.  A multicomponent geophone. 



DE-FG26-02NT15451  15451R03 17 

 

Figure 3-9.  Recording truck. 

 

 

Figure 3-10.  Data recording in progress. 
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Figure 3-11.  Assembling equipment for the VSP. 

 

Figure 3-12.  Rig for acquisition of the VSP data. 
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Figure 3-13.  Acquiring the VSP data. 

3.2 Project Website 
 
A project website has been updated to include new reports and links.  The homepage for 
this project is at:  http://thebe.golder.com/utemtn/Home/.   
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4 CONCLUSIONS 
 
After a lengthy delay produced by the business decision of the project’s original seismic 
contractor, WesternGeco, to cease acquisition operations in North America, the project 
has successfully completed the acquisition of all field seismic data.  Moreover, with the 
help of additional in-kind funding by Red Willow, the multicomponent survey was 
upgraded from the original 3-component survey to a state-of-the-art 9-component survey.  
In addition, the VSP was also upgraded to match the needs of the 9-component survey. 
 
Both seismic acquisition Decision Points were successfully passed, and the raw seismic 
data has been delivered for P-wave and S-wave processing, along with extraction of 
components that should relate to the detection of algal mounds and their internal reservoir 
characteristics.  Initial processing and discussions with WesternGeco and AXIS 
Geophysics suggest that the processed data will provide the type of resolution needed to 
fulfill the projects exploration and characterization objectives. 
 
The project is currently approximately on budget due to additional in-kind contributions 
from Red Willow. 
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6 LIST OF ACRONYMS AND ABBREVIATIONS 
 
 
3D3C – three dimensional, three component 
 
3D9C – three dimensional, nine component 
 
AVO -  amplitude variation with offset 
 
BIA – U. S. Bureau of Indian Affairs 
 
DOE – U. S. Department of Energy 
 
RW – Red Willow Production 
 
SU – Southern Ute Tribe 
 
UM – Ute Mountain Ute Tribe 
 
VSP – Vertical Seismic Profiling 
 
 
 
 


