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3. OBJECTIVES 

The Multiwell Experiment is a research-oriented field laboratory. Its 
overall objectives are to characterize lenticular, low-permeability gas 
reservoirs and to develop technology for their production. Its wide 
range of activities and its wealth of data are providing a unique, 
in-depth look at a significant natural gas resource in the western 
United States, 

4. BACKGROUND STATEMENT 

For a number of years the United States government has engaged in 
research to enhance gas recovery from unconventional reservoirs such as 
organically rich, fractured shale and discontinuous, lenticular, tight 
sandstones. Although large quantities of natural gas are trapped in 
these formations, the permeabilities are too low to permit economic 
recovery by conventional technology. In the western United States, the 
Greater Green River, Piceance, Wind River, and Uinta basins have been 
identified as containing significant amounts of gas in thick sections 
of lenticular sands. The National Petroleum Council (1980) has 
appraised these four basins to hold 136 TCF (4 Tm3) of maximum 
recoverable gas in lenticular reservoirs. This sizable resource is now 
being investigated by the U.S. Department of Energy (DOE) in the 
Piceance basin of western Colorado, where a field laboratory has been 
constructed that contains three closely spaced wells penetrating the 
lenticular Mesaverde formation. 

Massive hydraulic fracturing has increased gas production from tight 
reservoirs, but currently its perfontiance in lenticular formations is 
unpredictable. This results from poor definition of reservoir 
properties and sizes, inadequate understanding of the factors 
controlling fracture propagation and proppant transport, limited 
ability to measure, describe, or evaluate the created fracture, and 
uncertainty as to the relationship between stimulation design variables 
(fluids, proppants, pumping rates) and the resulting fracture. These 
difficulties are compounded in the lenticular forroations by the complex 
lithologies, variability in lens sizes, and uncertainty of whether 
multiple lenses, some remote from the wellbore, can be stimulated by a 
common treatment. Improved understanding, evaluation, prediction, and 
possible control of stimulation technology are needed for effective 
development of tight lenticular reservoirs. 

The intent of the Multiwell Experiment is to determine the critical 
factors affecting production and thus resolve the uncertainties 
surrounding this resource. There have been many past efforts which 
have attempted to achieve this, but they were unsuccessful. Generally, 
there was no substantial improvement in gas production after 
stimulation. The reasons for the disappointing, noneconomic results 
could not be explained because the tests provided insufficient data, 
primarily only gas production and well logs. Thus, it was an 
underdetermined problem and the data could not uniquely explain the 
results. 



PROJECT DESCRIPTION 

This field laboratory has been established at a site in the 
east-central Piceance basin, about 7 mi southwest of Rifle, Colorado. 
Here the Mesaverde formation lies at a depth of 4000-8250 ft. This 
interval contains different, distinct reservoir types depending upon 
their depositional environments (Lorenz, 1983). These different zones 
serve as the focus of the various testing and stimulation programs. 
Field work began in late 1981 and is scheduled through mid-1988. 

One key to the Multiwell Experiment is three closely spaced wells. 
Their 110-215 ft separation at depth is less than the nominal 
dimensions of the lenses in the area. Core, log, well testing, and 
well-to-well seismic data are providing a far better definition of the 
geological setting than has been available previously. Over 4100 ft of 
core was taken from the wells through the thick Mesaverde formation. 
Comprehensive logging and core analysis programs were conducted. The 
closely spaced wells also allow interference and tracer tests to obtain 
in situ reservoir parameters. The vertical variation of in situ stress 
throughout the intervals of interest is being measured. A series of 
stimulation experiments is being conducted in one well and the other 
two wells are being used as observation wells for improved fracture 
diagnostics and well testing. 

Another key to achieving the Multiwell Experiment objectives is the 
synergism resulting from a broad spectrum of activities: geophysical 
surveys, sedimentological studies, core and log analyses, well testing, 
in situ stress determination, stimulation, fracture diagnostics, and 
reservoir analyses. The results from the various activities will 
define the reservoir and the hydraulic fracture. These, in turn, 
define the net pay stimulated: the intersection of a hydraulic fracture 
of known geometry with a reservoir of known morphology and properties. 
These definitions are further enhanced by the fact that most data will 
come from closely spaced wells. Thus, spatial variations in reservoir 
properties can be quantified. 

RESULTS/ACCOMPLISHMENTS 

The Multiwell Experiment (MWX) is currently in its last full field 
season. Activities and experiments have been completed in each of the 
four major depositional environments: marine, paludal, coastal, and 
fluvial. (A final stimulation experiment is under way in the fluvial E 
sandstone.) Thus the following is an overall summary of the 
accomplishments and contributions of iWX to date. More details can be 
found in other MMX-related papers at this Contractors Review, in 
several major references (Northrop et al., 1984; Northrop 1985; 
Warpinski et al, 1985, Lorenz et al., 1986; Lorenz 1987, Warpinski and 
Teufel 1987, Branagan et al. 1987, and Sandia/CER 1987.), and in the 
more than 60 publications resulting from this project. 



A. Significance of the Depositional Environment: 

- The Mesaverde has been subdivided on the basis of different 
depositional environments; these have produced distinctly different 
reservoirs, each of which has been the focus of MWX study. 

- Depositional environment controls reservoir size, morphology and 
internal heterogeneity: 

Marine 

Paludal 

Coastal 

Fluvial 

Depositional 
Environment 

Shore 1 ine /marine 

Distributary Channel 
and 
Splay 

Meander Belt 

Reservoir 
Width (ft) 

>10,000 

150-500 

< 1,000 

1,000-2,500 

Internal 
HeteroReneity 

Low 

Moderate 

Moderate 

High 

- Developed and confirmed a technique to estimate reservoir size from 
single well data which is based upon empirical relationships derived 
for similar environments. 

- Demonstrated that the depositional environment controls reservoir 
properties including features of the natural fracture system. 

B. Important Role of Natural Fractures 

- Characterized natural fracture systems and styles over the 
Mesaverde. Fractures come in a wide range of sizes (width, length, 
and height) and their frequency varies as a function of depth. The 
highest frequency occurs in the middle fluvial section. 

- In all zones, reservoir permeabilities as measured in well tests are 
one to three orders of magnitude greater than matrix permeabilities, 
as measured in core under restored reservoir conditions of stress 
and saturation. Measured permeability along mineralized fractures 
is also greater than matrix permeability. Thus, even tight 
fractures dominate permeability in submicrodarcy rock. 

Derived a unidirectional, natural fracture model which is consistent 
with outcrop, core and well test data. This regional system results 
from moderate horizontal compressive tectonic stress acting on a 
rock under high pore pressures. At various depths, a second 
fracture system is superimposed; resulting in improved reservoir 
performance. 

Modeled fracture origin by (1) developing a paleostress history from 
burial, property, and tectonic histories, (2) estimating rock 



properties under conditions suggested by the paleostress history, 
and (3) applying a rock failure criteria to establish time and mode 
of fracturing. While preliminary, this approach reproduced the 
unidirectional, regional fracture system described above. 

C. Improved Core and Log Analyses 

- Routine tight sandstone analyses now available to the industry 
through the service industry. MWX was instrumental in the 
development of techniques to routinely measure permeabilities less 
than a microdarcy under simulated reservoir conditions. 

- Laboratory studies provided new insights into damage and completion 
phenomena. These include the damage to the sensitive natural 
fracture system by water and fracturing fluids as well as 
determining the actual stability of polymer components under 
reservoir conditions. 

- An improved log analysis procedure, TITEGAS, was developed based 
upon the extensive MWX log and core data base. It has been applied 
successfully elsewhere in the Piceance Basin. 

D. Measurement and Use of In Situ Stress 

- MWX played a key role in the development of an anelastic strain 
recovery technique to measure in situ stress directions and, through 
a new viscoelastic modeling technique, magnitudes. 

- These, along with other core, geologic, and modeling studies, 
predicted a hydraulic fracture azimuth of N60-80W for the site. 
This direction was confirmed in subsequent fracturing experiments. 

- Refined a small volume hydraulic fracturing technique for measuring 
the minimum in situ stress in perforated, cased wellbores. The 
vertical distribution of these stresses was measured in over 50 
locations over 2500 ft in sandstones and confining rocks; these data 
were used in the design and analysis of stimulation treatments and 
in understanding the stress-fracture-property relationships in 
Mesaverde reservoirs. 

- Demonstrated that hydraulic fracturing can significantly increase 
the minimum in situ stress at an offset well. 

E. Stimulation of Mesaverde Reservoirs 

- The effectiveness of hydraulic fracturing appears limited, since a 
frac will parallel the unidirectional, anisotropic natural fracture 
system. Calculations show that a 100-ft frac in the orthogonal 
direction is as effective as a 1000-ft frac along the fracture 



system. Thus alternative approaches, such as directional drilling, 
may be required for effective gas recovery. 

- High fracturing pressures have been observed in each stimulation. 
Thus, damage is likely, especially to the natural fracture system, 
and the choice of frac fluid is very important. However, tests in 
the paludal zone showed that this damage is transitory: that It 
could be alleviated by imbibition during an extended (18-month) 
shut-in. 

- Derived a model to history match bottomhole pressures during foam 
stimulations to derive estimates of frac parameters. It Is 
sufficiently versatile to match gas, foam, and foam and proppant 
stages, as well as treatment perturbations In the record. 

- Hydraulic fracturing of remote lenses Is not feasible due to the 
high stresses found In the confining lithologies and the actual 
morphology of the sandstone reservoirs. 

- Borehole seismic diagnostics fielded In the observation wells 
determined hydraulic fracture azimuth and height, although these 
measurements were affected by the complex geology. 

F. Natural Gas Production 

- Natural gas production Is a function of depositional environment and 
degree of natural fracturing. This can be seen In the following 
summary of zones tested: 

Interval Height (ft) 

Fluvial E 30 

Fluvial B 17 

Production (MCFD) 
Prefrac Postfrac Assessment 

75 

25 35 
To be decided 

Coastal 30 55-60 90 Limited reservoir 

Paludal 

Marine 

40 

15-40 

250 425 Good productivity 

150-1500 - Excellent productivity 

Production Is dominated by natural fractures. Reservoir 
permeabilities as measured In well tests are one to three orders of 
magnitude greater than matrix permeabilities. Moreover, analyses 
show the anisotropy of the natural fractures system Is sufficient to 
prevent Interference from being seen at the observation wells. In 
those few cases where Interference Is observed, there Is evidence 
for a second fracture system. 



- Developed a fully transient, natural fracture reservoir simulator 
that Includes anisotropic fracture permeability, simulated propped 
fracture, slimilated damage/skin, transients In the matrix blocks, 
and three-dimensional pressure profiles. 

G. Definition of Future Research Needs 

- It Is clear that research on understanding the reservoir Is as 
important as developing technology for the production of that 
reservoir. 

- Improved understanding of natural fracture systems can lead to 
Improved gas recovery. Specific research areas Include: (1) 
understand the origin and predict the occurrence/distribution of 
natural fracture systems, (2) determine their reservoir properties, 
especially with respect to water, and (3) derive a quantitative 
description which can be Incorporated Into a realistic reservoir 
simulator. 

- Whereas hydraulic fracturing may still be effective In some cases, 
the characteristics of Mesaverde reservoirs require Improved 
recovery technology. Ideas which should be seriously considered 
Include: (1) specific hydraulic fracturing methods (e.g., new 
fluids; short, precise fracs; etc.), (2) dynamic, tailored-pulse 
fracturing, (3) directional drilling and deviated wellbores, (4) 
altered stress fracturing, and (5) multiple reservoir stimulation. 

- A final Important need Is to extrapolate MWX understanding 
throughout the Piceance basin and to other basins through a proposed 
wells-of-opportunlty program. 

7. FUTURE WORK 

MWX Is currently In Its last full field season. However, the site 
lease extends until July 1988, and stress and well tests In the 
uppenaost part of the Mesaverde are being considered. 

A major finding has been the dominance of a unidirectional anisotropic 
fracture system. The current stress Is such that hydraulic fractures 
parallel this fracture system resulting In Inefficient stimulation and 
damage to the few fractures It Intersects. In addition, high stresses 
confine the sandstones, a fact which prevents the stimulation of 
remote lenses. Thus, a different approach Is required for Improved 
gas recovery: one possibility is a deviated wellbore drilled in a 
direction perpendicular to the preferred natural fracture direction. 
Plans to assess this approach are under serious consideration and an 
extension of the site lease and agreements are being negotiated. 

Long-term plans Include validating the developing geologic and 
reservoir models for these lenticular, tight gas reservoirs. Another 



important activity will be to extrapolate M3WX understanding throughout 
the Piceance basin and to other basins through a proposed wells-of-
opportunlty program. Finally, a significant continuing effort will be 
to make the MWX results and technology available to industry for their 
use in exploiting this significant resource. 
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