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DISCLAIMER 
This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use would not infringe on any privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation or favoring by the United States Government nor 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 
 
In this project two major field demonstrations were carried out in conformity with the goals of 
the Class Revisit Program. The first demonstration was at Vernon Field in Isabella County 
Michigan, and the second was the Springdale demonstration in Manistee County, MI (Figure 1). 
The Vernon Field project targeted the Devonian Dundee Formation, a prolific producer in 
Michigan while the Springdale project targeted the “Brown Niagaran” an informal stratigraphic 
unit in the Lower Silurian (Figure 2).  The first well at Vernon Field, the State Vernon & Smock 
#13-23 (Permit: 53945), was spudded on October 12, 2000 but was not economically successful, 
even though an extensive geochemical program was carried out. A second well, the Bowers 4-25 
HD (Permit: 54950), was drilled to test the geochemical anomaly, but was also plugged and 
abandoned on December 3, 2002.  No further wells were drilled at Vernon Field.   
 
The Springdale demonstration was much more successful, current production exceeds 257,000 
BBLS/oil and 1,600,000 MCF gas, and demonstrated what appears to be the pattern for the 
future in Michigan and by extension to other mature gas and oil provinces. Specifically, 
Springdale is going to be a million barrel field, counting both oil and gas equivalent, and is 
probably one of many such fields in the Michigan Basin that will be discovered and exploited in 
the future. The key technologies employed at Springdale were 2D seismic and horizontal 
drilling. The horizontal drilling essentially probed the formation for porosity and hydrocarbons, 
was then used for production, and is scheduled for follow-up flooding duty. This type of play is 
typical of many of the recent plays in Michigan in that they are conceived, planned and 
conducted by a relatively small company and consultants. A rough rule of thumb is that probably 
no more that 6-12 professionals, including landmen and management, were/are involved in these 
plays and the key is very low overhead, with much of the risk spread over 5-10 investors. The 
DOE investment (approximately $2 million) has been timely and significant; both Vernon and 
Springdale relied on DOE funding in the early, critical stages. We estimate a total (gross) yield 
of $40 – 60 million, based on a total Springdale production of 1 million barrels of oil and oil 
equivalents, with over $5 million paid back to State in royalties and lease fees. 
 
Vernon Field was instructive too, since it demonstrated the utility of surface geochemistry and 
provides a type case for exploitation of mature fields. The initial geochemical surveys were 
consistent with the later, very comprehensive survey (>1200 samples) and consistently indicated 
that Vernon was not a prime target. In retrospect, we should have conducted a comprehensive 
survey at the beginning, or at least established a regional baseline in order to better access our 
results. The lesson learned is two-fold: don’t skimp on the geochemical surveys upfront and walk 
away if they are not optimistic. Perhaps, that should be very optimistic. The difficulty is that an 
industry used to making decisions based primarily on seismic data and interpretation is reluctant 
to invest in another technology, particularly one that is unproven in their eyes. Nevertheless we 
see a bright future for surface geochemistry in the exploitation of mature basins provided that 
two things develop: one is better technology, perhaps based on “sniffer” approaches which 
permit real-time data collection and assessment, and, two, lower costs per sample. These are not 
unrelated; field-based data collection and interpretation will eliminate lab costs, which can be 50-
70% of total survey costs. In this respect, the geochemical industry seems to be working at cross-
purposes: lab costs increased on the order of 50-100% over the 5-year time span of this project.  
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LIST OF GRAPHICAL MATERIALS 
 
Figure 1. Map showing locations of primary demonstration sites for the project (Springdale and 
Vernon Fields) as well as additional sites of geochemical surveys. 
 
Figure 2. Stratigraphic column for the State of Michigan. The Vernon Field demonstration 
project targeted the Dundee Formation and the Springdale Fields targeted the Brown Niagaran. 
 
Figure 3. Map showing locations of Springdale horizontal wells. See Figure 1 for location of 
Springdale Field. 
 
Figure 4. Simplified stratigraphic column for Springdale area based on work of Bowers, 1987 for 
the Southern Reef Trend. In general the same relations hold for the Northern Reef Trend (NRT) 
particularly the relations between the Brown and Gray Niagaran and the adjacent pinnacle reefs. 
The A0 Carbonate is not recognized in the NRT. 
 
Figure 5. Schematic diagram showing the principal geologic components inferred for the 
Springdale play. Favorable reservoir rock is almost always dolomitized carbonate sandwiched 
laterally between impermeable tight limestones and sealed above by salt (anhydrite). Patch reefs 
may or may not be involved.  The A1 Carbonate and the A2 Salts can be traced North and West 
into the “Carbonate Bank” in wireline logs, but the A2 thins and is not present everywhere. 
Similarly the Brown Niagaran can be traced North and West, but it also thins (< 10 feet?) and is 
difficult to pick on wireline logs. 
 
Figure 6.  Cross section across pinnacle reef showing stratigraphic relations in Salina and 
Niagaran Formations based on well logs (Bowers, 1987). Compare with previous figure. 

 
Figure 7. Golden Software Strater diagram showing “doublet” in gamma-ray used to pick top of 
Gray Niagaran. The Brown Niagaran, which is the target, is between this pick and the bottom of 
the overlying A1 Salt.  This is generally a reliable top pick but is muted in places. The doublet is 
used to steer the horizontal well and drillers will deliberately drill into the Gray to locate the GR 
doublet and confirm their stratigraphic position. 
 
Figure 8a-n.  Plots of horizontal well trajectories for Springdale Field taken from data recorded 
on mud logs. The C1-C4 hydrocarbons recorded on the mudlogs along the paths of the well 
bores are indicated in the red bar graphs.  The blue dots show penetrations of the Brown and 
Gray Formations. Well bores were plotted by horizontal distance from the surface location and 
by True Vertical Depth (TVD). Refer to Figure 3 for well locations. The following wells, listed 
by Permit number and Lease name, were drilled as part of the demonstration: 
 

(a) 55797: State Springdale & Herban 12-16 HD1 
(b) 55782: State Springdale & O’Driscoll 16-16 HD1 
(c) 56362: Kovach 15-16 HD 
(d) 56146: State Springdale & Wilburn 1-21 HD 
(e) 56530: State Springdale & Stedronsky 10-15 HD 
(f) 56163: State Springdale & Stedronsky 14-15 HD  



DE-FC26-00BC15122    Michigan Technological University 
Final Project Report 
 

6

(g) 56365: State Springdale 13-14 HD 
(h) 56543: State Springdale & Trezil 9-15 HD 
(i) 56337: State Springdale 7-21 HD 
(j) 56830: State Springdale & CSX 2-22 HD 
(k) 56887: State Springdale & Mann 9-21 HD 
(l) 56361: State Springdale & Messner 6-16 HD 
(m) 56897: State Springdale & Gaddy 16-17 HD 
(n) 56931: State Springdale & Gentz 7-22 HD 

 
Figure 9.  Structure contour map on top of the Brown Niagaran showing the oil/water contact at 
approximately -4315 feet subsea (blue contour line), and the gas/oil contact at -4200 feet subsea 
(red dashed contour line). The oil/water contact defines the downdip limits of Springdale Field. 
A proposed waterflood will begin at the OWC and flood the Brown updip. 
 
Figure 10. Isopach map on top of the A1-Evaporite over entire Michigan Basin showing the 
thinning at the basin margins. Springdale Field lies on the extreme thinning edge of the A1-
Evaporite. 
 
Figure 11.  Detailed map showing the structural attitude of the A1 Salt in the Springdale area.  
 
Figure 12.  Detailed isopach map of the A1 Salt in the Springdale area showing the thinning over 
the field. The updip salt seal disappears approximately 3-4 miles north and west of Springdale 
and may limit the play if the salt is part of the trapping mechanism. 
 
Figure 13. Well logs (GR, RHOB, NPHI) used to identify formation boundaries in the Silurian 
and Niagaran of the Michigan Basin.  Note that NPHI closely tracks RHOB in many instances.  
The combination of GR with RHOB or NPHI permits fairly precise estimation of formation 
boundaries. 
 
Figure 14.  An isopach map for the Brown in the vicinity of Springdale. Contours based on 
formation top picks from previous well logs as well as the horizontal wells drilled during this 
demonstration.  See figures 8 a-n. Typically top picks was estimated at the surface location and 
the bottom hole location from these plots and used in the contouring. 
 
Figure 15. Bar graph showing oil production from beginning of Springdale Play through 
October, 2005. Note that some wells appear to have peaked and are already in decline while 
others show steady or rising production. 
 
Figure 16. Graph showing monthly and cumulative oil production at Springdale. Monthly 
production varies widely due to increasing number of wells coming on production. Note that the 
cumulative production is still rising. 
 
Figure 17. Bar graph of gas production by well at Springdale. Some wells are mainly gas 
producers (compare with previous figure). Springdale appears to show a rough zonation from 
water to oil to gas. 
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Figure 18. Graph showing monthly and cumulative gas production at Springdale. Monthly 
production varies widely due to increasing number of wells coming on production. Note that the 
cumulative production is still rising. 
 
Figure 19a-l. Graphs showing oil and gas production for each of the Springdale Play horizontal 
wells. Most of these graphs are for only the first several months for most wells. 
 

(a) 55797: State Springdale & Herban 12-16 HD1 
(b) 55782: State Springdale & O’Driscoll 16-16 HD1 
(c) 56362: Kovach 15-16 HD 
(d) 56146: State Springdale & Wilburn 1-21 HD 
(e) 56530: State Springdale & Stedronsky 10-15 HD 
(f) 56163: State Springdale & Stedronsky 14-15 HD  
(g) 56365: State Springdale 13-14 HD 
(h) 56543: State Springdale & Trezil 9-15 HD 
(i) 56337: State Springdale 7-21 HD 
(j) 56830: State Springdale & CSX 2-22 HD 
(k) 56887: State Springdale & Mann 9-21 HD 
(l) 56361: State Springdale & Messner 6-16 HD 
 

 
Figure 20.  Soil gas data for the surface geochemical survey at Springdale. The surveys were 
conducted at different times during the period 2004-2005. Samples (300-400 g) from below the 
“B” horizon were collected and sent to the Direct Geochemical Labs for analysis of the absorbed 
gas. See text for details.  
 
 

(a) Springdale – Geo-Microbial Technologies; Initial microbial samples over Springdale 
were tested in a grid pattern. Microbial samples were also analyzed over the Mann 9-
21 well to compare geochemical results with C1-C8 Hydrocarbon counts. 

(b) Springdale – Direct Geochemical; C1-C4 factor scores. 
(c) Springdale – Direct Geochemical; C5-C6 factor scores. 
(d) Springdale – Direct Geochemical; Discriminant Function plot of C1-C8 

Hydrocarbons in Springdale soils. 
(e) Springdale – Direct Geochemical; Oil probability. 
(f) Springdale – Direct Geochemical; Gas probability. 
 

 
Figure 21. Microbial sample location map and contour map for the Vernon Field and 
surrounding area in Isabella County, Michigan. Black crosses are the microbial sample locations 
and black circles are well locations. Blue color filled contours indicate low microbial anomalies. 
The entire Vernon Field is a large negative anomaly. 
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1.0 EXECUTIVE SUMMARY 
 

Lessons Learned 
In bullet form the lessons learned for this project are: 
 

• Obtain a geochemical survey before attempting further HC recovery from fields that have 
passed their peak in primary production. Vernon Field could have been written off if such 
a survey had been conducted. 
 

• Horizontal wells are much more effective than vertical wells in probing for and 
producing diagenetic/stratigraphic traps; they should be routinely considered. 
 

• If horizontal drilling is contemplated, economies in geochemical surveys can be achieved 
if sampling is restricted to following the well bore rather than sampling on a grid. Fewer 
samples, more closely spaced in the region of interest, are likely to be more effective than 
a coarser grid pattern and will cost much less. 
 

• Emphasis should be placed on development of a sensitive, portable geochemical probe 
that will permit comprehensive surveys to be conducted in the field without the need to 
collect and dispatch samples. 
 

• Numerous small fields on the order of Springdale (e.g. 250,000 -1,000,000 bbls oil/gas) 
can be expected to be recovered in the Michigan basin in coming decades. These will be 
discovered by small companies and consultants with intimate knowledge of the basin and 
low operating overhead. As a consequence oil production in the Michigan basin will have 
a long “tail” and may stabilize at about 1-10 million barrels/year before the last rig is shut 
down. 

 

Goals and Results 
The principal goal of this project was to try to find a means of extending the economic life of a 
mature basin. The Michigan Basin has been produced since the 1920’s and has been in a state of 
decline relative to its peak production years (1975-85) for about 20 years. This trend will not be 
reversed, but there is reason for optimism that the basin production will flatten out at a more or 
less steady state (a long production tail) that is a combination of long-term production from 
stripper wells and new discoveries. The main result of this project has been to demonstrate that 
the future of the Michigan Basin, and by extension, the future of other intracratonic basins once 
they have reached production maturity, probably lies in small fields on the order of 1 million 
barrels of oil in unconventional settings. In this case, we found economic quantities of gas and 
oil by looking in the basal carbonates surrounding the very productive pinnacle reefs. 
 
This study has also demonstrated the importance of the horizontal well as an exploration tool, 
probing tight rock for pockets of porosity, and the importance of persistence. At Springdale, the 
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tight limestone constituted over 80% of the total well length in several cases, yet the 20% that 
was porous (dolomitized) yielded economic quantities of hydrocarbons. The lesson would appear 
to be to keep drilling out the program, even if the initial results are not encouraging. 
 

Applications 
The Springdale demonstration is a textbook example of how to conduct an exploration program 
in thin-bedded carbonates using horizontal wells as both probes and producers. Springdale 
required that the bit be kept in a 10-20 foot zone of interest and used MWD (Measurement While 
Drilling) to keep the well above a slightly radioactive zone that marked the bottom of the Brown 
Niagaran (the zone of interest) and the top of the Gray Niagaran. 
 

Did Data Support Project or Not? 
The geochemical data did support the project goals nicely, particularly in the Vernon 
demonstration. The geochemical work essentially said that the Vernon Field was depleted, with 
only weak positive anomalies in a well-developed halo anomaly. The geochemical data at 
Springdale is more difficult to assess since it was still being collected right up to the end of the 
project. It is clear that good soil gas anomalies were recovered, but work is still in progress to 
relate them to the field and to the C1- C4 mud log data. 
 

Future Work 
We generally conclude that the geochemical work done in this project was useful and that all the 
methods employed were successful in detecting leaking hydrocarbons. However the full potential 
of the technology is not being realized in the Michigan Basin, probably due to lack of a “killer” 
application that unequivocally demonstrates that hydrocarbons can be found in commercial 
quantities using surface geochemistry. Part of this is due to the dominance of seismic technology 
and the rather skeptical attitude that many geophysicists have toward geochemistry. However the 
largest drawback is the cost, make that the increasing cost, of conducting a geochemical survey. 
At roughly $50/sample (collection and analysis), a 1000 sample grid would cost $50,000 and is a 
factor of 10 too large for the small companies that are now dominant in mature basins, such as 
the Michigan Basin. 
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2.0 INTRODUCTION 
 
In this project two major field demonstrations were carried out in conformity with the goals of 
the Class Revisit Program. The first demonstration was at Vernon Field in Isabella County, 
Michigan, and the second was in Manistee County, MI (Figure 1). The Vernon Field project 
targeted the Devonian Dundee Formation, a prolific producer in Michigan while the Springdale 
project targeted the “Brown Niagaran” an informal stratigraphic unit in the Lower Silurian 
(Figure 2).  The first well at Vernon Field, the State Vernon & Smock #13-23 (Permit: 53945), 
was spudded on October 12, 2000 but was not economically successful, even though an 
extensive geochemical program was carried out. A second well, the Bowers 4-25 HD (Permit: 
54950), was drilled to test the geochemical anomaly, but was also plugged and abandoned on 
December 3, 2002.  No further wells were drilled at Vernon Field.  Springdale was much more 
successful, current production exceeds 257,000 BBLS/oil and 1,600,000 MCF gas, and 
demonstrated what appears to be the pattern for the future in Michigan and by extension to other 
extensively drilled and developed gas and oil provinces. 
 
In the following discussion, we will first cover the Springdale play, both since it was 
economically successful and hence of more interest to the gas and oil community and also 
because it was an unconventional play that demonstrated some new principles and concepts. 
Vernon Field will then be summarized and the principle lessons expounded, but the details of 
that project have already been exhaustively discussed in previous reports (Quarterly Technical 
Report September 2002 – December 2002, DOE OSTI Bridge Identifier – 824802 and Annual 
Technical Report April 2003 – March 2004, DOE OSTI Bridge Identifier - 827044). 
 

3.0 SPRINGDALE 
 
Springdale play is located in Springdale Township, sections 14-16 and 21-23 (Figure 3) and 
targets mainly the “Brown Niagaran” (Figure 4).  The play was originally based on a seismic 
anomaly that roughly encircled the early play boundaries and appeared as a “disrupted” zone in 
the Brown Niagaran. Subsequent work and field development suggests that the original seismic 
anomaly was simply coincidental and served to focus attention on the area and helped sell the 
original wells. It is now established that the play is confined to the so-called Brown Niagaran, a 
fairly narrow zone, 10-20 feet total thickness, lying just below the A1 Evaporite/Salt. The play 
was exploited by a series of horizontal wells, 14 wells at present, which served both as 
exploratory probes looking for favorable reservoir rock and to produce hydrocarbons if 
reservoirs could be located. The favorable rock is generally dolomitized carbonate sandwiched 
laterally between impermeable tight limestones (Figures 5 & 6).  The origin of the dolomite is at 
present unknown in spite of strenuous attempts to determine its mode of origin and timing. This 
is largely due to the poor quality of samples and cuttings returned from the horizontal wells. The 
weight of the pipe in the horizontal bore as well as the fact that it is rotating means that only rock 
flour is recovered, from which field acid tests can determine if it is limestone or dolomite, but 
that is about all. No petrographic analysis is possible. 
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3.1 Characteristics of the “Brown” Niagaran 
 
The nature of the “Brown Niagaran” deserves some comment as it is the key horizon in this play. 
It is, as mentioned, an informal term used mainly in the subsurface by the gas and oil industry. It 
lies above the “Gray Niagaran” (Figure 4) which lies above the “White Niagaran”. All three are 
informal terms and are largely differentiated in the subsurface by GR (gamma ray) log character 
and in surface sample by color, (Brown for Brown Niagaran, etc.). All three units make up the 
upper Niagaran which with the basal Clinton Shale constitutes the Niagaran Formation, a formal 
stratigraphic unit. The top of the Brown (Brown, Gray and White will be used from here on to 
refer to the Brown Niagaran, etc.) is easily picked as the first carbonate below the A1 
Salt/Evaporite, where the A1 Salt exists, and with difficulty from the GR where the A1 Salt does 
not exist. The base of the Brown and top of the Gray is picked as the first GR excursion, which is 
usually a doublet (Figure 7), and is reported to be a thin bentonite bed. Thus the Brown is fairly 
easily picked when the A1 is present and when the GR excursion is pronounced, which 
fortunately includes the Springdale area. One further observation: the bentonite layer, top of the 
Gray, is used to steer the drill and the driller will occasionally “tag” the top of the Gray to insure 
the bit is in the Brown. This technique appears to work well in the Springdale area (see Figure 8). 
 
With these considerations in mind, the original Springdale play was developed by a series of 14 
horizontal wells that covered most of the acreage with a reasonable density of well bore, with 
one horizontal well doing the work of 2-3 vertical wells (Figure 3). The downdip limit to the 
exploration was the oil-water (O/W) contact, roughly coincident with the -4315 contour on the 
Brown (Figure 9). 
 
 

3.2 Geology 
 
The geology of the Springdale Brown Niagaran Play can be sketched in simple terms, starting 
with the A1 Evaporite/Salt which appears to be the seal, or partial seal, for the play (a lateral 
facies change from porous, reservoir dolomite to impermeable limestone is thought to be a lateral 
seal, but this is not certain). The A1 Salt is present over most of the Michigan Basin (Figure 10), 
where it reaches a maximum thickness over 440 feet in the basin center and thins to a feather-
edge on the margins (?) (although it is often absent apparently due to dissolution on the edges). 
In the Springdale area the A1 Salt is everywhere present with an average thickness of 41 feet. 
The A1 Salt is mainly halite in the basin center but contains progressively more anhydrite as the 
basin margins are approached. Figure 11 shows the structural attitude of the A1 Salt in the 
Springdale area while Figure 12 shows the thickness isopach of the A1 Salt in the same area. 
 
With the A1 Salt boundaries established, the top of the Brown is also established and the base of 
the Brown (top of the Gray) can be established by examination of GR logs. Where the GR 
doublet (Figure 7) is well developed the top of the Gray can be picked with confidence. 
Approximately 32 wells in the Springdale area penetrate the Gray top and the MTU database 
records tops information for most of these. Unfortunately spot checks on a couple of wells 
revealed gross errors and inconsistencies in the Niagaran top picks in general and so a program 
of detailed tops verification had to be initiated. This required obtaining paper copies of the logs 
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and digitizing to LAS files and replotting in STRATER © (Golden Software). In addition to the 
GR curve, the bulk density (RHOB) curves were also digitized along with all other available 
curves with the exception the resistivity curves. The RHOB curve in particular is useful in 
identifying the rather complex and confusing stratigraphy of the Silurian Evaporites. NPHI 
(Neutron Porosity) is also useful, but a practiced eye can do pretty well with just the GR curve. 
With both GR and RHOB the Silurian section in the Michigan Basin can be pretty well 
deciphered, as shown in Figure 13, for example. 
 
An isopach map for the Brown in the vicinity of Springdale is presented in Figure 14. This map 
is based on selected top picks from 32 Niagaran wells that penetrate to the Gray in the 
Springdale area.  Note that some top picks come from the horizontal wells when the bit “tagged” 
the top of the Gray for steering purposes. This map shows that the Brown can be traced in all 
directions from Springdale, particularly to the West and Northwest where virtually virgin 
conditions remain as far as exploration is concerned. It would seem that further Springdale-type 
exploration in these areas could well be productive, with perhaps 5-10 more Springdales possible 
in that area alone. In that sense, this demonstration project has succeeded beyond simply 
producing an economic quantity of hydrocarbons: it shows the way to future development of a 
much larger area. 
 

3.3 Production 
 
Production from this play has been both gas and oil, with 257,932 BBLS of oil and 1,609,532 
MCF of gas as of 10/1/2005. Projected total production is difficult to estimate since more 
development wells may be drilled in the future, but a minimum of 350,000 bbls of oil from 
primary recovery and an additional 350,000 bbls on waterflood would appear attainable. These 
are estimated from data provided to the State of Michigan by Jordan Exploration and pertain 
only to the presently developed area.  Future work could target similar plays in the vicinity of 
Springdale and elsewhere as the Brown target should be present nearly everywhere in the 
Michigan Basin (see “Conclusions” below). 
 
Individual wells in Springdale have rather unique production characteristics: they seem to peak 
almost immediately (Figure 15) and quickly decline or they come on stream at a certain value 
and they fluctuate slightly around that value for the life of the well. Figure 16 shows monthly and 
cumulative oil production at Springdale. This behavior doubtless reflects the reservoir 
characteristics, which is currently thought to be a porous dolomite bounded by tight limestone 
and possibly above by salt/anhydrite. 
 
Gas production profiles are in Figure 17. Figure 18 shows the monthly and cumulative gas 
production at Springdale. Their distribution suggests that a regional gas cap exists at Springdale 
(Figure 19). The O/W contact and the G/O (Gas/Oil) contacts depicted in Figure 9 suggest that 
the field is similar to a conventional stratified reservoir with an oil leg separating an updip gas 
column and a downdip water column. This configuration suggests that Springdale can be put on 
secondary recovery by waterflood by injecting into the water leg using existing wells, including 
the horizontal wells. It is estimated that this should approximately double primary production. 
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3.5 Future Work 
 
This demonstration project has ended with the development of the Springdale Field to the point 
that it is a verified economic success but with much left to be done. Some basic features of the 
geology still need to be worked out; for example the nature and timing of the dolomitization and 
the type of structure involved, if any. The timing and source of the Springdale hydrocarbons 
needs to be determined. It seems likely that they result from the same filling processes that 
charged the pinnacle reefs, so that the relation of Springdale to the Reef Trends needs to be 
evaluated. 
 
Also, production from Springdale will proceed to secondary recovery from waterflood as soon as 
primary production shows signs of dropping off. In fact, the later horizontal wells were placed 
with this in mind. The efficacy of this project design needs to be evaluated from a total 
production point-of-view as well as the economics of designing a field development around a 
series of horizontal wells from inception.  
 
Perhaps the most pertinent future work is the extension of the Springdale play concept to new 
areas and frontiers. It is very likely that the area adjacent to Springdale will be explored in the 
near future. It further seems that the concept could be extended to include analogous plays in the 
Northern Michigan Reef Trend as well as the Southern Reef Trend. Finally, it is logical to extend 
the concept to other reef trends, such a those in Texas and Alberta, among others. 
 

4.0 GEOCHEMISTRY 
 

4.1 Springdale 
 
A series of geochemical surveys were conducted over the Springdale Field from November, 
2003 to November, 2005 (Figure 20a). These surveys have been discussed previously (Quarterly 
Technical Report September 2002 – December 2002, DOE OSTI Bridge Identifier – 824802 and 
Annual Technical Report April 2003 – March 2004, DOE OSTI Bridge Identifier - 827044) and 
the reader is referred to these for the details of the early results. Here we will focus on the last 
year of data and analysis and will summarize the entire Springdale program. 
 
The first Springdale surveys were the microbial (GeoMicrobial Technologies ©) but the last two 
years concentrated on soil gas surveys conducted by Direct Geochemical and GMT. Although 
the microbial technology was used almost exclusively at Vernon Field (>1100 samples), the 
switch was made at Springdale to comply with the original proposal to DOE that we investigate a 
variety of geochemical techniques and vendors.  
 
A novel aspect of the Springdale program was that the sampling was not done on a grid, as was 
done at Vernon Field, but rather were taken over the surface trace of the planned horizontal well. 
In this way we hoped to collect sufficient data to characterize the well prior to drilling and at the 
same time economize on both sampling and analytical costs. As it turned out we estimate that we 
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spend about $20 collecting each sample, including personnel time, travel and materials and were 
charged an average of $40 per sample for analysis. The total cost for one line (i.e. a series of 
samples spaced at nominally 100 – 200 meters along the path of the horizontal well) was about 
$2000 per line (e.g 50 samples per line @ $40/sample).  
 
Results of the Springdale surveys are summarized in Figures 20a-f. Here we plot the correlation 
coefficients along the well trace (Figures20b-c) or the oil/gas probability (Figures (20e-f) along 
the well trace. The correlation coefficients are a measure of how well the gases from the sample 
correlate with the C1-C4 gases measured by the well logger while the probability plots estimate 
how well the samples predict the occurrence of gas or oil along a given well trace, using data 
from one well to calibrate or “train” the sample data.  
 
For the soil gas work done in conjunction with Direct Geochemical (Golden, CO), the soil 
samples were collected just below the “B” soil horizon, shipped in brown sample envelopes, then 
dried and sieved in the lab for a silt/clay fraction. . An aliquot of each sample was heated in an 
air-tight glass vial at constant temperature for constant time, usually 70 F (21 C) for 24 hours. At 
the end of that time, the head space gases were drawn off in a syringe and injected into a gas 
chromatograph, where the C1 – C8 hydrocarbons were analyzed. Headspace from the vials was 
analyzed on a HP5890 Series II gas chromatograph for C1-C8 hydrocarbons including methane, 
ethane, ethylene, propane, propene, i-butane, n-butane, butene, i-pentane, n-pentane, pentene, i-
hexane, n-hexane, hexane, i-heptane, n-heptane, heptene, i-octane, and n-octane. 
 
The hydrocarbon concentrations in ppb/v were evaluated in multivariate space to try to reduce 
the large number of variables to a smaller number (i.e. factor analysis) and to try to discriminate 
microseepage between areas with oil, gas and dry areas (i.e. discriminant analysis). 
 
The factor analysis resulted in two main hydrocarbon associations (i.e. hydrocarbons in each 
association are correlated with one another). The light hydrocarbon factor (C1-C4, Figure 20b) is 
anomalous mainly over the western part of the survey area, which correlates with the gas leg 
identified by Jordan Oil. The heavy hydrocarbon factor (C6-C7, Figure 20c) is anomalous over 
the eastern part of the survey area, which is thought to represent the oil leg. 
 
The training set of samples (i.e. oil vs. gas. vs. dry) was chosen based on the mudlog total 
hydrocarbon concentrations.  This assumes that the best production is associated with the highest 
mudlog concentrations (which might not be the case). It would be beneficial to find out from 
Jordan Exploration where the best production is coming from in the horizontal wells. The 
training set samples are indicated in the attached spreadsheet under the “Model” column. 
 
The microseepage associated with oil-prone areas is different than that associated with dry areas 
(see attached discriminant plot, Figure 20d), which also indicates variables that are important to 
the discrimination. Using this training set, we are able to predict the oil production associated 
with the Stedronsky 14-15 well (Figure 20e, assuming that production is coming from the area of 
anomalous total hydrocarbon concentrations on the mudlog). An area to the west of the 
Springdale oil production also predicts as oil, but this can only be proven with the drill bit. 
Several of the "BL" samples also predict as oil, and the mudlog total hydrocarbon concentrations 
are also anomalous. 
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There are fewer "gas-prone" samples in the discriminant analysis, and we therefore have less 
confidence in this model, i.e. on the plot (Figure 20d) the green gas samples do not separate well 
from the oil and dry samples. We would therefore, would not have a lot of confidence on the gas 
probabilities (Figure 20f). Further work is pending on this data and interpretations and will be 
presented at the annual AAPG meeting in April, 2005. 
 

4.2 Vernon Field 
Results and data on the Vernon Field project have been reported previously (Quarterly Technical 
Report September 2002 – December 2002, DOE OSTI Bridge Identifier – 824802 and Annual 
Technical Report April 2003 – March 2004, DOE OSTI Bridge Identifier - 827044) and will not 
be repeated here except to say that the Vernon project demonstrated the value of surface 
geochemistry (it predicted marginal results and recommended abandonment) and also showed 
what the geochemical signature of a depleted Dundee Field should look like (Figure 21). The 
difficulty in convincing industry to rely more on surface geochemistry is that Vernon is regarded 
as only one verified case study and the cost of such surveys has been increasing to the point that 
they would constitute a significant additional cost: e.g Vernon Field geochemical work exceeded 
$40,000 in total costs, including sampling and analysis, for approximately 1100 data points.  It is 
our opinion that companies will spend perhaps 10-15% of that amount for a definitive 
geochemical survey, but not more. And that will require significantly more education on 
geochemical techniques and reliability and more case studies. 
 

5.0 CONCLUSIONS 
 
The main conclusions resulting from this study are: 
 

1. The Springdale play represents a new concept in Michigan Basin hydrocarbon 
exploration, which can be summarized as using horizontal wells to probe for dolomitized 
zones in the Brown Niagaran, particularly near existing pinnacle reef production. Fields 
on the order of 500,000 to 1 million barrels of oil or gas equivalent can be expected. 
Springdale is a good example of the type of innovative thinking and execution that occurs 
in small exploration companies in the pursuit of hydrocarbons in mature basins. No major 
company will pursue such leads given the relatively low returns, but these types of plays 
are very economical for small, low overhead companies, and represent really the last best 
opportunity to recover hydrocarbons from well picked over basins such as the Michigan 
Basin. 
 

2. Vernon Field is a good example of a depleted field that is basically “spent” in the sense 
that no further HCs can likely be produced and the lesson here is that a geochemical 
survey could have revealed that prior to drilling. 
 

3. Surface geochemistry can be used more often than not as an effective tool to detect the 
presence or absence of subsurface HCs in both the Dundee and the Niagaran. We are 
confident that all of the geochemical techniques employed in this study did in fact detect 


