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FARFRUMWURKIN, LLLP
11811 Upham Street, #12
Broomfield, CO 80020
Phone: 303-404-3225
Fax: 303-404-0778
E-Mail: BOWLITZ@aol.com

August 15 2005

Qil and Gas Conservation Commission
Weld County Colorado

Dears Sirs,

My name is Jon File, my address is 6255 Weld County rd. 3 % | would like to request that |
receive my two minutes and two minutes from Kenny Schell.

| am a land owner that will be affected by the proposal presented to you today. | am again
surprised that the land owners affected by these changes were not notified in any manor by
the OGCC or the proposing parties. However | come to offer a compromise, as both a
supporter of the oil and gas companies rights to recover their reserves under our property and
a landowner determined to protect our rights and preserve the original intent of the leases.

The original intent of most Landowners at the signing of the oil and gas lease, was to allow for
the recovery of oil and gas while preserving the value and usability of the surface of the
ground. Most leases state “this lease is subject to all Federal and State laws, rules etc... The
problems start when we try to determine if that means the rules in place at the signing of the
lease or as changed and modified from time to time.

The Oil companies have at least two main goals with this proposal, the first is establish new
rights with interior infill wells and boundary wells.

Show Display:

There are 4 Sections shown on our exhibit with the quarter sections and quarter quarters also
shown, Section 29 shows the number of wells allowed at the signing of most leases. Section
28 shows the current number of wells allowed, Section 32 shows the intended number of wells
requested by today’s proposal and Section 33 shows the number of wells allowed, under
today’s proposal or at least 160 wells per Section, if different zones are sold off to other parties
as has historically been done with the Sussex and Shannon formations. The red dots are
Sussex/Shannon wells and the blue dots are J Sands, Codell, Dakota and Niobrara wells, not
counting if future discoveries are made and those zones are leased to additional parties. This
drawing does not include roads and tank battery sites and is equal to at least one well for
every 4 acres. The dot’s are to scale with a 150’ radius.

We are not asking the board to reduce the rights given to the oil and gas companies at the
signing of the original leases, but to control the future taking of land as their rights are



expanded. Directional drilling has been a well known art since the 1950's. The proposal today
to directionally drill all interior infill wells and boundary wells is a smart way to protect the
majority of the surface estate yet give the oil companies the right to recover a majority of their
reserves. However in order to preserve the original intent of all O&G leases and make it easier
for towns to control the development within them, any and all new wells drilled over and above
those allowed by the rules and regulations in place at the date and time of the signing of the
original lease should be clustered similar to what the local cities and counties are trying to do
with homes. By adding wording to 318A.2 similar to “Any and all new wells to be drilled, above
and beyond those allowed by the rules and requlations in place at the time of the signing of an
oil and gas lease shall be directionally drilled from the center of each quarter section in
clusters. Such clusters shall be laid out in rows 50’ apart with spacing of 35’ between each
wellhead, unless permission is granted otherwise by the owner of the surface estate.” This
spacing is common in the oil and gas industry, we are currently working with one of the
companies represented here today on a similar proposal. This would be a great compromise
between the land owners and oil and gas companies to allow future development for both
parties.

The second and much more dangerous issue which is buried in the words of the text, is the
issue of changing the distance that wells can be located from each other. By removing 318A.c
they have taken the requirement to locate wells as close as possible to existing wells, or 35’
using sound engineering practices to allowing themselves at least 100’ without any
compensation to the surface owner. Also by eliminating the “Policy on staff administration of
the greater wattenberg area special well location rule 318A dated April 26,1999, they have
change the meaning of the drilling window (the 800’ x 800’ in the center of the quarter section
and the 400’ x 400’ in the center of each quarter/quarter) from meaning the bottom hole
location as described on page 3 and 4 of the staff policy to now mean a surface location. The
original goal of the windows was to protect surrounding mineral holders from having their
minerals taken by adjoining wells being too close to their neighbors and was not intended to
give oil companies more surface location in which to drill. But that is how the oil companies
interpreted it and they have convinced most surface owners that they have the right to use
said drilling windows as surface locations, when the policy on staff made it very clear that they
were bottomhole locations.

Therefore | propose the following changes as a compromise to allowing more well locations on
the surface estate.

The following changes should be made:

as mentioned above:

318A.2 Any and all new wells to be drilled, above and beyond those allowed by the rules and
requlations in place at the time of the signing of the oil and gas lease shall be directionally
drilled from the center of each quarter section in clusters. Such clusters shall be laid out in
rows 50’ apart with spacing of 35’ between each wellhead, unless permission is granted
otherwise by the owner of the surface estate.

The new 318.A should have the new added word “surface” removed in “described SURFACE
drilling locations to drill, twin, deepen etc.



The new 318A.a paragraph 4 should read These “bottom hole” locations, in stead of These
“surface well” locations.

The old 318A.c should be reinstated.

The new 318G should be changed to The proposed surface well location shall “meet” the
following criteria, not “shall be reviewed in accordance with”

The new 318G.1 should read 40’ not 100’
The new 318G.2 should also read 40’ instead of 100’

The new 318H.1 & 2 should include the “surface owner”

And the most important change is, a paragraph needs to be added that states that “Nothing in
these OGCC Rules is intended to increase or deminish the rights of the lessee or lessor over
and above the rights granted or intended to be granted at the signing of any oil and gas lease.

The Oil and Gas Companies and the OGCC says, it is not their intent to change the rights

granted under the leases. By adding this paragraph it is a sure way for them to prove to the
general public what their intent is.

Sincerely, Jon P. File



DATA FOR THE RULE 318A HEARING
NOVEMBER 17, 2005

City and County of Broomfield Open Lands: (Includes: Open Space, Parks,
School Parks, Conservation Easement Acres) 3,900 acres

3,900 acres/160 acres = 24.3 Quarter Sections @160 acres

24.3 Quarter Sections x 5= 121 total well sites under the current rules
Number of Active Wells on Broomfield Open Lands 7

24.3 Quarter Sections x 3 new wells = 73 New Well Sites under the Proposed
Rule 318A

Value of Land Impacted Proposed Rule 318A Additional Wells = $1.2 Million
73 new well sites x .4 acres of impacted site x $40,000 average price per acre = $1.2 Million

Total Acres in City and County of Broomfield 21,468.5 acres
Total Existing Active Wells in City and County of Broomfield 60 Wells

The City and County of Broomfield is in the following Townships and Ranges:
T1N, R68W

T1N, R6SW

T1S, R68W

T1S, R69W

T2S, R68W

T2S, R69W

T2S, R70W (only a very small portion if any of our County is in this location)
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COGCC, November 16, 2005

Legend

[ 1 NoActive Well Pads
[ 11 to 2 Well Pads per Quarter Section
[ | 3to 5 Well Pads per Quarter Section

[] 6 to 7 Well Pads per Quarter Section

I 8 to 10 Well Pads per Quarter Section

Note: The active well pad density was estimated
by GIS techniques with the assumption that any
wells within a distance of 150 feet from each other
share a single well pad.

14 Miles
| 1 1 1 | 1 1 1 |

ACTIVE WELL PAD DENSITY
IN THE
GREATER WATTENBERG AREA
(AS OF NOVEMBER 8, 2005)
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Leese Nama: JLLSON GAB UNIT
County, Stale: WELD, CO
Operstor: ENCANA OIL & GAS (USA) INCORPORATED
Fleld WATTENBERG
Reservoir J BAND
Locafion: 72 2N @8V NW SE 8w

3,533 bbl 685,296 mcf 2,831 bbl
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Leasa Narna: JILLSON \\-22
County, Stete: WELD, CO
Oparator: ENCANA OIL & GAS (USA) INCORPORATED
Field: WATTENBERG
Resarvoir. J BAND
Location: 22 2N 8BW BE NV NW

1 303 292 3969
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34-60-114. Action for damages.

Nothing in this article, and no suit by or against the commission, and no violation charged
or asserted against any person under any provisions of this article, or any rule, regulation, or order issued
under this article, shall impair, abridge, or delay any cause of action for damages which any person may have
or assert against any person violating any provision of this article, or any rule, regulation, or order issued
under this article. Any person so damaged by the violation may sue for and recover such damages as he
otherwise may be entitled to receive. In the event the commission fails to bring suit to enjoin any actual or
threatened violation of this article, or of any rule, regulation, or order made under this article, then any
person or party in interest adversely affected and who has notified the commission in writing of such
violation or threat thereof and has requested the commission to sue, may, to prevent any or further violation,
bring suit for that purpose in the district court of any county in which the commission could have brought
suit. If, in such suit, the court holds that injunctive relief should be granted, then the commission shall be
made a party and shall be substituted for the person who brought the suit, and the injunction shall be issued
as if the commission had at all times been the complaining party.

34-60-115. Limitations on actions.

No action or other proceeding based upon a violation of this article or any rule, regulation,
or order of the commission shall be commenced or maintained unless it has been commenced within one
year from the date of the alleged violation.

34-60-116. Drilling units and pooling interest.

(1) To prevent or to assist in preventing waste, to avoid the drilling of unnecessary wells, or
to protect correlative rights, the commission, upon its own motion or on a proper application of an interested
party, but after notice and hearing as provided in this section, has the power to establish drilling units of
specified and approximately uniform siZe and shape covering any pool.

thereof shall be determined by the commissioryfrom the evidence introduced at the hearing, except that,
when found to be necessary for any of the purposes mentioned in subsection (1) of this section, the
commission is authorized to divide any pool into zones and establish drilling units for each zone, which units
may differ in size and shape from those established in any other zone, so that the pool as a whole will be
efficiently and economically developed, but no drilling unit shall be smaller than the maximum area that can
b efficiently and econamically drained by one well. If the commission is unable to determine, based on the
evidence introduced at the hearing, the existence of a pool and the appropriate acreage to be embraced
within a drilling unit and the shape thereof, the commission is authorized to establish exploratory drilling
units for the purpose of obtaining evidence as to the existence of a pool and the appropriate size and shape
cf the drilling unit to be applied thereto. in establishing the size and shape of the exploratory drilling unit,
the commission may consider, but is not limited to, the size and shape of drilling units previously established
by the commission for the same formation in other areas of the same geologic basin. Any spacing regulation
made by the commission shall apply to each individual pool separately and not to all units on a statewide
basis.

(2) /G establishing a drilling unit, ? acreage to be embraced within each unit and the shape

(3) The order establishing drilling units shall permit only one well to be drilled and produced from
the common source of supply on a drilling unit, and shall specify the location of the permitted well thereon,
with such exception for the location of the permitted well as may be reasonably necessary for wells already
drilled or where it is shown upon application, notice and hearing, and the commission finds, that the drilling
unit is located partly outside the pool or field and adjacent to a producing unit, or, for some other reason,
the requirement to drill the well at the authorized location on the unit would be inequitable or unreasonable.
The commission shall take such action as will offset any advantage which the person securing the exception
may have over other producers by reason of the drilling of the well as an exception, and include in the order
suitable provisions to prevent the production from the drilling unit of more than its just and equitable share
of the oil and gas in the pool.

ACT-10
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Oklahoma Oil: Past, Present, and Future

Dan T, Boyd
Oklahoma Geological Survey

I'his is the first of three articles that will detail (1) Oklahoma oil, (2) Oklahoma naturadl gas.

and (3) Oklahoma's place in the national and international energy picture. The series is
geared for a non-rechnical audience; it will review the evolution of our petroleum indus-
try through history and attempt hroad predictions about where it's going.

P.0O1

INTRODUCTION

The impact of fossil-Tuel-derived ecnergy on every aspect
of American life, from the economy (o politics and national
sccurity, is tremendous. |he success of the oil industry in
providing abundant cheap energy is one of the main reasons
for the unprecedented prosperity enjoyed by the United
States and the rest of the developed world. However, geo-
logical and political factors have gradually forced reliance on
oil from unsettled areas of the world. We can no longer sat-
isfy petroleum demand from domestic sources, not for kack
of technology, nor because we have been cheated by Mother
Nature, but because exploration and exploitation of our
natural resources has continued for nearly one and a hal!
centuries. For most of that time Oklahoma—first as a 'erri-
lory and then as a State—has been one of the most reward-
ing areas to look far petroleum.

Oil and gas ire formed hy alteration of microscopic or-
ganisms that have been deposited with sediment that turns

i . Omdsnorna City
Lud swlace

into sedimentary rock. Sediments and organic remains reach
maximum thickness when thev accumulate in large. grad-
ually subsiding depressions called geologic basins (Fig. 1).
With increasing temperature and pressure that result from
increased burial depth, organic remains are converted
through millions of years into oil and natural gas, These or-
ganic compounads consist deminandy of carbon and hydro-
gen, and so are called hydrocarhons. As il and gas are less
dense than the water in which the original sediment was de-
posited, where permecable rock makes it possible they mi-
grate upward. Movement ends where blocked or sealed by
impermeable rock. The scal is a major component of any
hydrocarbon trap, and its extent helps define the size of the
oil or gas field that develops.

Oklahoma's prominent piace in the oil industry is fortu-
itous, a result of encompassing the bulk of the hydrocarbon-
rich Anadarko. Arkoma, ar.d Ardmore geologic basins and
their associated shelves and platforms. Figure 2 shows the
approximate outline of these basins and adjacent areas, and
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Figure 1, Cross-section of the Anadarko geologic basin. Modified from W. J. Win and others (1971). Vertical exaggeration 14:1. See

Figure 2 for base map.
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Figure 2. Petroleum provinces and major
and Jock A. Campbell (1995) and Dan T. Boyd (in press).

also the State’s major fields—those that huve produced more
than 100 million barrels of oil (MMBO). The sedimentary
busins that have yielded the hulk of Oklahoma’s oil produc-
tion are mostly Pennsylvanian in age, but oil and gas reser-
voirs across the State range from Cambrian to Cretaceous
(Fig. 3).

EARLY HISTORY

Uil seeps were recognized in Oklahoma loag before the
arrival of Furopcan settlers, who mined soine seeps for as-
phalt. The first subsurface oil was recovered by accident, in
1859, in a well drilled for salt near present-day Salina (in
Mayes County): its small amount of oil was sold for use in
lamps. Lhe first intentional oil lind came from a well drilled
in 1889 in an area of seeps near Chelsca (Rogers County): the
well produced a halfl barrel of oil per day, used as "dip vil” 10
treat cattle for ticks (Franks, 1980).

The first commercial paving well, the Nellie Jolmstone
No. 1. was drilled in 1896 near Bartlesville (Washington
County). Completed in 1897 as the discovery well for the
giomt Dartlesville-Dewey Ficld. the well ushered in the oil era
for Oklahoma Territory. Production there and in other arcas
rose rapldly thereafier, adding much impetus towards the
granting of Statehood in 1907. In the 10 years between the
first discovery well and Statehood, Oklahoma became the
largest oil-producing entity in the world,

Alter the turn of the century, discoveries were made in
rapid succession in areas that would eventually encompass
many of the 26 major oil fields (Iig. 4). All but live of the ma-
jors were discovered before the end of World War 11: the last
of them, the Postle Ficld, was found in Texas County in 1958

Anldntko mx . \"'"" ’P‘"*""" A.:—
i s ‘ if il !
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e

Oidahoma oil fields (>100 MMBO through January 2002). Modified from Robert A. Northcull

(Northcutt, 1985). Although the 26 majors constitute only
about 1% of the total number of liclds, they account for 5O%
of the tatal oil produced (Lay, 2001).

Until overtaken by Calfornia in 1923, Oklahoma re-
mained the leading producing scate in the U.S. (Hinton
2001). Peak annual production of 278 million barrels
(762.000 bbls/day) was reachied in 1927, with scveral inter-
mediate highs and lows since then. The peaks and valleys
result from changes in the number of wells drilled and com-
pleted as well as from the size of the fields being found.

The historical production figurcs cited in Figure 5 ant
from the Oklahoma Corporation Commission and ure based
on volumes on which taxes have heen paid to the State
(Claxton, 2001). These volumes include condensate, bul this
is estimated to represent only 3% of the liquid hydrocarbons
produced. Totals are believed 10 be accurate, but allocan.
of production to specific fields and rescrvoirs is ofien difh-
cult. State records carry cumulative production by ficld on
through 1979, forcing cumulative field-production figures
come from the International O1l Scouts Association. Alsc
many fields have been combined iato lurgur fields or trends
fur cxample, the Sooner Trend encompasses mare than 1
previously defined ficlds.

As can be seen from well-completion history (Fig. 6i
Okluhoma has had three major drilling booias. The firstec
curred just after Starehood: it lusted through 1930, and wa
most active from 1913 through 1920, That spate of drillin:
brought Oklahoma into the club of major vil producers. The
jull that followed lasred through most of WWIL and was fol
lowed by a second boom that reached its peak in the year
1953-1956. Then drilling gradually declined, reactung pos:
war lows in 1971-1973.
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The first drilling boom was «riven hy the number and size
of discoveries made early in the 20th century. The second
resulted from increased demund for petroleum products
during conversion to a peacerime econumy. (Both were
caused by world and economic events that had little long-
term impact on oil price.) The third and most recent boom
resulted from increased oil prices arising from political ten-
sipn in the Middle East (Fig. 7); however. its root cause was a
gradual shift of the world’s production capacity and reserves
from consuming countries to less-developed areas repre-
sented by OPEC—the Organization of Petroleum Exporting
Counrries.

ANATOMY OF A DRILLING BOOM

The decline in Oklahoma's il production since 1967 (Fig.
5) mirrors that of the United States as a whale. By the late
1960s. exploration in most of the prospective petrolcum
pravinces in the country—the North Slope of Alaska and the
decper-water Gulf of Mexico being prominent exceptions —
had been underway for at least 50 years, and from an explor-
atory standpoint most of these provinces had matored. In
any area, as the number of wells increnses, understanding of
the many factors affecting oil accumulation increases corre-
spondingly. Eventually, nearly all significant reservoirs and
their structural and stratigraphic trapping sryles {called “geo-
logic plays™) are identified. The play types are exploited
through a combination of random (or trend) drilling and
prospecting driven by science and technology. As the pro-
cess continues, the mean pre-drilling prospect size, which is
based on historic discovery sizes, becomes progressively
smaller. The trend of diminishing prospect size is a nacural
outgrowth of increased well density, and occurs simply be-
cause it is more difficult to hide large fields in the progres-
sively sinaller areas yet to be drilled.

Munst geologic plays reach a point at which the potential
reward no [onger justifics the risk and expense of large-scale
cxploration, and activity moves clsewhere, For Oklahoma as
awhole, that point was reached in the lare 1960s (Fig. 6). The

Cumuiative producton >100 MMBO through January 1, 2002
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Figure 6. Oklahoma's wall-completion history (producers and dry holes). From Claxton (2001).

price of crude vil had remaincd nearly flat for decades (I'ig.
7). and discovery sizes no longer justified widespread cxplo-
ration. This conclusion is inferred from the averall comple-
tion history and discovery rates, as the State did not record
new-field wildcats until 1980. In 1967 il praduction began a
long downhill slide only bricfly interrupted by the drilling
boom discussed helow. During the late 1960s the State’s pro-
ductive capacity was mainained by its older, larger, longer-
lived fields. Here thousands of wells continued 10 produce,
many in enhanced recovery projects involving water injec-
tion. Such larger fields 1ake longer ro drain, and lend them-
selves to recovery-enhancement iechniques that usually
continue for decadcs.

In that environment began the last major drilling boom in
Oklahoma. In spite of weak drilling activity, oil production
reached its second-highest peak in 1967, when about 231
MMB was produced (Claxran, 2001). A steep decline ensued
between 1970 and 1975, averaging 6.1% per year (Fig. 5). Us-
ing the average number of oil completions from 1967 10 1974

(~1.250) as the pre-boom average: the drlling boom hegan
slowlv in 1975, peaked in 1981, and ended in 1987. (1 igure 8
shows completions, which—because more than ane oil res-
crvolr may he stacked in a single well—only approximates
actual drilling.) The jump in activity was caused not by the
opening of a new geologic play, nor by 2 technological ad-
vance, bul by a rapid increase in crude 0il price beginning in
1974 (Fig. 7). From an cconomic sisndpoint the near dou-
bling of Oklahoma crude prices—from $3.78 per barrel in
1973 10 $7.18 in 1974—had the ¢ffect of doubling cvery oil
well's production rate, as well as the value of its reserves in
the ground. In one year the rise in price halved the reserves
necessary for a well to make monev. lo addition, us the vears
passed and the expectation of cantinuing price increases
was factored into econurnic analvses, progressively smaller
well recoveries became atiractive,

The State has separated vil and condensate production
since 1975, which allows these statistics 1o apply 1o vil alone:
after a period of steep (>6%) declines. from 1975 thiough
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1479 the annual decling in Oklithoma’s ail proaduction ayer-
aged about 3.5%. Increased drilling during the boom in-
clined production from 1979 through 1984 (Fig. 9), but thas
S-year rise was followed! by a precipitous 6.6'% annual decline
from 1984 tteough 1990. In succeeding veurs the oil produc-
tinn curve flattened, undil reaching the rather steady 3.1%
average decline observed since 1993, By comparison. with
large discoveries still being made in less mature aceas, like
the deep-water Gulf of Mexico, overall U.S. oil production
for the samme period (1993-2001) declined only 2.2%. Lligher
oil prices and the resultant increase in drilling for 2000 and
2001 have tended to flarren both the overall 1.5, and Okla-
homa production declines. HHowcever, with no significant
new fields being added in Oklahema, our long-term decline
will probably remain significantly above the national rine.
On the Figure 9 graph. if we extend the line depicting che
3.1% decline since 1993 backwards through the boum vears,
it intersects the line for actual annual production in 1979, Hy

Oklahcma Geology Notes » v. 62, no. 3 « Fail 2002

that analysis: the area of the production curve above the ar-
tificial 3.1 decline curve (from 1474 through 1993) repre-
sents oil produced as a result of the increased drilling This
volume s 234 MMBO. and translates—with abour 31,200 ex-
tra completions necessary for the increase—ta 7,500 harrels
per completion between 1979 and 1994, Although data are
not available for determining the typical number of comple-
tions per well in Oklabuoma, the average ultimate recovery for
an oil well drilled during the boom is unlikely 10 be much
more than 10,000 barrels

Merhods for calculating the volume of 0il produced as a
result of the drilling boom can vary. but probably not signifi-
canty from this analysis. In the six years atter the end of the
production boost (1993-1999) Oklahoma’s oil decline aver-
aged 4.5, Given than this decline is signilicantly greater
than the 3.53% before the boom, we can argue that the bulk of
the 234 MMBO found was accelerated production—oil that
would have eventually been produced fram existing wells.
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Figure 9. Annual o1l production in Oklahoma, showing oil produced as a result of drlling boom. From Claxton (2001).

This contention that insubstantial new reserves were discov-
ered is supported by the average success rute seen during the
boom ycars of 1975 through 1987. The proportion of produc-
ers (non-dry holes) in that period has been shown by the
Oklahoma Corporation Cominission (Claxton, 2001) to
range between 65% and 75% (Fig. 10). True wildcat success
rates are far less than 65'%, and the dry-hole percentage indi-
cates that most drilling and completion activity during the
boom was developmental. For the discoveries that were
made, their small size is confirmed by their short-tern im-
pact on the State's production profile. Noie the decreasing
proportion of oil completions, relative Lo gas, that occurred
after the drilling boom; it reflects both a percentage and an
overall numeric reduction in oil-targeted drilling through
time. The drilling boom nominally lasted through 1987.
However, because of rapid declines and progressively less oil
drilling, the divergence [rom the pre-boom production de-
cline shrank dramatically after 1908, and was gone entirely
by 1993—rthe year in which the positive effect of the drilling
boom disappeared (Fig. 9).

From a Statewide perspeciive, except for the acceleration
of tax revenues, another drilling boom has litrle long-term
value to Oklahoma. 1t may be enjoyable as long as it lasts,
but it would only hasten the end of meaningful oil produc-
tion. Higher prices for oil would aid the State’s oil industry,
certainly in the short term. | iowever. if the increased income
is not used to initiate investment in enhanced recovery
projects. the pany will be very shorn. But more on this later.

WHERE DO WE STAND NOW?

State tax records show that cumulative oil (and conden-
sate) production from Qklahoma totals about 14.5 billion
barrels. The State ranks fifth in crude oil produced and ac-
counts for 3% of national production (Hinton, 2001). That's
about a quarter of the peak rate reached in 1927, and is
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roughly equal 1o that of 1913, Although the volume is less
than in the past, at $25 per barrel 2001°s production was still
worth $1.7 billion.

Apart from the boom years. Oklahoma’s oil production
has, since 1967, undergone a generally continuous decling.
The drilling boom in the late 1970s and carly 1980s tempo-
rarily reversed the trend, bur since the late 1980s the general
decline has been firmly recstablished. Up-ticks in oil price
and drilling in 2000 and 2001 have 1ended to level produc-
tion, but, at this writing, 2002 se¢ems likely to restore our
long-1erm 3.1% decline. Because of the large number of welly
in both the oil-producing and putentially oil-producing re-
gions of the State, it is unlikely that the overall decline will
change markedly as a result of new discoveries. Some
sparsely drilled areas with oil potential do cxist, and some
may eventually prove economically viable. I lowever, even
taken 1ogether they offer no reasonable hope of markedly
changing the trend.

In the early days, drilling activity rose and fell with the
number and size of exploratory successes, Today, Qkla-
homa’s oil industry is mature, and oil production nationally
is at 100% of capacity, so price is the key variable that affects
activity. Because the U.S. consumes more than twice as
much oil as it produces, price will remain beyond our con-
trol, as will other major factors affecting the health of the oil
industry in the State. The bulk of the State’s vil comes from
low-rate, stripper wells (<10 barrels per day), mostly in large
fields that have been producing for decades. The marurity of
the industry is highlighted by the average production rate for
an oil well in Oklahoma—about 2.2 barrels per day. Com-
pare that with the national average, which is about 11 barrels
per day.

At the beginning of 2002, Oklahoma had about #4.000 ac-
tive oil wells, producing about 183,000 barrels per day. Such
low-rate wells are maore sensitive to oil price than higher vol-
ume wells because the income generated is often not much
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Figure 13 Oklahoma's well-completion history (all wells). From Claxton (2001).

moic than the uperating cxpense. The weils continue in pro-
duction as long as imamtenance is minimaol aad little more is
required than simply collecting the oil. However, if mechan-
ical failure requires significant expense, or if the oil price falls
helow an economic threshold. the well will go idle. The
lengrh of time betveen being stiut-in and being plugged and
abandaned (suinctimes just abandoned) dopends on the en-
durance of the uperator and how long the price remains un-
econumic. Once a wellis plugged. production from lts drain.
age aren is usually lost forever. Even if the cil price rises, the
prospect of another low-rate procucer s likely to discourage
reentry or workover of an existing well, much less drilling a
new one.

O approximately 100,000 wells prodncing in 1984—the
last preak vear of nil production—fewer than hall are still pro-
ducing (Claxton. 2001 This helps explain the sieepness of
the: initial post-boom decline. It also points w the need o do
as much as possible 1o keep suripper wells producing. In 1992
the Oklahoma Legislature created the Commassion on Mar-
ginally Producing Oil and Gas Wells lur the express purpose
ol hielping operators manage marginally producing wells.
The intent was to help operators weather the inevitable price
dips. and keep the State production decling 1o a minimum.
In addition, the Oklahoma Geological Survey offers low-cost,
play-hased workshops and a variety of other pragrams to aid
operators. The prugrams help identdify practical techniques
and techinology fur finding new ficlds. as well as how to pro-
duce oil eflicienty in existing helds.

WHAT'S LEFT?

The simplest way to markedlv increase long-tecm oil pro-
duction is to discover large, Jong-lived ficlds, The size distri-
bution in any peooleum province is the same. wirh larger,
easier-wo-tind ficlds making up i disproportionate share nf
total production and eeserves. Oklinhorma is 0o exception: its
26 major oil fields account foi 59 of the oil produced. Each
of the next 147 fields tin order of size) has produced at least
10 MMB of oil. Together accounting for only 5% of the wotal
number ol oil ficlds in the Stue, these 163 ficlds account for
aver H3% of pioduction (lig. 115

Oklahoma Geology Notes ® v. 62, no. 3 * Fall 2002

The mean discovery date lor Oklahoma's major fields
is 1925, and for those that have produced more thun 10
MMBO. 1934 (Lay, 2001). The last field 10 be discovered with
recovery of more than 10 MMBO was the Wheadland Field
(in Oklahoma Counry), discovercd in 1981 (Fig 12), A hand-
ful of fields not on this list will cventually break the 10
MMHO hurdle, but none by much. In toral approximately
3,100 fields with sume oil component, many already aban-
doned, have been found thus far. In size they are strongly
skewed toward the small end of tive spectrum. the fields with
less than 10 MMBO of recovery averaging only 800 MBO,

These facts have not been lost on the industry. and the
bulk of vil drilling continues (o be directed wwards infilling,
extending, and ndding new reservoirs to existing fields. Some
areas may be under-explored, an example being the part of
the Ouachita Uplift in central Atoka Connty and southern
Pittsbucg County (Campbell and Suneson. 1991). However,
these arc all high-risk areas, and even the greatest OpLinist
would find it difficull to assigh speculanve reserves armaunt-
ing to as much as 1% of past production.

(>2.000 Fields)

24BBO

<10 MMBO

B owwveo

(163 Fields)

Figure 11. Oklahoma’s oil (and condensaio) production by held
size. From Lay (2001).
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New-ficld wildeat numbers can be a measure of intcrest
in exploration, In Oklahomu, fields are defined geographi-
cally. and to be declared a new-fieid wildcat a well must be
located more than one mile from established production.
Any well completed wiihin a mile of production, whether
producing from a different formation or from i disconnected
reservoir compartment in the same formation, is defined as
develupmental, As nearly 500,000 wells have been drilled in
the State, the feat of making a true discovery has become in-
creasingly difficult. The Oklahoma Corporation Commission
has kept data on the total number of wildcais drilled since
1980, shorily before thie last drilling boom peaked (Fig, 13).
Although these data include both oil and gas drilling, they
accurately mirror the precipitons decline in overall explor-
atory activity ilirough the imiddle and laie 19805 (Fig. 8).

Because so many variables arc involved, determination of
remaining reserves is notoriously difficult. However, the: situ-
ation in Oklahoma is somewhat more straightforward than
in many other areas. Few new reservoirs are being added o
the producing mix, and with 84,000 uclive wells scartered
throughout 2,000 fields. the aggregate decline is well estab-
lished, The primary source of uncertainty is, as always, the
price of crude oil, A prolonged rise in price, as was scen in
2000 and 2001, can increasc drilling and completions and
thereby reduce the decline rate, at lcast in the short term. A
prolonged fall in price can drop many wells beneath their
economic threshold, causing large-scale abandonment and
a correspunding increase in the raic of decline. For Okla-
homa, changes in annual estimates of remaining reserves
are based almost exclusively on accounting adjustments
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centered on new pricing asssmptions, rether than an the
addition of new reservoirs o ficlds.

In their st estinune at the begimning of 2000, the Energy
Information Administration of the U.S. Depaniment of fn.
ergy projected Qklahoma's proved oil reserves at 610 MMBO
(Hinton, 20013, (The esrimane was based on a poll of the
State’s thousands of operators.) Subtracting actual produc-
tion through January 1, 2602, viclds remaining reserves of
477 MMBOQO). Thus the LIA estiniate lcads 1o the conclusion
that 97'% of the State’s ultimaic oll recovery has already heen
produced.

Heserve estilnates are meant 1o quantify bankable pro-
duction, so they must take into acconnt any factor that may
have a negative impact an the vil actually reaching the mar-
ker. Assuming that long-1erm oil prices remain stable - an
unlikely eveni—the St1ate's produsction decline shonld siay
near the 3.1% rate that has prevailed for the List 9 years. 1f it
does continue so. by 2010 ihe EIA reserve volume will have
been produced. M this nme the average well will be produc-
ing abouwt 1.2 bbls per dav. and Stitewide production wilistill
be more than 100.000 bbls per dav. Ecunomic production
rates vary from arca 10 area and well w well, bt a large frac
tlon of the Staie's production already comes from wells mak-
ing less thuan 1 bl per dav. Given current trends in drilling
and plugging. if the average abandonment rate fur an oil well
in Oldahoma is assumed 10 be | bbl per day, remaining re-
serves al the beginning of 2002 should be abour 790 MMB. 1T
this were reduced 10 0.5 bbl per dav, 1.081 MMBO would re-
main. Under such assumptions the gond nevss is that (shorn
of a pricing cutastrophie) the chances are excellent that Okla-
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homa will produce significantly more oil than the EIA now
expects. The bad news is that the end is in sight.

The truth is that anuiher price spike and drilling hoom
would bring only a short-lived respite Lo the long-term drop
in Oklahoma's vil production. Worse, it would probably
bring on an cven sharper decline in succeeding years be-
cause the vast bulk of the increase would likely be in acceler-
ated production. The likelibood of making one or mare oll
discoveries thar would siguificantly change the S1ate’s long-
tern production curve has become vamshingly small. There-
fore the unly way 1o make a long-term, positive impact on
the oil-production decline in Oklahoma is to enhance recov-
erv in fields that have already been found.

Studies by the Oklahoma Geological Survey of fluvial-
dominated deltaic reservoirs. from which a large fraction of
the State’s oil has come, indicate a current average recovery
factor of about L3% of the original oilin place. Even if aver-
age recavery is stretched to 25%, three imes as much oil as
has already been produced is still in the ground. Cumulative
oil recovery stands at more than 14 BBO. Regardlcss of how
itis calculated. the volunie of oil still residing in Oklahama
reservoirs is nol less than 42 BBO, and could be as much as
93 BBO, and all of it has heen mapped

FEven a smiall increase in the overall recovery percentage
would yield huge rewards. The only way to markedly en-
hance the State's oil future is to systematically re-evaluate
the means of increasing recovery in existing fields. The effont
would be manpower intensive, requiring collahoration be-
tween engineers and geologists. Acquisition of data—pres-
sure and production data especially—would take time and
usually be incomplete. In spite of the State's forced unitiza-
tion rules, land acquisition would be a major problem, but
diverse ownership contributed 1o the haphazard field devel-
opment that has left so much oil in the ground.

Much of the secondary and enhanced recovery work done
thus far has been piecemeal. Fxcept in the largest fields there
has been little coordination between operators and un-

Year
Figure 13. Historical new-field wildcat dnilling in Oklahoma. From Claxton (2001).

doubtedly little detailed, field-wide rescrvoir simulation
work. A map of the waterflood unir houndarics maintained
in the NRIS database (those active since 1979) shows an ir-
regular paichwork of secondury recovery projects that aover-
lay roughly half of the oil-producing leases in Oklahoma.
Based on field studies by (he OGS, many waterflood units
have bheen subdivided into smaller areas that are operared in
isolation and a1 cross-purposes with the management of ad-
jacent units.

A necessity for increased oil recovery is regional mapping
10 show in detail the depositional eavironments of reser-
voirs. Such maps help definc actual and expected reservoir
geometry, and they can lead to the identification of areas
with the greatest potential for undrained reservoir compart-
ments. Combined with regional porosity and permeability
trends, the maps can be used t assign provisional recovery
facrors for reservoirs with similar charactenistics. ‘This can
then be compared with actual production 1o set practical re-
covery goals. (Such recovery factors would still be minimum
values because they cannor take inito account future techni-
cal improvements in drilling, completion, or recovery.)
When actual recovery factors are applied to the volumetric
estiinates of the original oil in place. we can determine a re-
alistic incremental recovery target using proved Lechniques.
Analysis will not only highlight the inuost efficient techniques.
but also reveal a practicable course of action for various
types of rescrvoirs,

Many faciors affect the capacity of a reservair {0 produce
0il, and their relative imporance varics from place to place.
Primary factors include porosity, permeability, thickness.,
and geometry—the rescrvoir's shape and connectivity. A
reservoir classilication scheme based on these fuur variables
is adequate in identifying poorly drained areas and rank
them by incremental oil recovery. The most aturactive
projects can be further evaluated hased on other factors that
affect recovery and economics. 1he additional factors in-
clude depth. well spacing, drilling and completion practice,
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reservoir pressure, drive mechanism. oil gravity, and gas
saturarion. The ranking of those projects with the greatest
potential reward could be further refined on the basis of
non-geologic criteria such as data availability, well condi-
tion, and ownership.

Much detailed work is necessary to deterimine the ¢co-
nomic feasibility of such projects, but as most of the Stuie’s
largest oil accumulations were discovered more than 70
years ago, and initial (often intenmirtent) watcrflooding com-
menced 20-30 years after their discovery, there are undoubt-
edly many opportunitics. Cansider only the 163 lields that
have each recovered more than 10 MMBO: every 1% of in-
cremental recovery would add ahout 500 MMBO, or the
cquivalent of five major oil fields. With u serics of long-lived.
and potentially high-recovery projects, Oklahoma’s oil pro-
duetion could actually cxperience a modest increase. Al-
though an increase might be brief, 1the effort would cenainly
extend the life of the indusiry and the State’s oil revenuc for
decades beyond current estimatcs.

We face no shortage of challenges associated with such an
undertaking, burt the potential rewards are great. Enhanced
recovery is the only way that Oklahomi can add 1o its dwin-
dling oil supply. Our biggest problem lics in forecasting the
price of oil over the long rerm. That is especially true for
projects that have substantial up-front cosis and a long pay-
out. However, once the initial investment is digested and
production begins to respond. the economics for large cn-
hanced-recavery projects usually become far more robust. A
prudent strategy, in anticipation of the sustained oil price in-
crease that must inevitably come, 1s 1o gather daia and rank
candidate ficlds now, while interest in such projects is rela-
tively low.
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Production Rates

Lease Name: STUGART JERALD #2
County, State: WELD, CO
Operator: KERR-MCGEE ROCKY MOUNTAIN CORPORATIO
Field: WATTENBERG
Reservoir: J SAND
Location: 4 2N 65W NE SW SE
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Production Rates

Lease Name: MOSER
County, State: WELD, CO
Operator: KERR-MCGEE ROCKY MOUNTAIN CORPORATIO
Field: WATTENBERG
Reservoir: J SAND
Location: 4 2N 65W NE NE SE
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