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RESULTS
INTRODUCTION Tyler Formation Structure Contour and Fluid Pressure Map Nine of the DST’s examined showed the Tyler Formation to have abnormally high fluid pressures (> 0.46 psi/ft.) while the other
The Tyler Formation of North Dakota contains several organic-rich shale intervals that are regionally extensive and pos- . . twenty showed Tyler Formation fluids to be at hydrostatic pressure (~0.43-0.46 psi/ft., Table 1). Of the nine DST’s that exhibit
sibly oil-saturated (Nesheim and Nordeng, 2011). These shale intervals are rich in Total Organic Carbon (TOC) and often Tyl er FO rm at 10ON FI u |d P ressure M a p l overpressure, six of them cluster together in southwestern North Dakota and the other three define a northern area of overpres-
have high Hydrogen Index (HI) values indicating they are oil-prone, excellent quality source rocks that could develop into sure in west-central North Dakota (Fig. 3). The extrapolated fluid pressures were compared to depth (Fig. 4), bottom hole pres-
sure (Fig. 5), spatial location (Fig. 6 and 7), and oil production (Fig. 8) to better understand both the cause and regional extent

a successful resource play (Nesheim and Nordeng, 2011). The question, however, is where these organic-rich shales are
thermally mature and have generated significant quantities of hydrocarbons.

of fluid overpressure within the Tyler Formation fluid system.

The extent of the northern area of fluid overpressure is poorly defined by DST/well control (Fig. 3). However, all three DST’s
with a Tyler Formation top greater than 5700 ft. below sea level have a pressure gradient above 0.46 psi/ft. (Table 1; Fig. 4 and
[ 6), while all off the DST’s at hydrostatic pressure have a Tyler Formation top less than 5600 ft. This depth versus fluid over-
pressure relation indicates that fluid overpressure in the northern area is a function of sub-sea level depth. Basically, at depths
of 5600-5700 ft. below sea level, subsurface temperatures are high enough to thermally mature Tyler source rock and generate
oil. Therefore, the extent of the northern area of overpressure is estimated by tracing the ~5650 ft. sub-sea level depth contour
of the Tyler Formation top (Fig. 6).

Fluid pressure analysis can be an effective method for determining where source rocks are thermally mature and saturated
with hydrocarbons. For example, Meissner (1978) examined fluid pressures within the Bakken Formation and found that
in the shallower areas of the Williston Basin, where the Bakken does not produce significant oil and gas, the fluid pressure
gradient is = 0.46 psi/ft. In the deeper parts of the Williston Basin, where the Bakken Formation produces economically
extractable oil and gas, Meissner (1978) found that fluid pressure gradients increase to upwards of 0.76 psi/ft., which he
attributed to intense oil generation by the organic-rich upper and lower Bakken shales.

Tyler
There are two primary types of pressure acting upon sedimentary rocks, lithostatic pressure and fluid pressure. Lithostatic Absent
pressure is the gravitational force exerted upon the solid component of a buried rock caused by the weight of the overlying The southern area of fluid overpressure does not appear to be strictly a function of depth. All six DST’s that define the southern
burden. Lithostatic pressure typically has a pressure to depth gradient of around 1.0 psi/ft. Fluid pressure, which is the area of fluid overpressure have a similar Tyler Formation top depth range as the adjacent DST’s at hydrostatic pressure (Fig. 4
focus of this study, can be slightly more complex. and 6). The average temperature gradient of the Tyler Formation for these six DST’s at overpressure, however, is higher than
the average temperature gradient of all the other wells (Fig. 5). This temperature data indicates that the thermal gradient of the
i i ithi illi i i i i ich i Tyler Formation in the southern fluid overpressure area may be higher than the surrounding areas. The higher thermal gradient
Most se.dlmentary rock intervals w1th19 the Williston Basin have a hy('irosta‘uc (norrna'l) ﬂL.lld pressure gradlen?, which is T y . N I e ol rpressure | y ; g - b Dk g aree . g g
0.43 psi/ft. for fresh water and 0.46 psi/ft. for salt water. A hydrostatic pressure gradient is caused by the weight of the IN\ ) i [N- Fluid overpressure area  @- DST showing fluid overpressure may have thermally matured the Tyler Formation in only part of southwestern North Dakota (Fig. 3 and 6).
overlying water column and indicates that a formations fluid system is in “open” hydraulic communication with the sur- o MILES Wl Notmal MUidpreseUrsEies 8- DST shawing ormal fuid pressirs
rounding strata all the way up to the surface. An abnormal fluid pressure gradient (# 0.43-0.46 psi/ft.) indicates a forma- DISCUSSION AND INTERPRETATION ' o '
tion has a “closed” fluid system. A “closed” fluid system occurs when low to impermeable layers seal a formations fluid Figure 6. Structure contour map of the Tyler F ormation surfac§ with the approximate areas of ﬂpid over- There are several processes that can cause fluid overpressure, one of which is the generation of hydrocarbons. To test whether
system off from hydraulic communication with the surrounding strata. There are several processes that may cause abnor- pressure. The northern area of overpressure is deﬁneq approximately by the 5,650 ft. (dashed line) con- hydrocarbon generation is the process that developed fluid overpressure in the Tyler Formation, the DST fluid recovery records
mal fluid pressures within a “closed” system. One such process is intense oil generation (Fig. 1). tour while the southern area of overpressure is approximated by well control and not depth. were compiled and examined. If fluid overpressure is caused by intense oil and/or gas generation, than the DST fluids recov-
ered from wells with overpressure should contain more oil and/or gas than wells at hydrostatic pressure. Out of the nine DST’s
There are two schools of thought regarding hydrocarbon generation and fluid overpressure, the static school and the dy- Tyler Formation Fluid Pressure Map that showed Tyler Formation fluids to be at overpressure, eight recovered some type of hydrocarbon show such as free oil, gas
namic school (Bredehoeft et al., 1994). The static school believes that fluid overpressure can be caused by hydrocarbon Golden With DST Pressure Gradients & Fluid Recovery cut mud, oil cut mud, and/or oil and gas cut mud with minimal water (Table 1, Fig. 7). The one DST at overpressure that did
i intai i i i . i t have record of oil or gas recovery was from well #5243 (Table 1, Fig. 7), which only showed minimal overpressure with a
generation and maintained indefinitely by impermeable seals (Hunt, 1990; 1991). The dynamic school, however, does not Valley no ‘ gasr ry ) > : ‘ ‘
believe in impermeable rocks, noting that all rocks are permeable to one degree or another (Téth et al., 1991; Bredehoeft pressure gradient of 0.497 psi/ft. Of the twenty DST’s that showed Tyler Formation fluids to be at hydrostatic pressure, only
et al., 1994). Therefore, according to the dynamic school, fluid overpressure is only maintained for extended periods of Tyler one reported free oil recovery and another very slightly water and gas cut mud (Table 1, Fig. 7). So with only two or three
geological time if hydrocarbon generation is continuous (Téth et al., 1991). In either case, there appears to be a consensus Abse Nt exceptions, DST’s with Tyler fluids at overpressure contain oil and/or gas while DST’s with Tyler fluids at normal (hydrostatic
that fluid overpressure can be the result of hydrocarbon (oil) generation. pressure) do not.
The Tyler Formation has previously been documented to contain areas of fluid overpressure as well as areas of hydrostatic Oil and gas production also Forrelates with the‘areas of fluid overpressure. Figure 8 displays the areas f)f Tyler qumation oil
pressure (Nordeng and Nesheim, 2010). The purpose of this study is to map the extent of fluid overpressure and examine | © © [ and gas production along with the arcas of ﬂu}d overpressure. The Dickinson-Fryburg trend, where 911 and gas is produced
if fluid overpressure correlates with hydrocarbon presence in an effort to aid oil and gas exploration of the Tyler Formation Slope \ Hettinger from bar-type and channel sand deposits, partially overlaps with the southern area of overpressure (Fig. 8). Two wells have
in western North Dakota. \ ~__"7 produced oil out of the northern area of overpressure, with a third small producer just to the west (Fig. 8). The overlap with
Iy areas of oil and gas production further verifies the existence of regional fluid overpressure within the Tyler Formation and that
METHODS L . : the overpressure is consistent with the generation of hydrocarbons.
Tyler Formation fluid pressures were examined to differentiate areas with normal, hydrostatic fluid pressure gradients Bowman \O . Tyler . o . o '
(~0.46 psi/ft.) from areas with abnormally high fluid pressure gradients (>0.46 psi/ft.). This study examined pressure data Adams TR JPe : Absent There' are three'c.omponents necessary to produce oil generation induced ﬂuld overpressure within the 'Tyler Formation: 1)
from 29 drill stem test’s run on the Tyler Formation in western North Dakota (Table 1). A drill stem test (DST) is a proce- | S 5 GCM, 0GCM sufﬁmegt quantities of kerogen to source oil apd/qr gas, 2) thermgl ‘ma'lturatlon of kerogep to‘ genera'te oil and/or gas, and 3)
dure used to determine the productive capacity, pressure, permeability, and/or extent of a hydrocarbon reservoir (Oilfield : _ \ o hydraulic seals both above and below the orgal‘n'c—rlch 1qtewal to minimize hydrocarbon migration. Without thgmally matqred
Glossary-Schlumberger.com). The DST’s examined in this study are either from wildcat wells, wells in established fields EXPLANATION o | 0] : kerogen, there would be no source for the additional fluid and/or gas necessary to cause overpressure. Also, without sufficient
that did not substantially produce from or inject into the Tyler, or wells within producing Tyler fields that were drilled and 0 40 I! - Fluid overpressure area ®- DST showing fluid overpressure “\_ - 0.50 psi/ft. contour ::21; iﬁi?:lﬁ;ﬁrggi??:rggii?er%[li:cielgfer:oifl?lrilc)locl)lseivp(;l:s(:ul;:sa(]z‘i)zetr(')vrelg%)?t‘[ellg(;?uggeszzsgt:sljcltliz‘?t‘ltlheelg;ﬁ:(rl ggﬁg{forggrlld
tested prior to or shortly after field production began. DST’s that may have been compromised by fluid production and/or E—— ) ) ) -~ ) ) . ) -
injection were not examined in this study. Approximate Tyler Formation fluid pressures were calculated using the Horner MILES I:l - Normal fluid pressure area ® - DST showing normal fluid pressure « ~0.50 psi/ft. contour (inferred) 0 4 EXPLANATION NDIC well number , , tains mature, high quality source rocks that are bounded above and below by low to impermeable rocks that extend across part
plot method (Horner, 1951), which extrapolates a formation’s fluid pressure using DST time-pressure data (e.g. Fig. 2). . , , . . . , , . & WILES el fluid O\(Fluid pressure gradient  GachI < O o gla:cejtsniﬂwgniéhfomﬁaon%:sﬁtEiUJnh,AUd of western North Dakota.
Fluid pressure gradients (psi/ft.) were calculated by dividing the extraolated fluid pressure (psi) by the depth to the top of Figure 3. Map showing the approximate areas where the Tyler Formation has abnormally high fluid pressure. The locations of the 29 DST’s (wells) used to generated the map are shown by the red and blue circles. P W30 < DST recovered fluids W = Water, WCM, Water Cut Mud
the DST interval (ft.). A-A’ shows the orientation of the Figure 10 cross-section. © < Well at hydrostatic (normal) pressure [N - Area with fluid overpressure  [] - Area with normal fluid pressure While abnormally high fluid pressures correlate with hydrocarbon charged, thermally mature areas, not all of the extrapolated
Figure 7. Fluid pressure map of the Tyler Formation with DST pressure gradients and fluid recovery for fluid pressures and pressure gradients are equally comparable with one another for two reasons. First of all, the examined DST
Model for Oil Generation Induced Fluid Overpressure the nine wells with fluid overpressure. intervals varied greatly in length from 7 ft. to 229 ft. (Table 1). Secondly, some of these DST’s tested the middle and/or upper
parts of the Tyler Formation (e.g. #11315 in Fig. 9 and 10) while others tested middle and/or lower parts (e.g. #6846 and #15443
Immature Tyler Formation Fluid Pressure Map in Fig. 10). Since DST’s vary in interval length and vertical location within the Tyler section, any attempt at contouring the
. i i - il Fi Tyler Formation pressure gradient would be very difficult because the Tyler Formation may be compartmentalized in terms of
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production as ot July, out ot the Lyler pool Tor this We'l 1S ’ arrels ot ot <, of gas, an sure zones, but it may be non-gradational and abrupt. which are excellent quality source rocks for oil generation (Nesheim and Nordeng, 2011). sured Fluid Compartments: Discussion: AAPG Bulletin, Vol. 75, No. 2, p. 331-335.

1,079 barrels of water (this well is still producing from the Tyler Formation).




