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INTRODUCTION
Commercial oil and gas production from horizontal wells drilled and completed within the middle and lower Three Forks 
Formation (Three Forks) began in early 2013 (Nesheim, 2020a, 2021). Since that time, more than 300 horizontal wells have 
been drilled and completed between both units (Figs. 1 and 2). Cumulative production from the middle and lower Three 
Forks wells totals more than 63 million barrels of oil and 120 billion cubic feet of gas (Nesheim, 2020a, 2021). Elevated 
core-plug oil saturations across the Three Forks section have been previously linked to increased thickness and thermal 
maturity of the Lower Member of the Bakken Formation (Bakken), which is an organic-rich, black shale (Nesheim, 2019). 
These spatial relationships indicate that the Lower Member of the Bakken is the primary source of Three Forks hydro-
carbons (Nesheim, 2019). Furthermore, hydrocarbon charge from the Lower Bakken to the Three Forks appears to have 
occurred with limited to minimal lateral migration within the central portions of the Williston Basin in which hydrocarbons 
were forced downwards on the order of 10’s to 100’s of feet (Nesheim, 2019).

1

Figure 1. Gamma-ray wireline log example 
of the Bakken-Three Forks section with 
core-plug oil and water saturation data 
from Enerplus Resource’s Hognose 
152-94-18B-19H-TF (NDIC: 26990; API: 33-
053-05475-00-00).



Figure 2. Horizontal well location map for the middle (A) and lower (B) Three Forks Formation. Well lists were extracted from Nesheim 
(2020b). The yellow stars indicate NDIC well #26990 from Figure 1.
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The water-cut of an oil well represents the volumetric ratio of produced water versus total fluids (oil + water) and gener-
ally represents the free-fluid ratio of a given reservoir. Water-cut is one valuable characteristic of a hydrocarbon reservoir 
that can be utilized to spatially differentiate more oil-productive versus less oil-productive areas within a given oil play. 
The purpose of this report was to construct water-cut contour maps for the middle and lower Three Forks production to 
compare with previously published petroleum geology related information from the units and assist projecting future well 
development in the Williston Basin.

METHODS
Middle and lower Three Forks wells evaluated for this study were extracted from Nesheim (2020b), which generated a list 
of validated middle and lower Three Forks horizontal wells. In review, middle Three Forks wells are defined as horizontal 
wells that were drilled primarily within the middle to lower portions of the middle Three Forks as defined by Bottjer et 
al. (2011), which is approximately equivalent to unit 4 from Christopher (1961, 1963) and the 2nd bench as referred to 
by some operators. Lower Three Forks wells are defined as horizontal wells that were drilled primarily within the middle/
upper portions of the lower Three Forks, the interval which is approximately equivalent to the unit 2 of Christopher (1961, 
1963) and the 3rd bench as referred to by some operators.

A multi-step process was utilized to 1) identify middle and lower Three Forks wells with reliable fluid production data 
and 2) calculate average water-cut values. First, wells with less than 540 cumulative production days (18 months) were 
removed. Diagrams plotting calculated monthly water-cut values were examined by individual well to determine if an ap-
proximate 1-year (365 day) phase of relatively stabilized water-cut was achieved between 0.5 and 4.0 production years for 
the well (Fig. 3). An approximate average 1-year (~365 day) water-cut was calculated for each well meeting these criteria.
For most wells evaluated, monthly water-cuts stabilized within 6 months to 1 year after initial completion (Fig. 3A). For a 
lesser number of wells, monthly water-cut values did not stabilize until later in production and the approximate 1-year av-
erage water-cut was extracted during the 3rd and/or 4th years of production (Fig. 3B). Also, some productive middle Three 
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Figure 3. Examples of middle Three Forks 
production monthly water-cut (blue lines) 
diagrams. A) Example of a consistent, well 
defined middle Three Forks water-cut in 
which the 2nd year of production was 
utilized to calculate an average water-cut. 
B) Example of a well with variable initial 
2-year water-cut rates in which the 3rd 
production year was used to calculate 
the water-cut. C) Example of a productive 
middle Three Forks well with a highly 
variable water-cut that was not included in 
the water-cut analysis map. Dark blue lines 
represent the time period averaged for 
water-cut analysis.

Forks wells with >540 cumulative production days have not yielded a prolonged (~1 year), stabilized monthly water-cut 
phase, or appeared to semi-stabilize during separate time phases but at substantially different value ranges (Fig. 3C). Such 
wells were not used for water-cut calculations and mapping purposes. Water-cut was then contoured separately for the 
middle and lower Three Forks using a combination of the contouring function in the map module of Petra© and manual 
editing (Fig. 4). Lastly, water-cut contours were compared with previously published geologic maps and structures.

RESULTS
A total of 221 middle Three Forks horizontal wells were identified with a minimum of 480 days of cumulative production 
that achieved a 1-year phase (~365 days) with a relatively stabilized water-cut during the first four years of production 
(Table 1). Calculated average water-cut values by well ranged from 6% to 94% with an average of 52%. Based on contour 
mapping, the largest area of reduced water-cut (most oil-prone) area is located within northeastern McKenzie County and 
extends slightly into southwestern Mountrail County, in which water-cuts are less than 50% and can reach as low as ~6% 
(Fig. 4, Table 1). Most of the horizontal middle Three Forks wells drilled and completed to date are located either within or 
proximal to this northeastern McKenzie-southwestern Mountrail County, low water-cut area. Two smaller low water-cut 
areas defined by multiple wells are also located in south-central Williams and northwestern Dunn counties (Fig. 4). Overall, 
water-cut increases radially outward across the study area, reaching intermediate values of 50-70% before climbing above 
70% towards the outer portions of the study area (Fig. 4).

A total of 33 lower Three Forks horizontal wells were identified with a minimum of 480 days of cumulative production that 
achieved a 1-year phase (~365 days) with a relatively stabilized water-cut during the first four years of production (Table 1). 
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Figure 4. Contour map depicting calculated middle Three Forks water-cut from horizontal well production. Water-cut contours are in 0.01 
fractional increments. Black dots and lines represent surface locations and corresponding horizontal boreholes for middle Three Forks 
wells used to create the water-cut map.
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Figure 5. Contour map depicting calculated lower Three Forks water-cut from horizontal well production. Water-cut contours are in 0.01 
fractional increments. Black dots and lines represent surface locations and corresponding horizontal boreholes for lower Three Forks 
wells used to create the water-cut map.
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Calculated average water-cut values by well ranged from 23% to 82% with an average of 61%. Only two relatively small 
multi-well clusters exhibit water-cut’s below 50%, with two additional single-well defined areas (Fig. 5). A relatively large 
and seemingly continuous area of intermediate, 50-70% water-cut for the lower Three Forks extends throughout the cen-
tral portions of the study area (Fig. 5). However, the number and distribution of lower Three Forks horizontal wells is much 
more limited than the middle Three Forks. Water-cut increases to above 70% for multiple wells towards the north and 
southwest, and overall increases moving out radially from the central portions of the study area (Fig. 5).

INTERPRETATIONS AND DISCUSSION
Middle Three Forks Water-Cut versus Core-Plug Oil Saturations
Comparing the middle Three Forks water-cut map (Fig. 4) with a previously published core-plug fluid saturation overlay, 
the water-cut from productive wells trends spatially with core-plug fluid saturations for the middle Three Forks. Nesheim 
(2018; 2019) utilized core-plug fluid saturation data to subdivide the middle Three Forks into three areas based upon av-
erage oil and water saturations. Figure 6a overlays the middle Three Forks core-plug fluid saturation areas from Nesheim 
(2019) with the water-cut map for the unit in which the highest core-plug oil (So) and lowest core-plug water (Sw) satura-
tion area (>30% average So, <50% average Sw) spatially overlies with most of the sub-50% water-cut area. Additionally, the 
intermediate fluid saturation area (10-30% average So, 50-70% average Sw) corresponds with approximately the interme-
diate, 50-70% water-cut area while the highest water-cut and core-plug water saturation areas also trend closely together 
along the outer portions of the study area (Fig. 6a). The core-plug fluid saturations and production water-cut trends are not 
exact matches, likely in part to the varying amount of well/core control for each data set. Also, core-plug fluid saturation 
rarely represents ~100% of the original fluids because of the leaking/evaporation of formational fluids upon the initial ex-
traction of the core from the subsurface as well as variations in post-extraction handling and analysis of the rock. However, 
these spatial relationships demonstrate that core-plug fluid saturation data can be used to variable degrees as a proxy for 
producible fluid ratios.

Middle Three Forks Water-Cut versus Lower Bakken Thickness and Thermal Maturity
Similar to core-plug oil saturations, middle Three Forks water-cut can also be directly linked to thickness and thermal 
maturity trends in the Lower Bakken. Elevated core-plug oil saturations in the middle Three Forks have been previously 
correlated with increased thickness and thermal maturity of the Lower Bakken (Nesheim, 2019). Likewise, the central, low 
water-cut area (<50%) of middle Three Forks production is largely positioned within the area of thicker (>20 ft.) and most 
thermally mature (HI: <200) Lower Bakken (Fig. 6b). Additionally, most of the intermediate middle Three Forks water-cut 
area (50-70%) overlaps with where the Lower Bakken is still relatively thick (>20 ft.) but at intermediate levels of thermal 
maturity (HI: 200-400), and the highest water-cut areas mostly correlate with where the Lower Bakken is thinner (<20 ft.) 
and/or less thermally mature (HI: >400) (Fig. 6b). The increase in thickness and thermal maturity for the Lower Bakken 
corresponds with greater volumes of hydrocarbons being generated and expelled into the underlying Three Forks, which 
in turn displaces more of the natural formation water and decreases the amount of free water in the system. Conversely, 
as the Lower Bakken decreases in thickness and/or thermal maturity, lower volumes of hydrocarbons are generated and 
expelled into the Three Forks and less of the natural formation waters are displaced.

Middle Three Forks Water-Cut versus Well Performance
For a preliminary evaluation of middle Three Forks well performances versus water-cut, 700-day cumulative oil production 
totals were tabulated (Fig. 6c and Table 1). Initial production (IP) rates are commonly reported by industry and utilized to 
varying degrees to compare well production results. However, IP reporting systems can vary between operators where 
some IP’s reflect 2-hour flow tests that are extrapolated up to a 24-hour period versus multi-day flow tests that are av-
eraged down to a 24-hour flow rate (typically yields lower, more conservative IP’s) as well as a variety of other variations 
(e.g., choking back initial production). Also, unconventional wells commonly experience steep declines in production rates 
for the first several months following initial completions, after which production rates may stabilize. Therefore, 700-day 
cumulative oil production totals were utilized to standardize the comparison of oil well production performances. Sev-
en-hundred-day cumulative oil production totals for middle Three Forks wells ranged from approximately 16,000 barrels 
of oil to upwards of 503,000 barrels of oil with an average of 174,000 barrels (Fig. 6c and Table 1). Most of the higher 
700-day oil producers (200,000-300,000+ barrels of oil) are located within or next to the area of sub-50% water-cut while 
the majority of lowest producers (<50,000 barrels of oil) plot within or are proximal to the >70% water-cut areas (Fig. 6c). 
Overall, 700-day cumulative oil production totals for middle Three Forks wells share an inverse relationship to water-cut 
where increased oil production corresponds to decreased water-cut.
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Middle Three Forks Water-Cut versus Structure
A substantial number of middle Three Forks wells are located either along or proximal to the Nesson and Antelope anti-
clines. Natural fracture systems can occur along structures which may bolster reservoir performance. While some of the 
middle Three Forks wells may benefit from structurally related natural fracture systems (e.g. northwestern Dunn County 
– Fig. 6c and 6d), there are dozens of productive middle Three Forks wells with low water-cut and/or high 700-day oil cu-
mulative production totals that are not proximal to documented, published Williston Basin structures (e.g. south-central 
Williams and southwestern Mountrail Counties – Fig. 6c and 6d). However, undocumented structures likely exist in por-
tions of the basin.

Lower Three Forks Water-Cut versus Various Factors
The lower Three Forks water-cuts share similar spatial relationships to increased core-plug saturations, Lower Bakken 
thickness-thermal maturity, structural features, and 700-day cumulative oil production totals as described above for the 
middle Three Forks (Fig. 7a-d). The lower Three Forks core-plug oil saturations from Nesheim (2019) never reach the 
same elevated averages (>30% So) as the overlying middle Three Forks, and likewise the lower Three Forks water-cut does 
not decrease below 50%, but increased core-plug oil saturations correlate overall with decreased water-cut for the unit 
(Fig. 7a). Most of the low water-cut area for lower Three Forks production (<60% water-cut) corresponds to the area of 
thicker, more thermally mature Lower Bakken while decreased thickness and/or thermal maturity correlates with higher 
water-cuts (Fig. 7b). Seven-hundred-day cumulative oil production totals for the lower Three Forks wells ranged from ap-
proximately 15,000 to 338,000 barrels with an average of around 110,000 barrels (Table 1). Most of the more productive 
wells (700-day cum. oil: 200,000-300,000+ barrels) are located within or next to the area of sub-60% water-cut while the 
majority of lower producers (<50,000-100,000 barrels of oil) plot within or proximal to the >70% water-cut areas (Fig. 7c). 
Some of the productive horizontal lower Three Forks wells are positioned along documented structures while other are 
positioned away from known structures (Fig. 7d).

ADDITIONAL DISCUSSION NOTES
Several factors may influence water-cut either in the short-term or long-term for a given oil well. Water-cut will naturally 
increase over the life of some wells as continued production depletes oil from a reservoir. Multiple middle and lower Three 
Forks horizontal wells were observed to show slight increases in water-cut over the first several years of production (e.g. 
Fig. 3a), while other well’s displayed slight decreases in water-cut or remained flat during production to date. In addition, 
water flooding (injection) for enhanced oil recovery (EOR) efforts can artificially increase a reservoirs water-cut indefinitely 
until after the water flooding efforts are ceased. However, while a few small-scale water flooding projects have been at-
tempted within the Bakken-Three Forks play of North Dakota, it has yet to become an effective, continued practice within 
the state.

Hydraulic fracturing is another prominent influence on artificially altering the water-cuts of middle and lower Three Forks 
horizontal wells.  The present-day standard completion of horizontal Three Forks wells involves injecting large volumes 
of water-based fluid into the reservoir during the process of multi-stage hydraulic fracturing. The injected water-based 
fluid artificially increases the reservoir’s oil-water ratio proximal to the completed well’s borehole and thereby tempo-
rarily increases the well’s early water production rates along with water-cuts. Most injected water-based fluid is typically 
recovered during the first several months of production, which is why the first 6-12 months of production for each well 
were generally excluded for calculating the water-cut. The amount of injected water varies from one unconventional well 
to another and the rate of producing the injected water will also vary. Hydraulic fracturing of proximal wells during either 
initial completions and/or re-stimulations can also temporarily influence the water-cut of select wells, which may be one 
prominent reason that the water-cut of some evaluated wells did not stabilize for the first 1-2+ years of production. In-
terestingly, a handful of middle to lower Three Forks horizontal wells displayed a slight to moderate increase in water-cut 
during the initial several months following the initial hydraulic fracture completions (e.g. Fig. 3a). 

Finally, the induced fracture system created during the multi-stage hydraulic fracturing process may not always be limited 
to the targeted stratigraphic interval. Induced fractures held open by injected proppant extend outwards in all directions 
from a given stimulated horizontal borehole. The induced open fractures may extend into over- and/or underlying strati-
graphic intervals which may increase or decrease the water-cut of a given hydraulically fractured horizontal well.
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Figure 6. Middle Three Forks (MTF) water-cut contour map (color-fill and gray lines) overlain by A) MTF core-plug fluid saturation information 
(Nesheim, 2019), B) lower Bakken areas of similar thickness (feet) and thermal maturity (HI = hydrogen index) (Nesheim, 2019), C) MTF 700-day 
cumulative oil production bubbles, and D) Williston Basin structural features. a = Nesson anticline; b = Antelope anticline; c = Little Knife anticline; 
d = Red Wing Creek structure; e = Mondak monocline



17

Figure 7. Lower Three Forks (LTF) water-cut contour map (color-fill and gray lines) overlain by A) LTF core-plug fluid saturation information (Nesheim, 
2019), B) Lower Bakken areas of similar thickness (feet) and thermal maturity (HI = hydrogen index) (Nesheim, 2019), C) LTF 700-day cumulative oil 
production bubbles, and D) Williston Basin structural features. a = Nesson anticline; b = Antelope anticline; c = Little Knife anticline; d = Red Wing 
Creek structure; e = Mondak monocline
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