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Saltwater Disposal Wells in North Dakota

| The first commercial oil well in North Dakota was drilled by Amerada Petro-

A A leum in 1951 (AOGHS, 2015). The first saltwater disposal (SWD) well in North
O O O Dakota began operating in 1953. Although North Dakota has been producing

Edmonton Valley ~ Canadian Border NDIC #165 NDIC #4550 NDIC #3065 oil since 1951, only since 2005 has the Bakken oil boom made North Dakota
the fourth largest oil-producing state in the U.S., and one of the largest on-

EI o7 Regressive Marginal Marine Sediment (Progradational) shore plays in the country. With these significant increases in oil production
Ksc came similar increases in produced water production. Presently, North Dakota
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Prior to the development of hydraulic fracturing and refined horizontal drilling

JSSTEE S et Oil and gas production over the last decade has increased significantly with the
S S SIS S IS IIIIIIS==L-_—oo-SSSSImwoSIZZZZSso discovery of the Parshall field in Mountrail County in 2004 and the use of hori-
zontal drilling/hydraulic fracturing technology. Most of this production has
come from the Bakken-Three Forks petroleum system. North Dakota has pro-
duced nearly 1.5 billion barrels of oil over this time period. Produced water
over this same time frame is also significant, with over 1.7 billion barrels gen-
erated. Approximately 90% of this produced water was disposed of in the
Inyan Kara. In August 2015, there were 435 active SWD wells in North Dakota,
412 of these are Dakota Group/Inyan Kara wells (Fig. 12). The amount of pro-
duced water generated from 2005 to 2015 was nearly three times the amount
generated in the preceding decade (Figs. 11 and 12).
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Basin Fal I I ng Stage I North Dakota produced its three billionth barrel of oil in January 2015 (NDIC,
Inyan Kara Sequence Stratigraphic MOdel 2015) and it is estimated that four billion barrels will be achieved by 2018.

That is four billion barrels or more of produced water to deal with since the

Figure 10. 1950s; over 220 billion gallons, enough water to supply the 19 million people

Inyan Kara sequence stratigraphic model showing evolution of coastline through time (Numbers 1-28), sequence stratigraphic surfaces, systems tracts, and sequence boundaries. S1 = Sequence 1, S2 = Sequence 2, RWRS= Regressive Wave Ravinement Surface, of the New York metropolitan area for one year. Of course, this water is not
TWRS = Transgressive Wave Ravinement Surface, Js = Jurassic Swift Formation, Kik = Cretaceous Inyan Kara Formation, Ksc = Cretaceous Skull Creek Formation, Pc = Precambrian; see Figure 8 for other abbreviation definitions. drinkable. and because 98% of produced it e G e e e injected
?

back into the subsurface (Clark and Veil, 2009), operators in North Dakota will
need to have new, innovative, and environmentally sound practices in manag-
ing produced water disposal.
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In support of this effort, the NDGS is preparing a series of Inyan Kara isopach
maps and cross-sections (Fig. 13) to help operators identify ideal locations for
[ SWD wells in North Dakota. These publications show Inyan Kara injectable

o L . [’ L L J sandstone thicknesses and trends that can be used with supporting data and
'i; R j road maps to identify potential well locations. These maps and cross-sections
L. Qg \ \ are extremely useful because Inyan Kara sandstone trends are very unpredict-

[ able, going from hundreds of feet of continuous sandstone to virtually nothing
B [ over a distance of only a few thousand feet (roughly 600 m). These maps and
A e e, cross sections will assist in the disposal of produced water in North Dakota for

many decades to come.
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Figure 11.
Active saltwater disposal wells in North Dakota, January 2005.
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CONTROL WELL TYPES/RESERVOIR QUALITY
AVERAGE MONTHLY INJECTION
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1 | ali Z;flzl/lor ‘T“;réiljlt{)nsoitiullggufst 5-10% very fine sand to silt, Active SWD Well: 50-150 bbls/psi Clark, C.E., and Veil, J.A., 2009, Produced water volumes and management prac-
E 5 - -~ ® N /" X . . . . . .
qu Y ’ Active SWD Well: < 50 bbls/psi tices in the United States: Argonne National Laboratory, Environmental Science
r-x\,,,_w:" TN \ ‘””"\,\ ) Well - Sandstone 5-50 ft., 10-20% very fine sand to silt, vici
Tl o/ ) N and/or laterally discontinuous Inactive SWD Well: > 150 bbls/psi Division, report 09/1, 59 P-

Inactive SWD Well: 50-150 bbls/psi

Well - Sandstone 0-5 ft., > 20% very fine sand to silt, , :
Inactive SWD Well: < 50 bbls/psi

and/or laterally discontinuous

Murphy, E.C., Nordeng, S.H., Juenker, B.J., and Hoganson, JW., 2009, North

e Dakota stratigraphic column: North Dakota Geological Survey Miscellaneous
e 4 Series no. 91.
Sy ¢ .:1 ) "\; \'\-.f‘: Culbertson| Williston | Stanley
Ocl {O sy et North Dakota Industrial Commission (NDIC), 2015, https://www.dmr.nd.gov/oil-
OQO / e 8 | gas/, (retrieved August 24, 2015).
e er - - — Adjoining 100K Maps
ol o ) oL Willis, B.J., 1997, Architecture of fluvial-dominated valley-fill deposits in the Cre-
P y taceous Fall River Formation: Sedimentology, v. 44, p. 735-757.
o ® P e GNP

Girrata,| [Fosiny
O 5]
i R = ! - 18 A \\
E L d =S =18 | E i% I
8% 2] T M L I
x 1 3 4 = ] 3 : ] \ - —
LI B e 2 L - : - N =t -
;i = ] 7 i / AN < -
- - 2 = 5 2! T \ e del
la| 31— 1 N 3 1 T 3 \ i T
z[® | =15 - =] ~ =5 - P I — N B /
E = = = =1 - =l =11 = = HE 1 = NN : g
; = T = i =] = =T = = = 23 N
7 1 T = S | e =lsl =] i = I = N —E
g > = I — ] 2| 3 SN
= | =1l e, i <71l L Z I ? B
El= = | T = 4 = Pl === =TT : E (T = | = — e
=l ! 2 { / = o] o~ = z ~ | 5 z § ) T
=1 = = | = — A I P e = “’\k\ — — ; = N B
< o i e I = T e T N B B = 7 e I P = ™, =1 =
=1 e = = 7] R R e e ENIEN N < —
. B ] ] e e ERIEE | — S
. EEAEN R e S e R e o B M 5 i
e — 5 = F=11= — = — - SN = ) =— — = = - — 5
H [ - | 7| == — =TT B AEE | ] Fi 3 - 1 DATUM
[ 4 - EEESE I £ 4 3 L Jel = %k - F s DATUM = DATUM
== = = = s § = R e
SRS Bl it A BRi S . BEinm R
[ - I E |-= _— == — et

Figure 13.
Inyan Kara sandstone isopach map and cross-sections, Watford City 100K Sheet, North Dakota (Bader, 2015).



