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INTRODUCTION

THE DAKOTA GROUP

ISOPACH OF INYAN KARA FORMATION SANDSTONES

Travis Stolldorf

Sig nific a nt volum es (> 1-m illion b a rrels/day) of co-produced wa ter a re genera ted da ily during
produc tion opera tions for oil a nd g a s in North  Da kota . M ost produced wa ter is brine (sa ltwa ter), with
very h ig h  concentra tions of tota l dissolved solids. Produced wa ter h a s h istoric a lly been considered a
wa ste in th e oil a nd g a s industry. Sub surfa ce injec tion is th e industry-preferred a lterna tive for
produced wa ter disposa l. Beca use produced wa ter is brine, produced wa ter disposa l wells a re referred
to a s sa ltwa ter disposa l wells (SWD wells).

Geology of th e a rea  is th e m a jor fa c tor in determ ining if injec tion is a  via b le option for produced wa ter
disposa l. North  Da kota 's Williston Ba sin h a s a n idea l sequence of geolog ic units (Da kota  Group)
present a t a n optim a l depth  for produced wa ter disposa l. Th e lower Creta ceous Da kota  Group consists
of four form a tions in descending order (see Cross-Sections A-A' a nd B-B'):

•  M owry Form a tion - m a rine sh a le
•  Newca stle Form a tion - m a rg ina l m a rine sa ndstone
•  Skull Creek Form a tion - m a rine sh a le
•  Inya n Ka ra  Form a tion - m a rg ina l m a rine a nd non-m a rine sa ndstone a nd sh a le

Overlying th e Da kota  Group a re severa l th ousa nd feet of Creta ceous m a rine deposits including th e
Pierre Form a tion, a  very th ick, im perm ea b le sh a le. Th e Jura ssic Swift Form a tion uncom form a b ly
underlies th e Da kota  Group a nd consists of m a rg ina l m a rine sh a le with  interbedded lim estone. Th e
Da kota  Group is a pproxim a tely 500 ft th ick a t depth s of a pproxim a tely 4,300-4,900 ft in th e west of
th e Ha zen 100K Sh eet.
Th ese Creta ceous a nd Jura ssic units provide a  com plete succession of rocks for produced wa ter
injec tion. Of specific im porta nce is th e Inya n Ka ra  Form a tion, wh ic h  consists of sa ndstones a nd sh a les
deposited in incised va lleys a long th e coa stline of th e Creta ceous Western Interior Sea wa y. Th ese
va lleys were cut by north -north westerly flowing rivers th a t dra ined into th e sea wa y from  h ig h la nds in
south ern North  Da kota , M innesota , a nd Ca na da . Th e va lleys form ed a s th e Creta ceous sea wa y
regressed from  North  Da kota  twice over a  period of a pproxim a tely 10 m illion yea rs. Th e sea wa y
tra nsgressed b a ck into th e a rea  form ing estua ries, a nd sa nds were deposited in th e va lleys a s sea -level
rose, a g a in in two tra nsgressive events. Eventua lly th e sea  com pletely flooded a ll of North  Da kota  a nd
th e overlying m a rine units were deposited.
Inya n Ka ra  sa ndstones deposited in th ese va lleys a re th ic k, porous (20-30% porosity), a nd perm ea b le
(Da rcy level) enoug h  to a c cept th e injec ted wa ter a nd th e la tera l continuity of th e units a llows for
injec ted wa ter to m ove into th e form a tion (see Cross-Sec tions A-A' a nd B-B'), especia lly a long va lley
trends. Alth oug h  som e la tera l continuity is im porta nt, th ese units m ust h a ve g ood sea ls a b ove to
conta in th e injec ted fluid. Th e overlying Creta ceous sh a les provide such  a  sea l a nd, a long with  th e
underlying Swift Form a tion, a llow for excellent confining la yers th a t will vertic a lly conta in injec ted
brines with in th e Inya n Ka ra . Th e Inya n Ka ra  is present only in th e sub surfa ce of th e Williston Ba sin in
North  Da kota  extending a cross m ost of th e sta te. Th e form a tion ra nges in th ickness from
a pproxim a tely 200-500 ft. in th e Ha zen 100K.

Note: Due to a  la ck of well control, isopa c h  contours were neith er interpreted, nor included on th is
m a p.
Th is m a p presents loc a tions of wells th a t h a ve penetra ted th e Inya n Ka ra  Form a tion in th e Ha zen 100K.
Th e m a p a nd a ssoc ia ted cross-sections were prepa red in order to identify fa vora b le a rea s wh ere th e
potentia l for encountering sa ndstone b odies for injec tion of produced wa ter is grea ter. Geogra ph ic a l
fea tures suc h  a s roa ds a nd cities a re a lso presented to better a id in well pla cem ent. Th e m a p a nd
cross-sec tions were prepa red using wireline log s (g a m m a  ra y a nd resistivity) from  19 wells a cross th e
Ha zen 100K th a t were a va ila b le for interpreta tion a nd a ssessm ent of sa ndstone th icknesses. No SWD
well da ta  a re a va ila b le in th e Ha zen 100K a s of pub lic a tion da te.


