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INTRODUCTION " 

The proposed study will consist of a detailed analysis 

based on results of the preliminary evaluation. Phase I, of 

the rreothermal resources of North Dakota (ref. 1) carried out 

under cooperative agreement DOf]-FC^ 7-79ID12j2f3j2̂ . 

The phase I study is providing; a preliminary geothermal" 

resource evaluation based on all bottom-hole-temperature, depth, 

and stratifrraphic data stored in the North Dakota Geolos;ical 

'•lurvey oil and -f?;as well files. The information will be displayed 

on a North Dakota base map to show the areal chan.ffes in the 

annarent p:eothermal p-rad lent,. observed temperature and water 

quality of potential hydrothermal reservoirs. 

Since 1973 the terrestrial heat-flow has been measured at 

some 35 sites in l-iorth Dakota (ref. 2, 3i ^̂  t Si)- Tbe results 

of the.se measurements characterize the heat-flow in two main areas 

of the state ( fi':̂ . . i) . • 

.-'-.n'r-r, .treothermal o;radient da.ta—( ref ._6-).__an.d_.pre 1 iminary 

results of the Phase I study (fig;. 2) indicate that higher than. 

gveracre q;eothermal .'?;radients are presented west of 102 V/-, between 

about Q8^30"/; and about 101°W,. and north of '+8°30'N from about 

'̂ 8 30"'.' west to the Montana border (fig I). , ' 

http://the.se


\ 
Areas of r e l i a b l e 
heat-flovv? da ta 

SCAU .s u,|_|. 

/ / 
.̂ reas of higher than average 
geothermal, gradients -

^ ., 



lO 12 14 16 - -i8 EO "ca £4 2C '23 3 0 32 ' 34 3S' 33 40 
l i l l L . 

^̂  44 ^G 

i GECT.HE.̂ M.̂ L GRAD.TEN7,- CONTOUR (HRU^il) 

I- PLOT NO'. 1 D A T E .1.''I7.'80- TInE 23: i2:27 

r I a (J ̂ -c ^— 



.A Dhase I I s t u d y i s p r o p o s e d in t h e a r e a i n d i c a t e d i n 

Fio'ure 3 . which i n c l u d e s a l l a r e a s of above averaq:e g e o t h e r m a l 

c^radient f o r which r e l i a b l e h e a t - f l o v / d a t a i s n o t a v a i l a b l e . 

The phase I I . a c t i v i t i e s would be d i r e c t e d a t a d e t a i l e d 

e v a l u a t i o n of p o t e n t i a l g e o t h e r m a l r e s o u r c e a r e a s , which would 

incl\;ide h e a t - f l o w m e a s u r e m e n t s , d e t a i l e d s t r a t i g r a p h y , and 

f u r t h e r c h a r a c t e r i z a t i o n of t h e a q u i f e r w a t e r q u a l i t y . 

OBJaCTIVjvS AND MILTHODS . 

There a r e t h r e e main o b j e c t i v e s t o be met in t h e a r e a s of 

p o t e n t i a l ?-eothermal r e s o u r c e s i d e n t i f i e d by p h a s e I . 

Ob ,i e c t ive : 

Deve lop a c o m p r e h e n s i v e s u r v e y of t h e t e r r e s t r i a l h e a t 

flow in N o r t h D a k o t a . ^ i .g . A i n c l u d e s m e a s u r e m e n t s c o m p l e t e d a t 

t h i s t i m e . In much of t h e re .gion of t h e s t a t e where a h i g h e r t h a n 

averao-e g r a d i e n t ( s e e f i g . 1) i s o b s e r v e d no measu remen t s of t h e 

h e a t f low have been c o m p l e t e d . 

r-"ethod :' 

. r iea t f low dete.r_m,inations w i l l be made emp loy ing s i t e s 

as t h e y a r e a v a i l a b l e from two p r i m a r y s o u r c e s : 

1 . O i l I n d u s t r y h o l e s ( abandoned o r s h u t - i n w e l l s ) . 

2 . H o l e s d r i l l e d a s a p a r t of t h e N o r t h Dakota 3 ta : t e 

W a t e r Commission S u r v e y and U . S . G . S . V/ater 

R e s o u r c e s 13 r a n c h . 

T'.'-/o b a s i c c o n s i d e r a t i o n s a p p l y in t he s e l e c t i o n of s i t e s from t h e s e 

s o u r c e s . F i r s t i s a c c e s s i b i l i t y . '1.'' e p r i m a r y c o n c e r n i s t he 
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to opening the hole, or logging, the second consideration is whether 

the temperature measured i n the borehole represents the equilibrium 

temnerature in the surrroun'd ing earth. The information which enables 

one to evaluate this concern is usually evident from drilling records, 

or may be inferred from inspection of the temperature log., liepeated 

lo':':ginf̂  of a hole at periods of several months sometimes, proves useful 

in revealing this information. 

An attempt will be .made to recover holes drilled in a region of 

interest which by casing and cementing may provide a suitable heat flov/ 

determination site. This process of going piggyback on someone elses, 

dri].lin"- has provided us three good, heat flow values in southeastern 

iiorth Dakota. Although not inexpensive, since v.'e must provide casing, 

cement,, and rig time for setting the casin.g and cementing,, the greater 

cost of drilling the hole is avoided. 

A heat flow determination requires knowledge of the thermal 

conductivity of earth materials at the site as well as a temperature 

profile. Gamnles of material from the liole are necessary. .. Such 

samT̂ les, usually in the form of drill cuttin.gs, are available from the 

li.D.G.S. Core and Sample Library for most holes of .interest. 

Determination of thermal conductivity will be made using .v/ell known 

techniques (ref. 7, 8) applicable to the available sample type. 

In addition to determining thermal conductivities from each 

)̂eq t-flov/ site studied, the thermal conductivity of material from 

important formations v/ill be catalô gued. ' This will enable us to make 

reasonable estimates of heat-flow from a temperature profile through 

the formation even though samples of iiiaterial from the formation site 

iTiav be \inavai.l.able. 



Information p:ained from these '.heat flov/ determinations v/ill be 

used v/ith phase I date to substantiate areas of possible commercial-, 

ization. From thi.s information it may be possible to better identify 

the mechanisms responsible for the generation, and transfer of heat 

into re^-ions of commercial interst, thus providing additional basis 

for development .guidelines. 

Ob.jective : 

Construct ^reologic maps of po ten t i a l hydrothermal aquifers 

in areas of i n t e r e s t . 

1 i e t h o d s : ' 

' Preliminary results of our Phase I study have identified a 

•^eneral area of above average geothermal gradients (>30 C/km) in. 

the easter one third of iJorth Dakota (Fig. 2. ). The basal Cretaceous 

sand, the Inyan Kara ":roup, is a particularly interestin.g, widespread 

potential hydrotherm.al aquifer' in this area. Our present data suggests 

the possibility that v/arm v/ater from Paleozoic aquifers is being intro-

du.ced into the basal Cretaceous sands in areas v/here trunca.ted Paleo­

zoic rocks underly the.preCretaceous errosional surface. (Figure ^ ). 

•-'I'e propose constructing detailed structural and sand-shale ratio maps 

of the Inyan Kara group to indicate expected temperatures,.the proba- . 

bility of encountering productive sands, and proximity of potentially, 

useful areas to population centers. 

r.lans of the Inyan Kara group and other potential hydrothermal 

aquifers can be generated by incorporating additional stratigraphic 

in-Tormation into the computer well file developed during Phase I. 
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Ob.jective : 

Summarize ex i s t ing v/ater qi ial i ty for spec i f ic areas 

of i n t e r e s t . 

i . ipthods : 

Phase I has collected water quality information in a general 

statewide attempt to characterizing the v/ater quality of major aquifer 

systems. ^hase I has also localized the areas of interest by delin­

eating areas of potentially useful hydrothermal resources. We will 

.nov/ concentrate our efforts in these localized areas of interest. 

V.'ater quality data will be collected from county, city and local 

sources as well as other state and federal agencies. This v/ater 

quality data v/ill supplement the data gathered during Phase I. 
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