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~ INTRODUCTION

The ﬁropoéed study will consist of a detailed analysis
based on results of the preliminary evaluation, Ffhase I, of
the qeothérmal resources of North Dakota (ref. 1) carried out

under cooverative agreement DOZ-FC@ 7-79ID12@38.

The phase I study is prov1dlng a rrellﬁlnary vedthermal
resource evaluation bgsed on all bottom-hole—temperature.,depth,
and stratiqraphic'daté stored in the North Dakota Geoldgieal  ‘
survey oil and gas well files. The information will be dlsplayed
on a North Dakota base map to show the areal changes in the
annarent eeothermal gradlent,,observed temperature andAWQter'

nuality of notential hydrdthermal reservoirs.

Sihce 1973 the terrestrial heat-flow has-been-measured_at
somé 35 sites in North Dakota (ref. 2, 3, 4, 5,). Thé results

ot thece mepcurementq characterlze the heat flow in two maln areas

of “the state (fis. T).

eaﬁﬂ:qebthermal qfadiént.daxa_ilﬁiL;ﬁ);anﬂ;préliminéryV
results of the Phase I stﬁdy'(fié.z)”ihdibaté that higher than.
a?eraqe qeothérmal gfédients are.presehted.we%t of 1020W{ betweén '
about QRO3O'W and abbut'lOlO”} and north of 48° 30 1 from about

070" west to the uontana border (fig I).
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A nhase IIAstudy is prorosed 'in the area indicated in
Ficure 3, which includes all areas of above averace geothermal

cradient for which'reliabie heat-flow data is not available.

The phase II activities would be directed at a detailed
evaluation of botential,qeothermal resource areas, which would
include heat-~flow measurementé; detailed stratigraphy, and

further characterization of the aquifer water quality.

OBJECTIVES AND METHODS)

There are three main objectives to be met in the areas of

notential seothermal resources identified by vhase I.

Ghiectiye:

Develop a comprehensivéAsurvey of thé'terrestrial heat
flow in North Dak&ta. Rie, 4 includes meésurements ébmpleted at
this time. In much of the region of the state-whepé a higher than
averave'fradient (see fiz. 1) is observed no measurements of the

heat flow have heen completed.

Fethod:

>vWA——,Héat‘fléw detexminations will be made employing sites
as they are available from two ﬁrimary sources:
| 1. Cil‘IﬁdustFy holes (abandoned or éhﬁt-in‘welis),
2. Holes drilled as a part of the North Dakota ASAta‘té
Vater Commiééion Survey and U.S.G.S. Water |
kKesources Branch.
Twp basic considerations apnly in the sélection of sites from these

sources. First is accessibility. "2 primary concern is the
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to openin¢>the holé, or’lozginq. the second consideration is whethef.
the temperature measured E;? the borehole represéhfs the equilibrium
temnerature in the surrrounding earth. The‘informationvwhiéh enables
one 1o evalﬁate'this concern is usuaily~évident from drilling fecords,
or méy he inTerred from inspection‘of the temperature loz.. Repeated

loweine of a hole at periods of several -months sometimes, proves use ful

in revealing this information.

An attemnt“will be made té fecdver holes‘drilled in a region of
interest which by casineg and cementing may brovide a suitable'heét'flow
determination site. This procesé~6f going pigeyback on someone elses.
Arilline has »rovided us three qooa:heat flow values in southeastérn
orth Dakota., © Althouch not inexpenéive, since we muét,brovide casing,
cement, and rig time for setting the casing and Cementihg, the'gfeater

cost of Arilline the hole is avoided.

A ‘heat flow determinétion requires knowiedée‘bf:thélfhermal
conductivity of earth materials at'the site as well as a temperatufe
‘profile. 3amples of material from the hole are neéesséry..Aéuéh
szmnles, usually in the form of drill cuttines, are available frém the

4,9.5.3. Core and Sample Library for most holes of interest.

Déterminatiod of thermal conductivity will be made using.well known

hY

techniques;(ref. 7, é) éppiicable to the available sampie_type.:

In additign to aeferhining fhermal‘cénductivities fr6m_each
hes t-flow site studied, the thermal cpnductivity of materialAfrom
imnortant formations will be catalozued. Thié will enable us to-ﬁake
reasonablé estimates of heat-flow from a.temperétﬁre profile througﬁ
the formaiion.even-though éampies_df vaterial fro% the forhation-site

may be unavailable.



Tnformation gained from theséiheatvfléw deferminations will be
used with phase I date to sufstantiate areés of possible commercial-.
ization. From this information it may be possible to better identify
the mechanisms responsible for thé generation, and transfer of heat
into resions of commerciallintérst; thus providing additional basis

for development guidelines.

Obiective:
,Coﬁstfuct ceolozic maps of potential hydrothermal aquifers

in areas of interest.

iiethods:

- Preliminary results of our Fhase I study have identified a
aenerallarea of above averase geothermal sradients (>BOOC/km) in
the easter one third of Horth.Dakota (Fig. 2. ). Thé hasal CfetacéoUs
-saqd, the Tnyan Kara_qroup;‘is a narticularly interestiné, widéépread
notential hydrothermal ‘aquifer in this area. -Our present'data s§ggésts.
the nossibility that warm water from PaieoZoic aquifers is being intro-
duced into the basal Cretaceous sands in areas where truncated'Péleof
zoic rocks underly the.preCretaceon errosional surface. (Figure S‘)gi
e frobose'construétinq detailed structural-and sand-shale ratib‘maps

of the Tnyan Kara <group to indicate expected temperatures,,the;probaf.

hility of encéUntérinq produCtive sands, and proximity of poténtially

uséful areas to bobuiationlcentefs; |
ﬁaDSvOf the IhyaniKara grbub and other potentialihydrothermal

agquifers can'bé generated by incorporating-additional stratigraphié~

information into the computer well file developed.during Phase I.
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Chiective:

Summarize existineg water quality for specific areas

nf interest.
SMethods:

'hase T has collected water Quality.information in-a géneral
statewiée attempt to characterizing thé water quality'of ma jor aquifer
systéms. “hase 1 has also 1oca1ized the éréas of interest by delin-
eatine areas of potentially usef@l hydrothefmél-resoﬁpces. We will
nov cdncentrate our efforts iﬁ these_lpcalizéd:areas'of intérest.
ﬂéter quality data will be collected from county, city and loca1' 
sources as Weil as other state‘and fédefal agencles. Thisvwater

quality data will supplement the data sathered during Phase I.
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ROPOSEN BUDGET
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Fruancis L. ‘Howell, Associate Pﬁnréssor, Physics Department,
University of North Dakota. '

Date and Place of Birth: November 25, 1932, Mitchell, South
Dakota. '

Education: Montana State University - Ph. D. (Physics) - 1969
Thesis: Hydrogen Bonding Jn Lithium Hydrazinium
bullmte

University of South Dakota - M.A. (Physics) - 1963
"Thesis: "Temperature Dependence of the Nuc]p’ui5
Quadrupule Resonance Trequcn(y of Cl*
in Barium Chlorate.

Yankton College - B.A. (Math-Chem) - 1959

Research Interests and Experience: Study of solids using
techniques of N.M.R., N.Q.R., electrical conductivity and
dielectric constant measurements. Study of terrestrial.
heat flow, thermal conductivity of carth materials.

Academic TExperience: 1969-present - Department of Physics,
Univ(igity of North Dakota. 1963-1965 - Instructor,
Dept.~of Physics, University of South Dakota. 1959-1962 -
Instructor of Math., Chem., Physics, Public High School at

Yankton, South. Dakota and Marshall, Minnesota

Non-Academic Experience: 1973, summer -~ Visiting Assoc.
Prof., Macromolecular Science, Case Western Reserve Univ.
1953-1957 - LElectronics Technician, U.S.A.TF. :

Professional Affiliations: Americqﬁ‘A%gocidtion of Physicé'
Teachers, American Ceophvsncal Union, North Dakota Academy
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University of Horth bakota, Ph.b. (Geology), !{lih
Dissertation: Pledstocene teolopy ol the Grand Forks-temidji
Arca, Northwestern Minnesoti.

University of torth hakota, M.§5. (Geolopy), 1973
Thesis:  Pleistocene Stratipraphy ol the Red Lake Falls Acca,
rlinnesota.

Horth Dakuta State University, B.s., 1964
Major:  Rlectrlcal Fngincering Minor: - Geoloyy
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July 21, 1977 Lo Present

HorLh Dakota GUO]HAILRL Survey f[{L{u: Géolopist 111 ,

University ol Horth bakota : ﬁ‘@ﬁlﬁ!i“Vﬁ: Lee Gerhiard, State Geologist
JUniversity Station ) ' ~ Responsibilities: Conduct and participatu
Crand Forks, horth Dakota 582072 - in peotopic investipgavions in the following,

miin areas: Pleilstocene steatigraphy, goolapis
surface mapplng, land use, coal reclamation, -
enerygy resources. ’ :

June 1975 to July 15, 1977

Cities Service 0il Company Title: Exploration Geologist

Southeast Reglon ‘ ﬁuﬁ&rviﬂur' Jim Stripling, Geolopical Manaper
Faploration and Production Office Responsibilities: Developing wildeat prospecc:.
A785 1-55 Morth for hydrocarbon rcecovery in the lower Cre-
Jackson, HissisSippi 392006 Laceous of Last Texas. ‘

Hay Jj&l{A}}:,Ml'th 972 (Sumicr lnquo,nulll) _ )

Ex<on Company C Ticle: Field Geologist

sinerals bivision ' T ' &up(lV);u(: Ladd Hapmaier

Encryy Bldg. 1 !ugjyyylphlllLlu':’chunnnissancc wapping.

107 Werner Ct. 7 of Tertiary rocks in central and south-
Casper, Wyoming 8206001 _ western Wyoming. :

July 1969 to July 1970

Echlumburgur Well Services Fitle: Field Engincer
P. 0. Box 2175 Supdérvisor: Glen Campbell, Iu<dtlnn
Hoonston, Texas . 77001 : ' ”lqull Hiles City, Moulana

ponsibitilics: Perfovminge and interpret iag
kIlU-JIHP woell Topping services Tor clicot:
in suvutheastern Hontana,

HISCELLANEOUS LHFORMATION :

Protessional Society Memberships:
The Amcerican Association for the Advancement of Science
The American Asgsociation of Petroleunm Geologists



SHLTARY LXPERIENCE:
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Training:  Alrborne clectlioniy s, caintenance St
Hervice:  Went Pacific ’
“lann: o Poetty uflice Sceond Clac (i=0)
bischarpge: Honorable

PEESONAL DATA:
Apce: 306 (born 1/17/42, Bismarck, borth bakota)
Harital status: Married, | child

Hobbics: Photography and canocing
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Stroudsbury, Pennsylvania, Dowden, Hulchinson and Ross, lnc., pp. 133-
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