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SUMMARY

Y

The results of the tlrst three years ot.geothermaltresearch-1n Nebraskait
areAencourag1ng 1n“the1r orom1se for the d1scovery’and deveiopnentrof iow-
temperature geothermal resources and from the standpoxnt of sc1ent1f1c value. we:
have developed a2 sucessful method for geothermal exploratlon and we have d1sco—
vered extensive low-temperature geothermal depos1ts in Cretaceous age rocks that
underlie a total area of about 107,000 km? and contain about 1000 X 1018 3 of
storedsenergy. - Our heatnflowadataaindicate.zones of large-scale, slow flow.in
deep'aquifers.-:’Ihis discovery of;deepfaquifer:flow patterns by surface heat
flOw-hasvimportant'implications?for-both_geothermics»and hydrology. The heat
flow data‘alsouindicate some areas of high heat fiow~that may be.Que;to high'
radioactive,heat"generation‘in the~Precambrian”cr§sta11ine rocks. If our PrEIif,,
minary?interpretationsﬂof‘thesesdata‘are verified it will have.avsignificant

impact on geothermal exploration’ in:the continental platform. -

One of the orlglnal tasks of our program is evaluat1on of the bottom hole

temperatures (BHT) for more than 14 000 011 and gas exploratxon wells. Our pre-

11m1nary 1nterpretat10ns of the BHT data are that the gradzent patterns 1nd1-ﬂ

cated by the BHT data do not co1nc1de w1th the known thermal regxme, and that

the va11d1ty of the data are questxonable. 0
The geothermal resource ‘map of Nebraska is in press and will be available
- - s PR J

for general d18tr1but1on in late May, 1982 Public awareness of the state's

geothermal resources has been enhanced through newspaper coverage of our pro;ect

and through telev1s1on coverage on the Nebraska Educatlonal Telev1s1on Network

RS
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The state legislature has passed geothermal legislation (LB 708) that defines>”
and provxdes for the regulatlon of geothermal resources and, (LB 799) to prov1de
,$100 000 in state funds to the Nebraska Energy Off1ce for development of the

state s geothermal resources.

OUTLINE OF THE GEOTHERMAL RESOURCE ASSESSMENT PROGRAM

The Department of Energy (DOE) State Coupled Program with Nebraska commenced 1n

1979 w1th the following three tasks: (1) Compile ‘and evaluate the BHT data on
f11e at the Conservation and Survey Division. (2) Drill about 30 shallow;(ISO‘:
m) heat flow holes. (3) Produce a 1:500,000 scale map showing the—geothermel_,

resource areas of the state. 1Tn 1981 the project was modified and extended for

two years and a total of seven research tasks were defined including the three -

original tasks. The additional tasks are: (4) Analyse the BHT data heat flow
data, deep well temperature data, and produce computer software to aid in the
1ntepretat10n of the BHT data. (5) Produce a 1:500, 000 scale map of the resi-
dual Bouguer gravity field of Nebraska. (6) Prepare reports for four substate
regions based on geothermal potential and population density. (7)‘Disseminste
information nithin the state and to other DOE contractors. An eighth’taskfthat |
deals with reporting to DOE is also included in the present ieenttset:.

CURRENT PROJECT STATUS

Task 1: More that 14,000 data sets are recorded on disk in the Conservation
and Survey Division's mini-computer and on magnetic tape in the University's

main computer network. The data stored include: Well location, drilling date,.
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well :eleyation,f.elevatgonvAof Kelley' Busbing; YtotalJ deotb, bottoﬁrabole. temrgs
beratqre,_mud,temperature,‘time elapsedxbetweea circolation’ag@.ioggiog,,aod.;
information on formation tops.ﬁ,Based on,tbe current rate of:exploratioo aodv#
f1e1d-development drilling about 400 new data poxnts are belng added per year.

These new -data are added to the data f11e as they arr1ve from the Nebraska 011
and Gas Commission and a computer.program)designed‘to‘identify erroneous data is

rout1ne1y run on the data set. Various analyses'of the BHT data are in progress

and we . expect to complete a geothermal gradlent map derlved from the BHT data :

this summer.

Task 2% iTWéﬁtyrﬁiﬁetwells’haVe“been:EOmoieted?specifically'for heat flow
andxinterbretatioﬁs'of'tbe"dataAhavevbeeo’reported by Gosnold and Eversoll(1981)

and'Gosnoid;'BeENer;"aadwEverSOIi'(Iéglf' Jﬂeat flow estimates have'been made

 for elght addxtlonal wells in western Nebraska wh1ch penetrate up to’ 1800 m of’

Cretaceous “shales. Heat flow - for most of Nebraska ranges from 40 mW m -2 to 60

mW ‘m ¢ ‘and appears’ ‘to be cons1stent ‘with prev1ous heat flow studxes that

ulncluded the Great P1a1ns “(see Roy, et.fal., 1972' Combs “and Slmmons, 1973

Lachenbruch and " Sass, 1977) However two laterally extensrve areas with heat

flow as high as 120 oW m~2 (Figure 1) are ' anomalous and were not: ant1c1pated by

preVLous ‘conventional heat flow stud1es. The high heat flow in the Nebraska
¢

panhandle is- attr1buted to upd1p flow in’ “deep’ aqulfers in the Denver-Julesburg

Basin (Gosnold and‘Eversoll,“l981);7 Temperature-depth plots for the eight deep

wells in the“bahhaﬁdle'show:a*systematlc 1ncrease-1n,temperature grad1ent along
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lines perpendicular to the structure contours of the Cretaceous age Dakota Group

(Figure 2), and data on the potentiometric surface of the Dakota Group indicate a .

northeastward gradient in the panhandle area (D. Jorgenson, U.S.G.S. Lawrence, . . .

KS, personal communication). This discovery of probable flow in a deep’aduiféf‘
by surface heat flow measurements is significant for both heat flow and hyardio—
gic stﬁdieé;‘ Previous heat flow studies have.identified anomaiously low heat
flow zones such as the Eureka Low (Lachenbruch and Sass, 1977) and the'Snéke
River Plain (Brott, et. al., 1981) that are due to hydrologic phenomena,  This
case appeérﬁ‘to be similar to that of the Snake River Plain in that lateral
water flow is causing ;he heét flow anomaly. However in the case of western

Nebraska an updip component to the flow causes 2 heat flow high.

The high heat flow in north central Nebraska w#s also attribqted,to.uédip
water flow in the Dakota on the eastern side of the Kennedy Basin. However. a
temperature profile obtained in a 500 m section of a 750 m oil exploration well
drilled in November, 1981 shows no break in temperature gradient below the
ﬁakota Group. Two possible explanatioms for the high heat flow that remain are
that updip flow is occurring in one or more of the Paleozoic units below the
logged interval or that the basement rocks have high amounts of radioactivé‘heat_
generation; This question may be answered when the well is logéed to total

deéth during the summer of 1982.

. .
Task 3: . The geothermal resources map of Nebraska is in press and will be

available for distribution on May 24, 1982. The geothermal resources map is a

synthesis of bottom-hole temperatures, temperature gradients, heat flow, thermal
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vcondug:tivi;y data, and stratigraphy. Most of thgse' data were collected s_pecAif‘i-' '
cally for assessing Nebraska's geothermal resources. Additional information was
acquired from open-file and published reports of the Conservation and Survey :

Division, University of Nebraska-Lincoln,

"4 ‘major premise of this synthesis is that in a conductive thermal regime
subsdrfacé"temﬁératu'refs' are détei‘mit.ted. by the heat flow and the thermal conduc- -
tiv_it'iés '6f"th"e'vii‘t:ho’logié'uﬁi’t& pte"serit. Thus, where stratigraphy, thermal
conductivities, and heat flow are known the subsurface temperature can be’ calcu~

lated for a specified depth.

fﬁe ¢v:’c‘m‘<v‘$‘iﬂtiqn§" (_nec“e;ssharsr v}forr_ _-gy‘pplying:”thiws._ mltvat:,hqdqllvogy‘ in__lil‘l'el;raslbc:aﬂ vere as
follows. Heat flows r.cl"eite_r’vxnifrvl‘edw at .29: s_t‘:;'gtive“g‘_'i.{c sites ‘ and_v; ;nc..wrewthan 100 tem-
perature ;g:‘adire_n_t ‘measurements _‘dte‘f‘i‘ngd the tf.hetnial :egit_n»e Aofv the 4statyé. The
sﬁbsurface geology i§ relatively well known,b(Condra and Reed; 1959) and isﬁtlxo!.:
structurally complicated (Carlson, 1969). The thermal conductivities .of all
major lithologic units were determined by direct measurement or by caleulation
from heat flow and temperature gradient glvgtg_j.__ ‘ ngtcéx‘n-’hole t;eqpéra_tutés measured
un'derr‘_ ‘egq!illti.br‘ium ggndi.r_t":igqs and Ttginﬂxpe_rvr’a‘tu:.e” ::g‘tgdier‘gts measured, in rde‘ebp-_‘;.we.lgls B
pro.vig‘lgdq both input c‘!a'ta}_apgvi ~critical tests _of the method of _i!‘t‘,”-‘_'l’,‘.'etatiq'«‘f .
Three types Q_f, _}v“czom;gqlm pgin_!:sh were ugec} : tfor“ _‘teft’xfx)perat;u;e ,cralct__zlaft;iqtlll_s.w"‘-'F.ir‘s"‘t;-'
order’i g;)o_i..‘:‘x;’s areequ111br1um t:‘»empera;tlm;‘e:s Jme:’zs‘\‘xrt;di m deep wells. Segéé;ii-p'rd%t '
points ;a;g d_gev_,pz.-w‘ellv sites vhere f‘s‘t‘:_vratbig‘réphi:g d'at_a; Qéte taken fromwelllogs
and temperatures were calculated. T_hird-é!?def: points vere selected vhere o
deep-well data exist and. étratig:aph‘y ‘was' inférred ,,'frrom the ‘gl‘f.osés\t .‘:dat;g'._

Control point locations are shown in Figure 3. Subsurface temperatures xée_r_e
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calculated for the sandstones of the Dakota Group (Cretaceous) which constitute

a widespread aquifer system in much of the Gréét:PlaihsL : Tﬁg:régiOn within

vhich the aquifer satisfies the U.S. Geological Survey requirements for a low—~

temperature geothermal resource (Reed and Spréy, 1981)‘liévwestiof the'dashed

line in. Figure 4.  Another  potential resource is the Madison Group

(Mississippian) which is a geothermal aquifer in South Dakota '(Schqoq and . .

McGregor, 1974; Martinez, 1981) and underlies a small section of-northwestern

Nebraska, Predicted temperatures on top of the Madison Group in Nebraska are on

the order of 60 to 70 Deg. ¢. This region is represented by cross hatching in .

Figure 4. The total area included in the identified resource area is

107,000 km2. The amount of stored energy in the Dakota group is estimated to ﬁé
on the order of 1600 X 1018 J. The estimate is based on an assumed thickness of
100 m and a temperature drop of 15 Deg. C. for the waters extracted from the

formation.

Task 4: The gravity map is in preparation by Carlos Aiken at the University
of Texas at Dallas. The Bouguer correction to the gravity data will be made

using the best available data on the densities of the rocks in Nebraska that lie

between the land surface and the geoid. This correction should give a more

accurate representation of the gravity field than the standard approach of

assuming a uniform density of 2.67 g cm™ 3 for two reasons. First there are no

rocks in the correction zone which have densities as high as 2.67 g cm~3; second

there are lateral density changes in eastern Nebraska where the Cretaceous and

Paleozoic rocks crop out.
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Task_j:’ Acquistion of equilibrium temperature data in eight deep explora-
vtiqn,wells_inxwesternNNebraska\has”significantly_influenced our approatn to ana= =

: lyses’of‘the BHT data. Comparisons between.the equilibrium temperaturevlqgs and

the reported BHT data are shown in, F1gure S. In’general the BHT'data seriouslye;_ S

underestlmate ~ the formatlon temperatures and the degree of underestlmatxonE‘
1ncreases-w1th depth. The w1de range of temperatures found in the BHT data for“
a $ma11 geographical area were first believed to be duento seasbnal differences
in mud’ temperatures, but a comparison of mud temperatures to BHT's shows no
correlation (Fxgure 6) We plan to aqulre many more equ111br1um temperatures
from shut-in deep wells during the upcomingpfield season and we will continue to

pursue the plan of finding an acceptable correction for the BHT data.

Task 6: The exploration methodnlogy described in Task 3 is being used on
all_potential aquifers in four substate regions that roughly divide'the state
into four parts. The potential uses of the identified resources aredéeing-ana-v
lysed by personnel in the Economic Geography group at thevﬁniverSity otlﬁepraska

at Omaha.

Task 73 Considerable input from the Nebraska researeh-team:has-teen pro-
vxded to to the. Nebraska State Energy Off1ce ‘and to the state leglslature dur1ng
the currentpleg1slat1ve session. The state legxslature has passed two b1lls‘

- pertaining to:geothermal'energy. 7 LB 708 defines the geothermal resource as a
mineral and provides for its regulatxon.f L8 799 is a more general energy b111

that provides $100,000 in state funds to the Nebraska Energy Offlce,for develop-ﬂ

ment of the geothermal resource. A number of newspaper reports on the research
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' project have appeared during the past three years; and the Nebraska Educational

' Television Network has produced two programs on the project. The state team.has

also provided a considerable amount of information for a possible geothermal

installation at Western Nebraska College in Scottsbluff.

149

‘o’



et

——

L] (L] 20 0 20 A0 wies N
[ ]

0 G 20 30_40 IC_ 40 tesews
T ———ad

1
L2

- ‘heat flow"

(mWm-2).

_# 120-140

4 100-120
s 80-100"

-0.60-80

o] o
O
|

a4 40-60

b 20-40

P, = e e e

Ea )
oo

Flgure 1. Nebraska Heat Flow Data. High heat flow zones are. shaded but the limits of
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smay “be -due-to.updip flow toward the north east from the Denver basin.

~high heat flow zone in north central Nebraska is discussed in the text.

The origin of the.
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Figure 2. Equilibrium temperature gradients for eight deep
wells are given in the locating circles. Structure contours
for the Dakota are given in meters with datum as mean sea level.
The area of the enlarged map is shaded in the map above.

See Figure 5 for partial temperature-depth plots of the eight
wells, '
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