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An Evaluat1on of the Hydrotherma] Resources of North Dakota, the Final Phase

Y

Harr1s Kenneth L., Howe]] Franc1s L.
wartman, Brad L., and Anderson, Sidney B

Our prev1ous work has 1nvo]ved deve]op1ng maps to summar1ze aqu1fer

V: characterlstlcs for . Pa]e0201c and Mesozoic aquwfers in North Dakota as

“ell as temperature 1ogg1ng of ‘test -holes to‘expand the ava11able heat flow

data. The WELLFILE ‘and wATERCAT computer data bases we deve]oped have required

'cont1nua1 val1dat10ns and updatlng, but have proved to be effective data

management systems

Current]y we are summar1z1ng the ava11ab1e data on Cenozo1c aqu1fers.
These aqu1fer systems have the 1argest potent1a1 for development by 1nd1v1duals

and sma11 towns Although they const1tute a 1ow-temperature resource of

' var1ab1e water: qua11ty, they are W1dely d1str1buted and occur at economic depths

Maps of Tert1ary aqu1fers have been prepared by Ray But]er, formerly
with the Uni ted States Geolog1ca1 Survey Water Resources Division (USGSNRD)
in B1smarck North Dakota.~ Joint pub11cat1on of. Ray's maps by the North
Dakota Geologlcal Survey, USGSNRD and the North Dakota State Health Department
is in progress. A]though we do ‘not now have pre11m1nary copwes of these :
maps, they should be pub11shed ina few months Ray S maps summar1ze structura]
water qua11ty, and p1ezometr1c data for Tertlary aqu1fers in North Dakota |
Data relatwve to aquvfer 1ocat1ons temperature, and water qua11ty

for P1e1stocene aqulfers has been co]1ected and pre11m1nary 1nterpretat10ns ,

 of this data are presented here.

Flgure 1 shows the occurrence of sand and grave] w1th1n 100 meters

(330 feet) of the surface in the g]ac1ated area of North Dakota. Th1s map

was prepared.using data from USGSWRD county groundwater resource studies

and a’geologic map of North Dakota (Bluemle, 1977). Aquifers within the

"upper 100 meters, aS’welf as surface sand and gravel, were mapped.
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QUATERNARY

SAND & GRAVEL

( Upper 100m )

Occurrence of sand and gravel within 100 meters
surface in the glaciated area of North Dakota.

(330 feet) of the

Figure 1.



'WATERCAT was interrdgated.for the water quality data available for
,P1e1stocene aqu1fers - The total dissolved solids recorded for each Water
ana]ys1s were machlne contoured and f1gure 2 shows a genera11zed contour
map of the expected water qua11ty of the PTe1stocene aqu1fers in North Dakota.
F1gure 3 shows the Tocat1on of the weTl control used in construct1ng th1s
‘map,: Areas of reTatqveTy h1gh totaT d1sso]ved sol1ds (general]y greater
’than 2000 ppm) occur aTong the eastern and northern borders of the state.

The h1gher va]ues in thereast‘are-attrabuted"towyert1ca1.movement of water
from PaTeozo1c and Mesozo1c aqu1fers (f1g.h4), and- a]ong the northern border
to water productlon from sha]e r1ch grave]s Most of the PTe1stocene aqu1fers
‘»‘can be expected to produce water -of. about 1000 ppm tota] dxssolved soT1ds

Temperature Togg1ng of. ex1st1ng groundwater observation wells prov1ded
the temperature and depth. data requ1red to produce a shaTTow geotherma]
grad1ent map and sT1ce maps of. observed temperatures at var1ous depths

F1gure 5. shows the shallow geothermal grad1ent map, wh1ch was ‘constructed
uslng,s1te averages of po1nt—to-po1nt~temperature-grad1ents in the weTTs
Togged F1gure 6 shows the ]ocatlon of: the well control for the sha]low
gradtent map MaJor grad1ent features (:>20°C/km) are present in the eastern
and southwestern parts of the state In the eastern area the gradxent featuresv”
are thought to be due to the vert1ca1 movement of water from PaTeozowc and ,
Mesozo1c aqu1fers In the southwestern area, the grad1ent features are x
'thought to be caused by the tendency for these weTTs to. be completed in

Tert1ary,lreg1ona1 aqu1fers wh1ch are Tess suscept1b1e to Tocal recharge

: events.” The maJorlty of the shaTTow PTe1stocene aqu1fer systems exh1b1t

a reTat1ve1y Tow (<:20°C/Km) temperature grad1ent Most P]elstocene aqu1fers :
areireTattuely shallow and TocaT_Jn‘extent,;and;consequent]y»1nfluenced i

by the cooling effect of local recharge events.
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~ Total Dissolved Solids in Pleistocene Aquifers (TDS/1000,Cl=1)"

- .Figure 2. Generalized contour map of the expected water quality of

Pleistocene aquifers in North Dakota (Total Dissolved Soh‘ds_', PPM). T e




ToWnShip,Con'tr‘o_l‘ka Total Dissolved So!ids in Pleistocene Aquifers

Location of well control used to cbnstruct Pleistocene water quality mé‘p.

: Figurek 3.
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VERTICAL SCALE

NN~ = UNCONFORMITY

Figure 4.. Cross section showing major unconformities in the North Dakota "
stratigraphic column. (After: Carlson, C. G., and Anderson, S. B. s 1966)




S SCALE INMILES

©" " Shallow Geothermal Gradient (30-100m,CI=10C/km)

Figure 5. Shallow geothermal gradient map of North Dakota. -
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Control For Shallow Geothermal Gra'dient'Map

Figure 6. Location of well control used to construct shallow geothermal gradient map.




Figure 7 shOWS'a<contour map of observed temperatures at 100 meters
(330 feet). The temperatures observed ranged from less than 7°C (45°F)
to greater thanu13 ’C (55°F). The features shown on the observed temperature °
map are similar to those seen on the shallow geothermal gradient map.- Fjgure '
8“shows the ]ocation of well control used to‘c0hstruct the 100 meter k
temperature map o |

Numerous requests for s1te spec1f1c 1nformat10n have been- f111ed to
date us1ng data from our data management systems. Proposed_app11cat10ns
have ranged from water-to-atr heating systems for homes and community
centers to a subdivision heating system_combtned with a reverse osmosis
water treatmentvp1ant to supplement city water. | -

We w111 be combining our Pa1e0201c, Mes0201c and Cenozo1c aquifer
data 1nto a cata]og of North Dakota aqulfers It 1s hoped that this catalog
w111 prov1de potent1a] exp]o1ters of geotherma] energy in North Dakota

with usefu] 1nformat1on
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Figure 7. . Contour map of observed temperatures at 100 meters (330 feet).






