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ABSTRACT

This report ;n-esents a compendium of geothermal data on the
State of Ore_agon gathered ﬁnder U.S5. Bureau of Mines Study Contract
30122129‘. Included in the study are data from six monitor wells
located in areas with differing geographic, geologic, and climatic
conditions, Temperatures were recorded at depths ranging from 1
to 25 meters for periods of time sufficiently long tb show the.
| patterns of seasonél variations. Graphs from these éix 1oca£ions
show chanpges in temperature with depth and cﬁanges of temperature
m.th time. A total of 140 shallow (3-8 meter) holes were dr:l.lled
to show the shallow-tempera.t.ure field over an anomaly identified by
deeper (62-152 meter) drilling. Shallow-temperature conditions are
also shown for several areas in southeastern Oregon. Eighty geo-
thermal .gradi.ents were measured in pre-drilled holes. 'lhirty-onel
heat-flow determinations are. ‘reported, including those from five
bore holes drilled as a part of the study. Geothermal data gathered
has so far resulted in the identification of six areas of anomalously
high heé.t flow., Further studies are underway on several of these
anomaliés. Data in the report are presented in the form of, text,

graphs, tables, and maps.
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GEOTHEHMAL STUDIZS AND EXFLORATION IN OREGON

INTRODUCTION

S5tu oals

In 1972, the Oregon Department of Geology and Minerai Industries began
a stﬁdy to locate geothermal resources utilizing various heat-flow techniques.
- During the period of this study, ending June 30, 1975, several previously
unknown areas of high heat flow and geothermal potential were identified. In
addition, a better understanding of regional heat-flow patterns was obtained
and a comprehensive set of déta on shallowatemperéture fields was developed
in several parts of the State.

This report summarizes the nature of the work done, presents the data
gathered, and discusses the findings. It also lists published articles and
open-file reports that have already presented some of the results of this study.

Gathering the data for this study involved four types of acéivities:

l. Pre-drilled bore holes were located and temperatures logged; data gathered

through October' 1974 was placed on open file as Department Open;File Repqrg
0-75-3. | |

2. Six monitor wells situated iﬁ a wide range of climatic and geologic:
environments, were locatéd, cased, and logged for annual temperature change.
3. 140 shallow bore holes ranging from 3 to 8 meters were drilled in widely
scattered locations in eastern Oregon to determine their ahalloWbtemberatura
conditidns; .; |

L. Five bore holes were drilled from.62 to 152 meters in depth to verify‘
trends found in the shallow holes and to confirm trends picked.up'from other
phases of the study.



Develoyment of methods

After the inception of the program, it became necessary, tlar desirable,
to modify some of the methods for accomplishing the goals. For example, |
we purchaséd a get of temperature-logging equipment since none was avail-
able for rent as had been anticipated. Later, experience showed that
logging with high-qua_lit.y portable equipment w#s much prefei‘able to im-
planting permanent instrumentation in the monitor holes as originallj
intended., A third cha.nge. in the program was in the method of siting ‘the
five holes for deep drilling, An early concept was to site the deep bore
holes from information obtained by drilling many shallow holes. As the
study progressed, we found-thé,t pre-drilled bore holes (water wells and
explornt.ion.holes-) provided far better information than shallow holes.

For this reason, and because of delays in obtaining permits to drill on
Federal land, the infbmatidn that was developed frbm pre-drilléd holes
was the basis for locating all but one of the bore-holg sites.

As an addition to this study, financial support of $2,0GO was provided
the Geophysidal Hesearch Groﬁp, Department of Oceanography, Oregon State
University, to obtain telluric current data. Because telluric currents
are st;rong}y affected by the Earth's thermal field, this work was compli= -
mehtary to the overall goalé of the program and resulted in pubﬁ.ca‘_cion of

an east-west profile across the State (see No, 7 of papers listed below). .




Progress of study
As the study progressed and information relating to specific facets
of .t.he program was gathered, progress reports werse issued from time to
time. One of these reports (See No. 1 below) listed gradients and heat
flow for sé\reral of the pre-drilled bore holes, the most interesting of
which was the Cow Hollow anomaly discussed in the next section. The
progress reports on the study are as follows:
1. .Bowen, R.G., Blackwell, D.D,, 1973, Progress report on
geothermal measurements in Oregon: Ore Bin, Vol. 35, No. 1, p. 6—7¢
2. Blackwell, D.D., Bowen, R.G., 1973, Heat flow and Cenozoic ,
tectonic history of the northwestern United States: Cord.illerén |
Section Meeting, Geological Society of America, Portland,
Oregon, March 1973 (Abstract).
3. Bowen, R.G., Blackwell, D.D., 1973, Heat flow in the State
of Oregon: Fall Annual Meeting American Geophysical Union, |
San Francisco, Calif., December 1973 (Abs_ti‘act).
4. Bowen, R.G., 1974, Oregon geothermal study program: Oregon
Academy of Science, Eugene, February 23, 197hl(Abstract).
5. Fisher, Deborah, 1974, An estimate of southeast Oregon's
geothermal potential: Fall Annual Meeting American Geophysical |
Union, San Francisco, Calif., December 1974 (Abstract). |

6. Or:gon Department of Geology and Mineral Industries Open

" File Report 0-75-3, Geothermal Gradient Data, |

7. Bodvarsson, G., Couch, R.W., Mac Farlane, W,T., Tank, R. W,
and vhitsett, RoM. 1974, Telluric current exploration for
geothermal anomalies in Oregon: Ore Bin Vol. 36, wo. 6, p. 93-107.

8. Bowen, R.G. and Blackwell, D.D., 1975, The Cow Hollow geothermal
anomaly: Ore Bin, Vol., 37, no. 7, p. 109-121,

9. Blackwell, D.D, and Bowen, R.G., 1975, Geothermal measurements in
the Western Snake River Plain, Oregon: (in preparation)
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GEOTHERMAL ANOMALIES

Several areas have been located where temperature gradients appear to exceed,.
by a factor of at least 0.5, what is considered to be the normal gradient for
tuffaceous sediment..s in the region --60°C/km. The anomalous areas, shown on
Flate 1 are as follows:

Cow Hollow anomaly (Figure 1)

A report on the Cow Hollow anomaly, prepared for the July, 1975 Ore Bin, is

included in the appendix, but a ‘smmnary is presented here. -

The Cow Hollow anomaly, covéring an area of at least 18 square miles, is
located about 7 miles southeast of Vale, Oregon. _Wit.hin the area, heat-flow
values range between 2.3 and 6.#, from slightly above to more than three times
normal for the region. The anomaly appears to be on a fault zone paralleling
the general regional structural trend of the Snake River Downwarp. The faulting
is believed to have displaced permeable reservoir rocks against impermable
lacustrine sediments causing a structural trap and preventing fﬁrther migration of
the geoﬁhermal fluids, The anomaly is believed to reflect the mresence of an
accumulation of these fluids, |

Willow Creek anomaly (Figure 2)

The Willow Creek anomaly is centered about 10 miles northwest of Vale and .
is possibly a continuation of the Cow Hollow anomaly, southeast of Vale. Its
presence is manifested by measurements in four water wells with gfa.dients
greaf.er than 90°C/km, Heat-flow values range from 2 to 3.8 HFU. The walu§ of
3.8 in bore .hole 17-4359 is considered less reliable thsn the otﬁer values
because the hole is only 35 meters deep. This anomaly is probably associated
with the Willow Creek fault zone reported in the paper on the Cow Hollow

anomaly., Table 10 gives the geothermal data for this region.
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Jacobsen Gulch anomaly (Figure 2)

The Jacobsen Yulch anomaly.was located by the DOGAMI drilling program
and may be an extension of the Willow Creek anomaly to the west. In this
anomaly two bore holes about 7 miles apart show high readings. Hole 17-4558
encountered warm (24°C) water at 105 feet, which probably indicates the |
presence of h;aat. ti-ansfer by convection rather than conduction and .makes the
value of this heat-flow reading of questionable value. The bore holes drilled
farther e#st, all in impermeabls sédiments, showed no s:l.éns of _convection;
indicating thaﬁ the heat-flow measurements are reliable. Table 11 gives t.hé
geothermal data for this region. | |

Trout Creek anomaly (Figure 3)

The Trout Creek anomaly was located in bores drilled during a uranium
exploration program in the region. The holes logged ranged in depth from 50
to 150 meters. Several near-by warm springs also indicate the presence of
heat in this region, Table 9 lists the geothermal data for this region.
Coyote Buttessnomaly (Figure 1)

At the Coyote Buttes anomaly, five bore holes, also drilled for a ura.nilml '
exploration program, have gradients of 120°C/km and greé.‘ber. There ‘a.rer sev_era.l
hot éprings neafby at or near Harney Lake. Temperature gradients in the bore
holes indicate that the heat source continues under the hills to the east of
the Lake. This trend is loca:bedlpn the Brothers fault zone (described by
Walker, 1974). Since cuttings or cores were not available from this site, no
heat-flow determinations ﬁere made; however, the lithology is véry- similar
to the other lacustrine tuffaceous sediments in east-central Oregon which
have shown conductivities in the range of 2.6 to 2.8. Thus, heat-flow values
in the Coyote Butte anomaly range between 3.1 and 4.2 HF-U. Table 9 givés a

listing of geothermal dat,a- for this region.
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Glass Buttes anomaly Figure 5)

The Glass Buttes anomaly was located by logging a pre—drilled water well.
The area, also located on fhe Brothers fault zone, is interpreted by Wa.lke-r,n
Peterson, and Green (1967) to be a complex of silicic volcanic vente.l and domes,
Extensive hydrothermal alteration has prociuced an opalite zone containing dis-
seminated mercury Mnerﬂimtion. There are no thermal springs in the area, but
the well has water at 48°C (118°F) at a depth of 220 meters and an average
gr&diént of 190°C/¥m. This high gradient combined with the location of the
Buttes on the Brothers fault zone #ppear to make the area an a;ttractive

. geothermal prospect.
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MONITOR WELLS

Methods

| One of the goals of Itl'.ais study was to work on methods of identifying ,
geothermal a.nomz_;lies at shallow depths where solar radlation has greater
effects on temperature of rock than does geothermal heat flow. At the
surface the solar heating component can amount to several thousand times
the geothermal component, diminishing with depth to a point where it no
longer is detectable, Because so little information exists zbout fhe near
surface~temperatures and the effects of the annual solar heating cycle, |
the monitor well program was instituted as an adjunct to the geothermal
study program. |

| 5ix monitor wells in different parts of the State were chosen to
sample the effects of various climatic, geographic, and geologic éondiﬁiéns
on heat flow, Well availability and accessibility were a.lsb facotrs in
choice of'- sites. Approximately once a month the temperatures at 1, 2, 3,
5, .7%-, 10, 15, 20 and 25 meters were taken in each hole., In all of the
wells chosen for monitors either the water level was below the level to
be logged and shown to be constant or the well was cased and set with
plastic pipe sealed at the bottom. Where plastic pipe was used, it was
. filled with water to facilitate the more rapid taking of measurements. At
several sites, however, surface cooling of waf.er during cold months pro-
duced a high gradient which caused convection and affected the acurracy of

the measurements, This was remedied by bailing out the water and taking

of time required for the ﬁmbe to reach equilibrium in air, four readings
taken at 2-minute intervals were plotted 6n log graph paper and interpolated

to infinite time, This method proved satisfactory in giving the best |



temperature at a particular depth, An error of 4 meter on the céble
markings was discovered in November 1972 after well mpnitpring began;
thorefore all measurements prior to that date were taken at 13, 2%, 33,
etc. meters and those after that date were at 1, 2, 3, ete. matefs;:

| Tabnlated data for the monitor wells gives dates the wells were
logpged, mean average air temperature for the'month, and temperatﬁres
at various depths, Question marks represent readings that depart signi-
ficantly from a sine curve and are believed to be inaccurate, Two plots
are shown for.each monitor well: one for temperature vs depth at dif-
ferent periods of time and the other temperature vs time at-various
depths, Both sets of curves have been smoothed where there are_dbvious
inconsistencies. The effects,of convection due to the high grédients
dgve10ped from surface cooling in the winter time showed-up in several
of tﬁe plots, particularly the 2-meter and 5-meter temperature vs time
plots. | |

Deseriptions of monitor well sites

Monitor 1, Vale, Oregon: Sec 25, T 19 S, R 45 E, Malheur County,
alev, 2667 feet (813 M) (Table 1, Figure 6). This was an abandoned
mineral exploration well that was relocated and logged to a depth of 70
meters, Plastic pipe was set to a depth of 26 meters and filled with
water., This well has the highest gradient of any located during the course
of the study (214° C/im; HFU 6.4 with topographic-correction). _Geologiéally
the area is on the west flank of the Snake River Basin. Rocks at the
surface and presumsbly to a depth of about 800 to 1000 metefs are tuffacéous
claystone, siltstone, and minor sandy and conglomeritic interbeds. Mean

annual surface temperature in the well area is about 13°C. The U.S.
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Weather Bureau reports the average monthly temperaturé to range between
-2° and +24°C. This wide variation is reflected in the shallow readings,
with the l-meter readings changing nearly 20° and the 2-met§r readings
changing more than 12°, Temperature variations are significantly damped

by 10 meters, and by 20 meters they probably reflect reading errors more

than true variation.

Monitor 2, Warfen Oregons Sec 11, T4 N, R 2 W, Columbia County,
elav, 480 feet (146 M) (Table 2, Figure 7). This well was drilled 'by
the Department of Geology and Mineral Industries to 17 meters and a sealed
plasticeasing was set to T.D. The well is in an area of very low heat
flow and has a geothermal gradient about 10°C/km. The rock type is deeplyl
weathered basalt that has become laterized. Average annual temperatﬁre
in the viecinity of the well appears to be about 10°C with the monthly
temperatures for the region averaging between 2° and 20°. As the well site
is located in a forested area the monthly average temperatures are moderated
over the regional average., This minimal variation is reflected in the 7
subsurface which at 1 meter has a total variation of nearly 9°; at 2 met.e'r.s
it varies 4° and at 5 meters it varies less than 1°.

Monitor 3, Arlington, Oregon: Sec 1, T 2 N, R 21 B, Gilliam County,

elev. 740 feet (226 M) (Table 3, Figure 8). This well was drilled and
cased with plaétic pipe to .a. depth of 125 meters as a foundation t;est, for
an electric power generating plat. Regionally the area is a part of the
Umatilla Plateau. The rocks encountered in the bore hole were tuifaceous
lacustrine sediments of the Selah Formation to a depth of 110 meters over-
lying Columbia River Basalt. The geothermal gradient in t.hé bore hole is
about 62°G/lan. The site is located on a sage-covered flat, average surface

temperature is about 14°C, and monthly averages range between 0° and 24°C.
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Annual variation at a depth of 2 meters is about 11°, at 5 meters it is

damped to 3°, and at 10 meters it is less than 1°.

Mbnitor 4, Baker, Oregon: Sec 13, T 9 S, R 39 E, Baker Counﬁy,
elev. 3500 feet (1067 M) (Table 4, Figure 9). This hole was drilled
to 72 meters as a water well., It is cased to total depth, and the water
level stands at 7 meters. No change was detected in the water level
during the time it was logged. The site is located in alluvium in the
Baker Valley, at the foot of the Elkhorn Mountains, At present and duriﬁg
the recent past the area has been an open field. Average surface temper-
ature is about 10°C with ﬁonthly average variation between -4° and 229C,
At a depth of 2 meters the yearly range is about'lop, at 5 meters it is 290
and at 10 meters it is 0.25°,

Monitor 5, Dufur, Oregon: Sec 20, T1 S, R 13 E, Wasco Gbunty,
elev, 1160 feet (354 M) (Table 5, Figure 10). Drilléd and cased as a
water well to 135 meters. Standing water level was at 55 meters so all
measurements were made in air. The well has a geothermal gradient of
5,°C/km to the water table where it decreased to about 3°C/km to total
depth. The bottom part of the hole repreéents convective heat transfer,
 The well is drilled in basalt near the edge of an alluvial filled valley.
Average annual temperature is about 13°C with monthly average variations
‘between 0° and 20°C. At é depth of 2 meters the yearly range is about 16°,
at 5 meters it is 29, and'at 10 meters it is léss than 0.50; |

Monitor 6, Burns, Ofegpn: Sec 13, T 27 S, R 30 £, Harney County,

elev. 4180 feet (1274 M) (Table 6, Figure 11). Drilled for mineral explor-
ation to a depth of 130 meters. A plastic casing sealed at the bottom is
set to 25 meters. Standing water level reported at 20 meters. The upper

70 meters of this hole shows a gradient of 120°C/ian, and about 70°C/km
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Temperazures in °C

Table 1. Data from monitor well 1, Vale
E?;Eea Iﬁin Tﬁ?ﬁhly  lim 2im 3im I3m 53m  10im 154m 204m 254m
oz 1.5 15.97 14.69  15.43
- 9/26/72 1445 18.76  18.05  16.41  15.91  15.06 15,65  16.75 17.61 18.31
10/3/72 11.17 1838 18.33 16,96  15.66 1511  15.65  16.73  17.67 18.15
10/10/72 ~ 11.17 18.25  17.78 16,65  15.8 15,20 15,68  16.8,  17.72 18.25
10/15/72 11.17 C17.61 7.7k 16,92 15,73 15.22 15.77 16.76 17.68 18.17
11/1/72 4.8 15,40 1618 16,35 1599 1531 1569 16,56  17.53 18.17
11/16/72 483 14,88  15.69  16.04 15.36 15.87  16.79  17.75 18.24
Date Mean Monthly :
Logged Air Temp. im 2m 3m L 5m Tim- 10m 15m 20m
11/16/72 L83 14.40  15.28  15.8% 15.57 15.77  16.69 17.64
11/29/72 4.83 11.62 13,00 14,03  14.87  15.25 15,68 16455 17.56
g};g/'n ~6.00 9.60  12.57 1415 14.98 15.33  15.32  15.69  16.644
(o11) |
12/20/73 ~6.00 10.88  11.96  13.47 14.45  15.06  15.35 1573 16.65 17.55
1/4/73 -2.33 9.63 12,39  13.69  14.641  15.17 15,53  15.77 16.70 17.58
'1/23/73 -2.33 7.78 10,49 12,55 131 13,92 15.39  15.73 16.58 17.49
2/15/73 0.5 9.03 10,43  11.53  13.91 1431  15.55 15,76  16.68 17.58

25m
18.2,
18,10

18.17
18.26
128,07
18.19



Monitor well 1, Vale: page 2

Jate
Logged

2/20/73
3/13/73

4/3/73

(oil)
L/25/73

5/16/73
6/5/3

6/26/73
7/18/73
8/10/73
9/10/73

Mean montaly
Air Temp.

0.5
7.39
9.56

9.56
16.33
21,06

2106

23.22

23.83
1.5

3.76
7.50
5.84

9.98
15.23
16.68

]-90214-

23,07
23.45
22,05

2m

8.60

10.27
8,04

10.09
11.07
13.84
15,03
16.21
18.94
20.32

3m
10.69
12,16

9.91

11.16
11.59
12.20
13.15
13.78
15,26
17.35

12,77
13.80

11.81

12.32
12,63
12.66
13.25
13.71
.41
15.72

5m
13.77
14.78
13.64

13.69
13.48
13.61
13.98
14.15
14.29
14.84

73m
15.46
15.51

15.41

15.34
15.55
15.26
15.39
15.43
1544
15.33

10m
15.71
15.82

15,76

15.72
15.75
15.84
15.78
15.85
15.71
15.77

15m
16.57
16.68
(16.10)

16.62
16.60
16.66
16,65
16.65
16.68
16.67

20m
17.52
17.65
17.65

17.56
17.57
17.5L
17.58
17.61
17.64
17.62

_25m
12,11
18,70

18.43

18.17
18.15
18.11
18.23
18,2,
18.23
18.22

-6-:-
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" Date

10.64

Table 2. Data from monitor well 2, VWarren
Date Mean Monthly |
Logged Mir temp.  1im 2m 33m him 5m 6m  7im 83m 93m 104m 15.4m
8/10/72 21.11 - 10,75 9.66 | 10,3  10.05
9/15/72 15,00 LL.Th 1é.ae - 10.85  10.09 9.81  9.79 9Q86 9.93 9.98 10.02 10.05
10/22/72' 11.28 '12.33 12,40 1l.44  10.55 10.07 9.90 9.é9 9.92 9.96 10;00 10,05
- 11/15/72 7.94 11,27 11,42 11.39 10,24, 9.99 10.04
Vean Monthiy |
Logged Air temp, im 2m 3m hm 5m 6m 73m 10m 15m -
11/15/72 7.94 10.88  11.35  1l.41 10.49 9.98 10,04
12/2/72 1.9 10.46 10,79 10.99  11.00  10.57  10.19 9.98  10.04
12/11/72 1.94 9.18 9.93 10,68  10.73  10.62 9.98 9.97  10.04 \
12/17/72 1.94 8.6l 9.67 10.39  10.55 10.60  10.25 10,00 9.98 10,04 N
1/12/72 2.8 8.27 8,77 9.37 9.97  10.16 10,06 9.98  10.03 '
1/29/72 2.8 7.91 = 8.45 8.77 9.62 10.03 10.10 9.99 10.03
2/14/73 5,17 5,85 8.18 9.8  10.39  10.47 10.13  10.00  10.03
3/5/73 8.78 7.09 7.81 9.18  10.04  10.36 10.16 10,02  10.03
| 3/21/73 8.78 7.30 g8.11 9.17 9.93  10.29
L/30/73 - 8,06 9.34 8.66 2.98 9.56 9.98 10.16  10.05 10.03
5/19/73 14,94 11.53 934 9.23 9.58  9.88 10,19 10,11 - 10.08
6/18/73 16.5 - 12,09 9.99 9.52 9.63 9.90' 10.11  10.08 10.11
7/17/73 20.39 13.66 9.76 9.7¢ 10,01 12.05 10.67 12.03



Monitor wall 2, Tiarren: page 2

Date Mean HMonthly

Logged Air Temp. 1m 2m 3m 4m 5m 73m 10m 15m
8/14/713 21.11 14.56 12,03 © 10.54  9.99 9.8 10.03 10,07  10.04
10/23/73 11.28 12,19 12,17 11.37 10.69 10.26 10,02 10.04

12/19/73 1.94 8.99  9.07 10.15 10.32 10,39 10,01 10,04  10.00
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Jate
Lozged

2/23/73
LAL/T3
L/26/73
5/22/73
6/1/73

6/19/73

8/1/73
8/19/73
9/4/73
10/15/73
1/18/7h

Mean Honthly
Alr Temp.

3.9
9.83

- 9.83
17.89

- 21.61
21.61
25,0
25.0

17.06
11.17

Table 3.

]_m

9 023 ’

12.98
15.62
15.27
17.07
21,77
18.50
19.85
16.81
(8.85)

8.27

9.61
10.96
13.19
13.48
.57
17.42
18.50

119,19

18.49
10.73

Jatz frox= monitor well 3, Pebble Springs

3m
11.23
10,87
1i.12
12.48
12.92
13.61
15,72
15.43

17.21

17.48
13.71

i3.21
12.37
12.10

12.94

13.15
13.57
14465
15.09

15.71

16.62
15.04

14446
13.44
12.65
13.70
13.63
13.86

14,31

14.57
15.03
15.88
15.35

7im
15.34
15.20
15,01
15.03
14.73

l‘-l--76
Lh.52

14,46
14.53
14,82
15.47

10m
15.14
15.29
15.25
15.29
15,11
15.22
14.99
14.95
14.96
14086
15.14

15m
14.96
15.15

15,21

15.25
15.31
15.62

14.87

15.39
15.45
15.37
15.33

15,24
15.39
15.38
15.57
15,49
15.89
15,51
15,35
15.58
15.61
15.52

25m
15.50

15.64

15,65
15.78

15.73

15.86
15083



Table 4. Data from monitor well 4, Baker

Date Mean Monthly

Logged Air Temp.  1m 2m 3m Lm 5m 7im 10m 15m 26m 25m
12/21/72 -5.uh 3.23 T.46 0 931 10.55 1132 10091 10,71 10.79 10.98

1/6/73 -5.00  2.97 7.22 9.37  10.67 11.09 10.90 30,73 10,78 10.91

1/24/73  ~5.00 L74  6.72 8.97 10.13  10.82 10,85 10,75 10.79  10.97 11.11
2/8/73 0.17 1.77  5.24  7.26 8.78 10.21 10.73 10.75 10.79  10.96 11.13
2/21/73 0.7  1.90  L4.95 7.06  8.49 10.07 10.67  10.73 1079 10.98  11.10
3/14/73 6.00 L.56 5,79 7.1l 8.33  9.79 10.52 10,68 - 10.79 10,98 11.10
4/u/73 5.78  6.50  6.34  7.21 8.6 9,35 10.46 10,64 10474 10,97  11.10
L/26/73 £78 913 7.38  9.85 8.27  9.52 10,34 10,57 10.79 10,98 11,10
5/18/73 13.67  15.35 8,07  8.02 8,50  9.59 10.20 10,52 10,78  10.99 11.10
6/6/73 16,67  16.20  10.47 9.03 8.94 9.60 10.19 10.52 10.77 11.00 11,10
7/5/73 19.72 20,17 13.51 11.04 10,18 10,08 10,26  10.52 10,80 11,01 11.13
7/18/73 19,72 A4.72 13.77 11.55 10.56 10,11  10.32 10.50 10.80 11,02 11.13
8/9/13 20,78 22.35 15,09 12,72 11.38 10,60 10.41 10,52 10.80 11;02 11,13

- /5/713 12,17 17.75 15.43 13.80 12,51 11.26 10.51 10,57 10,80 11.02 11.12

_Le-
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Date
Logged

12/22/72
1/11/73
1/25/73
2/9/13
2/26/73
3/15/13
L/5/73
4/27/13
6/1/13
5/19/73
7/9/73
8/1/13
9/4/73
11/1/73

Mean Montnly
Alr Tenmp.

2,94
0,22
0,22

2.5
2.5
7.0
6.67
6.67

16.5

6.5

19.94

20,22

13.hh

5428

im
8.36

5.1k

6.80

8.28

8.83
11.07
14.07
15.94
16.78
21.29

18.00

12.%

Table 5. Dataz froz monitor well 5, Dufur

2m

10,09

8.72
8.76
8,69
9.38
9.90
10.37
13.74
12.82
13.93
16.31
17.21
l8.41
15.06

3m
11.32

10,81

11.70
10.62
10.58
10.98
1135
11.13
12,70
12.93
14,09
15.23
16.71
15.43

12.35
12,33
12.35
12.80
12,40
12,54
12,94
11,58
13,12
13.06
13.27
13.73
1,24

15,08

5m

13,02

12.73

13.11
13,00
13.08

13,06 -

12,59
13,12

13,10

13.20
12.72
13.55

14.27

73m

'12.89

13.20
12.95
13.08
12.92
12.98

13.11

12.78
13,12
13.09
13.23
13.18
12,49

13.19

10m
12,97

- 13.31
13,07

13.16
12,94
13.05
13.00

12,98

13.24
13.19
13,22

13.26

13.35
13.35

15m
13,26

13.56.

13.44
13.66
13.39
13.76

13.76

13.72
13.97
13.77
13.77
13.77
13.65
13.74

13,55
13.76

13.70 -
1.7

13.67

14.25

13.84
13.77
13.92
13.91
13.90

13.85
13.8,

13.91

25m
13,88
14.02
13.99
14.10
13,96

14,28
- 14.03

14.08

14.05

- 14,06

- 2;--



..Date
Logged

2/19/73
3/12/73
L/2/73

L/24/73
5/16/73
6//73

- 6/28/73
7/17/73
8/8/73

§/21/73
9/12/73

Mean Honthly
Alr Temp.

-0.72
5.33
LeT2
L.72

12,61

16.78

16.78

19.61

 20.06

20.06

11.17

lm

6ulih

6.7k
6.81

7.5
11,47 |
14.35

16.87
20.20
19.72
20.31
18.40

. Table 6. Data from monitor well 6, Burns

7422

- 7.7

7.76
8.26

8.20
9.50

1l.42
13.27
1he46
15.76
16.07

3n

9.38

8.75
7.75
9.27
9.27
9.47
10.47
10.92

.77

12,54
13.19

L
10.63
9.72
9.96
10.18
10.56

' 10.38

11.04
11.09
.21
11.37
11.87

5m

11.25

11.10°

11.33

11.34

11.29
11.17
11.80
11.38
11.40
11.33
11.64

:7%m
12.38
12.39

12,38
12,35

12.39

13.03
12,11
12,20
12,30
12,29

10m
12.58

12,53
12.59

12.63
12,83
12.83
13.18

12,56

- 12,58

12.56
12,57

13.42
13.33

13.37

13,34

13.44
13.43
13,56
13.44
13.45
13.42
13.46

20m

13.77
13.76
13.76
13.77
13.7L
13.76

13,79

13.81
13.79
13.78
13.78

25m
144,07
14.07

1,06
14,06

14,07
14,05
14,17
14.10
14.10
14.09
14.10

-g{-
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below that depth. The gradient difference may reflect the local geologic‘
conditions in which semi-consqlidated lacustrine tuffaceous sediments near
the suffdce overlie a dense welded tuff. The site is 1ocﬁted in sape-covered
rollin~ hills. The average annual temperature is about 10°, with monthly
averare variations between -4° and $21°C. A good curve was not ébtainéd.at
this site because it was not lopgzed for a sufficient ﬁeriod and because
convection of the water in the plastic pipe upset the shallow gradients.

At a depth of 2 meters the.annual variztion appears to be about 9°. At

5 meters records show a-chénge of only about 3°, but this may feflect the
temperature disturbances due to convection rather than truertemperatures.

By 20 meters the well showed extreme stability with changes of 6nly 0.05°,. .
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SHALLOW WELL PROGRAM

The goal_of this phase of the stuﬂy was to see if geothermal anomalies
could be identified by temperature measurements from bore ﬁoles driiled
only 2 or 3 meters deep. The results of this study are still'unclgar as
the analysis 6f the date gathered has not been completed. From what has
been learned thus far it appears that the method has promise, but the
gathering and working up of the data to make useful comparison is so time
consuming that drilling the holes to a depth where they are out of the
effects of solar heating is more worth-while, This study has fallen into
tw5 divisions, the first is the intensive examination of the geothermal |
anomaly in the Cow Hollow area, and the second is the reconnaissance
drilling in other parts of eastern Oregon. In the Cow Hollow area (Figure 12)
L8 holes were .drilled to a depth of at least 3 meters, but some as deep
as 8 meters. During the reconnaissance drilling 92 holes were drilled to
a2 depth of 3 to 7 meters in various areas in eastern Oregon. These areas
are shown on Plate 1,

The holes were drilled with a Mobil Minuteman power auger and when
completed were cased with plastic pipe, capped at the bottom, and filled
with water. A cap was also placed at the top of the pipe to ensure successful
re-entry. Temperature measurements were then made in the drill holes
after the upsetting effects of drilling had diminished and the holes had
stabilized. In practice we.found that a relatively experienced Crew was |
able to drill.betweenlope and two shallow holes a day. Nearly all holes
were drilled in tuffaceous sediments, with a few in alluvium. Because of
thé'abrasiveneés of the tuffaceous sediments, bit wear was high dand life of
the augers was short. Frequent moveé contributed to making this program

relatively costly per foot of hole drilled,
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To derive useful information from temperature measurements taken
within the zone of annual temperature changes requires the awareness of
several variabies, aside from annual air temperaturé changes. Also
important is the elevation, ground cover, direction andrinclination of
the slopé, ground-water movements, and cultural changes. The object of
this study was to analyze or avoid these effects in order to see if sig-
nificant data about the heat flow could be obtained from shallow holes.
Temperature variations due to annual air temperature changesICOuld be
accounted for either by using monitor wells to record these changes, or
by‘tuking all measurements in the areas to be compared within an interval
of one or £wo days.

Since temperature ddcreases with an increase in elevation, a "lapse
correction" for elevation was applied to the data. The correction factor
used was -3°C/im. For the shallow wells, the lapse correction was applied
in order to correct the mean annual surface temperatures to a common
elevation (in Table 7 the mean elevation used was 1000 meters). Measurements
for an individual group of holes were made over a period of one day, or at.
most a few days, so that the temerature drift would be minimal., Vhere the
temperature measurements spanned several days, measurements were made in
at least one well every day so that drift corrections could be applied and
the data reduced to a common day. There has been no attempt to match the
temperature data from the different areas by using a theoretical temperature-
versus-date curve. At the present time the data are only signifiéaht when
compared to the local grodp of drill holes.

The shallow-hole data from Cow Hollow shown in Table 7 gives the
results of measurements taken at different times., Table 7 also gives the

elevation and lapse correction used in preparing a comparison of the data.



Location
VE - A
V3 - B
VE-C
VE ~-D
VE - E
VE - F
VE - G
VE - H
VE -1
VE - J
VE - K
VE -L
VE - M
VE - N
VE = O
VE-P
VE - Q -
VE ~ R
VE -8
& - T

VE-U

Elevation

768

913

925

3h17'

g78
823
832
811
872
830
g1l
780
88y
872

835
881

860
963

835

7.9
771

Lapse
-0.72
-0.26
-0.23
=048
=0.37

-0.53

-0, 50
~0.57
-0.38
-0.51
~0.57
=0.66
-0.35
-0.38
-0.50
~0.36
~0.42
=0,11
~0.50
-0.84
~G.69

Table 7. Data from shallow holes, Cow Hollow

10/15/72

Im 3m
17.49. 16.87
17.79 16,91
17.41 -16.13
17.87  16.85
.40 16,29
16.40 16.18
17.79 18,05
16.90 16,68
16.21 15,86
l6.0i 16,22

5/8/13
1m

12,18
11.72
12.17
12,46
11.61
12,67
13.09
11.81
10.99
11,62

3m
11.54

11.44
11.92
(11.88)
11.71
(11.07)
11.05

11.33

17.92

6/25/73
Im .

18.80
19.39
19454
20.41
19.25
20.78
16,70
16.75
17.92
18.77
18.73
17.94
17.26
19.76'

18.20
17.25
19.57
17.94

18,31

3m

12,76

12,66

12,80

| 12,93

13.02
13.17
13.48

12.25

12.47

13.52

13.67
12,24

11.54

13.96

12,12

12.28
11.&

12.67

12,78

9/7/73
Im

2,13
22,90
23.14
23.07
23.75
22.50
23.88
71,33
21.08

21.37
22,96

22,68

22.46
20.99
23.68
18.76
18.70
17.78
21.44

22,70

3m
16.72
16.99
16.00
16.68
16,00
16.12

17.23

16,26
15.52
15.70
1744
17.68
16.12
14.17
18.09
16.02
15.91
15.03
16.29

16.60



Location

Shallow holes, Cow Hollows

-V

-W

VE & X

VE - Y

VE - AA

- AB

VE
VE.= AC
VE

- AD

VE - AE

- A

W - B

Ve = D

cC-4 (Cairo)i

C

C
c

Qo o

(W]

-B
-C
~-D
-E
-F
-G

- H

Elevation

850
832
823
850
847
902
835

832
713
725
722

869
793
790
786
835
866

853

Lapse
Q.45
~0,50
~0.53
-0.53
-0 .46
~0.29
-0.50
Ol 7
-0.50
~0.86
-0.83
~0.83
=0.66
~0.39
~0.62
~0.63
-0.64
-0.50
=0.40

-O.M

page 2

10/15/72

Iim

3m

5/8/73

3m

l3/25/73%

17.22  12.62
18.48 12,60
18,00 12,28
18,20  12.71

©17.57 12,46
17.63 12,55
18.66  12.64
17.17 L4600
19.94

19.56  12.61
18.82  12.71
19.61  13.09
19,08 12.70
18.82  12.64

lm9/7/’73 .

| 21,69 16,66
22,88 16.79
21.99  16.12
22;02 16.26
21,53  16.41
22,65  16.59
22,77 17.34
22.41  16.69
22,17 16,00
20.62  16.35
21.53  15.52
20.60 15,39
22,47  15.78
21,13 15.26
22,90
22.47 - 16,01
22,01 16,69
23.45  16.98
22,9,  16.80
22,21 16.54

- Th -~



Shallow holes, Cow Hollow: page 3

Location = Elevation Lapse 1;%10/15/;:?; 131/8/733111 13?1/25/7%:.1 ]J?l/7/733;'1

MB - A 8L 056 18.15 13,1 22,29 16.41
M8 - B 762 o o | | 18.66 13.06 22,2, 16.13
MB - C 921 0.2, | 17.97 12.61 21,73 16.7%
MB ~ D 855 0., | 19.08 13.49 23.07 16.96
MB - E 808 0,58 | 18.78 13.83 22.62

¢ -1I 805 -0.59 19.63 12.70

-2."—.
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Thus far the correlation between the temperatures found in the shallow
holes and the heat flow as determined from the deeper holes has not7been
regolved, Blackwell and Bowen are continuing'to work on the data and
intend to publish a study of the area in the near future using ‘the data
gathared under this contract.

The information on the other shallow holes drilled under this study
are listéd in Table 8. This listing gives location, elevation, lapse
correction, date holes were lopged, and temperatures at various depths.

The general areas where these holes are located are also shown on Flate 1.



Shallow Hole Information ——- L
Temperatures in °C; Elevation in meters; Lapse correction to 1000m elevation; numbers in paren.

indiczted depth at which temperature was taken.

Radium
SWiNZ:
SWENER
SHENEZ

vl
S‘L‘i gPNE,.'l,

Location

Hot Springs

sec 28 T7S R39E

sec 28 T7S R39E
sec 28 T7S R39E
sec 28 T75 R39E

Malheur County

SEZSVE

[)] w
=1 =
i
=
+  F

]

NELZNEE
NWENEZ
NWENEE
Sw5SHL
SWHSUE
SELSWE
SWESHE

SELW#

sec 36 T17S R45E

i éec 36 T17S RL58

sec 36 TL7S R4L5E
sec 36 TL7S R45E
sec 36 TL7S R45E
sec 36 TL7S R45E
sec 15 T17S R45E
sec 15 TL7S RL5E
sec 15 T17S RASE

sec 15 T17S RASE
sec 36 TL6S RASE

sec 36 TL6S R4SE
sec.36 T165 RLSE

MHA

MHA,
1B,
MHB,
HHG,

MHC

MHD,
MHE)
MHF;
MHGy

ML,

Elevation

1009
1009
1009
1009

N
W,
756
756

768

768
878
878
951

936

892
865
913

Tabie g,

Lapse

+0.,0
+0.0
+0.0

+0.0

=077

0,77
~0.73
~0.73
~0.70
~0.70
~0.37
0.37
0,15

-0.19
-0,32

0.4l

~0.26

Jatz from scattared shaliow holes

Date

12/5/72
12/5/72
12/5/72
12/5/72

8/24/72
8/24/72
8/2,/72
8/24/72

g/a/m2
8/2u/12

9/6/72
9/6/72
9/6/72

9/6/72
9/6/72

9/6/72
9/6/72

1lm

8.12
0.1,
6.40
6.87

20,46

19.59
19.76

20,04
22,97
22.149

2m

10,60
12.87

7.52
10,50

16.31
16,14
16.57
19,15
17.03
19.68
19.35

depths logged

3m

13.34
15.87

8.33
11.60

14495

14,235
14,82
15.075
144745
14.90
14,04
14.10
14,70
14,57
1,51
16,91

16.34

Lm Sm bm
15.16
C17.40 18415
9.1 9.77
12,04 12,61
13.90 (3.7m)
13.73 (3.8m)
14,245
49 14505 1453
14,325 14.360  1h.42
14.292
3.1 12.99
13.30  13.15
1289 12.61
13.04 - 12,67
13.39  13.15 13.18
15,51  14.91
14.37

o

14,60
15.54

13.28"



Scattered shallow holes: page 2

_ 1m 2m 3m hm 5m 6m 75m
$.30% sec 36 TITS R43E Jasy 796 -0.61  10/14/72 17,03 16.97 15.58 14.61L L1hed® 14,11 14,19
SWE3E: sec 36 TL7S R43E JaBy 803 -0.59 10/1L/72 17.47 17.34 15.80 .64 14,07  13.98 13.99
ELNE sec 36 T16S TU44E JaC, 7¢6 -0.64 10/10/72° 17.36 16,68 14.93 .18 14,160 14423 14.29
WiiNE; sec 36 TL65 RLLE JaDy 767 -0.70  10/10/72  17.66 17,21 15.29 14,17 13.74  13.76  13.81
SWNwA sec 36 T165 RLAE  JaBy 7h1 0,78 10/10.72 16,62  16.07 14.49 13.68 12,34
3EASEP sec 26 T17S RLLE (Farm) 725 -0.83 = 9/30/72  17.32 16.49  15.20 13.99 13,10 12,83 (8lm
5E2SWE sec 36 TL7S R4SE .MHA T, 0,77 9/10/73 22,29 18.65 15,66 | 14.36 |
Double Mountain -

SWENWE: sec 5 T20S RLLE - DMA Tk, -0.77 8/18/73 22,22 16.93 1l4.3%4

SEANEZ sec 20 T20S R44E DMB 917 -0.25 8/18/73 22,62 17.67 15.71(2.5m) .
SEPIEZ sec 23 T205 RALE DT 951 -C.15 8/19/73 21,80  17.62 14.91 &
NEzNE: sec 12 T20S RLLE DMD 832 =0.50 8/18/73 22,01  18.07 15.33 '
Kane Spring Guich

SELSE: sec 7 T20S RAE K3GS 7L .68 8/18/73 2,.2L, 19,17

{ELSEL sec 30 T205 RLLE KSGB g11 -0.57 8/18/73 21,30  16.30

sdrizn 75 min. Quadrangle

SWiSEL sec 16 T21S RL6E Aday 799 ~0.60 8/23/72 | 16.685

SiZ3E~ sec 16 T218 RW6I Adhy 799 -0.60  8/23/72 17.415

5E3EL sec 16 T213 RUGE ifhg 799 -0.60 8/23/72 16,125

5.253% sec 16 T21S RLEE Ad4) 805 0,59 8/23/72 15,43

595332 sec 16 T21S RL6E  adas g1l -3.57  8/23/% | 16.36 14.595  13.78%

Ti35: sec 16 T215 2ol  Ad3; 771 ~3.69  8/23/72 16,525



3cattered snha:low noles: fage 3

. NE=3EZ sec 15 T21S 6 AdBp 771 0. 69 3/23/72 = = 12?885 . & o

NEZ3Z: sec 16 T215 RU6Z  adB, 771 0,69  8/23/72 17.765

NEZ3Zz sec 16 T21S RL6E ads, . 770 ~0,6% 8/23/72 16.885

WBLOEE sec 16 T21S Ru6E .;aras 771 .69  8/23/72 16.63 14,92 14.08  13.95

SBiSVE sec 16 TOS A463 AdG; 831 -0.51  8/23/72 16,095 14,60 14035

SEzSiz sec 16 T21S RAGE AdC, 831 0,51 8/23/72 -15.965  14.28 13.78

SWisE: sec 16 T2LS R46E AdAg 811 ~0.57  9/7/72 20,03 17.05 1,.88 13.97  15.83

NE45ZE sec 16 T21S RLGE - AdBs 771 ~0,69 9/7/72 21,1 17.46 15,64 14,60 14.15 13.9é (7))

SUASEL sec 16 T21S R46E AdA 805  ~0.59  9/8/73 22,52 19,46 16,8,

NE3SE} sec 16 T21S R4GE AdB 7L 0.69  9/8/73 24,70  22.38 18,52 ‘

SEz5W: sec 16 T213 RL6E AdC 831 ~0,.51 9/8/73 23.68 20,75 17.62 &
: . .

East Silver Creek _

NWESEL sec 21 T23S R26E B-A 1295 .89  g/a/713 14,66 | 12,42

NIENWE sec 34 TR3S R25£ B-B 1356 $1.07 8/22/73 17.74 13.93 11.74

NELNWE sec 33 T23S R26E B-E 1329 +0.99  8/22/73 18,04 14.37 11.93 10.70

NWZNW) sec 18 T235 R6E B-F 1329 +0.99  8/21/73 19.76  16.32

SEiSE sec 1 T235 R6E B-G 1311 +0.93  8/21/73 18,51 15.29 12.92

NWLNEL seé 1 T233 R26E B-H 1311 40,93 | 8/21/73 20,42  16.43 13,60 11.49

Camp Harney
NWSE: sec 32 T245 R323E CH-A 1253 «0.76  8/20/73  18.9k 14,20 11.47  10.37

NvESEL: sec 32 T24,S R32LE CH-B 1253 40,76 8/20/73 20,77 16,42  12.89 11,15




Scattered shailow noles: 7Paze 4

L. . im 2m Im L
W= sec 22 T24S R325E CH-C 1254 £0.76  8/20/73  19.16 15.02 11,90 10,49

1535 sec 21 T24S R32LT CH-D 1253 +0.76  &/20/73  20.23  16.03 12.69  11.91 (3.9m)
sec 11 T255 R323E CH-E 1250 «0.75  8/20/73  18.85 13.99 1l.42

Christmas Lake

NWESKE sec 33 T265 R20E CLC 1311  +0.93  8/22/73  17.06 12.29 . 10.15 9.66 (3.9m)
Niwa3. 2 sec 28 T26S R20E CL-D 1311 +0.93  8/22/73  19.80 11.61 10.86 (2.77m)

SESSE: sec 26 T265 RI9E CL-E 1311  40.93  8/22/73  19.29 10.5k  9.98

Wagontire

WeiSWE sec 10 T26S RR5E W-A 1433 1,30 8/22/73  18.65 14,03 11.87 10.56
NWENEZ sec 28 T27S R25E  W-B 1402 1.2 8/22/73 17.36  13.17 11.02

NWzSEL sec 22 T265 R25E VL 1341 +1.02  8/22/73 18,09 1i.11  11.62 10.47
SWANER sec 21 T26S RUE W-D 14194,  «L.48  8/22/73  18.90 14.21 11,22 9.94

SEINEL sec 28 T26S R25E W-E 1341 +1.02  8/22/73  18.18 14.18 11.23 9,61
Silver Lake _

SE%sw‘ sec-ll 1285 RISE SL-A 1341 +1,02 8/23/73 21,09 16.25 13,09 (2.95m)
NWESE: sec 15 T28S R15E SL-B 1326 +0.98  8/23/73  15.82 11.97 10.04 9.25
SELSEL sec 5 T285 RL6E SL~D 1332 +1.00  8/23/73 16.85 12,2,  9.60 8.87
NE:ZNE: sec 9 T285 R1AE SL-E 1323 +0.97 8/23/73 15,07 1l.24 9,08 8.52
WEzNE: sec 8 T285 RIS5E SL-F 1341 «1,02 8/23/73 18,15 13.30 11.05 9.97

NEENEX sec 9 T283 RI5E SL-G 1326 +0Q98 8/23/73  15.26 11.47 9.05 8.21

_(‘{,,_



Scattered sha’low holes: Page 5

Paisley
MWzNwk sec 5 T303 RL7E

N

5B£32% sec 14 T305 R17E

NWiSEL sec 11 T30S R17E

SEiSWE sec 2 T30S RLTE

ZE£SE#: sec 12 T30S Ri7B

NE=NZi’sec-10 T29S R23E |

- SEisW: sec 15 T298 R23E

NE25.f sec 21 T30S R23E

SWASWE sec 33 T29S R23E
SE:SEZ sec 1 T30S R22E

Coleman Point

NWINE; sec 17 T365 R1SE
NwiNE: sec 19 T365S RL8E
NEXNE: sec 24 T365 RI7E
NEZSE} sec 19 T365 RI4E
NEANEL sec 8 T365 RL7E
Cox Flat

NviENEL sec 34 T37E R1SE
NWZNEL sec 16 T37S R1EE

SWENE: sec 15 T375 RISE

P-4
s
p-C
p-D
P-E

BF

P-G

Py
P-1

P-J

CP-A

Cp-B
Cp-C
Cp-D

CP=E

CFP=-A
GF=-B

CF-C

1302
1302
1302

" 1302

1302
1308
1308
1308
1308

1308

1594
1634
1634
1631,
1682

1698
1728

1737

+0.91
+0.91
+0.91
+0.91
+0.91
+«0,92
+0,92
+0.92
+0.92

1'0. 92

+1.78
&1.90

+1,.90 .

*1.90
2,05

+2,09

2,18

w2 2L

8/23/73

8/23/73

8/23/73
8/23/73
8/23/73.
8/23/73
8/22/73
8/22/73
8/22/73
8/22/73

8/2L/73
8/24/73
8/21/73
8/24/73
8/2./73

8/24./73
8/24,/73

8/21,/73

im
22434

18,40

21.68
18.56
22,30
15.83
15.95
19.20

17.36

19,68

14.81
12,19
15,31
15.40

13.93

4o 25
13.01

17.94

2m

13.78
17.16
14.62
16.78

11.81

12,05
15,07
14,15
1,97

10,56

9.48

12.49
11,99
10.55

11.45

10,05

14,26

3m
14.42

11.35
14,19
11,90
lh.43

9.70
10.28
13.51
11.79

12,93

8.23
7.69

10.47

9.72
8.02

9.36
8.42

11,46

Lm
12.72

10.95

12,45

13.06
9.25 -
9.93

12,61

20.73

12.20 (3.8m)

7.37
6.85
9.42 (3.92m)
8.53
6.83

8.47 (3.8m)
7.56
9.78



Scattered shallow holes:

2aker

T 95 RLOE (2430 Aubum Ave)

Baker :
T9S RLOE 16 (940 Campbell Avs)

U
53]

al

i

23}
Flr

T w

®

Q
'—l
[o3
g
£
ta
3
L

Ilev.

1045

1045

Lapse

0,14

=0.14

Page 6
Date

11/5/72

3m
g.83

mo date 11,96

7/5/13
7/5/73

1m
17.17
16.86

Lm
11.39

12,30

12,33

11.49

3m
10,90

10.81

10m
11,63

1.33

10.66

1044

1lm
11,65

—6*,-



PRE-DRILLED HOLES

In addition to the holes of varying depth which were drilled during
the present investigation,'we undertock a concentrated program of locating
and meésuring temperature gradients in pre-drilled holes such as abandoned
water wells, mineral exploration holes, and petroleum wells. Measurement
of pre-drilled holes rebresents the most efficient means of rapidly'securihg
temperature gradient information over a large area. To date 81 holes have
been measured throughout Oregon (see Plate 1), The bulk of the holes lie in
southeastern Oregon where Qater wellsrare,more abundant.

The gradients measured in pre-drilled holes have been periq&ically

published or placed in open file (Bowen, 1972 and Bowen and Blackwell, 1973,

The results to date are tabulated in Table 9. Detailed temperature
loge for each of these holes are avallable for inspection at the various
offices of the Department of Geology and Mineral Industries. Hole numbers
represent location by sectioﬁ, township, and range, eg., hole number 1-13-3-20
isg located in sectiop 20 of township 1 south, range 13 east. Unless-othgru
wise noted, all holes are.south and east of the Willéﬁatte mbridiaﬁ and base
line. . |

The quality of the témperature gradients tabulated in Table 9 is
highly variable., The pre-drilled holes utilized in this prognmﬁ are mainly
water wells axceeding'six‘inches in diameter and hoies of this type are
subject to water movement within the well or the aquifer. These currents
distort the temperature patterns and make the calculated average gradients

semi-qualitative at best, Most of the gradients are probably accurate to



Hole no.

3N-21-519
3N-21.-536
3N=47=526
2N-21-5 1
2N-22-3 6
2N=-24=5 5
2N-27-5 7

-13-320
-35-536

o

8 -37-528
8 -37-329
8 -37-532

& ~41-53h

8 =4,2-524,
8 —42-529
9 ~39-513
9 =4 1-57

10-38-324
12~01W-54
13-29-515

13-31-526
13-31-527
16-43-87
17-45-53
19~31-513

21-35-511a
21-35-511b

214y 2-527
2L=46-57

22-21-59 (?)

23-23-527
25-6W=-521
27-30-313
27-30-319

27-30-521
27-30-526
27-30-827
27-30-536
28- g-S5

32-24-S1,

37-18-S14

“l5m 59

Table 9.

North

Latitude

L5044
450421
#5942
459,11
45%,11
4,5°41 1
45040

45287

150251
L4051
14,511
44C51 1
L0501
14,°50¢

14,0511
Uk 501
NN L
LEOLT
L4OU1LY
L4034
44,0271

LuS2L
hugZA'
L1121
142071
43%551
L3051
543°,5¢

L3043 "
L35
143°40?
439331
43°231
43%14
43131

43°131
439121
4,3%121
439111
43°10¢
120491
420221

- 51 <«

West

Longitude

120931
120°091
1169541
1200081
120%071
1199511
119°29»

121°121
120°08¢
120054 1
118°111
1189121
1189131
1179418

11793561
117%531
1179440
118°%011
122°491
119913

1189561
1189588
117°%300
117%121
118971
118°231
1189231

1179331
117°091
- 12001214
119°561
1239251
118%571
119%021

1199001
1189581t
1189591
1189571
1219481
122561
1209331

Depth
interval,
. Meters
25 = 70
15 - 45
15 - 65
15 - 130
15 - 130
15 - 115
30-= 305
15 - 55
15 - 130
15 - 155
20 -~ 100
20 - 118
20 - 85
15 - 130
i5 - 70
15 = 45
15 hed 72.5
15 - 25
25 = 115
15 - 67.5
15 - 150
20 - 70
15 - 150
15 - 11§
15 =180
20 - 240
15 « 100
15 - 50
1¢ - 20
15 - 70
15 - 40
15 = 220
15 - 90
15 - 130
1].6.6"'1.07'6
15 - 110
15 - 57.2
15 - 75
15 - ll-7-3
15~ 75
15 - 215
15 - 75

Temperature gradients in pre-~drilled holes

Gollar
elevation,
Meters

120
232

226
241
206
313
354
9LL

1,277

v

Average
gradient
OC(km

52,0
45.3
23,0
59.4
L6.1
31.7
6l.2

L1.7
2.5
32.4

8.5
11.3

2.6
L2.7

30.4
12.3
32.3
48,0
39.9
32,0
3bel

39,0
34,8
33.4
61.6
25.9
48.8
72.0

37.0
108.2
58.8
177.4
8.9
85.0
131.0

152,.2

115.6

2.5

=543
15.3

133.9



Hole no,

3718527
37-19-330a
37195300
37-19-330c
38-37 =524
38-37-845
38-37-326

39~21329
39-34-52
39-37-52
39-37-517a
39-37-517Tb

North

Latitude

42°201
429201
1,20201
42°201
42°167
429151
4,2°15¢

429101
L2012,
L2°110
42%141
5429140

- 52 -

Table 9. {cont'd)

YWest
Longitude

120°351
1029311
120%31¢
1209311
118°19¢
118019+
118°201

120%16¢
420411
420201
14,2%231
42023

Depth
interval,
Meters
10 - 20
15 =135
10 = 20
15 = 4O
15 - 100
30,5«150.9
15 - 50
15 - 4O
20 - 380
15 - 110
36.6-128.0
30.5-105.8

" Collar

elevation,
Meters

Average
gradient

C/km



- 53 .

plus or minus 20 percent of the figure given in the table but it is not
possible to calculate statistically valid accuracy limits on thése measure-~ |
ments. The individual temperature measurements are precise to plus or

minus 0.05°Crand are likely accurate to plus or minus 0.1°C. The depth
iﬁtervals used for the average gradient calculations were selected to avoid
diurnal and seasonal near-surface temperature fluctuations, but in a few
cases the measured temperatures were probably affected by moving ground-
water caused by active irrigation. |

The gradients shown in Table 9 should be utilized with caution as heat
flow is also dependent upon rock conductivity. The relatively uniform
surficial geology of southeast Oregon makes these gradlents moreluseful
than in areas of widely varying rock types because conductivities vary
within a narrow range of about 0.0025 to 0,004 calories/hm sec®C, In
practice in soﬁtheastern-Oregon, most of the tuffaceous sedimenis have
conductivities ranging from 0.0028 to 0.0032. This‘means that in general,
gradients, although not comparable, can yield useful information on the
relative heat flow 6f different bore holes. However, in other parts of the
State where bedrock geology is not so consistent, comparisons'should be made
with great care.

Because of the availability of many pre-drilled holes from mineral
explorétion and unused water wells, and because the gradients and hgat
flow data indicate ihe region hés significant geothermal potential, mudh'
of the study was concentrated in the Western Snake River Basin., Table 10
_ gives a listing of all of the geothermal data that has beén obtained from

the pre-drilled wells in that region.




Table 10.

Locality Hole no, N Lat
Adams Ranch 1443513 449210
: Huntington‘ 15~L5S7 WO160
‘Willow Creek 15-42514  44,°160
16-43510  44111¢

16-43513  44°100

16-43515  44°101

16-43523 447091

17-4359 44,2061
1744511 L4206

17-14331  43°59¢

18~44521 43759

Hunter 1841535  43%7»

W Long

1179241

117%151

117°%331

117%261
117%21

1179261

117251

117%271
1i7°17l
117°201
117°20!
117938

Elevation
meters

1170
854
814

- 758
768

758

49

866
719
829
760

Depth
Interval
Meters
30-280
30-170
10-30
30-140
140-150
30-115
50-130
130-170
25-105

105-230

40-110

110-170

10-35
370
15-70
25-85
30-45

G G*
°C/xm ©C/im
32.3
0.3
61.9
2.
1.4
1.3
33.2%
2.0
T
71.2 NG
0.5
51.5 NG
0.5
S4.7 NG
2.7
38.6 NG
_0.7
70.5 NG
0.3
6l.8 NG
2.2
99.5 NG
1.3 :
134.2
12,0
yody
2.2
85.7
2,2
66.8
1.1
L4, 0
6.9

K
lO-BGal/cmsecoc

2.8

2.8

2.8
2.8

2.8

2.8
2.8
2.8
2.8
2.8

2.8

Geothermal data for pre-drilled holes in the Western Snake River Basin

Q
10~6cal/cm?

1.7
2.0

2.0
2.7

2.0

2.8
3.8
2.6
2.4
1.9
1.2

8

se¢

Q w o w QO w



Locality

Cow_Hollow :

Grassy Mtn.

Harper

Table 10.
Hole No. N Lat
19-45511 439551
19-45814 4354
39-45522 439531
19-45525 43953
1945526  43°521
19=45528
19-44,59
1944519
20-4556 4395118
20-45510  43°50!
20-45518 |
2143536  43°41
21-us28 43%2
| 21-42511
2B-44S5

Oxbow Basin

#Van Ostrand, 1938

W Long

117°%101

1179101

1179111
115°091
117°10¢

117°15¢
117121

117%231

1179201

#gowen, 1972

Elevation
meters

835
910
843

€13

822
872

777
823
780
| 849
| 995
1000

Depth
Interval
Meters
30-65
20-145
30-115
30-70
30-175
10-90
35-160
31-395
20-135
30-135
10-40
10-75
10-30
65-140

26-148

& G
°C/km  °C/im
185.7 176.1
1.6 1.6
175,2 158,3
1.1 0.8
- 110.4
0.3
232,6 213.,6
7.1 6.4
119.3 114.0
0.6 0.5
70.8 76.5
1.5 1.5
71.5
0-5
87.3%
73.6  69.8
0,6 0.6
114.8 104.0
1.6 1.5
71.9 63.2
3.8 3.3
53.5
0.5
105.2
0.5
111.7
1.2
107,034
15.5

NCe Not calculated, NG = Neglible

K Q
10-3cal/cmsec®C 1076 cal/emPsec

3.0
3.0

- 3.05
0.13
2.98
0.05
3.0
3.0
3.0
3.0
3.0
3-0
3.0
3.0
3-0
3.0

3.0

3% and O* indicate wells in which topograpnic correcticns have been made.

Geothermal data for pre-drilled holes in the Western Snzke River Basin {cont'd)

5-6
5¢3

6.9
3.6

: 2.1

2.6

2.2

3.4
2.1
1.6
3.2
3.4
3.2

5.3
LT
2.9
A
3.4
2.3
2.1

2.1

3.1
1.9

o W > g w m b L b

v ¢]



DEEP BORE HOLES

The final phase of the current geothermal study consisted of
drilling five holes to depths ranging from 62-152 meters (203 to 500
feet). The purposes of the deeper drilling were (1) to study heat -
flow in areas where previous temperature—gradient measurements in pre-
drilled wells had indicated abnormally high gradients and (2) to further
evalﬁate the validity and utility of the gradients in the shallow holes.

The deep holes were drilled near Vale in northern Malheur County
as shown on Figure 13, The holes were drilled with a truck-mounted
rotary rig using a combination of air-rotary, down-hole hammer, and coring
techniques. The rock units encountered were poorly consolidated claystone
. and siltstone of the Idaho Group of Pliocene age and altered Basalt (?)
of probable Pliocene or Miocene age. The claystone and siltstone were
drilled primarily with air-rotary equipment using water and soap injecﬁion
to‘aid in removal of drill cuttings. Penetration rates for the 4 holes
drilled primarily with air rotary were 61, 50, hS,‘and L6 feet per hour.

A carbide insert bit was used in the sedimentagy rocks to obtain 4-inch
diameter cores for subsequent laboratory msasurehents of thermal conductivity.

The harder altered basalt was drilled mainly with a é-inch diameter
down-hole hammer at a penetration rate of about 25 feet per hour. The
basalt was cored with a h—inch 1.D, diamond bit. Core recovery in both
the sedimentaﬁy units and the basalt was essentially 100 percent except
for a single unsﬁccessful attempt at_coring the basalt with the carbide
insert bit, o |

The overali direct cost of the drilling including mobilization,

demobiliZation,-and all materials was $4.13 per foot-drilled.
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Holes were completed by inserting a water-filled and bottom-capped
1~inch diameter polyvin¥l chloride (PVC) pipe to total depth and then
backfilling the annulus around the PVC pipe with cement, a bentonite
slurry, or drill cuttings. Cement was used in hole 75=2 which éncountered
artesian water. Either bentonite or cuttings were used . in ﬁhe remaining
holes from 10 feet to bottom with the uppermost 10 feet being cemented.
Temperature gradients were later measured in the water-filled PVC inner
casing. All holes were secured by a padlocked steel cap welded to a
length of 6-inch steel casing left in the upper portion of ezch hole.

We plan to monitor the holes for a period of aboﬁt 1 year to test
for the effects of irrigation on near-surface temperature gradients.

Periodic temperature gradient measurements were used to check the time
required for the holes to reach temperature stability. Holes backfilled
with cuttings reached thermal equilibrium within 2 days after drilling and
filling. Hole WN-75-2, which was filled with cement; had not reached
equilibrium 5 days later; The time required for a temperatufe gradient
hole to reach equilibrium ié dependent upon a number of vérigbles including
drilling technique, casing technique, backfilling material, rock type,
-rock porosity, and ground-water conditions. The times notqd above should
be applied with caution in future work.

The temperature gradients, thermal conductivity and calculated heat
flow values in the deep holes are summarized in Table 1. The various
gradients are shown graphically in.Figure 1. lAll'pf these gradients are
linear except for hole VN=75=2 which encountered warm artesian water at
a depﬁh of 105 feet as indicated by the change in slope on thg graph of

this hole, The lithology in the remaining holes is uniform throughout,
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and the linearity of the temperature ;radients indicates that heat flow
is essentially conductive over the depth drilled.

The artesian thermal water flowed from hole Vi-75-2 at a rate of 10
to 14 gpm, a temperature of 24,9C (75°F) and a pressure of 5 pounds pér
aquare inch. The gradient shown in Table 11 and Figure li was measured
after the hole had been cemented to stop the flow.

The gradients in all of these holes appear to be anomalously high |
-and the results are consistent with earlier gradient measurements in the
Vale area. The east-west profile represented by holes VN;75—2,‘3, L4 and |
| 5 lies east of pre-drilled wells with relatively high gradients, Hole
VN-75-1 lies 1 mile east of monitor hole no. 1 and is in the area of the
Cow Holdow thermal anomaly discussed above. It appears that the geothermal
potential encompassed by the Known Geothermal Resource Area extending south-
ward from the town of Vale may also extend northward from Vale at least as

far as the east-west profile of holes VN-75-5,



Table 11. Geothermal data from holes drilled in Vale area by
Oregzon Department of Geology and Mineral Industries

b

a depth of 125 meters.

#% The average gradieht and heat flow as shown reflects the existence of shallow thermal water in

the vicinity of the hole.

it Estimated

#e% Tonograpnic corrects not applied

Hole VN-75-3 was drilled to 152 meters but a casing problem limited the gradient measurements to

_ . Thermal o

~_North West Depth _ Average Conductivity  Heat Flowsie

Hole No, Latitude Longitude Interval Elevation Lithology Gradient mcal/cmsec®C  microcal/criPsec
VN~75-1 543%5),1 11708 20-150 m 879 m siltstone 91,4° C/km 2,53 2.3

VN=75-2 1207 11710 30-60 72 claystone 110 #% 2,54 3,3 %
| & basalt 3,0 86t

Vi=75-3 41,2071 117°%10t 50-125% 814, siltstone 76 2.5 1.9
VH-T75-4 440051 1179061 25-150 762 siltstone 120 2,53 3.0

TN=T75=5 44,2061 117°021 50=-150 732 siltstone 76 2,53 1.9 '

A
1
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CONCLUS IONS

As the result of this study, the knowledge of geothermal resources
in Oregon has been greatly increased beyond that presented by Van Ostrans
(1938), Peterson and Groh (1967), and Bowen (1972). During this study,
80 geothermal gradients were measured and the gradients reléased from
pre-drilléd wells, A total of 31 heat~flow determinations have beén pub-

They are included here in Tables 10 and 1l.

lished,/ The data obtained from the six monitor wells and the 92 shallow
wells are useful information on the near-surface thermal conditions under

a variety of geologic and climatic conditions, Anomalies identified at
Cow Ho'low, Willow Creek, Jacobsen Gulch, Coyote Buttes and Glass Buttes
may prove, with more study and drilling, to be important energy sources.
The identification of the Cow Hollow anomaly has already lead to the class-
ification of this area as a KGRA., It is anticipated that the bonus bids
for Cow HoliOW'lease tracts will more than cover the Government's entire

cost of this study.
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