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' ABST‘L \CT

~ This roport presen't.s a compendium. of .geothermal data on the
Sﬁate of Oregon ’gatheredru‘nder'u.s.' 3urea.u of M'ines. Study Cohﬁraot
30122129. Included in the study are data from six monitor wells -
. located in areas mth dlfferinp' geogra.phic, geologic, and cllxna.tic"
condfltlons. Tempera.tures were recorded at depths ranglng from 1 -
to 25 meters for periods of time su.fficlently long. to show the.
| potte;'ns of seaéonol vé.r;laﬁions. Gréphe from these six locaﬁiopa
sho_'v( ‘.chonges in ‘temperaﬁure mt.h depth and cﬁa.nges of temoerature
mth time. A total of 140 shallow '(3-8 meter) holes were _drilled_ |
to ‘show the shallow-temperature field over an anomaly identified by
deeper (62-152 meter) drllling. Shallow-temperature condif.ions are
also shown for severa.l éreas in southéastom Oregon. “Eighty geof-4
therma.l gradients were measured in pre-drilled holes. 'lhirty-one
~ heat-flow determinatlons are - reported including those from five
bore holes drllled as a, part of the study. Geothemal data gathered'
has so fa.r rnsulted in the 1dent1f1¢atlon of six areas of anomalously
 high heat f_low_. Further studies are underway on severel of these
anomalies.. Data in the report are presented in the form of text,

graphs, tables, and maps.
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 GEOTHERMAL STUDIZS AND EXPLORATION IN OREGON

INTRODUCTION

Stu oals | ‘ _

In l97é, the Oregon Department of Geology and Mineralwlndestries_ be,f'a.n o
a etudy to locate geothermal.resources utiliz’ing’ \ferioee heatffloe techniques.
. During the period of this sttidv,‘end:ing‘ J\me 30, 1975, .several preﬁouely_ v “
enknowh 'ahee‘s of' high heat flow and geothermal potential were identified, In ,
/’ addition, a better u.nderstanding of regional heat-flow patterns was obtained
and a comprehensive eet of data on shallow-tempera.ture fields was developed
'm severa.l parts of the State, .

} This report summarizes the nature of the work done, presente the data.

gathered, and discusses the findlnge. It also lists published articles and
_' open-file reports that have e.lready presented some of the resulte of this study.

(xathermg the data for thie stu:w involved four types of a.ctlvitles-

l. Pre-drllled bore holes were located a.nd temperatures logged; data gathered ‘
| through October 1971.. was pleeed on open file as Department Open-File Report
0-75-3, | | |
2. ‘Six monltor wells s:.tuated in a wide ran{re of c]_ima.tlc a.nd geologic
ennronments, were located, cased, and logged for ennual tempera.ture change.

3. 140 shallow bore holes ranging from 3 to 8 meters were. dpilled in widely ¢

seattered loca.tiohs Ain eastern 6regon’- to determine 'thei_.r.'eha'llow-tempe‘reture

4 c()nditionse o | ‘_ v . - o
: l;'. Five bore holes ﬁepe d‘rilled from 62 to l52 meters in depth to‘.v'e'rify‘
trends found in the shallow holes and- to conﬁ.m trends picked. up from ‘other
pha.ses of the study.



Development of methods

_After the incept.lon of the program, it beca.me necessary, or desuable,_ |

- to modify some of the methods for accomplishing the goals., For example, |

we purchased a set of temperature-logging equipment since none was avail-
| able for rent as had been a.nticipated. Later', experience showed _t'.ha.t_v | .

| "loggi.ng with high-duality portable e_quipmenﬁ wes much preferable to im-

planting permanent instrumentation in the monitor holes as origir;_a.lly '

intended, A third change in the program was in the method of siting the -

five holesv for deep drilling. An early concepb was to site the deep bore

holes from information obtained by drilling many shallow holes. 'As the -

study progressed, we found that pre-drllled bore holes (wa‘ber wells and

exploration holes) provided far better information than shallow holes.

~ For thJ.s reason, and because of delays in obtaming pernﬂ.ts to drill on
Federal la.nd ‘the infomation t.hat was developed from: pre-drllled holes
was the basis for locating all but one of the bore-hole sit.es.

As an addlt.:n.on to this study, financial support of 82,000 was provided '

the Geophysmal Research Group, Department of Oceanography, Oregon State

Unlvers:.-ty, to obtain telluric current da.ta. Because telluric currents

‘are st.rongly affected by the Eart.h's therma.l field this work was compln.- o

mentary to the overall goals of the program and resulted in pubhcatlon of

an ea.st,-v_cest profile acrossj.;the State (see No. 7 of papers listed below).



_ Progress of stug

As t.he study progressed and information relatmg to speclflc facets

of the program was gathered, progress reports were issued from time to

time.

One of ﬂlese i'eports'g(See‘A No. 1 below) listed gradients and heat

flow for several of the pre-drilled bore ho}es, the most jnteresﬁing of

which was the Cow Hollow anomaly discussed in the next seetion'_. ‘The

progress reports on the stud,/ are as follows:

1.

2.

3.

L.

5,
 geothernal potential' Pall Annual Meeting American Geophysical |

6.

2

N,

9.

Bowen, R.G., Blackwell, D.D., 1973, PrOgress report on

= .

geothermal measurements in Oregon: Ore Bin Vol. 35, No. 1 s 1, p. 67, '

Blackwell, D D. s Bowen, R.G. ’ 1973, Heat flow and Cenozo:Lc
tectonic history of the northwestern United States: Cordllleran

Section Meeting, Geologica.l Society of America, Por‘bland

Oregon, March 1973 (Abatract).

Bowen, R.G., Blackwell, D.D., 1973, Heat flow in the State
of Oregon: Fall Annual Meeting American Geophysical Union, |
San Franclsco, Calif. , December 1973 (Abstract) |
Bowen, R.G., 1974, Oregon geothermal study program: Oregon
Academy . of Science, Eugene, February 23, 1974 (Abstrvac‘t;).‘

Fisher, Deborah, 1974, An estimate of southeast Oregon's

Um.on, San Fra.ncisco, Calif., December 1974 (Abstract). o

Or:gon Department of Geology and Minera.l Industries Open
File Report 0-75-3, Geothermal Gradient Data. -

rBodvarsson, G., Couch, R.W., Mac Farlane, W. Tes T_ank, R, W.
~and Whitsett, R.M. 1974, Tellurio current exploxfation for
. geothermal anomalies in Oregon: Ore Bin Vol. '36,' no, 6, A-p. 93-107. .
‘Bowen, R.G. and Blackwell, D.D., 1975, The Cow Hollow geothermal

anoma]y Ore Bin, Vol, 37, no. 7, p. 109-121,
Blackwell, D.D. and Bowen, R.G., 1975, Geothermal measurements in

the Western Snake River Plain, Oregon: (in preparat.ion) ‘
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_Several areas _he\fe been located where teﬁperature_ gradients appea_r _,te exceed, .
by a factor of at _least 0.5, what is considered to be 'the hqrma.i gradient for
tuffaceous eediments in the regieﬂ ;-60°C/lun. The anomleue areas, shown on
Plate 1 are as follows: ‘ | | |

Cow ‘Hollow a.noma],x (Figure l)

A report on the COw Hollow a.nomaly, prepa.red for the July, 1975 Ore Bin, is
included in the appendix, but a sumne.xy is presented here. |
The Cow Hollow anomaly, covering an area of at least 18 square m:.les, is

located about 7 miles southeast of Vale, Oregon. _Within_the' _area, heat-flow

vaiues range between 2.3 and 6.L, from slightly above to more_than' three times

normal for the region, The anomaly appears to be on. a fault zone pa.ral_leling '

the general regional structural trend of the Snake River' Doﬁmerp._ The faulting
- 1s believed to ha.ve diSplaced permeable reservoir rocke against impermable -

lacustrine sediments caus:mg a struetural trap and preventing further migration of
~ the geothermal fluids. The anqmaly is believed to reflect the mresence of an

accumulation of these fluids. -

Willow Creek snomaly (Pigure 2) |

| _ The Willow Creek anomaly is centered about 10 mi).‘es ‘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 gradlents
greater tha.n 90°C/km. Heat-flow values range from 2 to 3.8 HFU, The walue of
3.8 in bore hole 17-4359 1is cons:.dered less reliable than the other valuee
beca.use the hole is only 35 meters deep. This anomaly is probably associa.ted
" with the Willow Creek fault zone reported in the paper on the Cow Hollow
| anom.ly. Table 10 gives t.he geothermal data for this region.



scle ' COW HOLLOW
- ) GEOTHERMAL ANOMALY @a 1
AMILES . ' g

-
| N
T | 5
|2 ,?lﬂ-‘nszl
A /
@~
7l
5 gﬁfﬂm
T




[ Wilow CREEK
" ANOMALY

WILLOW CR. - SOUTH €X.. ncossow' GULCH 'g:ue\ z
© GEOTUERMAL ANOMALIES |
RQ44E | R4SE | R4E

e -

A
NS




o Jacobaen Gulch a.nomal‘[ (Flgure 2)

The Jacobsen Yulch anomaly was located by the DOGAMI drlllmg program
and may be an extension of the Willow Creek anomaly tq the west. In this
-anomaly two bore holes about. 7 miles apart show high r'eadings; Hole 17-[;,588
_encountered warm (24°C) water at 105 feet, which probably indicates the
presence of heat. transfer by convection rather t.ha.n,conduction. and ,ma.l_ces_ the g.
value of this 'helat—flow reading of questionable value. . The bore holes .'drill'ed
farther east, all in impermeable sédiments, showed no si:igns.'of 'conveétion,ﬁ
' ,indicating thaﬁ t.ﬁe heat-flow ﬁeasureﬁxents are reliable. Table 11 givéq’ the
 geothermal data for this region. | |

Trout Creek a.nomalx (Figure 3)

The Trout Creek anomaly was located in bores drilled during a uranium .
exploration program in the reg:Lon. 'me holes logged ranged in depth from 50
to 150 meters. Several near-by warm springs also indicéte the presence of
.. heat irx this region. Table 9 lists the geothermal data for this region. |

_Coyote Buttesanoma.'l,[ (Figure 1)

- At the Coyote But.t.es anomaly, five bore holes, also drilled for a ura.mum
explora_tlon program, have gra.d_;lents of 120°C/km a.nd grea_t.er. There. are sev_eral
:hot" springs nearby at or n.ea.r Harney Lake. Temperature gradiehts in the _borg E
‘holes indicate tlrat the heat sou.rce cont_inues ‘under the hi_lls to the east of
the Lake{ This trend is locat{edlpn the Brothers fault zone (described by
Walker, l97h)_. Sirxce cuttings: or cores were not available lfroin this siﬁe, no
heat;flow determinations ﬁere made; however, the lithoiogy is véry- similar |
to the other lacustrine tuffaceous sed:.ments in east—centra.l Oregon which
have shown conductinties in the range of 2.6 to 2.8, T‘ms heat-flow ‘values
in the Coyote Butte anomaly range'between 3.1 and 4.2 HFU. Table_ 9 giv_es a

listing of geothermal 'd'ate',' for this ‘_re_'gion. -
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Glass Buttes anomaly Figure 5)

The blass Buttea anomaly was located by logging a pre-drllled water well,

-~ The grea, also located on the Brothers fault zone, is interpreted by Walker,
Peterson, and Green (1967) to beja complex of silicié volcanic VBnt§ and domes. .
: Extenslve hydrothermal alteratlon has produced an opalite zone contalnlng dis- .
seminated mercury mlneralizatlon. 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 évefage
gradiént of 1<§o°c/xm. This high' gradient combined with the location of the
Buttes on the Brothers fault zone #ppear to make the area anvﬁttractiva-

~ geothermal prospeét.
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MONITOR WELLS ‘

‘ Methods

One of the goals of thls study was to work on methods of identifylng
peotherma.l anomallee at sha.llow depths where . sola.r radiatlon 'has greater
effects on t.emperature of rock than does geothermal heat flow. At the
surface the solar heating component can amount to several thousand ‘times
the geothermal component, dinijnishing wiﬁh depth to a point where it no- _
“longer is detectable. Because so little informa.tion exists about fhe near
"ehrface-tcmperatures and the’ effects of the annual solar heating cycle, |
the monltor we].l program was instituted as an adjunct to the geothemal
study program. ‘

- 8ix monitor welle in different parts of the Sta.te were chosen to
sample the effects of various clima.uc, geographic, and geologic conditlons
on heat flow, Well ava.llablllty and accessib:.llty were a.lso facotrs in .
choice of 31tes. Approximately once a month the temperatures at 1, 2, 3,

- 5, 7’5, 10, 15, 20 and 25 meters were taken in each‘hole. In a.ll of the

~ wells. chosen for monitors either the water leve;l. wae below the level to

be logged and shown to be cohsta.nf. or f;he well was cased and eei_; with.
plastic pipe .sea.A‘Leci‘ at the bottom. Where plastic pipe wae use'd,_ it was
filled with water to facilltate the more rapid taking of measurements. At
several sites,. however,v surface cooling of waf.er_ during cold morithe pro-
duced a high gradientA which caused convection and affected the acurracy of
the rfeasorements. This was remedied by bailing out the water and taklng
measurements in air, In order to countera.ct 'the: effects’ of the long interve.l
of time reoulred for the probe to reach equilibrium in a:Lr, four rea.dlngs
ta.ken at 2-m1nute mterva.ls were plotted on log graph paper and interpolated
%o infinite time, 'I'his method proved satisfactory in glvmg the best


file:///-iere

temperature at a particular depth. An error of 3 meter on the ceble
markings was discovered in November 1972 after well monitoring oegan; )
'vtherefore all measuremcnts prior to that date were taken at 13, 2%, 3%,
A etc. meters and those after that date were at l, 2, 3, etc, meters.‘
| Tabwlated data for the monitor wells_glvestdates the wells were
-1ogged; mean.averege air temperature for the month, and temperatﬁres
at various depthe. 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 tempereture vs depth at dif-
ferent periods of time and the other temperature vs time at varlous
depths, Both sets of curves hawe been smoothed where there are obv1ous
incoﬁsistencies. The effects of convection due to the hlgh gradients
developed from surrace coollng in the winter time showed up 1n several
of the plots, particularly the 2-meter and 5-meter temperature vs tlme |
plots. '

Descriptlons of monitor well sites

~ Monitor 1, Vale, Oregon. Sec 25, T19S, R L5 E, Malheur County,
elev. 2667 feot (813 M) (Table 1, Figure 6). This was an abandoned
mineral expioration well that was relocated aed'logged to a depth of 70
meters, Plastic pipe was eet‘to a depth of 26 meters and fiiled;with
 water. This well has the highest gradient of anyolocated duringfthevcourse
- of the study (2ih°-¢/km; HFU 6.4 with topographiclcorrection). ,Geologieally
. the area is ohAthe‘west flenk of-the Snake River Basiﬁ.r Rock3‘atlthe ' _
surface and presumably to a depth of about 800 to 1000 metere are tuffaceous
cléystoﬁe, siltetone,.andlﬁinor sandy and conglomeritic interbeds. Mean

annual surface temperaturefin the weli area;isvabout'13°c.. The U.S,
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Weather Bureaufreports the'average monthly temperatureAto range'between
-2° and +2h°9. -This wide variatden is reflected in the shallow readings,
with the l-meter readimgs ehanging neariy 20° and tﬁe 2-meter readings

_ changing more than 12°, Temperature varlatlons are signlficantly damped
" by 10 meters, and by 20 meters they probably reflect reading errors more

than true variation.

Monitor 2, Warren Oregon: Sec 11, T 4 N, R 2V, Columbia County3.‘:
" elev, ﬂ80 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
plaeticcaeimg 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 deeply
weathered basalt that has become laterized, Average annual temperature
in the vicinity 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
1s located in a forested area the monthly average temperatures are moderated
over the regional average. ;This.mlnlmal variation is reflected in the
subsurface ﬁhich at 1 meter has a total variatieu of nearly 9°; at 2 metere‘

it varies 4° and at 5 meters it varies less than 1°.

Monitor 3, Arlington, Oregon: Sec 1, T 2 N, R 21 E, Gilliam Count‘y,-
elev. 740 feet (226 M) ('rabi_e 3, Figure 8). This well was drilled and
 cased with plastic uipe to a depth of lés meters as a foundation test for
" an electric power generating plat. Regionally the area is a part of the‘;'
, Umatilla Pieteau. The.rocks encountered in the bore hole were tuffaceous
| lacustrine sedlments of thé Selah Eormation to a depth of llO meters over-.
'lylng Columbia Rlver.Basalt. The geothermal gradient in the bore hole is
abeut 6é°C/km. The site is located on a sage-covered flat, average surface

. temperature is about lhpc,fand monthly averages range between 0° and 24°C.
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Annual variation at a depth of 2 meters is about«llo, at 5 meteré it is .

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

Monitor 4, Baker, Oregon: Sec 13, T 9 s, R 39 E, Baker.quﬁty,'.
ele#._3500 feet (1067 M) (Table &4, Figure 9). This hole was drilled
to 72 meters as a water wéll. It is cased to toial depth; énd‘the water
level-sténds at 7 meters. No change was detectedAin the water level
during the time it waS'loggéd. The 31te is located in alluv1um in the
Baker Valley, at the foot of the Elkhorn Mountains. At presentland durlhg
the recent past the area has been an open field.» Average surface temper-
'atgre is about'10°C.w1th monthly average variation bétween ~4,° and 229C,
‘At a depth of 2 meters thé yearly range is ébout'lOp? at 5 metéfs it ig 20
and at 10 meters it is 0.25%, . |

Monitor 5, Dufur, Oregon: Sec 20, T 1S, R 13 E, Wasco County,

elev, 1160 feet (354 M) (Table 5, Figure 10). Drilléd and cased as a |
water weli to 135 meters, Standing water level was at 55 meters so all
'meééuremenﬁs were made'in air. The well has a geothermal gradient of
.54°C/km to the water table where it decreased to about.BOC/km to total

depth. The bottom part of the hole represents convective heat transfer.

- The well is drilled in basalt near the edge of an alluvial filled valley.

Average annuai temperature is about 13°C with monthly average variatiohs
‘between 0° and 20°C., At a depth of 2 meters the yearly range is about 10°,

at 5 meters it is 2°, and at 10 meters it 1s less than O, 50,

'Monitor 6, Burns; Ofeg9n° Sec 13, T 27 S, R 30 B, Harney County,
elev. 4180 feet (1274 M) (Table 6, Figure 11). Drilled for mlneral explor-.' |
“ation to a depth of 130 meters. A plastic casing sealed at the bottom.is .
‘oet to 25~meters. Standlng water level reported at 20 meters. Thé upper‘.

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

Mean Monthly .

‘Table 1., Data from monitor well 1, Vale.

254n

18.15

Temperatures in °C

Logged Air Temp. 'lém | 2im : 3im Lim - 5%m: o ld%m _ "lfém  20im
e L.5 15.97 69 1543
- 9/26/72 14.5 18.76 18.05  16.41  15.91 15.06  15.65  16.75 ', i7.61 18.31
"f10/3/72 11.17 18.38 - 18.33 16,96  15.66° '15.11 | 15.64 16.73 17.67
10/10/72 11.17 18,25  17.78  16.65 ;5,48 15.10 15.68 6.8, 17.72 18.25
10/15/72 1117 17.60 17.7 16,92 15.73 1522 1577 16,76 17.68 18.17
S nAf2Z W8 1540 168 1635 1599 1531 15.69 16,56 17,53 -38.17
11/16/72 483 .88 15,69  16.04  15.36  15.87  16.79  17.75  18.2%
Date Mean Monthly ' : : ' : :
Logged Air Temp, lm 2n 3m C4m Sm 7im. 10m 15m 20m
11/16/72 483 140  15.28 15.84 15.57 15.77 16,69  17.64
1/29/12 483 . 11.62  13.00 1403 1487  15.25 15.68 16,55  17.56
{3723/73 . 6,00 9.60  12.57 L5 L.98 1533 15.32  15.69  16.64 |
" (oid) - . - o
12/20/73 ~6.00 10.88 11.96  13.47  1h.45  15.06  15.35 1573 16.65 17.55
1 -2.33 9.63 1239  13.69 L6l 1517  15.53 1577 16,70  17.58
1/23/73 -2.33, 7.8 10.49  12.55  13.14  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

12,07
18,19



Monitor well 1, Vale: page 2

Date
Logged

- 2/20/73

3/13/73

O W/3/13

(oil)

“/25/73,
5/16/73.

6/5/13

6/26/13

- 7/18/73
8/10/73

'9/10/731

Hban montaly
Air Temp.

0.5
7.39
9.56

9.56
16,33
21,06

*élaOé'
23.22
123.83
U5

lm
3.76
7450

5.8

 9.98

15.23
16.68

19.2 -
23,07
23.45
' 22.65

o

8.& ’

10.27

8.04

10.09

11.07
13.8,
15,03
16,21

18.94

20.32

3m

110.69

9.91

11.16

11.59
12,20
-.13.15 |

13.78

17.35

12.77

- 13.80

11.81

12,32

. 12,63
- 12,66

13.25
13.71
L.
15,72

13.77

14.78

13 L] 61"

13.69

13.48

13.61
13.98
14.15

14.29

1.8,

Tim
15.46

15.51
15.41

15.34

15.55
15.26 -

15.39
15.43
15.44

15.33

10m
15.71
15.82

15.76  (16.10)

15.72

15.75

15.84

15.78 .

15.85
15.71
15.77

15m

' 16.57

16.68

16.62
16.60

1666
16.65 -

16.65
16.68

16.67

20m

17.52

17.65

- '17.56

17.57

17.54
17.58
17.61

17.64
17.62

o
121
18.70
18,3

18,17

18.15
18.11

18,23
L 18.2
18.23

18.22

- 61 -
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Table 2. -Data from monitor well 2, Varren

7/17/73

12.03

Date . Mean Monthly | N o | - | o
 Logged . air temp. 13m 2im 3im * 43m 5im 6im 7im 8m 9im 108m . 15.4m
- .8/10/72 ‘21.11' - L 10.75 9.66 - | ‘Ald,a |  10.05

9512 1500 L7h 1248 . 10.85 10,09 9.81  9.79  9.86  9.93 9.9 10,02 10,05
. 10/22/72 ’11,2sr_: 12,38 1240 . 1L 1055 10,07 9.90 . 9.89 992 9.9 = 10,00 $10.05
. 1a5/72 7.9 : 1,27, 142 1139 10,24 | 999 10.04
) Date 7 Mean Mont.hly - » ' ~ —
Logged Air temp, 1m 2n - 3m Lm 5m’ ém 73m 10m 15m
CL/A572 0 7.9 0.8 1135 114 10,49 9.98 10,04

12/2/72 Lok 1046 1079 10,99 11.00 10.57 10.19 “9.98 10,04

12/11/72 194 9.8 9.93 10.68  10.73 10.62 9.98  9.97  10.04 .

12/17/72 1.94 8.66 9.7 10.39 10,55 10,60 10.25 10,00  9.98  10.04 R

1/12/72 2.8 8.2 | 877 ~ 9.37  9.97 10.16 0,06  9.98  10.03 '
. 1/29/72 2.8 7.9 845 877  9.62  10.03 10,10 9.99  10.03

2/14/73 5417 5.8, 8,18 9.8 10;39; 10.47 10.13 10.00  10.03
| 3/5/73 .}8.78 ' 7;69 . 7.8 | 9.18 llo;dL 10,36 10.16 16.02 10,03

3/2/73 . 8.8 7.30 - 811 917 9.9  10.29 o

LB/ 806 9.34 8.6 .98 9.56  9.98 .'10.16 10.05  10.03
. 5/19/73 4.9 11.53 9.3, = 9.23  9.58 9.8 10.19 iO.ll 10,08

6/18/73 . 16.5 © 12,09 9.9 9.52 9.63. 9.9ol 10,11 10,08 19,11

' 20.39 13.66  10.6h  9.76  9.78  10.01 10,05 10,07



Monitor wsll 2, “iarren: ze 2
P )

Date - . Mean Montaly

Logged Air Temp. 'lh
8/L/13 . 2L1l L.s6
;0/23/73 © -11.28 12.19
12/19/13 1.9 8.99

2m

12,17
9.07

. 3m

10.54

11.37

10.15

kn  5m  7im . 10m
9.99 9.89 10,03  10.07
10.69 10.26 10,02

10.32 10.39 10.01L  10.04

. 15m
- 10.04

10.04

10.00 .

-ge -
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Jate
Logged

2/23/73
LAL/T3

/26/13
5/22/73
6/1/13

6/19/73

-8/1/73
8/19/73
/473
10/15/73
118/

Mean Monthly
Adr Temp.

3.9
9.83
9.83

17.89
.60
21,61

25.0

25.0

117.06

11.17

Téble 3, Datsz frox monitor well 3, Pebsle Springs

im

9.23

:12.98
- 15,62

15.27
17907

1.21_77~

18.50

19.85

16.81

(8.85)

8.27

' ‘9061
10.96
13.19

13.48

.57

17.42
18.50

119,19

18.49

10.73

3m.

11.23
10,87

11.12
12.8
12.92
13.61
15.72

15.43
17.21
- 17.48

13.71

13.2
12.37

12.10

12,94
13.15
13.57
14,65

15.09

A15o71

16.62
15.04

5m

14.46
13.44

12.65

lj.70
13.63.

13.86

.lh;3l.“

14,57

15-03'

15.88
15.35

-7%m
15.34
15,20

15,01
15.03 -
14,73
14.76

sz
.hb

14.53
14,82

S 15.47

10m
15,1

15.29

15.25

15.29

15,11

15.22‘
1499

14.95
14.96

14.86

15.14

15m

14.96 .
15.15
15,21

15.25
15.31

15.62 .
14.87

15.39

15.45
115,37
15.33 -

25m .

15.5C

15.64
15.65
' 15.78
15.73

15.86

- 15.83

mee-



o Table 4. Data from monitor well L, Baker

Date Mean Monthly. o - | E .
Logged ‘Air Temp. 1m 2n- ° 3m 4m  5m  74m 10m 15m 20m 25m

12/21/72 5.4 3.2 746 9.31 10,55 11.32 10.91 1071 10.79 10.98

1/3/73: -5.00  2.97 7.2 9.37 1067 - 11.09 10.90  10.73 10,78 10,91
/13 -5.00 LT 672 897 10.13 10.82 10.85  10.75  10.79 10,97  1L.11
2/8/13 0.7 _1.77' 5.2, 7.26 878 10.2L 10.73 1074  10.79 10.96  11.13
DA/ 047 190 k95 7.06 849 10,07 10.67 1073 1079 10.98  1L.10
C3/W/T3 6.00 456 579 7.1 833 9.79  10.52 10.63 10.79 10,98 11.10
4/4/73 | 58 6.50 6.3k . 7.2 816 9.35. 10.46 10,64 1074 10,97 1110
L/26/73° - %78 9.13  7.38 19.85 8.27  9.52 10,34k  10.57 10,79 10.98 ' 11.10
5/18/73  13.67 1535 8,07 8.02  8.50 9.59 10.20 10.52 10.78 10,99  11.10
6/6/73'5_ 26.67  16.2 10,47  9.03 8,94  9.60 10,19  10.52  10.77 11,00 11.10
7/5/73 1972 2017 13.51 1.04 1018 10,08 10.26 10,52 10,80 11,01 = 11.13
'_'7/18/73 1972 @2 13.77 1.5  10.56 101 1032 10,50  10.80 1,02 11.13
8/9/13 20.78 - 21.35 _15.09' 12,72 11.38 10.60 10.41  10.52 10.80 102 113

of/s/13 1207 1775 15.43 13.80 12,51 11,26 10.51 1057 10,80 11.02 1112

-l
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Teble 5. DJata from monitor well 5, Dufur

Date Mean Montnly

Logged Air Temp. Im  2m ~ 3m 4m | 5m o 73m 10m - iSm 20m 25m
Cwympz -29h 836 10,09 12 1235 1295 1289 12,97 13.26 1355 13.88
RV Ve 022 5.1, 872 10,81 12,33 -, 13.02 13,20 1331 13.56  13.76 14,02
1/25/13 0.22 6.8 876 170 12,35 1273 12,95  13.07 1344 1390 13.99

2/9/73 2.5 . 5.30 8.9 10.62 12.80 13.11  13.08 136 13.66 _-«  13.8_7  14,10

2/26/7_3 2.5  8.28 - 9.38 10.58  12.40 13.00 12,92 12,9,  13.39 13,67 '13.96

3/15/13 1.0 8.83  9.90 10,98  12.5,  13.08 12,98 13.05  13.76 - 14,25 . 14.28
Cu/si3 6.6 U107 10.37 1135 0 12,94 13.06 ¢ 1301 13.00  13.76 ‘ia.aa 14.03
L/21/73 6,67 vu;."o7 13.74 11.13  11.58 12,5§ 12,78 12.98 13.72 13.77  14.08

6/1/13 6.5 15.9, 12.82 1270 1312 1312 1302 132 13.97 13.92

5/19/13 6.5 1678 13.93 12..93. 13.06  13.10  13.09 13.19 13.77 13.91

7/9/13 19.9% 2129 . 16,31 1409 '13.27 13,20 13.2  13.2 13.77  13.90
e/ w2 2sl 1.2 1523 1.7 1272 1318 13.26 1377 13.85

/3 Bk 18.00 1eal 16701 L2 13.55 1249 13.35  13.65  13.8  L05

11/1/73 5.28  12.06 15,06  15.43  15.08 14.27 13,19 13.35 13.74 13.91 1406

-2~



... Date

Logged

2019/13

3/12/73
lu/2/73

L2013

5/16/73
6/k/73

- 6/28/73
111/73

8/8/13
8/21/73

- 9/12/73

Mean Monthly
- Air Temp.

- =0.72

. 5.33 .
La72
L2
12.61

1678

16.78

- 19.61
20,06

11.17

-7 . Table 6, Data from monitor well 6, Burns

Im

bulls
6.74

6.81

715
nar
L35
16.87

20.20
19.72

20.31

18.40

-

7.22 -
o
7.76
8,26
8.20
9.50
: li;hZi'
13.27

146

16.07

3m

9.38

3.75
7.75
9.27

9.27
947
1007
10.92
11,77

12.54

13.19

 4m
10.63

9.72
9.9
10.18

10.56
11.04

11.09
11,21
11.37
11.87

. 5m

11.25

11.10°

;1333

11.34

11.29

11,17
'11.80 -

11.38

11.40

11.33
11.64

, 7%111‘ |

12.38

12.39
12.40

12.38
12,35

12,39
13.03

12,11
12.20
12.30
12.29

12,58

12.53
12,59

12,63

12,83
12,83

12,56

12.58
12,56
]-2057 '

15m
1342
1333
13.37
1334
13.44
13.43

13.56

13,44

1345
13.42
13.46

20m
13,77

13.76

13.76

13.77

13.7%
13.76
13.79
- 13.81
13.79
13.78

13.78

25m

14.07

1,,06 -
14.07

14,05

14.17-

14.10
14.10

14.09

1,.10

—{f-
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below tﬁaﬁ deﬁth. -The gfadienﬁ differencé.may refleét the local geoiogic'
conditions in which semi-cqnsqiidated lacustrine tuffaceous ;ediments ﬁeér
tﬁe surface overlie a densévwelﬁcd tﬁff.- Thé site'isxiocdted invsage—covered
rollinﬁ Eills. The évéragé.annuai temperaﬁure is aboup 10°,'with monthly. '

" average variations betweenieh9,ahd +21°C. A good curve was hqt ébtaiﬁéd a£
this site-because it was ﬁOt logged for a sufficienf ﬁeriod and because
gonvectionAof tﬁe water in the plastic pipe upset the shéllow gradients,

At a depth of 2 m@ters theiannual variation appeafsvto be about 9%, At

‘5 meters records sho§ a.§héngé of only about 10, but this may,féfleﬁt the
temperaturé disturbances due to convection rather‘than trué.temperatures.

By 20 meters the well showed extreme stzbility with changes of only 0.05°..



SHALLOW WELL PROGRAM

'_The»goal_of this bh;se of the study was to see if geochermel.ancmalies
could bevidentified.by temperature measurements from bore_holes driiled
_only'zvor 3 meters deep. The results of this:study'are still‘upciear as
the analysis cfzthe date gathered has not been comnleted, 'From what has
been learned thus far it appears that the method has promise, but the
gatherlng and wcrklng 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. Thls study has fallen into
two div1sions, the first is the intensive examination of the geothermal
anomaly in the Cow Hollow area, and the second is the reconnaissance
| drnlingin other parts of eastern Oregon. In the Cow Hollow area (Figure 12)
L8 holes uereedrilled to a cepth of et least 3 meters, but some as ueep
as 8.metere._'During the reconnaissance drilling'92'holee were drilled to
a depth of 3 to 7 meters in various areas in eastern Oregon. These areas
are shoun on Plate 1. |

The holes,were drilled ;ith a Mobil Minuteman power auger and'uhen
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-edtry. Temperature measurements were then made in the drlll holes
after the upsetting effecte of drilling had diminished and the holes had
stablllzed. In practlce we found that a relatlvely experienced crew was |
able to. drlll between one and two shallow holes a day. Nearly all holes
were drllled in tuffaceous sedlments, with a few in alluv1um. Because of .
the abrasiveness of‘the tuffaceous sedlments, bit wear was hlgh‘und life of
the augers was short. Frequent‘movee contributed to making this program

relatlvely costly per foot of hole drllled.
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To derive useful information from temperature measurements taken'
within the zone of annual temperature changes requires thevawareness of
several variabies, aside from annual air temperature changes.-‘Alse ‘
1mportant 1s the elevatlon, ground cover, direction and 1nclinat10n of
the slope, ground-water movements, and cultural changes. The object of
this”study was te anal&ze or avoid these effects in order to see.lf sig-
nificant data about the heat flow could be obtained from shallow holes._’
Temperature variatlons due to annual air temperature changes could be
accounted for either by using monitor wells to record these changes, or
by tuklng all measurements: in the areas to be compared within an 1nterval
of ene or two days;" |

Since temperature ddcreases with an inereaSe.in elevation, a "lapse
correctien" for elevation was-applied to the data._ The correction factor
used was -3°C/km. For‘the»shailow wells, the lapse correction was applied
inhorder'tO'correct the mean annual surface temperatures to a common
‘elevation (in"Table 7 the mean elevation used was 1000 meters). Measurements
‘for’en 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. Where the
temperature measurements shanned several days, measurements were made in
at least one well every day so that drift corrections ceuid be applied-and
the data reduced to a’comen day. There has been no attempthto match the .
temperature data from the Aifferent areas by using\a theOretical temﬁerature-
versus-date curue. At the present time the data are - only significant when.
 'compared to the local group of drill holes.

The shallowahole data from Cow Hollow shown in Table 7 glves the
reeults of measurements taken at different tlmes. ‘Table 7 aleo 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
VBTG
VE - H
VE-1
VE - J

Elevation
768
913
925

878
823

811

872

830
m

780

o
o em

- 835
- 881 .
860
963
' 835
15
T71

-Lapse

-0.72

- 1?0-26

-0.23
-0.48

<0.37
0,53
050 - -
0.5

£.38
-0.51

- =0.57

=0.66
-0.35

) ~0.38
0,50
- -0.36

 —0.&2
0,11

=0.50

-0081&.

C.69

10/15/72
Im 3m
1749 16.87
17.79  16.91
17.11 "’16.13
17.87  16.85
L0 16,29
16,40 16.18
17.79  18.05
16.90  16.68
6.2 E 15.86
16,01 16,22

' . Table 7. Data from shallow holes, Cow Hollow

1171 -

13/8/73 m
12,18  11.54
nagz
12,17 o
1246 1Lk -
n.6 11.92 .
12,67 (11.88)
13.09 - ‘
1181 (11.07)
10.99  11.05
11,62

11.33

16.70

17.92
18.20

1¥.57

6/25/13
]-m .

18.80 '

o 19.39
19.54
20
19.25
20,78

16.75
17.92
18.77

18.73
. 17-94 |
117.26

19.76'v»

17.25

17.94

18.31

3m

o6
12.66
12,80
12,93
.13f02.
13.17.
- 13.48
12,25
12,47
13.52

13.67

12,2,

A-11;5aA

13.96

12,12
’.12.28
11.80
12.67

12,78

23.88
233

Yl
Im

22,13
22,90

23.14

23,07

23.75

22,50
1.3
16.26

21.08
21.37.
22.96

- 22.68

320L6
20.99
23.68

18.76

18.70

17.78

21.44

22,70

3m
16.72
16.99

16,68
16,00
16.12

15,52
15.70
17.44

17.68

16.12
14.17

18.09

16,02

15.91

15.03
16.29

16,60

L.



Shallow holes, Cow Hollow: ~ page 2

Location  Elevation  Lapse l;Q/IS/;i i 1m5/8/733m | o .12/25/'733111 BRI L 3m
o VE-V 80 0.5 | ,. o | 17.22  12.62 2169 16.66
 _VE -W 832 -0.50 S | | | 18.48 12,60 .. 22,88 16.79
‘ vz “Xx 823 | -0.53 - o : N 18,00 12.28 21.99  16.12
VE-Y 890 053 - o " 1820 12.m 22,02 16.26
VE - A &7 . 06 | S o | | 2,53 16u1
VE-£ 902 0.9 | S | S 22,65 16.59
VE-- 4G &35 050 o | | S S 22,77 17.34
VE-D 8 0T o o | 2z 1669
" VE - AE 832 .50 | - - - | | 2,17 16.00
W-A T3 -0.86 o - : C17.57 0 12.46 20,62 16.35
W-B 725 - -0.83 o o 17.63 12,55 2153 15.52
Vi =D 122 0.8 S v | 20.60  15.39
C - A (Cairo) 780 =0.66 o o 1866 12,64 27 15.78
c-B 89 =039 | - 1707 146 21,13 15.26
c-c 13 . -0.62 | S XA 22,90
c-D 7% N 1956 1261 247 16.01
' C-E T S . 182 127 22,01 16,69 _“
C-F 85 =0.50 o , - . L 19.61 13.09 23.45  16.98 _. 
c-6 866 0.0 R 0 19.08 . 1270 22,9, 16.80

(@]

-H - 853 O.LL, . - - 18.82  12.64 22,21 16.54

=Ty -



_ Shallow holes, Cow Hollow: page 3.

Location - Elevation Lapse 1;0/15/;211 .1_51/8/733m 1:?1/25/7;11 13/7/733:;1

MB - A 8L, -6.56 _ | , N - | ie.is 13.1 22.'29_ 16.41
mB- B %2 . -0 D | - | .18_.66, 13.06 22,2, 16.43

M-C 921 0.2 S 17,97 12,60 21,73 16.7%
M -D 855 ok I o 19.08 1349 .07 16.96

m,E . gog . 0.58 » e 18.78 13.83 22,62

C -1 805 -0.59 ' L 19.63 12,70

.."211-_



43

Thusﬂfér the correlation betﬁéen the:temﬁgréturés found_invthé Shallow
holes and the heat flow as determined from the deeper holesihasinot-been
}gsolved,' Blackwell and Bowen are cdntinging'to'work.on'fhe datauand
intend to publish.a study of the area in the near future,usihg”the data
gathered under this contract. » | |

| The informétioﬁ on the‘other shallow holes drilled under this study
are liétéd in Table 8. This listing gives locatién,;elevation,yiapse |
correction, date hoigs were logged, and temperatures at various depths.

. The general areas where these holes are located are also shown on Pléte'l;




Snallow Kole Inxonmst‘on —
Temperatures in u,
1nd1cated depth at whlch temnernture ‘was taken.

Radium

SUiNER
SHRNES,
swtnzi
SWENEL

Location

Hot Springs

sec 28 T75 R39&

sec 28 T7S R39E
sec 28 T7S 339E
sec 28 T7S_R39E

Malheur County

ss&swi
SEﬁSﬁz
SE:SE
SENES
NEANEL
NEZNE:
NWEZNEZ
NWENEL
SWZSTiL:
SWiswi
SEZSWE
su%éwﬁ

SEZIz;

sec 36 TL7S RLSE
Wiz éec 36 T17S RL5E

sec 36 TL7S RL5E
sec 36 TL7S R4L5E

sec 36 TL7S RLSE

sec 36 TL7S RLSE
sec 15 TL7S RASE

sec 15 TL7S R4SE
sec'15 TL7S R4SE

sec 15 TL7S R4SE
sec 36 T165 RLSE

‘sec 36 TL6S RLSE

sec 36 T16S RL5E

MHA

MHAZ.

HMHBy

MAB,

MHC,
MHC

MHD,

um,

}HF,
MHGy

MHHy

CMHIL;

‘Elevation .

11009
1009
1009

1009

Thds.
il
756
756
768
768
&78
878
951
936
892
865
913

. Table 80
Elevation

Lapse

+U.0
+0.0-
+0.0

.00.0

0.
-0.77
=0.73
-0.73
=070
-0.70
-0.37
0.37
-0.15
~0.19
'-0.32.

0.0
~0.26

Datz from scattzred shaliow holes

in meters S

‘Date

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

8/2,/72

8/24,/72
8/2./172

- 8/2,/72
" 8/2/72
8/2/72

9/6/72

9/6/72 -
. 9/6/72
' 9/6/72

9/6/12
9/6/72
9/6/72

Lapse correction to 1000m elarat*on,

1im

8.12

10.14
6.40

6.87

20,46

19.59
19.76

22,97
22,49

2m

10,60
12,87

 7.52

10.50

16.31
16.14

16,57
19.15

17.Q3

19.68 .

19.35

depths logged

3m

13.34 '
15.87
8.33

- 11.60

14495
14,235
14.82
15,075
145 -
14.90
14,04
14.10
14,70
14,57
14;51

16.34

numnbers in paren,

Lm Sm é6n
15.16

17;Ao 18.15

9.1 9.77

12,0, 12.61

13.90 (3.7m)

13.73 (3.8m)

1,245 |

14,49  14.505 14,53
14325 14360 Lhab2
14.292
;13.14 ©12.99

i3.3d 13.15

1289 12.61

13.04 12,67
13.39  13.15 13;18
15,51 14.91

w37

73m

14.60

15454

13.28



Scattefed shallow holes: page 2 _ - ' ’
| | 1m0 2m 3m Lm 5Sm  6m i
o3 sec 36 TL7S RA3E Jahy 796 -0.61 10/14/72 17,03 16,97 15.58 14.61 1hel3 1411 14,19

5.
SASEE sec 36 TI7S RLIE JaB) 803  =0.59 10/14/72  17.47  17.34  15.80 6L 14,07 13.98 1399
ABHEL sec 36 Tlés:RAAE__Jaci 786 0.6, 10/10/72  17.36  16.68 14.93 | 14,18 14,16 14.23 14,29
Nwixzﬁ'sec'36 TL6S RLLE JaDy 767 -0.70 10/10/72. 17.66  17.21 15.29 - L4.17  13.7% '13.76 13.81
SWENWE sec 36 TL6S RLLE JaE) ML <078 10/10.72 16,62 16,07 1,49 - 13.68  13.34

53%33? sec 26 fi?SYRLLE-(Farm) V725t ~0.83  ,_9/30/72 17.32 16.49 15.20 15.99» 13.10 12.83 (8im

SELSi: sec 36 TL7S RLSE MHA' s 0.7 9/10/73 _'22;29 18.65 15.66 14,36

Double Mountain

SWENW: sec 5 T20S RULE - DMA /T ~0.77 8/18/73 | :'22.22 16,93  14.34

éﬁéNE% sec 20 T20S RWE 'DUB a7 -0.25» -8/18/73 22,62 | 17.67  15.71(2.5m) '
SEPNE: sec 23 T20S RyLE DT 951 0,15  8/19/73 21,80  17.62  14.91 &
E:NE: sec 12 Tzos RULE DMD 832 ~0.50 8/18/73 22,01 18;07 15,33 '

fane Spring Gulch

SELSER sec 7 T20S RWME KSGS 774 0.68  8/18/73 .z 19.17
(EISTA sec 30 T206 RULE KSGB 8L =0.57 8/18/73 2130 16,30
Adrianﬂ 75 mi'n'. Quadrangle | | | _ _
. 3WiSEL sec 16 T2L3'3463 'Adal' © 799 : ~0,60 | 8/23/72 N | 16.685
5235+ sec 16 T21S RL63 Adhy 799 ~0.60"  8/23/72 17.415
Ji3E1 sec 16 T2LS RUGE Afdg 799 .60 8/23/72 . 164125
5. :33% sec 16 izls RLEE Add 805 0,59 8/23/72 'V o 15.43 |
5:233% sec 16 Tzls;agéz AdAs gl1 . ~C.57 é/éa/zs R ' - '16;36 14,595 13,785

£:33: sec 16 T21S ZUoE  Ad3; 77 ~.69  2/23/72 | C O 16.925



Scattered sha.iow noles: Paze 3 -

| NE23EE sec 16 T215 6L add2 771 C.69  3/23/72 = = »12?385 . " . | '
NBISZE sec 16 T2L5 M6 add 7L =0.69  8/23/72 N 17.765 o N
| NEssEz sec 16 T215 RLGE ,Adéhl - 770 | -0,69 8/23/72 _ ' 16.sé5. |
‘xaisEé:sec'lé T215'Ra63 -3&35 M ’-0.59 A8/23/72 ‘ | 16.63  14.92 14.08 13.95
SEisUE sec 16 TNS AU6E adC, 3L =C.sL  8/23/72 - 16,095 14,60 14.035
_sz;éﬁ% sec 16 T21S RLOE 4dCp 831“ _7;0.51 8/23/72 S __f15.965 - 14.28 13.78
"su%szé sec 16 T21S RLEE As el ~0.57  9/1/12 20,03 '17.05 1,.88  13.97 15.83
:NE;“Eﬁ'sec 16'T215 RLOE - AdBs 771 -0.69 9/7/72 2L. 1, 17.46 15.64 14.60  14.15 13.9é (m)
sﬁﬁssé_squlé‘Tzls RL6E AEA' - A‘805 - -0.59 - 9/8/73 22,52  19.46 16.8,4 |
NE3SER sec 16 T21S RLGE AdB 771 =0.69  9/8/73 2470 22,38 18.52 \
SE:5WE sec 16AT215 RLOE AdC 831  , ~0.51 9/8/73 23.68 20.75 17.62 & :
Eést Silver Creek _ |
.NH%SB% sec 21 T23S R26E B-A "1295- 40.89  e/2/13 1,66 f12.42
NWENWS; sec 34 T23S 3253 BB 1356V 41.07 8/22/73 o 17.7h ‘13.93- 11.74
NEZNWZ sec 33 T23S R6E B-E 1329 «0.99  8/22/73 - 18,0k 14.37 11.93 10.70
NWENWE sec 18.T23S R26E B-F - 1329 +0.99 '8/21/73 - 19,76  16.32 '
- SE£SEE sec 1 T23S RAE B-G ' 1311_'. ' 40.93  8/21/73 18,51 15.29 12.92

NN sec 1 T235 R26E B-H - 1311 +0.93  8/21/73  20.42 1643 13.60 - 1l.49
Camp Harney ' , A ' . | '
. NWzSEZ sec 32 T24S R323E CH-A. 1253' +0.76 8/20/73 18;9h» 14.20  11.47 "10.37

WSEL sec 32 T2US R32}E CH-B. 1253  0.76  8/20/73 20,77 16.42 12.89  11.15



Scattered shailow holes: Paze 4

WizlE:z sec 22 T243 R32:%
322838 sec 21 T245 R32iT
TizNwz sec 11 T255 R323E

Christm&s'Lake‘

NSk sec 33 T26S R20E
NESE sec 28 T26S R20E
SEXSEL sec 26 7263 3193
Wagontiré_.' |
ﬁw&sw&lsécllo T26S R25E
NWiNEZ sec 28 T27S R2S5E
NMWLSEX sec 22 T265 R25E
SW&NEﬁ.sec 21 T26S RLE
SEZNEL sec 28 'Tzés R25E
Silver Lake

SELSHE ;ecvll T28S RL5E
NWiSE: sec 15 T28S RISE
SEXSEL sec 5 T285 RiéE.
NEANE: sec 9 T285 RIGE
NEzNE: sec 8 T28S R15E

NEINEL sec 9 T285 RLSE

.CH=C

" CH-D

CH=-2

CL-D

"CL-E

W-A

W-B
W=C

W=D

W-E

SL-A

SL-B
SL-D
SL-E
SL-F
SL-G'

1254
-1253 .

1250

11
131
131

1433
1,02
1341

ETAT
1341

131

1326

1332
1323

131
1326

»0.76
+0.76

+0.75

+0.93
+0.93
40,93

41,30

71.21
+1.02
01;48

+1.02

+1.02

+0.98
+1.00
+0,.97

¢1.02

+0,98

8/20/73

8/20/73 :

8/20/73

- 8/22/73 |
- 8/22/13
8/22/73

8/22/73 |

8/22/73

8/22/73
' »8/2'2/73»
_8/22/73

8/23/?3.
8/23/73

8/23/73

8/23/13

8/23/73

- 8/23/13

19.16

20.23

18.85

17.06
19.80
19.29

18.65.

17.36
18.09
18.90

‘18,18

21,09 .

15.82
16.85
15.07
18.15

15,26

2n
15.02

16.03

‘;3.99

12,29

11.61
10454

14.03

13.17

.11
.21

14.18

16.25
11.97

12,2, -
1.2, '

13.30

.47

3m

11,90
12,69
ll.hz.

10.15

10.86
9.98

11.87

11.02
11.62

11,22

11.23

13.09

10.04

9.60 -

9.08
11.05
9.05

Ln
1049

11.91 (3+9m)

9.66 (3.9m)
(2.77m)

10.56

10.47
9.9
9.61

(2.95m)
9.25
8,87
8452
9.97
8.21

-y -



Scattered snhallow holes: Page 5

Paisley

.. NWzMwk sec 5 T305 R17E

SEE3Z% sec 14 T30S R17E

- Nw%saéisec 11 T30S RL7E -

.

. SE:SWE sec 2 T30S R17E »

- 3E£SE% sec. 12 T30S R17E

NE=NZ sec-10 T295 R23E
© SEiSWE sec 15 T29S R23E
- NESsh sec 21 T30S R23E -

SWASW: sec 33 T295 R23E

SEESEL sec 1 T30S R22E

“Coleman Point

ﬁw%ﬁa& sec 17 1365 RIEE
| NARNER sec 19 T36S RIGE
NELNER se¢ 2h T36S R17E
NEASE sec 19 1365 3183
‘NE%NEﬁ'sec 8 T36s Rl7E

Cox Flat

WiiNE: sec 34 T37E R18E
NWENEZ: sec 16 T37S RLSE

SYINEL sec 15 T375-R18E

2-F

'b-} -

P-1

P~

CP-A
CP-B
crec
CP;D

CP=E

CF-A - -
CF-B ..

.CF-C

1302
1302 '_
11302-.
1302

1302
1308
1308

1308
1308

1308

1594
1634 -

1634
1634
1682

1698
1728

1737

+0.91
+0.91

+0.91
+0.91

f0.9l
+«0,.92

«0,92

' +0.92

+0.92

+0.92

+1.78
+1,90
41,90 .

‘1090

*2.05

«2,18

f2.21

8/23/73

8/23/73
8/23/73
8/23/713

‘8/23/13

8/23/73

- 8/22/73
8/22/73

8/22/73

- 8/22/73

8/24/73

8/2L/73 .
8/24,/73

8/24/73
8/2./73

8/2L/73

8/2,/73

8/24/73

im

22,34

18,40

21.68

18.56

22.30

15.83
115.95
119,20
117.36
119.68

14,81 |

12,19

" 15,31

15.40
13.93

" 14425

13.01

17.94

o 2m
© 17,57

13.78
17.16
1,.62
16.78

11.81

12,05
15.07

.15
lho97.

10.56
9.48

12.49

11.99
10.55

11.45

10.05

14.26

3m .
lAfAZ

11.35
1,19
11.90
i3

9.70
10.28

13.51.

11.79

12.93

8.23
7.69

10.47

9.72
8,02

9.36
8,42

1146

Lm
12,72

10.95

12,45

13,06
9.25_"
9.93

"12061

10.73

12,20 (3.8m)

7.37
6,85
9.42 (3.92m)
8.53
6.83

8.47 (3.8m)
7.56
9.78

“en -



Scattered srzllow holes:

Zlev,
3aker , : _
T 95 RLOE (2530 Auburn Ave) 2045
Baker

195 RWOE 16 (940 Campbell Ave) 1045

33152 sec 10 T9S RLIE  ¥R-1

- Lapse

0.1

Paze 6
Date

. 3m

n

s/ 17,17

7/5/73 16.86

mo date 11,96

Lm -
11.39

12,30
12,33

11.49

.3ﬁ .

10.90

10.81

10m

11,63

1.33

lO.66»
-10.44

1im
11,65

-6"-



PRE-DRILLED HOLES

lin addition to the holes of varying depth which werendrilled during
the present investigation,fwe undertook a‘concentrated orogram‘of.locating
and measuring t.emperature gradients in.pre-drilled holes,such'as abandoned
water wells, mineral exploration holes, and.petroleum wells. 'Meaeurement
of'pre-drilled holes rebresents the most efficient means'of rapidly securing
temperature gradient 1nformation over a large area._ Tb date 81 ‘holes have ’
-been measured throughout Oregon (see Plate" 1), The bulk of the holes lie in
southeastern Oregon where- water wells are more abundant.
~ The gradients measured in pre-drilled holes have been periodically

published or placed in open file (Bowen, 1972 and Bowen and Blackwell, 1973,
“and Bowen, 1975) |

| The results to date are tabulated in Table 9. Detailed temperature
logs for each of these holes are available for inspection at'the'various'
offices of the Department of Geology and Mineral Industries.' Hole numbers
represent location by sectlon, township, and ranpe, eg., hole number 1—13-8-20
is located in section 20 of township 1 south, range 13 east. Unless other-

.w1se noted all holes are south and east of the wallamette meridlan and base

_llne.

‘The quallty of the temperature gradients tabulated in Table 9 is
ﬁ,highly'varlable. The pre—drilled holes utilized in this program are mainly )
~ water wells exceeding‘eix;inches in diameter and'holee‘of this type are |
subject to water'movement‘Within the well or the aquifer. ‘These currents '
distort the temperature patterne and make the calculated average gradiente

isemi-qualitative at best,: Most of ‘the gradients are probably accurate to




jHole no,

. 3N-21-519
3N-21-536

3N-47-826 - .

2N-21-S 1
2N-22-8 6
N-24=5 5
2N-27-5 7

~13-520
=37-528

-37-329
-37-832

R ®B R

8 —,2-52,
8 —4,2-529

9 -39-513

9 —h1=37

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

13-31-526

13-31-827
16-43-87
L7-45-53

19-31-813
21-35-511a
21-35-S11b

21-1,2-527

21-46~57

2242159 (9)

23-23-527

25-6W-521-
27-30-513

27-30-319

27-30-521

27-30-526

27-30-827"

27-30-336
28~ 8-55
32-2W-S,

- '37-18-81)

-35-536
-15- 39 -

1S3k

" Table 9.

North

Latitude

L5OKLY
L5042}
1,594,2
14,5941
L5%41y -

L5°411

45040
1,5°28"

450251

L4O51
L4°511
440510
149501
ALY

LLo51Y

14,250°

WORTY

LLOLTY
1041
X
140271 .

LLO21
b2

T L4012y

44,2071
439551
432L5°
43°45°

43, 430

43 1»5' _

43°%,01
439331 -
43°231
43%141
43°131

43°131

439120 |

4312
43°111
43°101

- 420490

420221

- 51 -

‘West

Longitude

12014,
120909
1169541
120°08!
120°07
1199511

" 1199291
121012

1200081
120951

118°11'

118°%121
118°13 '
117°41

117°311
117236¢
117%531
11794,
1189011
122°4,91

1199131
*118056'

©118%581
- 1179301
£117°12¢
.118°57'
118°23

- 1189231

1179331

117°09¢

- 120°12¢

11199561
1239251

1857

119°c_>2 '

+.119°001

. 1189581

" 1189591 .

- 118%7v
1210480

.+ 1220561
o 120033| :

Depth
~interval, -
. Meters

25 -« 70

15 - W5

15 - 65
- 15 - 130

15 - 130
C15 -115
' 30-= 305

15 - 55

15 - 130

15 - 155

20 - 100

20 -118

20 - 85

15 - 130 -

15 - 70

15~ 45
R 15 - 7205'

15~ 25

25 - 115

15 - 67.5

.15 - 150

20 - 70

15 - 150

15 - 115

15 - 180

20 - 2,0

15 - 100

15 - 50 .

10 - 20

15 - 70

15 - 40

15 = 220

15 - 90 -

15 - 130

L6, 6-107.6

15 -110 ,
'15 - 57-2

15 - .75

15'- h703

15 - 75

15 - 205

'15-,75

Temperature gradients in pre~drilled holes

Collar
elevation,
Meters

120
232
226
21
206
313
354

9y,

1,277
131

EovEeRPE £

W -
O B

Average

gradlent

[

« o s o
~ ocwwunpbn [ S

W
(o]
[ ]

=~

12.3

W
™
*

w

W
N.
Fowo



Hole no,

37-18-827
37-19-530a

37-19-530b

37-19-530c
38-37-524
38-37-825
38-37-326

3921529
39-34-52
39-37-52
39-37-517a
39-37-517b

North

Latitude

1,2°20"
4,2°201

- 1,20201
429201

4,2°16+
42°151
42°15!

42°101

4,2°14,
42°11 1
42014

42°141

. - 52 -

Tiest

:Loggitude
. 120°351

102231-
120°31¢

1209311 -

1189191
1189191
1189201

12016t
4,201 1
- [,2°020t
420231
42023

. Table 9. (cont'd)

" Depth

interval,
Meters

10 - 20

15 - 135
10 = 20.
15 - 40
15 - 100

. 3005‘15009

15 - 50

15 - 40
20 - 380

15 - 110 -
3606"128.0 .
30.5-105.8

~ Collar
~ elevation,

Meters

. Average

gradien
°C /icm.
107.5

1696

124.5
82,0
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plus or minus 20 percent of>the figure éiven in the table'bui it is not
possible to calculate statiéﬁiéally valid accuracy limits on théée.measure-
ments. .The individual temperature measurements are precise to piué or
minus 0.05§C ahd are likely accurate to plus 6rrminus 0.1°C. The depth
iﬁterfals,used for the average gradienﬁ caiculaﬁionslwere'selpcted to avoid
diurnal and seasoﬁal'hear-gurface temperature flﬁctuations, but, in a few
éases the measured temperapures‘were probabiy affected‘byvaQing ground-
water caused by active irrigation. '

The'gradiénts shown in Table 9 should be utilized with caution as heat
flow is also.dépendent upon rock condﬁctivity.. The‘relativeiy uniform |
sufficial geology.of,éoutheast Oregon hakes these gradients moreﬂuseful-'
than in areas of widely varying rock tyﬁes_because conductivitieé'vany
within a narrow rangé of about 0.0025 to 0.60& calories/em sec°C. 1In'
practice in'soﬁtﬁegstern Ofegon, most of the tuffaceous sediméhts have
‘conductivities ranging from 0.0028 to 0,032, 'This means that in general,
grédiénts, although not comparable, can yield useful'inforﬁatioﬁ_on the
" relative heat flow of differeﬂt'bore holes. iﬂdﬁevgr, in other parts of the
State where bédrock geoiogy is not so consigtenf,'compafisqns‘should be maaé
with great care. |

Because of the availability of many pre-drilledvﬁoles from miﬁeralv
.explorétién and unused>watér wells, and bécéuse'ﬁhe-gradientsland-hgat_
flow dhtﬁ»indicaﬁe ihe regibn hﬁs signifidant geothermél-potenfial, mubh.
of the study was concentra{ed_in the WGStern‘Shake River Basin., Tablé 10
- glves a liStingvof all 6f ?he geothermal data thaﬁ has‘beén,obtained from

the pre-drilled wells in that region.



Locality

Adahs,Ranch
Huntington
Willow Creek

Hunter

1443513  4°210
1594557 44160
154251 . 42160
1643510 440110
| 16-43513 14%101
16-43815 © 44°101
16-43523 '4h009'
174359 WkO06!
17-44S11 A44O061
17-4k531 43%59"
1844521 A3é59'
18-41835  43°%7"

Table 10.' Ggothermal data for pre-drilled holes in the ‘estern Snake River,Basin

 Hole no,

N Lat

' Elevation Depth

W Long meters
P2 1%
117%15 es
1u7%3r . su,
117%261 - . 758. -
117%4 768
117926 758
1179250 . W9

S o117%7r 866
n7°7r 79

11720t 829
1179201 - 760 -
117°381

3045

‘Interval
Meters

130-280

30170
10-30

~30-140
140-150
--30-115 .
© 50-130

130-170

. 25-105
105+230

40-110
Cn0a7
1035
S0

.15—.70
25-85

G

32.3
0.3
61.9
2.5
T1l.4
1.3

- 33.2%

2.0
77

N I
(R
° °

W
o o

0

-~3

® ®

N
Vo ©

&
-
- » L] L )

O
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L3
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o o
AT
e @ ®

oF
.

M 3

_ G*i
- 9C/km ©C/km

- NG .

%

SR |
, 10'3cal/cmsec°C

2.8

2.8

2.8
2.8

2.8

2.8
2.8
2.8
2.8
2.8

2.8

Q
10~6cal /emPsec

1.7
2.0

. 20

2.7
2.0 '

2.8

3.8

2.6 °
2
1.9
1.2
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Table 10. Geothermal data for pre-drilled holes in the Western Snake River Basin (cont'd)

Elevaﬁion Depth

Interval G G# Qi

#Van Ostrand, 1938.

s gowen, 1972

N
U
*

NCe Not calculated, NG = Neglible

~ G* and Q* ‘indicate wells in which topographi¢ corrections have been made.

.Locality  Hole No.~ NLat Vlong  meters _ : X o Q
. - B ~ Meters  °C/km  °C/Am 1073cal/cmsecC 1076 cal/em?sec
Cow Hollow  19-45511 43°55' 117°10' 835  30-65  185.7 3.0 5.6 5.3
O 29ss 4% 117°200 910 20-145 17?13 3.0 5.3 b7
M2 43053 L a3 3015 110 3,05 2.9
19-45525 439531 119909 813 070 228 32393 6.9 bl
1945526  43%52t  117°10' 822 075 11903 310 3.6 3.
19-45528 - S8R 10-90 78:3 3.0 2,1 2.3
19-4489 3560 7Lg 3.0 2.1
19-44519 o s erow 3.0 2.6
204586 43°511 L%l 823 20135 73.6 3.0 2.2 2.1
- 20-45810 43%01 - 117%12! 780 30-135 _1%128 | 3.0 | 3.4 3.1
2045518 a9 - 10440 71.9 3.0 2.1 1.9
*Grassy Mbn. 2143536 431! '~'J.17_°23' 995 105 5§:§ 3.0 1.6
| | | | 2114828 43920 1179201 1000 10-30. - 10223 A ‘. 3._0  - 32 ,
Harper 2142511 | 65-140" 112:_; 3.0 3.4
Oxbow Basin  23-4AS5 26-148 10'}:%* 3.0 3.2

> o > o

tw.w >

,

W w W W W x>
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'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 |
fect). The purposes of the deeper drilling were. (l) to study heat
flow in areas where previous temperature-gradient measurements in pre-
drilled wells had indicated. abnormally high gradlents and (2) to further
evaluate the validity and utility of the gradients in the shallow holes.

" The deep holes were drllled near Vale 1n,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 coneolidated claystone

: and 31ltstone of the Idaho Group of Pliocene age and altered basalt (9)

. of probable Pliocene or Miocene age. The~claystone and siltstone were

drilled primarily with air-rotary equipment using water and, soap injection’

to aid in removal of drill cuttings. Penetration rates for the 4 holes

Adrllled orimarily with air rotary were 61, 50, 45, and h6 feet per. hour.

A carbide insert bit was used in the sedimentary_rocks to obtain h-lnch
diameter cores for subsequent laboratorv measurements,of thermal conductivity.
The harder altered basalt was drilled mainly with a 6-inch diameter

down-hole hammer at a penetration rate of about 25 feet per hour. The

, basalt was cored with a h—inch I.D. diamond bit. Core recovery in both

the sedimentary unlts and the basalt was essentially 100 percent excopt
for a single unsuccessful attempt at coring the basalt w1th the carbide
insert bit. | | A _ _

The overall direct cost of the drilling 1nclud1ng mobilizatlon,

demobilization, and all materials was Sh 13 per foot, drilled
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' Holes wére'cqmpleted by inserting a water-filled énd bottom-capped -
l~inch diameter poiyvinyl éhloride (PVC) pipe to total depth and then |
backfilling the annulus around therPVC'pipe ﬁith‘cqment, a bentoniﬁe'
' slurry, or drill cuttings..'Cemeﬁt was used in hole 75-2 which encountered
artesian water. Either bentonite or cuttings were used.in‘the.reﬁaining |
.holés from 10 fegt fo bottdm with the uppermost iO feet being:ceméntéd.
Temperéture gradiénts were:later measured in the w#ter-filled PVC inner
bc@sing. All holes were secured by a padlocked steel cap wélded to a
léngth of é;inch steel casing left in the uppér'portién of ezch hole,

. We plen to mbnitor the holes for a §eriod.of abbut 1 year to test .
. for the-effects_of irrigationvon near-surface temperafure gradients.

Periodic temperature gradient measuremenis were used to check the time‘A
reduired for the holes to reach’temperature stability. HolesAbackfilled
with cuttings reached thermal equilibrium within 2 days aftérfdrilling ahd'
filling. Hole VN—75-2,‘wh§.ch vias £illed with éeﬁent had not reached.
equilibrium S'days laﬁer}. The time required for a temperature gradlent
hole to reach equillbrlum is dependent upon a number of variables 1nclud1ng
drilling technique, casing technique, backfilling material, rock type,
-rock porosity, and groundJWAter conditions. The times‘notqd_above should

.be applied with caution in future work.

-

The temperature gradients, thermal conductiv1ty and calculated heat
flow values in the deep holes are summarized in ‘Table 11. The varlous.-
' gradients are shown graphicaily in‘Figurerlh. :All'pf‘thése gradiehts'éré
linear except for hole VN-75-2 which encounterea warm artesian water at
a depih of 105 feet as ihdiéated Ey the change in elop@}bh thg graph of.

this hole, The lithology in the remaining holes is uniform throughout,
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and the linearity of the témperature gradiénts.indicates that heat flow
is.essentially conductive over the'depth drilled. | |

The artesian fhermal‘wéter flowed from hole VN-75-2,at .a rate of iO
to 14 gpm, a temperature of 24,°C (75°F) and a pressure of 5 pounds pér
aquare inch. The gradient‘shown in Teble 11 and Figure_lL wgs'measured

after the hole had been cemented to stop the flow. -

X

The gradients in all qf these holes appear to be énomalously high |

and the results are consistent with earlier gradient measurements in thé"

Vale aréa. The east-west profile represented by holes Vﬁ;75-25A3, ) and ,A
| 5 lies east oflpre-drilled wells with relétivéiy high gradient§. 'Hoie
VN-75~1 lies 1 mile -east of monitof hole no., 1 and ié in the area of the .
Cow Holiow thermal anomaly discussed above. It appears thap ﬁhé geothérmal
potential encompassed by the Known Geothermal Resource Area extending south-
ward from the.town of Vale may also extend»northward from Vaie at ieaét aé

far as the éast-west profile of holes VN-75-5.



' Table 11, Geothermal data from holes drilled in Vale area by
- Oregon Department of Geology and Mineral Industries

Thermai

VN=T755

b3

|  North VWest - . Depth f Average Conductivity  Heat Flowstixt
. Hole-No., Latitude  Longitude Interval . Elevation Lithology Gradient  mcal/cmsec®C  microcal/cmlsec
W-75-1  43%40  117%8' - 20-150m 879 m siltstone . 91.4° C/km 2.53 2.3
VN=75-2 . 44°07'  117°Ly' 30-60 721 claystone 110 ¢ 2,54 3.3
o , : ' E & basalt 3,0 seee
VT3 w007 117°100  50-125% 8L, siltstone 76 - 2.54 1.9
CVN-T5-h 405t - 1179060 25-150 762 siltstone 120 . 253 3.0 |
LL°06Y  117°02'.  50~150 732 siltstone 76 - 2.53 1.9 o
o | 2
:

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

a depth of 125 meters.

#% The average gradient and heat flow -as shown feflects the existence of shallow thermal water in .
the vicinity of the hole. ' :

et Zstimated

" 40 Tovpographic corrects not applied
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CONCLUSIONS

As the result of thls study, the knowledge of geothermal resources
_1n Oregon has been greatly 1ncreased beyond that presonted by Van Ostrans
(1938), Peterson and Groh (1967), and Bowen (1972) Durlng this study,
80 geothermal gradients were measured and - the gradlents released from
‘ :nre—drllled wells. A total of 31 heat-flow determlnatlons have been pub-
. They are- included here in Tables 10 and 11. o
llshedq/ The data obtalned from the six monltor wells and the 92 shallow
A wells are useful 1nformat10n on the near-surface thermal condltlons under
a‘variety of geologic and climatic eondltions. Anomalies 1dent1f1ed at
Cow Hollow,.Willow Creek, JaceeseneGulch, QOyote Bnttes:and Glass_Bﬁttesl
may prove, with more studj,and drilling, to be'important enefgy'sources;
The identification of the Cow Hollow anomaly has already lead to the ‘class-
ification of this area as a KGRA. It is anticipeted that the bonus;bids‘_
for Cow‘Hellow:lesse tracpsvwill‘nore ﬁhan‘cqvervﬁhe’Govennmenﬁﬂs‘entire

cost of this study. -
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