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Induced Seismicity Studies at
Roosevelt Hot Springs Thermal Area, Utah and Raft River Geothermal Project,

Idaho, Septamber 30, 1980

INTRODUCTION

Part of the plan for exploitation of geothermal resources 1ﬁvo1ves
reinjection of the fluid produced; it has been shown that such QQﬂghglg_flEig
injection can trigger earthquakes; production of f]uig\may also induce

seismicity. Induced seismicity is thus a possible by-product of geothermal

power generation.

The contracts to which this report is addressed for study of possible
induced séismicity at Raft River fGeothermal Project, Idaho and Roosevelt Yot
Springs thermal area, Utah, Qere placed with ESLD/UURI in Septemher 1979, and
April 19380, respectively. Seismic networks have been established in both
areas and are currently monitoring seismicity unperturbed by production. The
objective is to collect baseline seismicity data against'which Dost—production
seismicity will be comnnared. Roosevelt Hot Springs is planned to begin
production in 1983; the schedule for bringing the demonstration plant at Raft

River on line currently forcasts full-scale plant operation in February 1981.

[MPLEMENTATION

Raft River work before September 1979 consisted of a few nlanning

sessions and trips to the Raft River site to evaluate equipment and sites, and

to make plans to re-establish a seismograph array there. EG&G operated a

three stat}on array at Raft River for about two years ending in January 1978.
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The records are sufficient only to support a qualitative estimite of activity;
no earthquakes were recorded within the array during its operation. Due to

the low gain, only the larger regionals and teleseisms were recorded.

Ordering of equipment and frequency permitting for Raft River began in
September 1979. Site studies with portable seismographs were conducted in
October and Novemover, and the site-permitting process was started. Con-

struction and instrumentation of the field sites began in March 1980, fol-

Towing receipt of site permits from 8LM. Frequency permits were received in
mid-April, which allowed frequency-crystals for the radios to be ordered. At
the request of DOE/ID, portable seismographs were installed on 1 April 1980 at
the permanent sites to monitor a planned injection test‘in mid—Apri1. These
nortables were removed on 2 May 1980, at the request of their owner due to a
prior cow&itment. Unfortunately, the planned injection test was postponed,
and occurred during the gap in instrumental coverage. The radios were
received on 9 May 1980. The radios were installed and recording of the
telemetered data began on 12 May 1980. There were some initial problems with
some of the older equipment, but since June 1980(ggggﬁggélexmffgmwthe.Raft
River arr%y has been good to excellent. Figure 1 shows Raft River geothermal

wells and the seismograph array.

Seismic data are transmitted and recorded by standard telemetry
techniques; Figure 2 shows a schematic diagram of the system. Field equipnent
at Roosevelt Hot Springs consists mainly of Geotech S-13 seismometers, Develco
VCO-amplifiers and Monitron radios; a few Emheiser-Rand VC0O's and'radios are

also in use as well as three L-4 seismometers. Field equipment at Raft River
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consists of Geotech $-590 seismometers, Sprengnether VCO-amplifiers, and
fonitron radios. ™ixed seismic signals and time are recorded on a 3ell and
Howell VR-3700 B tape recorder. An identical tape recorder plays back through

Jevelco discriminators onto an 8-channel Gould Brush chart recorder.

The Three stations in the Raft River Valley transmit their FM-encoded
siynals to a relay in the Black Pine mountains south of the valley. There the
signals are mixed and transmitted to another relay, near the south end of the
Great Salt Lake. This relays the signals across the Salt Lake Valley to the

ESLD recording facility, where the signal is recorded onto magnetic tape.

Figure 3a shows the Roosevelt array's telemetry confiquration in April
1980. The received signals at Delta, Utah, were placed on telephone lines for
transmission to Salt Lake City. Transmission noise was entering the system in
the BAP-Delta radio link. To eliminate this noise, the telemetry
configuration was changed to that shown in Fig. 3b. This resulted in an
immediate)improvement in data quality, as shown in Fiqures 4a and b. Data
quality feom the Roosevelt array has been good to excellent since the change

in telemetry.

The plans for projuctioq at Roosevelt Hot Springs have recently been
submitted by Phillips Petroleum Co., the unit operator, to the USGS for
approval; in light of these plans another site survey was conducted and the
following changes in the Roosevelt Hot Springs array are planned (see Fiqure
3): 1) to move station LWA approximately 2 km NNW, 2) to move station MWA
approximafé]y 1 1/2 km E, and 3) to establish a three-component station in an

abandoned mine approximately 1 km North of well #82-33. LA currently
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OLD ELEMETRY“,,RHS,S_M

FigAa TYPICAL SEISMOGRAM,
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occupies the nlanned plant site; the move of LWA and MYA and the installation

of the three-conponent station will place the entirs production/reinjection

area within the array. See Figure 5 for current and proposed stations.

ANALYSIS

Earthquakes have been located on a production basis at Roosevelt Hot
Sorings since September 1979. Velocity models in the Roosevelt Yot Springs
are zone well-constrained; reflection and refraction surveys have been run
across the area, and velocity data are ava1]ab1e from some of thp °0therma1

|
wells. Regional and teleseismic events at Raft R1ver record we]] and one

Tocal event (S-P time approx. 8 sec) has been recorded; no earthquakes have

Deen recorded A1th1n the Raft Q1ver array.
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As Figures 6a through n show, seismicity in the immediéte vicinity of
Roosevelt Hot Springs is of a Tow level and somewhat episodic in nature. fo
date, no earthquakes have been located within the production zone or on the
Opal Mound fault, which is thought to be the system's main hot water conduit.
The linear trend of earthquakes across the Mineral Mountains may lie on an
eastern extension of the Negro Mag Fault; a few earthquakes may be associated
with range front faults on the east side of the Mineral Mountains. Ynfor-

tunately, due to the station distribution, these locations are not well



constrained in the east-west direction. Therefore, the Tinearity of the
epicenters along extension of the Negro Maq Fault may be a manifestation of
this Tack of control. We plan to improve these locations by use of a joint-
hypocenters-location program which has recently been implemented on the UJURI
PRIME c0ﬂ5uter. The reality of the occurrence of these earthquakes on the
Negro Mag Fault is important to establish. The fault has been postulated to
be a possible recharge conduit for the Roosevelt geothermal field. If it is
connected to the geaothemal field, production may affect seismicity on the
fault. For this reason, we plan to improve locations of earthquakes in this

region and establish a baseline for the seismicity prior to production.

The activity in the NE corner of the map is associated with the Cove Fort
geothemal system. The activity between the Mineral Mountain and Cove Fort is
of uncertain origin; however these earthquakes are definitely located beneath

the alluvium-filled valley between Cove Fort and the Mineral Mountains.

Field calibrations have bean performed on both the Raft River and
Roosevelt arrays; these are currently being reduced to yield amplitude of
grand motion and system frequency response. After calibration is complete,
our first motion and amplitude data will be studied in an attempt to determine

earthquake focal mechanisms, magnitudes, and recurrence statistics.

Synthesis of existing velocity surveys at Roosevelt Yot Springs is
underway; this will yield a more accﬁrate model of cyustal velocities, for

more accurate location of earthquake hypocenters.

Conputer program JHD 77 has recently been implemented on the YUR] PRIME



400 computer; it will be used for joint determination of hypocenters and
station corrections. These will produce more accurate hynocenter locations.
An FFT program is also operational; this is being used for calibrations and

will later be used for calculation of the spectra of earthquakes.

“easurement of the seismic source parameters of dislocation, rupture
area, stress drop, and seismic moment will be attempted. This work will be
done in co-operation with Or. George Zandt of University of Utah Seismograph
Stations. These parameters are of interest for both naturally-occurring and
1nduced earthquakes, and as a possible discriminant between them. Spectra of
recorded earthquakes will be computed; it is possible that the source
parameters will be determinable from those spectra. A more likely technique
1s to attempt to infer these parameters for a group of events by using the

coda method.

Other work will be done honefully in the future includes comnarison of
Roosevelt Hot Springs and Raft River with other case histories of production/
injection related seismicity and sudbsidence, and mathematical modeling of the
pore-pressure distribution within the reservoir due to production and

injection.



0d g

6¢61 H3IB0120 * SONIYdS LOH 113A35008 HU3N SINYNOHLIYES »

M
X

NI
i

SulRIUNOW |BJBUIW

nin g

agoain @

A g



Y e

2d g p

WX v |
8l 8

6761 BWIGWIAON = SONIYLS LOH 113A3500H ¥Y3N SINYNOHLEY3 »

owoain @

SUIRIUNOW |BJIUIW

we g

nd g



nn g

661 ¥3OW3DI0 ¢ SONIYLS 10H 1713A3S00H HUIN S3INUNOHIHYI -

SUIRIUNOW |BJBUIW

e o

Guoin @

aAg



-

el ]
@651 AMUNNGM * SONIHAS 10H 113A3S00H HY3N S3NUNOHLBYI o

woanin @

|

SUIRIUNOW |BIBUIW

v



nn o

WY T T T T T 1
8l ]

0861 AHUNYE3d4 ¢+ SONIHJS 10H4 173A3S004 HHIN SINGNOHIHYI »

4

SUIRIUNOW |BJBUIW

osun @



WY T T T T T 1
el °

B0G1 MUKW ¢ SONTHJS LOH 113A3S004 YY3N S3INYNOHLlHYI ©

oo @

Sujejunow |BI2UIW

LU

ni g



v

SUIRIUNOW |BJBUIWY

WX T
ol

' SONIYHdS

T T T

10H 173A3S00H MH3N S3INYNOHLYYI «

woin @



N4 v

g *8ij

)
8861 AUW ' SONTu4S 1OH 173735004 yu3N SIMYINOHIYYT o

SUIBIUNOW |etaulpy

@iosw @

xAQ



bt

v

SuiRIUNOW

WX T
el
8881 3NOM + SONIMJS

T T T T 1
e
10H 173A3S004 WY3N S3INUNOHLBYS e

awoin @



ol AN

sulRIUNOW |BI3UIW

:|5\1Ill\1111|1\ll|1|l|J
el )
r ot SONTUdS LOM 1713A 35008 ¥Y3N SINYNOHLY

Y3 ~

@oain @

A8

v



08651 Y3BW3Ld3S + SONIHJS LOH L1713A3S004 HYIN SINUNOHLIYY3

oyod1w @

X8



o

oo

WY T
ot

8

ovosnn @

k4



