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Goals of our work

Instrumentation Goal:

Develop and test instruments to measure pressure and

temperature in hot, deep boreholes over long periods of
time (months to years).

Scientific Goal:

Under stand the mechanisims of earthquake-induced fluid
oressure changes at Long Valley caldera, and use this
Knowl edge to help understand seismic and volcanic
orocesses as Well as remotely triggered seismicity.




Reasons to monitor fluid pressure in hot
deep wells

Earthquakes nucleate at depths of several km below the
earth’s surface

Future plans for drilling in seismically active areas include
deep boreholes

Hydrothermally active areas may also be good places to
study the behavior of fault zones at depth




Long Valley Caldera: A Seismically and
Volcanically Active Area In Eastern California
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Resurgent Dome Is Actively Uplifting
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Water Level and Strain et Groundtr vl
Changes Are Triggered by araicer
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Hypothesis about
Causes of Fluid-Pressure
Changes:

Earthquake-induced water-

level drops on and north of the
resurgent dome may be caused
by Iincremental dome inflation

Fluid-pressure increases in
thermal wells are due to hot
material rising from depth
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CW3
(Thermal Well)

L.S. Elev. 2371 m L.S. Elev. 2371 m

Water Level
145-146 m b.l.s.
Perforated
146-268 m b.lLs.
Total Depth

271 mb.Ls.

‘Water Level
922 m b.l.s.11/18/98
b.ls. 7/12
898 mb.ls. 7/12/99 .S. 2158 m
ater Level

Permeable Fissure
2600-2602 m

0.5-3.4 m b.ls.
Open Interval
128-280 m h.ls.

Total Depth

280 mb.l.s.

22-23mb.ls.
Open Interval
91-96 m b.Ls.

Total Depth
96 m b.l.s.

Total Depth

2997 m
Max Temp.
apx 120°C

at 150 m depth

Max Temp.
apx 105°C
at 40 m depth

1/3 vertical scale
Total Depth
1067 m b.Ls. Max Temp.
apx 100°C
at 2600 m depth

279-1050 m below
Water Table

Fissure 2455 m below
Water Table in SF

125 m below
Water Table

125-277 m below 74 m below

Water Table

Water Table




High-temperature Capable Pressure-Temperature
Monitoring Tools

Utilizes downhole silicon-on-insulator electronics
Designed for T=150 C and P=5000 psi (35 Mpa)
Includes:
Quartz pressure-temperature transducer
Strain gage pressure transducer
RTD temperature sensor
Digital (RS232) output
Sampling interval 2.5 s

Built at Sandia National Laboratories
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Earthquake-induced pressure drops

occur more quickly in LVEW
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Days After Earthquaks

Minimum water level is reached in 10 days at LKT

In LVEW, time to reach minimum was <6 hours
for Hector Mine and about 2 days for the Denali
fault earthquake

Shorter time for LVEW is consistent with a source
beneath the resurgent dome (closer to LVEW)
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LVEW Pumping Tests
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Long Valley Exploration Well

COmparISOn Of Emz 30 Temperature, Hi-res {J*tz'd],r'ne', 2501 m L
- 2 | ]
high-temperature f | ctpie——————————— ]
) Emz.zs _- ~
and conventional - D
11/15/2002 11/20/2002 11/25/2002 11/30/2002 12/05/2002 12/10/2002 12/15/2002

Water level, Paroscientific, 274 m ’
ransducer . PR
. Il Irl I'.' II|I _|I .-rl 1 [V 1 i - RCNARELS i

ha IFI“I I'“-I f ; I' T g A I. 1

2684

m below L.S

268.6

Tidal variations 1111572002 11/20/2008 1112512008 i1530}2|::mz: iz.fnﬁlfzéuz: ?zf:mlxzc:m?_: :12{15}21:}132
are 1.93 kPa peak-
to-peak, and ratio L By
of pressure change T

3 . al . L ] P | . L 1
%%PE."EDDE 11/2072002  11/25/2002 11/30/2002 12/05/2002 1210/2002 12152002

to strain based on  [Famosphe Prassrs Gatace _
the M, earth tide

% M ]
constituent is 30.3 | )

kPa/microstrain. 1{/5/2002 11/20/2002 11/25/2002 11/30/2002 12/05/2002 12/10/2002 1Z/15/2002




Cable Problems

After one month, problems developed with the data from the
LVEW, because the cable developed a leak and a short circuit
formed.

The instrument itself was at high temperature (100C) and
pressure (22 Mpa) for 7 months. It is still in good condition
and was recently deployed in well 28-34 at Long Valley.

A stainless steel tube with conductors inside Is expected to
survive better than logging cable at high temperature and
pressure and this is currently being tested by Sandia Labs.




Water-Level Rises in CW-3:

Do not appear to be caused by strain:
-well CW-3 has no tidal response, so very large contractional
strain would be required to produce observed water-level rises

-CW-3 is on CASA-HOT geodetic line, which is extending, not
contracting

Alternate hypothesis:

-seismic waves stimulate localized upward movement of hot,
pressurized fluid in vicinity of CW-3




Scientific Questions

Are the fluid pressure increases observed in CW-3
detectable at other sites?

What is the reason for these pressure increases?

Are the pressure increases accompanied by temperature
Increases?

Are there seismic oscillations that occur before the pressure
Increases?




Long VaIIey Hydrothermal System
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Pressure Increases Caused
by Landers Earthquake

Increases occurred in wells CW-
3and 28-34 , and stage rose in
the Hot Bubbling Pool about
100m from CW-3.
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Water Level, Meters of H20

Stage, in meters

Landers Earthquake
28 June 1992, M7.3

451 km from Long Valley

-u'4 T T T T
-0.3 - - .
1 =
-0.2 i
e Well CW-3

0.1 L | - | -

0 " landers

—— Earthqudke .

0.1 28 .JunaT‘I 82

6/22/92 Ti4/mz2 7692 Ti2gmoz2 g/asmz a2z
g0 Well 28-34 ||

93
928
b el = i

|
Landers Ea thquake

92.4[ 28 June 1992 i

6/22/92 Tla/az2 TH6/82 Ti2gmez arafaz arz1/92
-0.3 -
0.4 | Hot Bubbling Pool |
= 1 A -y " i [
EIE 3 - .l'--uk-'\l- i
0.6 - i

drg. |, 48 lLanders

0.7 pafy I Eartmyugke
0 28 .JunETIkQEIE | |

E?EZ:"SE Ti4/92 7602 Ti28/92 giaez &l21/92




Need for Temperature Measurements

Thermal Pressurization:
Pressure in Observation Well Increases,
Temperature Does Not
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22.14
22.12

22.1
22.08

psi
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Temperature, Degrees C
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Summary

It Is possible to record high-resolution water pressure data at
Intervals as short as 2.5 s to temperatures as high as 150C
and pressures as high as 35 Mpa.

Main challenge is corrosion of the cable, which can probably
be avoided using a steel tube to house the conductors.

We characterized the permeability, fracture dimensions, and
tidal response of the 3 km deep LVEW to help understand
whether earthquake-induced dome inflation Is causing post-
earthquake water-level drops.

We are recording high-resolution data in two thermal wells
In which pressure increases occur following earthquakes.




