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Examples: Based on Boerehole Strain,
Fault Creep, and Groundwater-Levell Data

* The “Parkfield Transient” - accelerated fault
slip, or hydrology?
— QGwyther&Gladwin, Langbein, Nadeau,Gao

* Hector Mine earthquake postseismic fluid
pressure changes
— Unpublished USGS/USMC study

 Strain transients at Long Valley caldera

caused by large distant earthquakes
— Many published studies
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Borehoele Strainmeters;- PBO example
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Parkiield: Slip-rate Change or Fluia
’i\ Pressure Change?
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PARKFIELD DEFORMATION RATE CHANGES

Borehole Tensor Strainmeter Data
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Daily: water'level records
exnipit different: time
histeries in different
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Poreelasticity: Fluid Pressure Changes can
Induce Velumetric Strain

Increasing Fluid Pressure Causes Expansion
Decreasing Fluid Pressure Causes Contraction
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Could Eluid Pressure Cause the Shear:
Strain-rate; Changes?

Subsurface pressure variations 3 to 12 m H,0 over
period of rate change

Total shear strain change is about 1 x 10 in 4 years

It’s reasonable for 1 m fluid pressure change can
produce 10-¢ volumetric strain

Significant fluid pressure-shear strain coupling would
be needed to explain these strain changes
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SOME Creepmeter

records can be correcied
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Corrected data from
CRR1 still show! slip-
rate increase

...but final conclusion that
slip-rate really increased
was based on shortened time
intervals of repeating
earthquakes (R. Nadeau and
others).
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Creep “surge”
criteria are similar
o landslide
criteria

“Rainfall function™ R(t,)

Seasonal approximate ET:

e(d,) = M_,_ wcoslzx(d" - dkﬂ)]

2 2 366

d, 1s the day of the year (1-366)
e, 1s the annual minimum ET

min

d,, 1s the day with minimum ET

Then account for decay due to subsurface flow

R(t,) = S eld(t,_)]r(t,_, )exp(-2mm/t,)

=0

r(t,) 1s the ramnfall on calendar day ¢,
T, 1s the time constant of the decay
m, 1s number of terms needed for the sum
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12990 1991 1802 1083 1804 1995 1806 1957 1808 1980 2000

Same: rainiall
function predicts
Creep surges for:

many. years

Similar techniques
might be useful in
removing hydrologic
signals the time series
of other sensors with
relatively shallow
monuments

Fainfall and R, cm
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| A
35.25 Hector Mi
ERS-2 data:

Mw7.1 Hector Mine,
California Earthquake:
Permanent movement
from ERS interferometry

Gilles Peltzer, Frédéric Crampé, and Paul Rosen

range
displacement _
10cm

T —

ERS data: European Space Agency
Processing: GP, JPL, Oct. 1999
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IHector Mine Earthguake Water-LLevel Drops:

Only i the deeper wells
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Coniined vs. Unconiined AgUIfers

"CONFINED" AQUIFER "WATER-TABLE" AQUIFER
T~ —— S~ —
I1 meter water
Undisturbed level increase Y 1 millimeter
Water Level * water table rise
L L
L L
L L
I .
1 part-per-million 1 part-per-million
contraction contraction
Contraction of aquifer Fluid can move into pore
compresses confined fluid space above water table
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Hydraulic: Diffusivity: Geverns lime Scale of
Eluid Flow:

1-D Diffusion equation
governs time scale of flow
to water table, ie., “degree
k = hydraulic conductivity (dimensions L/T) Of conﬁnement”

S,= specific storage (dimensions 1/L),

Hydraulic Diffusivity, ¢

c=k/S,

typically 107/m to 104/m

P(Z,1) = time history of pressure change at depth Z

p(z,t) ==BK gerf{[(z-z,) /4ct]"*}

(hydraulic conductivity)=
permeability* (fluid density)* g/(fluid viscosity)

Permeability is an intrinsic property of the rock; it has dimensions of L?, and
is usually expressed in darcies, with 1 darcy=10">m?. 1 darcy corresponds
to a hydraulic conductivity of approximately=10~ m/s for water.

Z = depth of the observation

Z,,= depth of the water table

€ rf { ...} denotes the error function

€)= amplitude of instantanecously applied strain
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Water-levellchanges due te aguifer expansion
Ol contraction| re-equilivrate with the water tapble

First Measurements
after Landers EQ
P

Vertical Hydraulic Diffusivity
10° ft2/day

5 g2
First Measurements 10 4 ft2/ day
after Hector Mine EQ 10" ft“/day
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Diffusivities for Various Rock Types
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Effect of Diffusivity and Depth on
Water-Table Leakage

Hydraulic Diffusivity, ft2/day
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MONTHLY RAINFALL
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Fluid Pressure Changes at LLong Valley
Caldera from Distant Earth guakes

. Mendocino Faul
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Hypothesis: quid-pressure

All earthquakes on map have
decreases represent

produced similar fluid Hector Mine

pressure changes Earthquake increments of dome inflation;

> increases represent triggered
_ _ _ 10.1 m Ho0 upflow of hot material beneath

Fluid pressure increases in south moat (Roeloffs et al.,

south moat thermal wells and | JVGR 2003)

decreases in non-thermal B fid

wells on and around the o : :

resurgent dome 101 10/6 1011 10/16 10/21 10/26 ut strain transients are not

1999 accounted for by these
hypotheses...
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Strain Changes Associated withi Earthguakes

1992 Landers
M7.3 450 km
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Earthguake-linducedl lfrransients

(d) POP
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Fluid-pressure: liransients Mateh a
1-[Dr Diifusion Model

(@) Mo-flow

Scaled LKT response to
Loma Prieta earthquake

Non-dimensional Horizontal Flow Vertical Flow
parameters: Interpretation: Interpretation
L=7000 m L=2800 m :
2rne & ¢ = . - 20 40 60 80
Le/e=1 1% days 11'-'-4500 m ‘lw'-l 000 m Days After Earthguake

%,,=0.64 L %y=3500 m ¥p=1400 m
%g=0.5L £=3500 m £=1400 m
£=0.5L c=5 m2/s c=0.78 m%/s

* Assume a localized pressure change with a step-function
time history during the passage of seismic waves

* Time history of transient observed in a well is governed by
well’s distance to abrupt change and to hydrologic
boundaries, as well as hydraulic diffusivity
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1-D; Diffusion Models for Strain lfransients
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LLong-term Strain and Fluid Pressure Data
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M. Johnston, USGS
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Possible Sources of Seasonal Strain

Mammoth Pass

El. 2835 m :
Snow Pillow Postpile
Observation
Well, 100 m deep
El. 2347 m
Main a uifer/
43 m deep 2
[
: Granite
Postpile Borehole
Strainmeter, 162 m deep
* Loading

— show on surface
— fluid mass added above the strainmeter
* Poroelastic strain induced by increasing fluid pressure
— in rock immediately adjacent to strainmeter
— in overlying aquifers where pressures are changing
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7M1/03  7/11/03 7/21/03 7/31/03 8/10/03 8/20/03 8/30/03
Postpile Strain

Response 1o
Surface LLeading by,
Atmospheric

Pressure

* Increasing
atmospheric pressure
produces
contractional strain

* Surface-loading
efficiency:
2.9-3.7x10%/millibar
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Strain Induced by Snew: Leading

FPostpile Strain
——— Estimated Strain from Snow Load
FPostpile Strain - Estimated Snow Load
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* Estimated strain from snow load =Weight of Show
water content x Surface loading efficiency
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Strain and Eluid Pressure Varlatlons

— Postpile Strain, Snow Load Subtracted
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« Strain is only roughly proportional to fluid pressure in the monitoring
well

-monitoring well pressure may not equal pressure near strainmeter
-deformation of overlying aquifer could play a role

 Comparing amplitudes of total seasonal strain and fluid pressure
changes, peak transient strain of 0.26-0.33 x 10 could be produced by
a fluid pressure change of 0.1 to 0.33 m of water
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Conclusions

Strain transients may be responses to fluid-pressure
changes:

— 1: Virtually identical time histories of two earthquake-
induced strain transients match same type of 1-D
pressure diffusion model as fluid pressure changes

— 2: Large seasonal strains coincide with fluid pressure
changes and are roughly proportional to them

Strain transients could be accounted for by fluid pressure
increases of 0.1-0.33 m, similar in size to fluid pressure
changes at LVC induced by earthquakes

BUT: the fluid pressure changes could also be caused by
deformation.
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