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interpretation of Time=Domain Electromaanetic Souncinas
in the Randsbury, California,
Known Geothermal Fesource Area

oy James Kauahikaua

A controliea=source, time=gomain electromagnetic (TVES)
sounding survey wasS conaucted in the kandsburg, Calitornia, ¥nown
Feothermal Fesource Area (KGkA) pbetween fiovember 3¢, 1977, and
NDecemouer 13, 1977. The data were interpreted usina layered=earth
Davidon=Fletcher=Fowel] and Marguardt inversion comouter
orograms. The results, which are listed,in the ‘anppendix, show
tnat the area contains a good concuctor at depths fangina from ~a
few hunared to a thousand meters telow grouqd‘SurTace.

THTRODUCTION

Eleven iDL soundings were acne in the iKandsburg RKRHERA using
a Qrounded=wire current source and a cryngenic magnetometer, The
source wire was {525 w lona, oriented along a3 direction #55¢, and
continuously pulsed with a S=amp current at S—=second intervals (5
seconds oositive anud 5 seconds neqative using the FuiT H000
ssitcher). The same source was used for all 1! soundinas. At
each numhered location shown in figuye- 1, a three=component
cryoaenic S38uli) maanetometer (north axis is parallel to source
wire) was usea to measure tnhe magnetic fields generated by the
wire source. The maanetometer was partially buried and covered
with a plastic container to minimiZe noise dle to wina anu other
vibration, cach component (hx,hy,hz) was digitized ana recorded
separately on a Gould data logoer system at 200 samples/second
for about 4 minutes. -watural magnetic noise was very low aurina
the survey period, allowing most of the recording to be dgone
witnout electronic filtering. .

DATA KEOUCTIOH AND INTERPKETATIUN

Klong with the maqnetic field recording, an aoparent
conductivity was estimateu at some locations on the hasis of the
amount of time reguired for tne vertical magnmetic field to rise
to nalf of its V€ (late=timel value, thalf. The formula s
derived from a normalized halfspace response model and is

apparent conductivity = B8.5*thalf/prxx?
where apparent conductivity is in mhos/m,
thalf is in seconds, and

r » the souprce=receiver sgacing, IS in kilometers.

The following s a partial list of the soundings and their
associated apparent conductivities as computed in the fiel-:

sounding apparent conductivity
2 067 mhos/m
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) .15 rhos/m
& .Cob rhos/m

vata reduction first reauires that tne Goulyd date=laogner
tave cartridaes ye rtranscribed to 9=track tace (Fitterman Aandg

Stearns, 1978%) tor use on a nigh=speed aiyitai computer, The
data from eacn component are then stacke i anu converted to a
roughly logaritnmicaliv=spacen time series, A d=minute  precerd
usually contains 40 to 50 steo resconses (one averv S5 seconds).
or nearly 50,000 agata gpoints, fre stacking first invoilves
pickina the stary of a response oy searcning for
cnaracteristically 1arge tirst differences. The tollowinyg few

data ndﬁnts are then examined to maxke sure that the large first
difference 1s not the beainning nt a snike, fhe positicon ot tne
large first difference 1n the wnhole date set 1s alsoc aetepmined
to see that it 15 5 seconds atter tne last rcpicked resuonse. ft
string of 1ufy points beginnino. 10 Gefore the large first
difference is then extractea frowm the gata set and stored
individuaily, After the entire data set has vLeen searchedg, tnese
responses are averageg point by ooint, or stacked, to cdetermine
an average response value and a standard ceviation for each tine
interval. Tf any aata tall more thar two standarao ceviations
from the averaoge, those data are rejected ana the averaae and
standard deviation, or error, are recalculatea, Finally, the
stacked resmonse 15 smoothed with a time=varving filter wpich
emphasizes low frequencies at late times and nigher fregquencies:
at early times, [he reaguced re§noﬁse consists of 19 -gata points '
spaced at logarithmicallv=egual “intervals of time.

Interoretation of the reduced, vertical maanetic field THhE™
data is done by minimizina the weighteu, sauareg differences
bhetweern gata anu layered=earth moaels, tach «data point 1s
weighted with the standard error dJderived from stacking. A
computer inversion program for interpretation has been develouped
from a similar ftreauency=domain inversion program (Anderson,
1977) and a TDEM nmultilayer modellino program (Aauanikaua and
Anderson, 1977). For an m=layered model, this computer program
determines 2m parameters: an conductivities, (m=1) thicknesses,
and a scale factor (denoted fctr), If any of the gparameters
becomes unreasonaoly liarage or small (sigrallina strong cependence
on another parameter or insensitivity to a oarameter), the
program is rerun with that parameter hela constant. For each
sounding, the best=fitting layerea=moael parameters and parameter
errors, a parameter correlation matrix, and a data ano mocel plot
are incliudea in the appendix.

RESULTS
All soundings fit a three=layer model of low=high=low
conductivity structure quite closely. The error of the fit was
always much Jless than the measurement error (determined bY
stacking). Thus, more complicated mogelling (four or more
layers)  was not warranted. Fioure 2 is a cross-section
displaying the TDEM 'results alonaside ¢tLF freaquency soundina
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results at the same sites (Anagerson, 1978), Tthe conductor is
shadea in. Agreement is reasonable for soundings S and 9 and
becomes marginal for soundings 1 and d. note that the apparent
conductivity determined in the field from the half=-time formula
agrees very well with the conductivity of the suyrface laver
determined by computer inversion. Figure 3 shows a Schlumberqer
sounding interpretation (Anderson, 1978) along with TDEM and ELF

sounding interporetations at the same location, Note the good
agreement between all three proposed models for the general
character of the suosurface structure. The interoreted layer

conguctivities from both TDEM and ELF data are generally greater
than those from the Schlumberger data.

Close examination of the parameter correlation matrices and
the stangard errors shows that the TDEM data are very sensitive
to the conductivity=thickness product for the seconda laver. The
maanitude of these oproducts 1is between 35 and 600 mhos with
individual standard errors (of the product) of about 3 to. 6
percent. This is ot course why the second layer conductivities
are unrealistically high and the secona lavyer thicknesses
unreasonably thin and why their standard errors are so largee.
The product alone is determined, not the individual parameters.
Many times, the second layer conductance is positively correlated
with the first layer thickness, although this trend is not shown
by the soundings as a group.

Uf the eleven sounainas, the data from soundings 3, 7, and
12 were somewhat difficult to interpret, [|he data from sounding
3 did not stack well due to a bit readina error Wwhich caused a
profusion of jumos of magnitude 256. Interpretation was not even
attempted. The data for sounding 7 were recorded 10 meters away
from the source wire (see figqure 1). Considerable numerical
oroblems were encountered when TDEM model calculations were
attempted for this distance from a 1528-m=long source wire, and
infinite wire models were not implemented 1in the inversion
program. Therefore, the source wire was approximated as a gipole
and a two=layer model was interpreted (listed in the appendix).
The data for sounding 12 were recorded straight off the end of
the source wire where the vertical magnetic field was expected to
be zero. However, the measured field was surprisingly large =
too large to be due to a slight misorientation of the
magnetometer. Again, modelling was impossible so the source was
taken to be a dipole oriented perpendicular to the source wire
and at its center. Exactly how these last two interpretations
relate to reality or the other soundings is unknown.

Finally, the vertical magnetic field data were used to
estimate the magnitude of the primary magnetic field as 1is done .
in the magnetometric method of geophysical ‘surveyina (tdwards,
1974)., The theoretical primary vertical fiela is aqiven, for
example, by Kauahikaua and Anderson (1977). The following is a
list of observed and theoretical primary fields for each sounding
plus the magnetometric anomaly, (obs=theoretical)/theoreticaly
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expressed in percent:?

sounaing observed, amp/m theoretical, amp/i anomaly
{ 5.3%5e=4 ' 4,84e=4 + 11
2 2.06e=y 2.86e~=4 - 7
3 7.289-5 2.129‘4 - bb
4 . 2.86e=4 1.30e=3 - 78
5 .90e=4 3.12e=4 - 7
6 T.71e=5 l.81e=4 - 57
7 9.,36e=3 le91e=2 - 51
8 10523-3 10679-3 - 9
9 le8le=4 2.12e=4 - 15
11 8.46e=4 1.31e=4 +546
i2 5.87e=4 0 infinite

The anomaly values are contoured in figure 1.
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