
(goo) _ 
0 

.) -1 9 -at-1g 11111000911 
Ge" 
U.S. Department of the Interior 

Geological. Survey, 

L cp or s- Opc, 

Interpretation of Time-Domain Electromagnetic Soundings 
in the Randsburg, California, 

Known Geothermal Resource Area 

by 

James Kauahikaua 

OlOG ICAL 
Open-File Report 79-244 ilisT 0N 144

•
- v. 

J 6+N 9 1979 
z 
is R 

This report is preliminary and has not 
been edited or reviewed for conformity 
with U.S. Geological Survey standards. 

293540 



interpretatien of iirrie-0m,,in 1.1ectromonnetic oounoinds 
in the ;;andshorq, California, 

Anown beothnrmal Pesource Area 

uy James Kauahikau.) 

controlleo-snurcn, time-unmain electromagnetic (T0F_H) 

soun-4 1n_, survey wds con',1uctel ir; the *,0nr4simrl, frno,in 

reother. al t'esource 'area (r.‘;kr) Letwenn ' ,over her It, l';'//, and 
1, 1g//. Tne .':P r e infer.)retei layered-earth 

,vidon-Fintrt r-r n.,1P 1 1 ari6 'or,uar;:t inverion Co ,fluter 
Trrs rPsHlts, 4h1cri are listec, in the anGer,- ix, show 

til•It the Jro;) contains A ,100' contuctor nt , i0othei r3nlino from a 
few 1- .) A iiousanA r- t_ter!=, (,round surface. 

I.J.cr'JOLTIn 
(.leven F:0,11)( 4 01,4, Acre uoriP in the randshur(: hc,A,1 fl3ing 

n nrourle-wire currant source dnd a cryo(jenic ro;)gnetometer. The 
source wire was 15Po m low-, oriented alenq 3 direction "D5C, and 
continuously Pulsed With a S-amp current at 5-second intervals (5 
secon-As nositive anu 5 sPconrls neatjve usino the FrIT bnoo 
sAitcner). 'the Sarno source Aas used for all 11 soundinns. At 
earn numbered location shown in figure 1, a three-comoonent 
cryogenic 50A0 maonetometor (north axis is parallel to source 
wire) was use.) to Pleasure tne raonetic )onerated by the 
wire Source. The mannetoLetor was rartially 6oricd 3r-! covered 
with a plastic container to minimi7e noise .lue to wino 6no other 
vibration. tach comkonent (rot,hyrn7) was ann retarded 

separateli, on a Gould nata loc,ner System at 200 saffirles/second 

for about 4 minutes. oiatural magnetic noise .was very low uurino 
the survey Period, dllowino most of the recortlino to he cone 
without electronic filterin. 

DATA KEDULT 10iJ AVO INTFRPkFIATToN 

with the mannetic field recording, an apparent 
conductivity was estimateo dt sore locations on the basis of the 

amount of tirre reciuired for tne vertical magnetic field to rise 
to half of its uC (late-time) valuer tnalf. The formula is 
derived from a normal i zed hal fsi.,ace response model anu is 

avuarent conauctivity = 6.:)*thalf/r**? 

where apparent Conductivity is In mhos/m, 
tnalf is in seconds, and 

r , the source-receiver sc.acinn, is in Kilometers. 

The followini is a i,artial list of the soundings and their 

associate anarent conuuctivities as cum; utoo in the field: 

soundinj anparent conAuctivity 

1 .0911 .phos/ro 

• O67 rhos/r 
.()') mhos/m 
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mhos/r-
ahos/r 

oata reduction first renuires that tne Gould data-logner 
tone c.-Jr(ri ,:-0 I.e trariscrOeo to 9-track tare (Fitterman ano 
f',tp,iros, 14i') for use on a Ili ,!-).-eed ui_;ital computer. The 

frn.- r,cH r,,)-iront ,re tren stacKei ano converted to a 
rou ,h Iv 1( . ,1,,rit I v-s t i me set' 1 es. A 4-:;,inute record 
usuollv c,.t(') resonses tone every C) seconos), 
cr ints. .,)ckin9 first involves 

the start of a reSnn(ISC OY searcning for 

cAaractA:rtstic11, tirst litferences. Toe following few 
are tnr-t, ti) 1,:ake sure that tne larc. first 

diftereilce is fl,t tLe r7t (he position of tne 

lare first olfterence in to^ whole set is also oeterTined 
to see th a t it is 5 seconos at ter the last nicked response. A 
strin nt 1010 noints heninnino 10 before the large first 
difference is then extrarte,, frofk the . data set and stored 
individually. After the entire data set has been searched, these 
r"snses average° onint :.)\/ noint, or stacked, to determine 
an average resroose value and a stangard deviation for each time 
interval. If any data tall more than t.4o standard oeviations-
from the averaoe, those data are rejected and the average and 
standard deviation, or error, are recalculated. Finally, the 
stacked resonse is sm)otneu wit;) filf..er which 
emphasizes low frequencies at late times and nigher frequencies 
at early times. the reauce0 resnonse consists of 49 oata points 
spaced at logaritnmically-eAual intervals of time. 

Interpretation of the reduced, vertical magnetic field TEEM 
data is done by minimizing the weiqhteo, snuarea differences 
between oata and layered-earth mooels. each data point is 
weighted with the standard error oerived from stacking. A 
computer inversion orogram for interpretation has been developed 
from a similar frenuency-onmain inversion program (Anderson, 
1971) and a THEM multilayer modelling proqram (Aauahikaua and 
Anderson, 197/). For an m-layereo mooel, this computer program 
determines ?m Parameters: m conductivities, (m-1) thicknesses, 
and a scale factor (denoted fctr). if any of the parameters 
becomes unreasonably large or small (signalling strong oependence 
on another parameter or insensitivity to a parameter), the 
Program is rerun with that parameter held constant. For each 
Sounding, tne hest-fitting layered-model parameters and parameter 
errors, a oarameter correlation matrix, and a data ano mooel plot 
are includeo in the appenciix. 

qr:i1ILTb 
All SOUrviingS fit a three-layer model of low -high-low 

conductivity structure quite closely. the error of the fit was 

always much less than toe measurerront error (determined by 
stacking). ihus, more comp) icoted mmAellino (tour or more 
1 avers) was not warranteu. Fioure ? is a cross-section 
disHoyin.; the 10t-' results alongside tl_F fre,olencv sounding 
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results at the same sites (Anderson, 197R). !he conductor is 
shnueo in. Agree,r.ent is reasonohle for soundinLis 5 and 9 and 
becomes r,arninal for soundings 1 and O. 4ote that the apparent 
conductivity determined in the field from the half-time formula 
anrees very well with conductivity of the surface layer 
deterined nv computer inversion. ri ,,!urp 3 shows a bchlumneroer 
Sourliin inter,,ret,Jtion Underen, 19.7) along with trim and ELF 
soundin internretations .it the n,),-0 loc a tie)n. Note the ,Jood 
arcement netween all three broposeu mor7ie1s for the nerera1 
roaracter of the suLisurface structore. it,e internreteo laver 
conouctivities frog t'nth It:FA i-inu cita are generally fire.iter 
thnn those. from the sch1umher(,;er oata. 

Close examination of the rcramter correlation matrices and 

the sfonarr' errors snows that tht InL'I data ure very sensitive 
to the conductivity-thickness rroduct for the second layer. The 
mannituie of these products is hett,een 35 and F,00 mhos with 
indivilual stancirl errors (of the rroduct) of about 3 to 6 
nercoot. ihis is of course why the sceoco layer conductivities 
are unrealistically high and the second layer thicknesses 
unreasonaoly tnin are-, why their ston-qar,I errors are so lArne. 
The Product alone is determined, not the individual rarameters. 
Many times, tne second layer conductance is nositively correlated 
with the first layer thickness, although this trend is not shown 
by the soundings as a orour. 

Uf the eleven sounoinns, the data from soundings 3, 7, and 

ld were some.Ahat difficult to internret. lhe data from sounOing 
3 did not stack well due to a hit reaoinn error which caused a 
Profusion of jumps of mannitude 256. Interpretation was not even 
attempted. The oaten for sounding 1 were recorded 10 meters away 
from the source wire (see figure 1). Consiueraole numerical 
Problems were encountered when IDU.1 model calculations were 
attempted for this oistance from a 152P-m-long source wire, and 
infinite wire models were not implemented in the inversion 
program. Therefore, the source wire was annroximated as a dipole 
and a two-layer model was interpreted (listed in the appendix). 
the data for sounding 1? were recorded straight off the end of 
the source wire where tne vertical maonet is field was expected to 
he zero. However, the measured field was surnrisinnlv large -
too large to he due to a slioht misorientat ion of the 
maonetometer. Again, modelling was impossible so the source was 
taken to be a dipole orienteJ perpendicular to the source wire 
and at its center. Fxactly how these last two interpretations 
relate to reality or the other soundings is unknown. 

Finally, the vertical mannetic field data were used to 
estimate the na, 4nituHe of the nria.ary maonetic field as is done 
in the magnetumetric method of geophysical surveyino (Ldwargs, 
1474). Tne theoretical primary vertical field is niven, for 
oxamole, by Kauahikaua ono An, Jerson (117). the mollowina is a 
list of ni,serve() and theoretical primary fields for each souniiing 
Plus the mannetoiNetric anomaly, (w)s-theoretical)/thvoretical, 
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expressed in Percent: 

sounainq observed, amp/m theoretical, amp/o, anomaly 
1 5.3cle-4 4.df1e-4 t 11 

3 
e.0110-4 
7.eFe-5 

e.66e-4 
e.l?e-q 

7 
- to 

c).ohe-.4 1.30e-3 - 7A 
3.1?e-4 - 7 

A 4.ile-j 1.01e-g - 57 

7 'r.3 )C-3 
8 

1.61e-4 - 15 
11 6.4he-q 1. tit 
1 2 

The anomaly values :ire cnntoureo in finure 1. the values are 
nenerally lartje, sugnestinn the existence of lateral 
inhomoneneitieq, but the contour pattcrn is not oefineo well 
enounti to warrant more quantitative interpretation. 

A sio:ilar analysis will e tr)r the noriinntal 
mannetic field aata upon comrlet ion of tne require° comnuter 
Programs (now in progress). Future soundino surveys could 
nossioly utilize vertical marmet is field data as well as 
horizontal maonetic arid electric fielc f7fate. nnp prIssible 
1ra4hack to the use of horizontal fi elds in sounding work is ti- .,t 
they anpear to oe more contaminated with noise than the vertical 
fief ts, reAuirinc, more sonnisticated stacking and swoothino 
routines than have been used here. 
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