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Interpretation of Electromagnetic Soundings
in the Raft River Geothermal
' Area, Idaho

by Walter L. Anderson’

During the period 9/28/76 to 10/11/76, a small
electromagnetic (EM) controlled source survey was conducted
in the Raft River Valley, near Malta, Idaho. The purpose of
the survey was: (1) to field test U.,S. Geological Survey
extra-low-frequency (ELF) equipment wusing a grounded wire
source and receiver loop configuration (which is designed to
measure the vertical magnetic field (Hz) at the loop center
for various frequencies); (2) to present an example of the
EM sounding data and interpretations wusing the inversion
program developed by Anderson (1977); and (3) to graphically
compare the EM results with DC Schlumberger results,
obtained by Zohdy, et.al. (1975), and Zohdy and Bisdorf
(1976), for a geothermal environment.

Five ELF frequency soundings were made using a grounded
wire source with & m@minimum length of 1480 meters and a
maximum length of 3057 meters., The grounded (square)
receiver loop was approximately 30 meters per side for all
stations. These soundings were made with a minimum
separation (between the line source and loop) of 250 meters
and a maximum separation of 1003 meters. The maximum
frequency range for each sounding was from Il hertz to 2000
hertz, with 12 points per decade (some repeated points were
used, and some points were deleted due to erronous
‘observations). :

Figure 1 shows the location of the five EM stations:
EM1251, EM1252, EM1253, EM224, and EM225. The orientation
.0of the wire source is indicated by a hachured line, and the
center of the receiver 1loop 1is denoted by an ®. Other
numbers in figure 1 represent DC station numbers, where the
DC  results have been published by Zohdy et.al. (1975) for
numbers 1 to 136, and Zohdy and Bisdorf (1976) for numbers
137 to 219.

The observed amplitude and phase frequency soundings
were adjusted at each EM station using predetermined
equipment calibration curves. This was followed by
normalizing the amplitudes by the primary Hz field, and
making linear phase drift corrections. The appendix shows
the adjusted observed values plotted at the bottom of the
symbols "0".
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The least squares EM station results, obtained by an
inversion program by AH&@%son (1977), are given in sets of
three plots in the appendix -- least squares phase solution
with residuals, least squares amplitude solution with
residuals, and the EM layer solution superimposed over the
nearest DC layer solution (taken from Zohdy, et.al. 1975,
and/or Zohdy and Bisdorf, 1976). The notation "model 6.5",
for example, denotes a 6-layer model, version 5.

The inversion program (Anderson, 1977) was run for each
EM station independently, but both amplitude and phase data
were used simultaneously in the least squares method. Some
minor weighting of the data was done. Comparison of the EM
and DC results is generally fair, considering the relative
poor positioning of the EM and DC stations. Ideal station
positions were not possible due to local effects (i.e.,
roads, power lines, buried cables, etc).

An attempt to compare numerical or statistical "~ bounds
for EM and DC layer solutions was not done, since
statistical information is mnot available for the DC
solutions. However, all EM station results generally showed
less resolvability of the deeper layer parameters over the
upper layer parameters; this qualitative pattern would be
expected for the frequency range and separations used.

The calculations were done using the Cyber 74-28 and
Honeywell 68/80 computer systems*, and the plots were
produced wusing an AJ832 terminal (plot resolution 1/60 inch
x-direction, 1/40 inch y-direction).

* Use of brand names in this report 1is for descriptive
purposes only and in no way constitutes endorsement by the
U.S. Geological Survey.

Page 4



References

Anderson, W.L., 1977, Marquardt inversion of vertical
magnetic field measurements from a grounded wire source:
U.5. Geol. Survey Rept. USGS-GD-77-033, 76p. available
from U.S. Dept. Comm. Natl, Tech. Inf. Service,
Springfield, Va., 22161 as Rept. PB-263-924/AS. )

Zohdy, A.A.R, Jackson, D.B, Bisdorf, R.J.o, 1975,
Schlumberger soundings and total field measurements in the

Raft River geothermal area, Idaho: U.S. Geol. Survey
Open-File Rept. 75-130, 5p., +136 text figures, +3 pl.

Zohdy, A.A.R., and Bisdorf, R.J., 1976, Schlumberger
soundings in the upper Raft River, and Raft River valleys,

Idaho and Utah: U.S. Geol. Survey Open-File Rept. 76-92,
6 p., +71 text figures, +1 pl.

Page 5



Appendix

Page 6 .



s WO O

-]

oo p oY s PN

o0 MA

(7]

Ll - T N~ T |

40,00 ——++tHH —t——++HH —+— +— +HH
Station EM125]1 (model 6.5)
amp & phase inversion. Sep:702m.
least squares phase solution.
20.00 + -
0.00 -+ -
0 .
-20.00 <+ L) -
~
Y
",
b
Q\
-40.00 <+ 8% -
Q’
‘3
Q
",
-60.00 + ‘Q.\ .
‘hﬂﬁkg
\%..._0
-80.00 4 .
-100.00 ot -ttt -+ —t -
10° 10! 102 103 10%
freq.(Hz.) .
2.00 x: —+—++H —+—++HH —t—— +——t HH
least squares phase residual.
X X X
X
XX X X xX% x X x
. T X “
0.00 . X x x X X xxx
XX XX X g
X X
-2,00 1 [ NEEE| ! L1 it 1 [ EREY| ! ! (NN
L) I LR ] B T LR 1 ] LR LR L ] LBLIE L
10° 10! 102 103 104

freq.(Hz.)

~Page 7




b g o o o o + bttt + bttt

X I

-+ ur-

T Jﬁ

-+ o 4

&
.oo
o

—— .~

ps o 00 (=] -

X o) xI

s g %\ H1|

-4 .-\0 |W

-+ \W\U T

o i
!
4 . . K- 4
g o
a °
ot
o T 2

| T -

F 3 £ T

-4 o~ Q\.O 4

+ ~ a o -+

“+ n o w .MO xIr

-4~ ¢« de

O o
T « o T
4o~ 8 3 4
9 0 &
T ™
+ 0 v - -+
g = A
~ Q m
> «©

—_— -~ n

F w0 b

- o~ o 4

T o~ Y M -4

T = v o =

4+ @A 0 3 I

1 s o

£ a o T

4+ o

LTI R ] 4
¥ ")

+ o o o +

& 8 o
17 ]

- (=] — o~
o o | |
- - (=) o

— -4

(-]

-]

U e

G EH el o4 W DT Q

< — - =+
° I I
- > -+
L >
) T © > T
It + 3 % +
-] Lal -
lm% o LW
-+ u ] -4
4 o < 4
-] >
~ =+ 3 4 4
n hat
ol e >
~ T F § > T
- v I > I
m d > 4
w + o o] T
4 w >4 +4
4 2 > 4
'] >
—-— o x -
u =
>
- = - > Lu
S 3 ok
I < I
-4 >4 -+
-t e -t
4 >4 £
<
—l x ——
>4
4
=) {
2 o
o (=] —
-4 [ [
3 3 T

H U RHU D @

104

103

102

10}

100

freq.(Hz.)

Page 8



Adbed k. . PN : " N
-+ +
T T
-+ 4
b ol T
. 4
-+ +4-
. - 4~
L]
pu o . .
bl
o]
—— d b
e ()] -
—— = -t
4 - @ 4
<4 © 4~
- e~ O -
-t 6 e ~ -
=]
- = - N o .
v ~ N
e~ ] —
+ o w | T
B - K
~ - by
o <«
o
T n — I
-+ o~ . -+
+ ~ & o ofe 4
T = 0 o T
+ & - -+
e =2 3
-~ O =~ - ¢ —_—
~“ 0 O L
& o0 o o
. — .
»oxE O
" w a
e o o + ++ + bt
(2] o~ — o
o o o o
-t - ~ —

H YO DO PO >™ OO~ BOW UM

10%

103

102

101

100

depth (meters)

Page 9



e = 0 [-o] « U O

[T I~ -

“w ® 0 00 0OA

O SN o

20.00 +—+——++HH -+t - +—+——+++
Station EM1252 (model 6.11)
amp & phase inversion. Sep: 1003m.
least squares phase solution.
0.00 1" -
0
0 .
.Q”a.
-20.00 4 < 4
™,
0
.30
‘.
N‘
-40.00 < 9 4
. %k
Q.
Q’Q
&‘
-60.00 + % 4
~
'.o’o
<
-80.00 0 {
Yh“\
i
) 0
-100.00 + +
-120-00 e
10° ' 10! 102 103 10
freq.(Hz,.)
10.00 bR+
‘ least squares phase residual.
X X X
0.00 +x x XxXyx X, XxxxyxX,xx X¥¥ xx 1
X
X
-10.00 1 [ Ill.le ! [ EENT ) Lt tere L Lot
1 LB LA ] LA 1 L L LA 1 | L L AL
10° 10! 102 103 10*

. freq. (Hz.)

Page 10



——+ + + -ttt + bt <
Ml * v T <
I T ~
4 1
4 4
= DsoO.\- - ™
T - ¥ e
- coo uH -
+ ..b 4
4 P -
o* J
4 oY 4
\o.mv
-+ o -+
\mv
- m- . o.ﬁ -4
L PR
W ol A=) )
T+ = 5 o F
S N e 2O -t m
T —~ a o S -+
+ ~ 0o o s +
+ - wn ..\.0 4+
<] L]
4 . ) -
- =~ 8 2 4
v o v .
T o o
-+ m o ~ =) +
[YI-%
~ o € °
> (=)
4 N = 4
T wr . o I s
- N Q - .
4+ - o N s E i
T =0 w T
<+ 1 ® 3 [= -+
— ln q R
£ A w
-4 O +
- 3 e
o) w
<4+ & o © -+
&8 g o
v oG -
L e + t L2 e e a0 e 00
- o — N -
(=] o 1 1
-t - (] o
-y —
oCLowe O e L - I - B RV B )

freq.(Hz.)

.
L ol ' —
-t -t
+4 4
- -+
.
— >
=T m » e
I > T
o 4 -4
+ 3 ] -+
-, N > -
. >
4 o -
o < [
—— u ——
&
ol >
]
o >
I & > o
J w 4 4
T T
4 o >4 -
-+ w_... 5 41
-~ > 4
4 32 > 1
") >4
— o x -
0 L
b >4
e e | " -
I xm
I =<1
-+ >4~
-+ XI‘I
4 < L
>
lﬁ >¢ e
>
>
b
= o S
-t o °
. L]
S S T

H QO WOHT DO

10“

103

102

10l

100

freq.(Hz.)

Page 11



it + PEPE PO T W " PP
F q * + pu o
-4 -+
= -4
- b
- ”i'ooooosuioolo-'- T
—f — T
T 1 I
T 833...:-:3!30” T
+ _ +
- o~ .
]
n 9900
o4
1 — sesevesesee! B
“” ~ o -o:.oooL H”
T o ® -
T — £ poo T
- e~ » _ T
O
-+ M .M s T
IAI —~ o N b -
v ~
] vy
+ o0 w ] T
B ™
A T Y ﬁ-
~ M M esossee
T n ~. I
-~ . T
+ = e e I
T = o o T
-4 1o - v -+
e 3 3
4 o ~ eosee . 5
S g I
& o0 ow
4 w -+
Fe) H C 0000 00 0000 0 S0 000
25 g ]
,o-osm
[ae ] o~ o
o o o o
-t —t L] L]

M U Dl 0 W ol DDy O L EHE—~HOOW OHO0

10%

103

102

101

0

10

depth (meters)

Page 12



. WO O

-4

on e O s = Qon

“w oo RO O

e Ao R

40.00 —t+—++HH +——+—++HH p—t—— —t+—++H
Station EM1253 (model 5.4)
amp & phase inversion. Sep: 349m.,
least squares phase solution.
20.00 < +
0.00 ‘LM .5
-e.,o_.%%
.00.0
-20.00 <+ .0 +
“.0
'-‘..0
.
-9
-..(‘)..
.05
-40.00 < }P +
h.
o,
-B‘.
.u.
-60.00 + '- 4
Y
L)
‘.
b
<
o~
-80.00 + 0 +
~100.00 - —
10° 10! 102 103 104
freq.(Hz.)
5.00 =ttt —t——++HH -+ —t—+++H
least squares phase residual.
xX
Xx XX
X x’(x X X
0.00 XXX x % X X
P S Xxxx X X T
xX XX°X
X X X
X
‘5.00 =+ 1 N S T . 1 W e e N 1 Ll L Liill i |
] T LR LA ] LA B LR L 1 Ty T rTrTy 1 LI B B I R §
10° 101 102 103 104

freq.(Hz,)

Page 13



Tttt + L e o e + Y + =ttt ~
N - O
. + 2
4 4
e 0..‘ -
O °
rQ
o
T S ~+ o
I ¢ T o
-4 . T -~
I @ I
e . . e o
-]
g o
s ™
&
T O 5 T
J O Ir o
T~ a O 4 -
T < 0 u T+
4 . 4
4 ot
« T
4 - 2 2 -
Q o &
O oH
+ 0w ~ » +
g8 = o S
~ o H
> o q
4 O 8
FuouA o 9 Tr—
4+~ 0 Is 4 ©
+ —~ 0 M o + -
T = o o +
4+ W ow 3 - -+
1 2 o J
e a -
-4 0O [« 4
P T
e " S
4+ o a o IS +
S, O d
noo o~
[«
=ttt + 4t + $ =ttt (=]
o
—_ o — N -
o [~} ] ]
— - o o
ot -t
o .0 ® » 2 U gl o @ H Ao DO O

freq.(Hz.)

.
= v =+
P -t
-T T
—r x -
>
- b
T 3 > x
T © = xI
4 > 1
(0]
- o x -—
4 M % -t
4 o ] 41
o ]
a3
T+ o 54 -t
L] >
Ll
a >
T E o I
T+ ° x +
1w = 4
. o 4
= r. >
-+ > -
=]
4 > +
("] >
T o > ~
% =
P >
T~ > T
-4 > -~
4 > 1
-—— x —_
—— x b
4 > 4
]
—r— x e
>
>
A i
L]
o
o (=] -
-t (] O
Ld
L) s S

H O OHT DS

lO4

103

102

10}

100

freq.(llz.)

Page 14



I I
Secesseseccese
| L. |
I p T+
— T
T 18000000 lj
-4 .
4 soosessecens 4
-t f loooo‘-.o.onoo.ow T
~
[
-t =] -
ord
—
4 ot s -+
b o o hcoooao. -
-+ el .
- A 0 eescecencece T
-+ < © 4
TS _ s [ T
5 e ~ o000 00 000 00!
— P -+
4 = - -
Q —~ N
e —
-+ o0 © | -+
H A =
~ - I
o <
4+ N o -+
- N e
I Sy N .. -
T = & g T
+ = o o T+
[ T R e -+
- & o e
= 3 2
4 o~ ~ - T
«“ O O -
& non .
-+ T
&m0
v ua A
= ~ — o
(=] o o (=]
-t v— -4 —

H O D W Do WDy O L E— 8O0 O NM®

104

103

102

101

depth (meters)

Page 15



« O U O

o

oo So s PO

® oMo oA

Lol T -T - I |

40.00 —++++HH —+——++HH —t+—t++HH -+
Station EM224 (model 6.10)
amp & phase inversion. Sep::250m. ’
least squares phase solution.
20.00 + 4
0
200 T Spesdang 1
L.,
o\"ﬂls
-20.00 + p} 1
9,
L]
*
‘.
9
-40.00 4 ° 4
‘Q
%
W
zl
?
-60.00 + 0 1
‘l
,
HLQ
89
-80.00 + +4
-100.00 1 NN ! £ Lt 11 I L1t ey } L4 1111
] TV T TR 1 LR LR Ll L L LI AL I LA
10° 10! 102 103 104
freq.(Hz.)
5.00 —+——++HH -+ —+—++HH —+——++H
. least squares phase residual.
X
X
X x X
+ X X X X
0.00 X FgX XXyxxXxXxTxx XXXgX Xk 1
X
X
-3.00 F———HHH————
10° 10! 102 103 10

.freq.(Hz.)

Page 16



Ll 11t
]

1

L1 11l

v

]
T

[ N

1

LI LI

LIRS

L]

Station EM224 (model 6.10)

Sep: 250m.

least squares amplitude solution.

amp & phase inversion.

->
-

+

A4

Rl 8.0

Ll LbLl

LSRR

L LR

il 11l

i

Lt 1 LI Ll

T

IRRALL R

LB

i i

C 00 o

<

O~

@ H v 03D O

10

104

103

102

10

10

freq.(Hz.)

/

[ I
4 4
— x -~

»
- >
-t > -
%3 .
J 4
— .nia. > 4!
—— m Xx Jl
1. < 1
o >
E]
+ 2 >4 -
- >
-
h "
S 5 T
T o > T
)
4 ¢ ) 4
-t [ VA —rr
-]
4 2 = 4
[} "
- v > -
("] >
o
Py b
x - » =
-1 > -1

X ] ]
T > 7
— x -
- > -

=

J.l x -

>

—t
o
(=] (=] -t
- o .

. [ (=]
o o i

M OO O D O

10%

103

102

10l

100

freq.(Hz.)

Page 17



i L L

1Ll
rrrrest

LA

ryrroen

Station EM224 (model 6.10)

.

<+

EM solution (solid line)

->

104

Lt 1l
IR

0800800000000 0000000 0

——
m...“....u.. =

1L 1 t 111
L L LR
10°

.
-

-

S

RAFT-22 (dashed line)

"":-nolnoo.o’!‘n
i

DC solution:

-

mooo-

' I SEESISERa Sy N

10

102

Ll j titl
UL

Il
L]

10!

(I NS
LILBLLREA

]
1

o~ -
o o
ot ot

OO DM D>PHY > OO H—HOL YN

100 0
10

depth (meters)

Page 18



-4 « T O

LI I e

e pn o

®m o o0 oOo

Ll -~ T R I |

40.00

1 | S T 1 L 11

20.00 T

0.00

} LLLL [ 1 i
1 LRI R ¥ UL LR

Station EM225 (model 6.5)
amp & phase inversion. Sep:373m.

least squares phase solution.

Q
-20.00 <+ ~ -
0,
w
h §
0,‘.
9
-40.00 4+ 0 |
‘.
)
-60.00 T b% ]
8
X
*
X,
-80.00 4 Q“‘Q-O-Q"Q‘Q-o .
-100.00 -
10° 10! ; 102 103 1o®
freq.(Hz.)
5.00 x’x‘ —HH F—t——+HH - f——— -+
least squares phase residual
X
1 Xxxxx x x¥Xyyxxxy Xx_ . Xgx
5
X
‘5-00 1 L L1 tit1l L U T N | 1 L 1 11111 ] L1 1 1141
] (LR LA i 7 T iyl 1 L LR LR LA 1 | L LR L
10° 10! 102 103 10%

freq.(Hz.)

Page 19



- e B U'O

e DO

D oErrpMEMYE®

-0 Aaren ® "t

1 1 | Lt L1ttt [l Ll 1.t l.l Lt ritetrl i L L it
10 ¥ i LR LB 1 ¥ LR ¥ ] LR AL L) 1 ¥ LB L
I Station EM225 (model 6.5) ]
+ amp & phase inversion. Sep: 373m. 1
. L
least squares amplitude solution. 1
0+ 0990400000000 b
10 ]
] . |
) ]
i ~ ]
%,
.q. 4
p
!
-1 4 9 4
10 1 ), ]
] h :
J 0 :
_2 1 Lt teel L bt 1itil (] L1 r el L | I |
10 0 T L llllli T 1) T TI][I; ¥ ¥ l]llllé T L 1 llll'4
10 10 10 10 10
freq.(Hz.)
0.05 R —+—+++HH - +—t+—+++H
X least squares amplitude residual
X
X X xX X
0.00 + T, X Xxx XXX gxyxxXXXXXX 4
x X
xX
~0.05 - H——— - ——— 4 —
3 4
100 1 102 10 10

freq.(Hz.)

‘ Page 20



PEPEEY FUNPORTY
L2020 B ans m sama 4

i _ 1
~ ~ T
e |0 8000800
-+ o —+
3 ]
1 o8
-1 o Be -+
=+ o ﬂ‘ ] =
— = u —f
- " =
-1 ~ [} rw -+
- N o~ T -t
—r * e N~ 90000
N-J-] ~ T
4 - o |
l l — 600! —
L “ d 4 .:O"ﬁ L
QO HH
g8 ~ m seesses
~ 0 <
A1 n o~
T n ~ pu
-4 N .. ~ -4
T N &2 g seseve -T
T =2 o o T
+ &2 - o . -+
s o o e
g 3 2 T
4 o~ ~ oo 4
- O O
4w ?° ......w 1
o0
[7: I < B l—
[he} o~ -t [«]
(=] o (=] o
L —) —) Ll

H OO OLHDPAH LU OO E—HQOUYN®D

104

103

102

101

100

depth (meters)

Page 21



