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ABSTRACT

In April, 1983, three electrical resistivity techniques were evaluated for
ground water exploration in the Truk Islands. The techniques evaluated were
Qirect Current (DC) Schlumberger sounding, Max/Min electromagnetic (EM)
profiling and Very Low Frequency (ULF) profiling. Some aquifer properties
were successfully determined by the DC and EM techniques. The O0C technique
was especially useful in the wvolcanic islands whereas the EM technique was
most useful in the coralline islands. Because of the large distance to VULF
transmitters, the ULF technique was not useful in the study area.
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INTRODUCTION

Truk is one of the Eastern Caroline Islands formerly part of the Trust
Territory of the Pacific and now part of the Federated States of Micronesia.
Geologically, it 1s unique in that it is in the middle of its evolution from a
volcanic island (like Hawai'i) to an atoll. Truk has a ring of coralline
islands that would normally make it a large atolls however, it also has a
handful of weathered volcanic peaks, that are remnants of the volcanic edifice
upon which the coralline islands are built, subsiding into the center of its
lagoon (Stark and Hay, 1963). The coralline islands are known a3s ’low islands’
because of their generally low elevations. The weathered volcanic islands are
known as ‘high 1slands' because of their generally higher elevations.

Not surprisingly, the hydrology of high and low islands is very different.
The high islands are primarily composed of poorly permeable volcanic lava
flows. Weathering increases their permeability by a small but significant
amount. The permeability is higher sti1ll in the alluvium making up the bases
of slopes at and below sea level (Takasaki, written communication, 1883). The
use of electric geophysical techniques might aid hydrologists in this
environment by making some determinations about the nature and size of the
equifer (e.g., whether it is weathered volcanics or alluvium), and whether it
contains fresh or brackish water.

The low islands are mostly composed of very permeable coralline rochks.
Freshwater occurs in lenses which float on saline water. The boundary between
fresh and saline water is marked by a zone of transitional salinities - the
transition zone. The techniques of electrical geophysics could be used to map
the thickness of the freshwater lens by first mapping the depth to the middle
of the transition zone between fresh and saline water and then computing lens
thickness by subtracting the determined depth from +the local instrument
elevation above sea level.

Three techniques were chosen for evaluation in Truk because of their
relative simplicity and portability in a form suitable for sounding to about
6@ m depth. The techniques are Direct Current (DC) Schlumberger sounding,
Max/Min (slingram) electromagnetic (EM) profiling, and Very Low Frequency
(ULF) EM profiling. The equipment for each technique can be carried and
operated by two people and can be transported between islands with the two
operators in a 6 m (18 ft) boat.

Each of the techniques measures the subsurface earth resistivity by causing
electric currents to flow within the earth. Electric current 1is 1njected
directly into the earth by means of twec electrodes implanted i1n the earth for
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the DOC Schlumberger sounding method. Current is induced in the earth
indirectly by distant transmitters for the VULF technique and by a small local
loop antenna in the Max/Min technigque. Resistivity can be measured by the
magnitude of the currents which are allowed to flow in the subsurface and by
how that magnitude changes when some parameter of the technigue is changed
(electrode spacing for DC Schlumberger and frequency for Max/Min). Application
details of each of the techniques are contained in the appendices with
listings of the data and interpretations.

Interpretation of the electromagnetic and DC data are performed here by a
nonlinear least squares computer program which finds the horizontally-layered
resistivity model whose response best fits the data (see Appendices B and C).
The interpretative models used for data in this report include layers whose
resistivities are ei1ther constant or transitional between adjacent
constant-resistivity layers. @ resistivity that varies smoothly with depth
can closely approximate the increase in salinity with depth which is
characteristic of the transition zone between fresh and saline water,
Including a transitional layer 1n the resistivity model 1is necessary for
attempting to model the depth and thickness of the transition zone in the
gechydrologic model.

Preliminary studies with synthetic sounding data (theoretically calculated
from a known model) show that transitional layers are directly detectable by
surface electrical methods if the transitional layer 1is thick compared to its
depth, the smallest detectable thickness being related to the average error in
the data. Perfect data can be used to resclve a transitional layer that is at
least one-half as thick as its depth. If the average error is @.4% for
Max/Min data or about 0.3% for DC sounding data, then the transitional layer
must be thicker than 1ts depth to be resolved. If a resistivity model which
includes a transitional layer cannot fit the data better than a model without
such a layer, then the later model is chosen for interpretation (because it is
simpler and the added complexity of a transitional layer is not justified).
For this case, the transition zone is modelled as an abrupt change between two
layers of constant resistivity. The synthetic sounding inversions show that,
in this case, the abrupt change in model resistivity is located approximately
at the middle of the transitional layer for Max/Min data and near the top of
the transitional layer for Schlumberger data.

The data errors which might mast the existence of a transitional layer can
be due to a numbher of causes. Major sources of error are distortions caused
by pipes, fences, and large metal structures, operational errors (mismeasured
electrode or loop spacings), telluric noise, and deviations of the real earth
from interpretational assumptions such as horizontal and planar layer
boundaries and homogeneous layer resistivities. Even moderate data errors can
mask detail in the data that might be wuseable for resolving a transition
zone. Examples of this will be discussed with the Pis island survey.
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ELECTRICAL GEOPHYSICAL RESULTS

The reconnaissance period allowed work on three high islands and one low
1sland (Figure 1). The three high islands were Moen, Dublon, and Fefan in the
eastern part of the Truk lagoon. The one low island was Pis located to the
north of Moen.

MOEN

Six Schlumberger soundings were obtained near Mwan, west Moen and Nemwan on
east Moen (Figure 2a). The soundings near Mwan (soundings 1, 2, and 3 in
Figure Zb) showed that the zone of weathered volcanics which mantles almost
all Moen has a resistivity of between 9 and 26 ohm-m. Each sounding suggests
a more resistive basement at about 30 m depth which may be unweathered rock.
The soundings near Nemwan (nos. 4, 5, and 6) showed moderate resistivities (44
to 63 ohm-m) at the surface with resistivities greater than 250 ohm-m below a
depth of 4 m (Appendix C). The soundings suggest that there is deep (about 30
m) weathering at Mwan and shallow (about 4 m) weathering at Nemwan.

ULF measurements were made at Mwan, Epinup, and the Wichen River valley.
ULF Apparent resistivities at the location of DC sounding ! near Mwan ranged
between 8 and 25 ohm-m with phases of approximately 45°. Measurements were
also made around a dug well at the edge of a marsh near the town of Epinup,
southeast Moen. Apparent resistivity values clustered around 15 ohm-m and
phase between 45°-50° with one reading of 70 ohm-m. Measurements at Wichen
River were organized along a profile starting at a well in the water and
moving perpendicularly away from the stream. Apparent resistivities were 170
ohm-m at the well dropping i1mmediately to 10-20 ohm-m away from the river.
With low resistivities rarely exceeding 20 ohm-m, penetration would probably
not be greater than about 5 m making ULF measurements useless in determining
local weathering conditions. In gerneral, the VULF apparent resistivity values
confirm the resistivity values interpreted for the weathered material from the
Schlumberger soundings.
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DUBLON

Five DC Schlumberger soundings were obtained in the towns of Roro and Nechap
on Dublon island (Figure 3a). Soundings 7 through 10 were located along a road
through Roro on the eastern side of the i1sland. The geoelectric cross-section
obtained (Figure 3b) shows a 2-4 m thick zone at the surface having a
resistivity of 80-730 ohm-m. Immediately below this 15 a thick zone having a
resistivity of 15-42 ohm-m, i1ndicating deep weathering. Sounding 7 on the
north end of the profile shows a low-resistivity layer about 6 m belcw sea
level possibly representing seawater intrusion. Sounding 10 on the south end
of the profile shows a very resistive (>100 ohm-m) basement about 3 m below

sea level.

Comparison of the water depths in wells near the geoelectric cross section
with the electrical results suggests that the top of the second zone of 15-42
ohm-m represents the water table within the weathered zone because both water
in wells and the top of the second geoelectric zone occur 2-4 m below the
ground surface. The deep resistive basement apparent at the south end of the
prafile might be unweathered rock at the base of the weathered material
erposed at the ground surface.

One DC Schlumberger sounding between Chun and Nechap on the western side of
Dublon shows 21 m of 14-21 ohm-m sediment over a more resistive basement which
may be unweathered rock. ULF measurements in the vicinity of the Schlumberger
sounding were 15-20 ohm-m 1n apparent resistivity and 20°-35° in phase. As in
Moen, the VLF is only penetrating about 5 m, but the apparent resistivity
values agree closely with those interpreted for surface sediment from the
Schlumberger sounding.

Two DC Schlumberger soundings were obtained at Messa on the eastern side of
Fefan (Figure 4). Sounding 12, situated near a fréshwater well, yielded
similar results to +those seen in Roro, Dublon (Figure 3B). Surface sediments
have a resistivity of 176 ohm-m. The second laver, whose top is at the same
depth as the water table, has a resistivity of 14 ohm-m. A resistive basement
appears 11 m below the surface. Farther inland, sounding 13, located at the
edge of the coastal plain, determined the resistive basement to be only 3 m
deep. These soundings suggest that 1t would be possible to trace unweathered



Ground water Exploration Kauahikaua
TJruk, FSM

rock beneath the sediments of coastal plains.

Three VULF measurements were taken near wells in Ewes, Kikku, and Fein
(Figure 4). In Ewes, the apparent resistivity was 10 ohm-m near a flowing
spring. In Kikku, the apparent resistivity was 140 ohm-m near a dry well
formerly fed by a spring. Near an old well in Fein, the apparent
resistivities were 10 and 20 ohm-m. Each phase determination was poor, but
appeared to be about 35° to 40°.

PIS

The most extensive survey was done on Pis, one of the outer islands composed
of coralline debris. Two electromagnetic sounding profiles (Figure §5) were
run across the 1sland from the lagoon side (south) to the ocean side (north).
The Max/Min data were first modelled as due to a two-layer earth with the
second layer, representing seawater-saturated sediments below the fresh water
lens, being more conductive than the first. The data were also modelled as
due to a three~layer earth with the third layer being more conductive than the
first and the second layer having a resistivity which was transitional between
the first and third layer resistivities. The +transition was modelled as a
linear change in conductivity with depth to approximate a linear change in
salinity within the transition zone. The results of interpretation (Figure E)
show the middle of +the +{ransition =zone between 3 and 9 m below the ground
surface. The middle of the transition =zone is used as the marker i1nterface
here because the transition zone was not always detected, 1.e. the transition
zone was thin with respect to 1ts depth and its signal in the data was masled
by other effects.

Beneath profile 2, the interface is deeper on the lagoon side (D') and
becomes shallower towards the ocean side (D). Beneath profile 1 (C-C'), the
interface is shallower 1n the middle of the island, and appears deeper towards
each coast. The resistivity of the seawater-saturated island matrix was about
2.8 ohm-m. The resistivity of the first geocelectric layer, representing
sediments above the transition zone, was 1n the range of 40 to 150 ohm-m.

Five DC soundings were located along the Max/Min profiles for comparison
(Figure 5 and B). Each set of sounding data was fit with a four- or five-layer
model. The deepest three layers represented fresh water-saturated sediments,
a linear transition zone, and seawater-saturated sediments. The one or two
layers above these three represented unsaturated sedimentary layers. Tuwo
soundings (15 and 17) distinctly resolved a 2-3 m thick transition zone and a
very thin layer which might represent fresh-water saturated sediments. The
transition zone was too thin to resolve (relative to the error 1n the
soundings) in the other three soundings (14, 16, and 18).
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The depth to.the marker horizon (the middle of the transitional layer or the
top of +the basement conductor if no transitional layer was resolved) as
determined by DC soundings is always less than the depth determined by Max/Min
sounding. The discrepancy 1is to be expected owing to the different
sensitivities of the EM and DC techniques (Raiche and others, 1885). EM is
very sensitive to conductive material and fairly insensitive to resistive
material, On the other hand, DC is sensitive to both resistive and conductive
material, but can underestimate depths due to equivalence of thin,
intermediate layers or anisotropy of intermediate layers. The synthetic
sounding study discussed earlier in this report has already shown that if a
transition zone must be modelled as an abrupt change in resistivity, then that
interface will be at the top of the transition zone for Schlumberger data and
near the middle for Ma»/Min data. Depths to the basement conductor under Pis
island determined from Ma»/Min data are smooth and consistent from one
position 1n a profile 1line to another, whereas the depths to a specific
horizon in the Schlumberger sounding interpretations can vary abruptly. It
appears that the Max/Min results are the more consistent. Superior
interpretation could probably be achieved by jointly inverting both
Schlumberger and Max/Min data.

EVALUATION OF THE TECHNIQUES AND RECOMMENDATIONS

For low tislands such as Pis, Max/Min profiling seems to work well for
determining depth to the seawater-saturated sediments (or the middle of the
~transition zone). The only geohydrologic data available with which to compare
the geoelectric results are the chloride contents of water in dug wells along
the two profiles on Pis (noted on Figure 6a and b). In a crude sense, these
salinities increase where the geoelectric results show a decrease in depth to
the middle of the transition zone; however, the data are not extensive enough
to make the comparison definitive.

The environmental factors which make the application of EM nprofiling
techniques ideal are the large resistivity contrast between seawater- and
fresh water-saturated sediments and the absence of good conductors above the
transition zone. EM techniques are relatively insensitive to the higher
resistivities within and above the transition =zone, but are much more
sensitive to the resistivity and depth to the conductive material within and
below the transition zone than are DC techniques. DC Schlumberger can also be
used, but the depth determinations are more ambiguous. DC techniques are
sensitive to the higher resistivities within and above the transition zone.
When the resistivity structure above the 1nterface involves more than one
resistivity (the usual case?, both resistivities and layer thicknesses become



Ground water Exploration Kauahikaua
Truk, FSM

more difficult to i1nterpret. The ULF technique is not precise enough at large
distances from the transmitters to make the depth determination. The close
proximity to ocean can distort the ULF readings.

For the high islands, DC Schlumberger sounding can be used to determine the
thickness of either coastal plain sediments or weathered volcanics above
impermeable, unweathered volcanics. Lack of knowledge about the aguifer in
the areas in which geoelectric data were obtained prevents any evaluation of
these techniques for aquifer discrimination; however, it appeared 1in Mwan,
Moen and Roro, Dublon that water—-saturation reduced the resistivity of the
weathered volcanics and alluvium by a factor of ten. This contrast would
suggest the possibility of mapping the water surface directly. Max/Min with a
E1 m spacing would be unable to penetrate more than 15 m and VULF would be
unable to penetrate more than § m of 20 ohm-m sediment, severely limiting
their utility 1n the high volcanic i1slands.

Portable versions of the Max/Min EM profiling and DOC Schlumberger sounding
equipment sets would allow ground water exploration in the broadest range of
island environments. Max/Min profiling with a few Schlumberger soundings is
most suitable for low island environments; DC Schlumberger sounding 1s most
suitable for high 1sland environments.
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APPENDIX A: VLF Data

The ULF data were taken with a Geonics EMIER wunit wusing stations NWC (22.3
kHz) located at North West Cape, Australia and NPM (23.4 kHz) located at
Lualuale1, O0'ahu, Hawai'i. The apparent resistivity (rhoa) and phase angle
(phase) of the ULF electromagnetic field were measured. Signals appeared to
be very weakl, maling accurate measurement of these quantities difficult. The
estimated error of the values listed in Table I is greater than 2Q percent.

Table IV. ULF Field Data

rhoa phase

location ohm-m degrees comments
Mwan, Moen 20 55 above road, sdg !
8 35 on road
10 5@ 50 m below road
20 45 80 m below road
25 45 11@ m below road
Epinup, Mcen 15 52 immed. east of well
15 54 immed. west of well
70 5¢ 52 m west of well
16 50 15 m from well towards marsh
14 45 100 m west of well
Wichen River, Moen 170 40 at well in river
20 45 east bank
14 50 west bank
10 50 west bank, 25 m from river
10 50 west bank, 40 m from river
15 50 west bank, 100 m from river
Nechap, Dublon 4Q 35 Nechinipwa well
15 35 at sounding 11
15 5 19@ m 1nland
20 20 20@ m 1nland
Ewes, Fefan 10 40 on rise above Sikar well
Kikku, Fefan 140 35 15 m & of dry well above Kikku
Fein, Fefan 1@ 40 japanese well
20 40 222 m towards ocean
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APPENDIX B: Loop-loop EM Data

All loop-loop EM data were taken in the horizontal, coplanar loop mode
(Parasnis, 1979) with the transmitter and receiver loops separated 61 m (200
ft). The 1in-phase or real (R) portion and the out-of-phase or imaginary (I)
portion of the loop coupling at each of five freguencies - 222, 444, 888,
1777, 3555 Hz were measured. The data units are i1n percent of the coupling
that would be observed i1n the absence of all conductive material. Note that
the R measurement 1s actually equal to the real portion of the coupling minus
100 percent and that R values significantly greater than 35 are theoretically
impossible for any horizontally-layered earth model and are indicative of
distortion. Values are read on three different scales and therefore provide
three different levels of precision. Values between plus and minus 4 percent
can be read to the nearest 0.1 percent, values between plus and minus 25
percent can be read to the nearest 0.5 percent, and values between plus and
minus 10@ percent can be read to the nearest 2.5 percent.

Interpretation was done with the aid of computer program MARQLOOPS_HP, an
enhanced, Hewlett-Pachkard 9826 BASIC 2.1 version of program MARQLOOPS
(Anderson, 1979b), which finds the best-fitting, horizontally-layered earth
model for a given loop-loop EM profile data set. Input to the program
consists of the data set, the number of layers, and a first guess at the
resistivities and thicknesses of those layers. Layers may have constant or
transitional resistivities. A transitional layer may vary linearly in either
resistivity or conductivity. The program can automatically adjust the model
for possible errors in loop spacing by varying the loop spacing as 1f 1t were
another model parameter.

The interpretation for data sets 1-1 through 1-6 (going socuth to north) are
plotted in Figure Ba as profile 1. The 1interpretations for data sets Z2-1
through 2-4 (also going south to north) are plotted in Figure 6&b.
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Table V. Loop-Loop EM Field Data

Frequency:222 444 888 1777 35655 Hz
No R I R I R I R it R I
1 =1 35 2 30 -28 =3 -42 -28 ~29 =43 =24
1-2 34 0.4 27 -26 =3 -48 =33 -42 =52 -39
1-5 27 -7 17 -35 — i -48 -40 -41 -57 —29
1-4 25 -10.5 12 -38 -18 -49 -45 -39 -B2 -25
1=5 26 =3 18:5 =38 -18 =52 -47 -4 1 =B =27
1-6 & =7 13 ~-35 =15 -47 =43 —-328 -58 -26
2=1 30 = 22 -30 =1 -45 =35 -3 =50 =28
22 27 =i 12,5 —&8 -26 -49 -4 -38 -B63 —2
2=3 30 =15 12.5 -48 —22 -58 -56 -43 -74 -26
2-4 24 -24 =~2.8 =58 -43 =54 -63 -34 =78 =13
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APPENDIX C: Schlumberger Sounding Data and Computer Interpretations

A resistivity sounding consists of a series of apparent resistivity
measurements taken at several different electrode positions created by
expanding four electrodes symmetrically about a central point (two on each
si1de), preferably along a straight line. Electric current 1is forced into the
ground through the outer two elecirodes (current electrodes) and the voltage
produced by that current is measured between the inner two electrodes
(potential electrodes). Larger current electrode separations generally force
deeper current penetration; +thus, it 1is possible to influence the depth of
investigation by varying the current electrode separation. For the
Schlumberger electrode array, the potential electrodes are placed no farther
apart than one-fifth the separation between the current electrodes.

Data anomalies due to local lateral inhomogeneities can sometimes be
recognized by moving either the potential electrodes or the current electrodes
between readings, but not both at the same time. In practice, the potential
electrodes are moved once for every four or five current electrode moves.
Apparent resistivity values obtained for the same current electrode separation
with two different potential electrode separations are almost always slightly
different due to small inhomogeneities around the elecirodes and/or the use of
homogeneous earth potential variations to reduce real, nonhomogeneous earth
potential variations; this difference must be removed to give an unbroken data
set for quantitative interpretation. The differences are removed by holding a
data segment, made with a particular potential electrode separation, fixed and
shifting the remaining segments up or down so that the end points match
adjacent segments. Many conventions can be used for deciding to what base
segment the rest will be shifted. For most sounding data sets, all segments
are shifted to the segment measured with +the largest potential electrode
spacing.

Computer program MARQDCLAG_HP, an enhanced Hewlett-Packard 9828 BASIC
version of MARQDCLAG (Anderson, 1878a), offers an automatic meansz by which
sounding data sets, lite those obtained 1n the course of this study, canm be
inverted to their best-fitting horizontally-layered model parameters -
resistivities and thickness. The layers in the model may either have a
uniform resistivity or a resistivity which varies from the resistivity of the
layer above it to the resistivity of the layer below. The resistivity can be
selected to vary linearly in either resistivity or conductivity. Of course,
appro~imate matching can be done by manually comparing the sounding data to
theoretical curves i1n a standard album; however, the computer inversion offers
several advantages, including speed, automation, and estimation of parameter
resolution.
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MARQDCLAG_HP automatically minimizes the following quantity:

PHI = sum [ ——~——————r ]
i=1 e

where N is the number of data in the sounding data set,
th
x 1s the i current electrode spacing,
i
y 1is the measured apparent resistivity measured at x
i 1
e is the apparent resistivity measurement error
i

v

(default = y /180), and
1
f(x) 1s the theoretical apparent resistivity calculated from the earth
model .

Along with the sounding data set, the program requires a starting guess of
all model parameters.

The number of layers cannot be automatically varied by the program so 1t 1s
a common practice to invert each sounding dats set for several models, each
having & different number of layers. The best-fitting model 1s chosen to be
the one which minimizes the following quantity, called the reduced chi-squared
statistic:

REDUCED CHI-SQUARED = PHI / (N - 1 = K)
‘ where K is the number of parameters in the model being fit to the data. In
general applications, K = 2 # m - | where m is the number of layers in the

theoretical model and # denotes multiplication.

During the inversions of the sounding data sets, the natural logarithm of
the mcdel parameters, rather than the parameters themselves, were manipulated
to avoid the possibility of negative resistivities or thicknesses and to more
accurately reflect the logarithmic resolution of these values. The values and
their error estimates are converted back to normal units before being output
by the program. A detailed description of the headings and identifying terms
used in the program output listed in this Appendix follows:

X electrode spacing equal to half the distance between the
two current electrodes, meters,
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OBSERVED shifted observed apparent resistivity values, ohm-meters,

PREDICTED apparent resistivity values predicted or calculated from
the best-fitting model parameters,

*RESIDUALS (OBSERVED-PREDICTED)*100,
2
WEIGHT FN 1/(error) , where error is normally OBSERVED/100,

CORRELATION MATRIX estimates of the correlation between each of the model
parameters and any other parameters of this particular
model. One values down the diagonal indicate that each
parameter is 10@% positively correlated with 1tself

(expected). Numbers between +1 and -1 off +the diagonal
indicate the degree of correlation between each pair of
parameters. A correlation of zero indicates no
correlation. A correlation of +1 or -1 indicate perfect

positive or negative correlation, respectively,
REDUCED CHI-SQUARED
the statistic corresponding to the previously-defined

formula,

Two different versions of printouts are included in this appendix. Most
indicate the best-fitting model under the following headings:

1

B-SD exp (PARAMETER-ERROR),
B exp( PARAMETER) ,
B+SD exp( PARAMETER+ERROR ),

FINAL UNSCALED PARAMETERS:
RESISTIVITY resistivity of layer i, i1n ohm-meters,

DEPTH depth from surface to bottom of layer i, in meters.

exp(x) represents e, the base of the natural logarithms, raised to the »
power.

_15_
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The few inversion printouts at the end of this appendix (for sounding dsta
obtained on Pis 1island) 1indicate the best-fitting model under the following

different headings:

RESISTIVITY

THICKNESS

DEPTH

ELEV

in ohm-m, +three columns with the left- and right-most
column indicating lower and upper estimated bounds on the
best-fitting resistivity in the middle column. Asterisks
indicate that resistivity was not allowed to vary during
the inversion. Blanks 1n the right-most column indicate
an upper bound that is essentially infinite (no upper
bound). Negstive resistivities indicate transitional

layers. A resistivity of -1 indicates a linear

i )

resistivity and -2 indicates a linear conductivity.

in meters, three columns with the left- and right-most
column indicating lower and upper estimated bounds on the
best-fitting thickness in the middle column. Asterisks
indicate that thickness wasnot allowed to vary during the
inversion. Blanks i1n the right-most column 1ndicate an
upper bound that 1s essentially infinite (no upper
bound).

1n meters, depth to the upper surface of that layer from
ground surface.

in meters, elevation of the upper surface of that layer

from sea level 1f the sounding elevation has been entered,
or from ground surface (in this case ELEV = - DEPTH).

_]E-
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MARQUARDT STATISTICS:

SONOCU P N-

10
11

X
+3. 0480E+00Q
+3.9624E+00
+4,876B8E+00
+6.0960E+00
+7.6200E+00
+9.1440E+00
+1.2192E+01
+1.3240E+01
+1.9812E+01
+2.4384E+01
+2.0480E+01

SDG 1,

OBSERVED
+2. 3046E+01
+2.3800E+01
+2.4231E+01
+2.3154E+01
+1.9169E+01
+1.6800E+01
+1.5200E+01
+1.4700E+01
+1.4700E+01
+1.3800E+01
+1.2700E+01

CORRELATION MATRIX:

1
2
3

1 2
+1.00 +. 40
+.40 +1.00
~o 77 —od 2

-

-.77 -
=72

+1.00

REDUCED CHI-SQUARED=40, 36

PHI=282.52

MWAN, MOEN,

FREDICTED
+2.4643E+01
+2.3721E+01
+2.2629+01
+2.1098E+01
+1.9319E+01
+1.7844E+01
+1.5822E+01
+1.468SE+01
+1.3829E+01
+1.3429E+01
+1.3168E+01

= (64,2 —

TRUE

ZRESIDUALS
-6.9281E+00
+3.3072E-01
+6.6086E+00
+8.8792E+00
-7.8274E-01
—-6.2148E+00
—-4.0932E+0Q0
+1.0359E-01
+5.9222E+00
+2,6890E+00
=3.6848E+00

WEIGHT FN
+5.3772E~-01
+5.0420E-01
+4.8643E-01
+5.3273E-01
+7.7722E-01
+1.0119E+00
+1.2361E+00
+1.3217E+00
+1.3217E+00
+1.4997E+Q0
+1.7707E+00



DCLAG: XX¥XX¥¥X END XXXk Xkxx SDG 1. MWAN, MOEN, TRUK
CODORDINATES: O 0O
ELEVATION : O
AZIMUTH H
E-SD B B+SD
1.845E+001 2.571E+001 3.3582E+001
9.682E+000 1.276E+001 1.6B81E+001
1.441E+000 2.482E+000 8. 413E+000
FINAL UNSCALED PARAMETERS-- RESISTIVITY DEPTH
(x denotes fixed value)
1 2.57071694E+01 1 2.570717E+01
2 1.27562959E+01 2 1.2756T0E+01
3 J.4B81652TSE+QQ 1 3.48165S3E+00
SDG 1, MWAN, MOEN, TRUK
= + OBES CALC - — MODEL
= L Bal
o
-
|._..
b .
=
'_.
wl sl il ;T N
) .
(0 =
ﬁ: 1e R
o 1 1e 168
T
RE~- 2 OR MCODEL DEPTH, ™

~-(61.2 -



188 SOG &, MWAM, HMOEN,

RAW FIELD DATA

TRUE

T
=
T
)
S
|._
- +
= 1 +++-‘§'
= IG +..+__.*. +*
—
3y)
-
W)
)
v
b=
L
CE ] - '
ol
T
HB-2 (M)
AR/Z2(M) APP.RHO
4.0 8.9
4.9 8.1
5.1 8.3
7.6 8.8
9.1 9.2
9.1 7.5
12.2 9.9
1.2 9.8 L
19.8 3.8
24.4 10.3
30.5 11.1

-fe. 2.~




MARQUARDT STATIS

- X
+3.9624E+00
+4.8768E+00
+6.0960E+00
+7.6200E+00
+9.1440E+00
+1.2192E+01
+1.5240E+01
+1.9812E+01
+2.4384E+01
+3.0480E+01

COODNOCU DN

[y

CORRELATION MATR
1 2

1 +1.00 +.50

2 +.50 +1.00

3 +.71 +.92

REDUCED CHI-SQUA

TICS: SDG 2,

OESERVED
+9.1902E+00
+8.3641E+00
+8.5707E+0Q0
+92.0870E+00
+2.S000E+0Q
+9.S000E+00Q
+9.8000E+00
+9.8000E+00
+1.0300E+01
+1.1100E+01

IX:
+.71
+.,92

+1.00

RED=17.14
FPHI=102.85

MWAN, MOEN,

FPREDICTED
+8. 7S34E+00
+8.789FE+00
+8.8573E+00
+8.2690E+00
+9. 1047E+00
+92.4142E+00
+9.728ZE+00
+1.0143E+01
+1.0471E+01
+1.0791E+01

~le.2.2-

TRUK

ZRESIDUALS
+4.,7533SE+0Q0O
=5.0909E+0Q0
-3.345S1E+Q0O
+1.2979E+00
+4,1615E+00
+9.0307E-01
+7.3130E-01
-3.S0Z7E+00
-1.6569E+00
+2.7877E+00

WEIGHT FN
+1.033SE+00
+1.2719E+00
+1.2113E+00
+1.0776E+00
+9.83592E-01
+9.8592E-01
+9.2648E-01
+9,2648E-01
+8.3872E-01
+7.2218E-01



DCLAG: *X¥xXxkXxxkx END XXXXXXkX SDG 2, MWAN, MOEN, TRUK

COORDINATES: O O
ELEVATION : O
AZIMUTH :

E-SD E E+SD

6.414E+000 8. 706E+000 1.182E+001

3.748E+000 1.181E+001 3.721E+001

7. 266E-002 7.3S3IE+Q00 7 . 442E4+002

FINAL UNSCALED PARAMETERS—-- RESISTIVITY DEPTH
(X denotes fixed value) .
1 8. 70592642E+4+00 1 8.705S9926E+00
2 1.180921336E+01 2 1. 1809213E+01
3 7.35343173E+00 1 7.353432E4+00
SDG 2, MWAN, MOEN, TRUK
BB s
- + QOES . CHLC - — MODEL
|
=
L
Ly ]
po
-
—
= e T . o
= 1 T _I=
2 — — — el .
un .
—t
]
L
(034
L
.
a
1 . -
1 1e iep
HEBrZ2 OR HMODEL DBEFTH, H

= ol =



1668 SDG 3, HMWAN, MOEN, TRUK

E
|
= RAKW FIELD DATA
=)
p
'__
H —p
> 10|
—
|._
'd))
—
U
L
Ly
= A-"'+'+‘.+
= rl-:‘-,_+
] ._+.~+'
' (W & *'.‘+ 1 4
. EE 1 8 198
vl
T
AB- 2 (M)
AB/2(M) APP.RHO
3.0 12.0
3,0 13.3
4.9 13.8
6.1 14.6
7.6 15.9
9.1 1.8
9.1 14.9
12.2 15.7 .
15.2 16.9
19.8 18.3
24.4 18.7
®0.5 20.9

- 1.3 1~




MARCUARDT STATISTICS:

= OO ONDOWUODHWKNK

-

X
+3.0480E+00
+3. 9624E+00
+4.8768BE+00
+6.0960E+00
+7 . 6200E+00
+2.1440E+00
+1.2192E+01
+1.5240E+01
+1.9812E+01
+2.43584E+01
+3.0480E+01

SDG =,

OBSERVED
+1.1316E+01
+1.2542E+01
+1.3014E+01
+1.376BE+01
+1.4994E+01
+1.4%00E+01
+1.5700E+01
+1.6%00E+01
+1.8300E+01
+1.8700E+01
+2.0900E+01

CORRELATION MATRIX:

G h)

1 2
+1.00 +.46
+.46 +1.00
+.84 +I77

=

+,84
+.77
+1.00

REDUCED CHI-SQUARED=19.26
PHI=134.83

MWAN,

MOEN,

FPREDICTED
+1. 1838BE+01
+1.2235E+01
+1.2721E+01
+1.3433E+01
+1.4322E+01
+1.5134E+01
+1.6452E+01
+1.7414E+01
+1.8401E+01
+1.9050E+01
+1.9612E+01

“ k.3 2 —

TRUK

ZRESIDUALS
-4.6100E+00
+2.44B1E+00
+2.25Z1E+00
+2.4T66E+00
+4.4857E+00
-1.5721E+00
-4 ,7929E+Q0
-3.0394E+00
~G.S291E-01
-1.8712E+00
+6. 1609E+00Q

WEIGHT FN
+1.7182E+00
+1.3988E+00
+1.2992E+00
+1.1608E+0Q0
+9.7871E-01
+9.9211ZE-01
+8.9270E-01
+7.7043E-01
+6.5706E-01
+6.2925E-01
+5.0375E-01



DCLAG: XX XXkkxXx END XXxXXXXXX SDG 3, MWAN, MOEN, TRUK
COORDINATES: 0 O
ELEVATION : O
AZIMUTH :
B-SD B B+SD
8. 24ZE+000 1.139E+001 1.57SE+001
1.512E+001 2. 107E+001 2.937E+001
9.878E-001 3. 527E+000 1.260E+00Q1
FINAL UNSCALED PARAMETERS-- . RESISTIVITY DEPTH
(X denotes fixed value)
1 1.13933215E+01 1 1. 139332E+01
2 2.10710465SE+01 2 2.107105SE+01
3 3.52742381E+00 1 3.927424E+00
SDG 3, MWAN, MOEN, TRUK
= + OBS - CALC  — MODEL
5 L @]
i
oo
'_.
—
ey
l.__
)] .
= e e e e o e el e e A
) | I...{._—F_J_
1ol — = — — =T N

AFF.

RB- 2 OR MODEL DEFTH,

e

~-1.3.3% -



-

1868 SDG 4, E MCOEN, TRUK

RAK FIELD DRTRH

1 GEE[
+... I i
Fopa® ey
1ea . .
1 ey 1980

AFPPAREMT RESISTIVITY, OHM-M

AR/2(M) APF.RHO

3.0 164.5
4.0 147.3
4.0 133.3
6.1 120.4
7.6 121.9
9.1 130.3
9.1 138.8
12.2 158.1 .
15.2 164.0
i9.8 147.6
24.4 143.6
30.5 138.0

-4 t-




MARQUARDT STATISTICS:

-

O ONDUADUHNM

X
+3.0480E+00
+3.9624E+00
+6.0960E+00
+7 . 6200E+0Q0
+9.1440E+00
+1.2192E+01
+1.5240E+01
+1.9812E+01
+2.4384E+01
+3.0480E+01

OBSERVED
+1.5S85S8BE+02
+1.4200E+02
+1.2825E+02
+1.2985SE+02
+1.32880E+02
+1.5810E+02
+1.6400E+02
+1.4760E4+02
+1.4360E+02
+1.3500E+02

CORRELATION MATRIX:

NN -

1 2
+1.00 +.94
+.94 +1.00
+.76 +.90
-.926 -1.00
+.94 +1.00
-.84 - 25

- =

-~ -4
+.76 ~.96
+.90 -1.00

+1.00 -.87
=87 +1.00
+.91 -1.00
e T +.93

REDUCED CHI-SGQUARED=33.32
PHI=99.972

SDG 4, E MOEN,

TRUK

PREDICTED
+1.3975E+02
+1.4020E+02
+1.2849E+02
+1.3332E+02
+1.4007E+02
+1.5086E+02
+1.5610E+02
+1.5550E402

+1.4781E+02

+1.31092E+02

& 7
+.94 -.84
+1.00 ~e 9T
+.91 -. 99
-1.00 +.93
+1.00 ~.96
-.26 +1.00

- ‘bl4‘z e

ZRESIDUALS
~7.4183E~01
+1.26S6E+00
-1.8102E-01
~-2.6687E+00
-9.1564E-01
+4.3816E+00
+4.8156E+00
~5.3554E+00
~2.9313E+00
+2.8936E+00

WEIGHT FN
+8.1519E~-01
+1.0167E+00
+1.2462E+00
+1.2157E+00
+1.0640E+00
+8.2011E-01
+7.6217E-01
+9.4095E~-01
+9.9410E~-01
+1.1248E+00



DCLAG: ¥XXxXXx¥XxX END XXkXXx¥xXxX
COCRDINATES: O ©
ELEVATION : O
AZIMUTH :
B-SD R
1.074E+002 2.24BE+002

7.333E-008
1,392E+4002

7.420E-002
6.308E-011
6. 80OSE+000

4.56SE+001
2.121E+002
1. 000E+000
1. 629E+000
1.080E+000
1.693E+001

SDhG 4,

B+SD

4.703E+002
2.842E+010
3.231E+002

3.578E+001
1.849E+010
4,224E+001

E MOEN,

TRUK

FINAL UNSCALED FPARAMETERS—- RESISTIVITY DEPTH
(X denotes fixed value)
1 . 287 6SBTTE+Q2 1 2.2487659E+02
2 4,56522225E+01 2 4,.965222E+01
3 2.12088036E+02 3 2.120880E+02
4 X 1. Q0000Q0QQ0E+OQ0 4 1.000000E+0Q0
S 1.62932413E+00Q b 1.629324E+00
b 1.07997149E+00 2 2.709296E+00
7 1.69542365E+01 3 1.9663STE+0OL
SDG 4, E MDEN, TRUK
"T—"_ + QOES CAHLC - — MOLDEL
T 1 @EEA]
R
s
|._
=
—
‘._
) .
= l —————————
E’JJ |
| = | L ﬁ 4
m e G D I e
I | “+“"+:+_ *+—
- qals , , |
- 1 1a 168
£
HE.-2 COF MODEL DEFRTH, M

— it 9.3~



1668 SDG S, E MOEN, TRUK

RAKW FIELD DARTH

ESISTIVITY, OHM-M

]
N

L& L ;

1 18 108 LEER

AFPPARENT R

AB~A2 (M)

AB/2(M) APP.RHO

3.0 S4.6

4.0 67.2

4.9 75. 4 8
6.1 77.7

7.6 87.6

F.1 99.4

9.1 120.5

12.2 148.8 .
15.2 156.3

19.8 197.2
24.4 212.8

30.5 224.8

- 1.5, L=




MARGUARDT STATISTICS: SDG S,E MDEN, TRUK

[y

O JgONDPUPHUHNR

X
+3.048B0E+00
+3.9624E+00
+4,.8768E+00
+b6.0960E+00
+7 . 6200E+00
+9.1440E+00
+1.2192E+01
+1.5240E+01
+1.9812E+01
+2.4384E+01
+3.0480E+01

OBSERVED
+6.6190E+01
+8.146SE+01
+9.1405E+01
+9.4194E+01
+1.0620E+02
+1.2050E+02
+1.4880E+02
+1.5630E+02
+1.9720E+02
+2.1280E+02
+2.2480E+02

CORRELATION MATRIX:

1 2
+1.00 +.45
+.45 +1.00
+.90 +.73

3
+.90
+.73

+1.00

REDUCED CHI-SRUARED=30.354

PHI=213.8

FPREDICTED
+7.0300E+01
+7.6399E+01
+8.4218E+01
+9.5373E+01
+1.0930E+02
+1.2289E+02
+1.4647E+02
+1.6603E+02
+1.89S0E+02
+2.0778E+02
+2.2648E+02

= 1L.8.% =

ZRESIDUALS
—-b.2092E+00
+5.972ZE+00
+7.8637E+0Q0
-1.2516E+00
-3.1097E+00
-1.98B6BE+00
+1.5653E+00
—6.2244E+00
+32.9049E+00
+2.3583E+00Q
-7 . 4600E-01

WEIGHT FN
+2.7215E+00
+1.7966E+00
+1.4271E+00
+1.34T9E+00Q
+1.057ZE+00
+8.2116E-01
+5.3851E-01
+4.8807E-01
+Z.0661E-01
+2.563T0E-01
+2.3594E-01



DCLAG: Xx%XxkXxx¥kx END XkXxkkXxx SDG S5,E MOEN, TRUK

COORDINATES: O ©

ELEVATION : O
AZIMUTH :
B-SD B E+SD
5.887E+001 &.TO0FE+001 6.761E+001
2.841E+002 3. 096E+002 3.374E+002
2. 865E+000 3. 255E+000 3. 698E+000
FINAL UNSCALED PARAMETERS-- RESISTIVITY DEPTH
(% denotes fixed value) :
1 6.30B90707E+01 1 6. I0BF07E+01
5 3.09610317E+02 2 I.09610TE+02
3 3.25481876E+00 i 2.254819E+00
SDG S,E MOEN, TRUK
1 886 . = .
— + OBS e CHLC - — MODEL
P,
<
-
O ———————————— = =
> | [ a
- ! At
> 1 B
— L & _Fﬂfﬁ‘
5 Tl
ok —_—
L
Lo
o
o
o
@
]‘3 ) }
1 18 198

AB-2 OR MODEL DEPTH,

M

- 16.5.3~



18686 SDG 6, E MOEN, TRUK
T o+
= RAW FIELD DRTA
) _sr-"
- #
— &
— .f*
i +
ot =il +
= 136 +
p— +
()}
| |
N
L
(Wi
=
L
4 al
‘ o + ) Lo
N 1 B8 fala 1 OBR
(wl
(e
AEB.72 (M)
AB/2 (M)  AFP.RHO
3.0 66.1
4.0 81.6 .
4,9 92.6
6.1 108.8
7.6 129.3
9.1 148.0
9.1 141.0 .
12.2 197.5
15.2 257.6
19.8 345.1
24.4 410.0

-l —




MARQUARDT STATISTICS:

|

CODNDUDWNF-

X
+3Z.0480E+00
+3.9624E+00
+4,.8768BE+00
+6. 0960E+00
+7.6200E+00
+9.1440E+00
+1.2192E+01
+1.35240E+01
+1.9812E+01
+2.43B4E+0Q1

SDhG 6,

OBSERVED
+6.2974E+01
+7.7741E+01
+B8.8220E+01
+1.036SE+02
+1.2318E+02
+1.4100E+02
+1.9750E+02
+2.9760E+02
+3.4510E+02
+4, 1000E+02

CORRELATION MATRIX:

1
3

1 3
+1.00 +.99
+.99 +1.00

REDUCED CHI-SQUARED=114.7

PHI=802.83

E MOEN,

TRUK

PREDICTED
+6.2767E+01
+7 . 5936E+01
+9.0274E+01
+1.0975E+02
+1.3TO60E+02
+1.5651E+02
+1.9951E+02
+2.3909E+02
+2. 9289E+02
+3. 409F9E+02

= byl 2 =

ZRESIDUALS
+3.2768E-01
+2.3214E+00
—2.3278E+00
=5.8832E+00
-8.4525E+00
=1.1003E+01
-1.0181E+00
+7.1864E+00
+1.5128E+01
+1.6831E+01

WEIGHT FN
+3.1114E+00
+2.0417E+00
+1.5854E+00
+1.1484E+00
+8.1314E-01
+6.2064E-01
+3. 1623E-01
+1.8595E-01
+1.0361E-01
+7.3402E-02



DCLAG: XXXXxXxXXX END XxXkXxkxxXxx

COORDINATES: 0 ©
ELEVATION : O
AZIMUTH :

B-SD

3.270E+001

1.609E+000

FINAL UNSCALED PARAMETERS—-
(X denotes fixed value)

WK+

SDG &6, E MOEN, TRUK

4.478E+001
1.000E+003
2.2THE+000

4.43807168E+01
X 1. 00000000E+03
S64011E+00

2.23

SDG &, E MOEN,

B+SD
6.02ZE+001

Z.107E+000

RESISTIVITY

4.438072E+01
2 1.000000E+03

[N

TRUE

DEFPTH

1 2.233640E+00

[E]E]e !
_ 1@E0 | + OES o CALC - — MODEL
4+ [
= | 3
Ny | 4 '
- l 4.+
> | .454_
': L G&E] | '
)]
— I -
Eﬂ J
e
o
L
@
5] : '
= 198
QOFR MODEL DEPTH, ™

~ (.65 -



lee8l SDG ¢, RORG, DUBLON, TRUK
T
= RAW FIELD DATA
O
o,
==
H e
E: 1 ad|
i-. +..+._*:.'.1‘:
&2 3.,
1y ¥ ok
L +.
(0 *+.
+

=
c

- g
T } t
o 1 18 188
L
T

AB/2 (M)

AR/2(M) AFF.RHO

74.2
73.7
72.4
63.5

2.4
47.3
44,0
39.3
38.8
33.4
28.3
23.1

NMPOMRNN==0 =000

P OURNIOONDE P DBPU

WA B e b s
O

= flF




MARQUARDT STATISTICS:

-

OO NDOUMPUHUHNR-

X OBSERVED
+3.0480E+00Q0 +6.902TE+01
+3.9624E+00 +46.83558E+01
+4 .8768E+00 +6.7349E+01
+6.0960E+00 +5,9070E+01
+7.6200E+00 +4_.8744E+01

+9.1440E+Q0Q
+1.2192E+01
+1.5240E+01
+1.9812E+01
+2.4384E+01
+3.0480E+01

+4.4000E+01
+3.93J00E+01
+3.8800E+01
+3.F400E+01
+2.8300E+01
+2.3100E+01

CORRELATION MATRIX:

Nbh N~

SDG 7, RORO,

1 2 3 4
+1.00 +.65 +.46 -.85
+.63 +1.00 +.835 =92
+.46 +.85 +1.00 -.70
-.85 =% P2 -.70 +1.00
-.48 -.89 -1.00 +.73

REDUCED CHI-SGQUARED=56.13

FHI=280.64

DUELON,

PREDICTED
+7.2477E+01
+6.7739E+01
+6.2774E+01
+5. 6689E+01
+5. 0602E+01
+4.6161E+01
+4,0600E+01
+3.7254E+01
+3.3513E+01
+3.0019E+01
+2.5283E+01

S

-.48
-.89
-1.00
+.73
+1.00

=y el ~

TRUE:

ZRESIDUALS
-5.0044E+00
+1.1947E+00Q
+6.7932E+00
+4.0299E+00
-5+« B109E+00
-4.9105E+00
-3.3089E+00
+3.9833E+00
=3. 3963IE~01
-6.0758E+00
-2.45S00E+00

WEIGHT FN
+3.2077E-01
+3.2514E-01
+3.3692E-01
+4,3798E-01
+6.4319E-01
+7.8937E-01
+9.8947E-01
+1.0151E+0Q0
+1.3699E+00
+1.9082E+0Q0
+2.B8639E+00



DCLAG: XxXxXxXxkxxdkx END Xxxkkiokixk

COORDINATES: O O
ELEVATION : O
AZIMUTH :

E-SD E
S.987E+001 7.894E+001
2.126E+001 3.611E+001
0. 000E+000 S5.000E-002
1.17BE+000 2.727E+000
8.3S7E~-002 2. 03BE+001

FINAL UNSCALED PARAMETERS-- -

(X denotes fixed value)

7.89363615E+01
J.61117899E+01
5. 00000000E-Q2
2.72742512E+00
2.03756030SE+01

[ RN 2 N

SDG 7, RORO, DUBLON, TRUK

SD6 7, RORO, DUBLON, TRUEK

E+SD

1.041E+002
6. 134E+001
1.000E+100

6.314E+000
4.96BE+003
RESISTIVITY
1 7.89T6T6E+01
2 3.611179E+01
3 S. 000000E~-02

DEPTH

2.727428E+0Q0
2.3103456E+01

= + OBS - CALC - — MODEL
= | g .
¥ | *-*11*
i~ | o
= R - T
s iy
2 LeiE
i) |
Ll I
53
- 1G . !
. 1 1 100
r
RE-2 OF MODEL DERPTH, ™

~16.+4.3 -



1ol SDG 8, RORO, DUELON, TRUK
T
5 RAKW FIELD DARTA
O
-
I._
H -
=10
’: +,
ﬂ 4~...4...
w .
L 4
13
L
=
' e , .
EF_ 1 18 180
o
@

AB-2 (M2

AB/2(M) APP.RHO

3.0 T1l-9
4.0 S8.4
4.9 S50.7
6.1 40.3
7.6 34.3
9.1 32.8

~ik.T. I~




MARQUARDT STATISTICS:

oMb -

X
+3. 0480E+00
+3.9624E+00
+4,8748E+00
+6.0F60E+00
+7.6200E+00
+9.1440E+00

OBSERVED
+7.1500E+01
+5.8400E+01
+5.0700E+01
+4, 0Z00E+01
+3. 4300E+01
+Z.2800E+01

CORRELATION MATRIX:

1 2
+1.00 +.75
+.75 +1.00
-. 93 - 90

S
=593
) QC)

+1.00

REDUCED CHI-SQUARED=9. 643

PHI=19.286

SDG 8, RORO, DUBLON,

PREDICTED
+7.1687E+01
+5.8907E+01
+4,9232E+01
+4.0802E+01
+3.5062E+01
+3.2179E+01

o ‘L"%ll"

TRUK

ZRESIDUALS
-2.6145E-01
-8.673ISE-01
+2.89561E+00
=1.2439E+00
=2.2220E+00
+1.8%44E+00

WEIGHT FN
+3Z.5858E-01
+5.374%E-01
+7.1315E-01
+1.1287E+00
+1.5581E+00
+1.7039E+00



DCLAG: XxxXxXxXxXxkk END XkXxXxkkxxX SDG 8. RORO, DUBLON, TRUE

COORDINATES: O O -

ELEVATION : O
AZIMUTH :
B~-SD B B+SD
8. 152E+001 1.007E+002 1.245E+002
2.451E+001 2.781E+001 3. 155E+001
1.405E+000 1.744E+000 2. 166E+Q00
FINAL UNSCALED PARAMETERS—-- RESISTIVITY DEFPTH
(X denotes fixed value)
1 1.0073397SE+02 | i 1.007340E+02
2 2.78064Z30E+01 2 2.78064ZE+01
3 1.744104S4E+00 1 1.744105E+00

SDG 8, RORO, DUBLON, TRUK

= Yl
L 7 + OBS - CALC  — MODEL
= L
| l ==
-~ ! T
b= | S
- e
z | “r=
= f e e o o o e o o e s e
w
H
D
L)
L
-
1& )
& 1 18
AB-2 OR MODEL DEPTH, M

—-(k.%®.3% ~



166y SpG 89, RORO, DUBLOMN, TRUK
=
= RAW FIELD DARTA
O
- +-.,
= b4
— *+
— .,
- 4
= (=
e 118G %
— .,
wn t
— :
) 3,
L +
(W .
= :k"-b..
W +
% L o 1 1
o 1 18 1R | 2en
o
T
AB.-2 (M2
AR/2(M) AFP.RHO
3.0 182.2
4.0 171.4
4.9 153.8 .
6.1 129.6
7.6 101.6
Pl 76.4
9.1 79.6
12.2 4.5
Y1o. 2 32. S
19.8 20.9
24.4 17.9
30.5 15.9

TR




MARGQUARDT STATISTICS:

= OJgOBNOWMPEUN-

—_

X
+3.0480E+00
+3.9624E+00
+4,874L8E+Q0Q
+&.060E+00
+7.6200E+00
+9.1440E+00
+1.2192E+01
+1.5240E+01
+1.9812E+01
+2.4384E+01
+3.0480E+01

OBRSERVED
+1.8983E+02
+1.7858E+Q2
+1.6024E+4+02
+1.3S503E+02
+1.05B&4E+02
+7.9600E+01
+5.4500E+01
+3.2900E+01
+2.0900E+01
+1.7900E+01
+1.5900E+01

CORRELATION MATRIX:

AN -

1 2
+1.00 +.34
+.34 +1.00
-.74 - &3

-
P

-.74
b 63

+1.00

REDUCED CHI-SQUARED=17.21

PHI=120.48

SDG 9, RORO, DUELON,

FREDICTED
+1.8611E+02
+1.7416E+02
+1.5916E+02
+1.326877E+02
+1.089&6E+02
+8.4474E+01
+5.0642E+01
+32.2510E+01
+2.124ZE+01
+1.7613E+01
+1.6146E+0Q1

~1&q,2 =

TRUK

%RESIDUALS
+1.9591E+00
+2.4772E+00
+4.7348E-01
—-1.2883E+00
-2.9295E+00
-&.3747E+00
+7.0794E+00
+1.1859E+00
~1.64807E+00
+1 ., 6050E+00
-1.5S441E+00

WEIGHT FN
+2,7684E-02
+3.1282E-02
+3.8852E-02
+5.4716E-02
+8.9029E-02
+1.5745E-01
+3.3587E-01
+9.2166E-01
+2.2839E+00
+3.1138E+00
+3.94561E+00



DCLAG: Xxixik¥x END ddkdokix SDG 9, RORO, DUELON, TRUK

COORDINATES: O ©
ELEVATION : ©
AZIMUTH :
B-SD B E+SD
1.832E+002 1.990E+002 2.161E+002
1.3S4E+001 1.497E+001 1.656E+001
3.865E+000 4. 123E+000 4.397E+000
FINAL UNSCALED PARAMETERS-- RESISTIVITY DEPTH
(¥ denotes fixed value)
1 1.98953874E+02 1 1.989539E+02
2 1.49714993E+01 2 1.4971S0E+01
3 4, 12265677E+00 - 1 4, 122657E+00
SDG 9, RORDO, DUBLON, TRUK
1060 -
- + QRS - CHLC - — MODEL
[
-
L
[
- T Ty
. g
> b
— | GE] ' +, ‘
}._
L) | “*2
0 ! 4=
Ll ] %
o l . %
o ' “+
2 P ¥ S 4
18 B L
1 15 188
HB-2 OFR MODEL DEFPTH, ™M

~[e.9.% -~



1066] SDG 18, RORO, DUBLON, TRUK
T
= RAW FIELD DATA
O
- A+
> + Ty,
— *.
— ) ¥,
> 1@E| . 0
i "yt
b= +
ul
-
n
LJ
¥ 28
=
7
la
@x =} o
& 1 e 188
e
T
AB-2 (M)
AB/2(M) APP.RHO
3.0 161.9
4.0 184.9
4.9 184.0 .
6.1 175.6
7.6 156.6
2.1 138.7
9.1 141.6
12.2 110.9
5.2 89.8 &
19.8 71.7
24.4 6&7.3
30.5 77.4

—feada s L=




MARGQUARDT STATISTICS:

DONOCU DN

10
11

X
+3. 0480E+00
+3.9624E+00
+4,8768E+00
+6.0960E+00
+7.6200E+00
+9. 144QE+00
+1.2192E+01
+1.5240E+01
+1.9812E+01
+2.4384E+Q1
+3.0480E+01

SDG 10,

OBSERVED
+1.6829E+02
+1.8877E+02
+1.8785E+02
+1.7927E+02
+1.5987E+02
+1.4160E+02
+1.1090E+02
+8.9800E+01
+7.1700E+01
+6.7300E+01
+7.7400E+01

CORRELATION MATRIX:

N WM N~

1 2
+1.00 +. 99
+.99 +1.00
-.45 -. 33
+1.00 +.99
-.99 -1.00
+.955 +.66

3 5
-.45 +1.00
= D +.99

+1.00 -.44
-.44 +1.00
+.34 -. 99
+.49 +.56

REDUCED CHI-SQUARED=12.81

FHI=51.222

RORO,

DUELON,

PREDICTED
+1,6846E+02
+1.8228E+02
+1.8570E+02
+1.7978E+02
+1.,6360E+02
+1.4434E+Q2
+1.099TE+02
+8.7184E+01
+7.1781E+01
+6.9569E+01
+7.S753E4+01

TRUK

ZRESIDUALS
=1 F19IEFOC
+3.4343SE+00
+1. 142ZE+00
-2.8240E-01
-2, 3332E+00
—-1.935FE+0Q0
+8.7716E-01
+2.9130E+00Q
-1.1244E-01
—5= B¢ 1 BEFOL
+2.1283E+00

- 7
-.99 +. 55
-1.0Q0 +.66
+.34 +.49
-.99 +.56
+1.00 -. 63
-.65 +1.00

~jb, 10,2 —

WEIGHT FN
+4.0238BE-01
+3. 0850E-01
+3.1133E-01
+3.4204E-01
+4,3008E-01
+5.4825E-01
+8.93280E-01
+1.3632E+00
+2, 138IE+00
+2.4270E+00
+1.8Z49E+00



DCLAG: X¥¥kkxkx END xkxxikkx
COORDINATES: O ©
ELEVATION : ©
AZIMUTH :
BE-SD B

7.18TE-060
5.054E-058
2.826E+001

5.589E-071
1.142E-066
8. 721E+000

6.731E+001
7.297E+002
4.196E+001
1. 000E+QO3
7. 609E-001
1. 154E+000
1.644E+001

SbG 10,

B+SD

6. J07E+062
1.0S3E+063
6.232E+001

1.036E+070
1.16SE+046
3. 098E+001

RORO, DUELON, TRUK

FINAL UNSCALED PARAMETERS-- RESISTIVITY DEPTH
(X denotes fixed value)
i 6.7309773TE+01 1 b6.730978E+01
2 7.29679451E+02 2 7. 29679TE+Q2 !
3 4,.19611120E+01 3 4.196111E+01
4 X 1. 00000000E+0T 4 1.000000E+03
5 7.60929901E-01 1 7.5609299E-01
) 1. 1S36223SE+00 2 1,214552E+00
7 1.64370912E+01 3 1.835164E+01
SDG 10, RORD, DUBLON, TRUK .
1566 _ - .
_ _ + OBS -} CALC . — MODEL
T ! !
= | . |
) | |
e
— l +‘+‘+‘++ l
e 1 = g |
c e ot
Ry | ++-++
—
o | |
L) R S S ——
(N
(N
(W
T
12 i )
1a =)o)
-[Q-(C:%-—-
HE. <2 % PMOLIEL. DERFTH, 11




TEGESDG 11, MNECHAFP, DUBLON, TRUK

FRW FIELD DRTH

OHM-M

|
i

-
2]
2]

1 18 180 LenR

AFFPAREMT RESISTIVITY,
4

HB-2 (M)

AEB/2(M) APFP.RHO

15.2
15.8
15.8
16.7 ¢
18.1
18.9

MPORNR= 0= 000
[
w
O

chOoURROGND P DU

LB e

—fal. [ -



MARQUARDT STATISTICS:

.

= OO0DNOEU LW -

X
+3.0480E+00
+3.9624E+00
+4.,8768E+Q0Q
+6.0960E+00
+7 . 6200E4+00
+9. 1440E+00
+1.2192E+01
+1.5240E+01
+1.9812E+01
+2.4384E+01
+2.0480E+01

sSDG 11,

OBSERVED
+1.4476E+01
+1.5048E+01
+1.5048E+01
+1.59035E+01
+1.7238E+01
+1.8000E+01
+2.0200E+01
+2.1600E+01
+2.2500E+01
+2.5000E+01
+Z.2000E+01

CORRELATION MATRIX:

adr-

1 2
+1.00 +.62
+.62 +1.00
+.87 +.%90
+.27 +.84

NECHAFP, DUBLON,

PREDICTED
+1.4371E+01
+1.4853E+01
+1.5409E+01
+1.6183E+01
+1.7113E+01
+1.7970E+01
+1.9521E+01
+2.1012E+01
+2.3420E+01
+2.6183E+01
+3.0422E+01

4 S
+.87 +.2
+.90 +.84

+1.00 +.57
+.57 +1.00

REDUCED CHI-SQUARED=15.63

PHI=93.764

e 1.2 —

TRUK

“ZRESIDUALS
+7.2501E-01
+1.2919E+00
~2.4028E+00
-1.78463E+00
+7.2517E-01
+1.6572E-01
+3.3631E+00
+2.7227E+00
-4, 0902E+00
-4, 7338E+00
+4,9326E+00

WEIGHT FN
+1,.SB3Z2E+0Q0
+1.446S2E+00
+1.46S2E+00
+1.3115E+00
+1.116SE+00
+1.0240E+00
+8. 130BE-01
+7.1110E-01
+6.953ISE-01
+5.3083E-01
+2.2399E-01



DCLAG: XXxXxxX¥kx END XX¥XkXxx SDG 11, NECHAF, DUEBLON, TRUK

COORDINATES: O O
ELEVATION : ©
AZIMUTH :

B-SD R B+SD
9. 639E+000 1.378E+001 1.971E+001
1.013E+001 2. 128E+001 4.472E+001
1. 000E+00Z
2.882E-001 2.993E+000 3. 10BE+001
B. 167E4+000 1.7S0E+001 3.7S0E+001
FINAL UNSCALED PARAMETERS-- " RESISTIVITY

(X denotes fixed value)

DEPTH

1 1.37835427E+01 1 1.378354E+01

2 2.12829106E+01 2 2.128291E+01

I X 1. 00000000E+03 3 1.000000E+03

4 2.992710Z0E+0Q0 1 2.992710E+00

= 1.75008321E+01 2 2.049354E+01

SDG 11, NECHAFP, DUBLON, TRUK
]
.-";: + 0OBS . CALC - — MODEL
= | @ | .
] |
- |
Jo—
- |
e % |
= | =
) ; +
- == et
LJ ————:5—4 ot
D_- 1& \
L 1 1a 18
(N
HAB.-2 OF MODEL DEFTH, ™M

- tsil.D —



1606l SDG 12, FEFAN, TRUK

=
|
-:"E RAKW FIELD DRTAH
o
P
',_
—
= 1pdl
s 1
o
) :
L ,
W% %
l-: "-':‘_MP..""'
=
' - la 1 1
' o 1 =8 1D Lean
.
(Tl
a
AHB~ 2 (M)
AB/2 (M) APP.RHO
S0 81.4
4.0 ©l.7
4.9 34.9
6.1 25.3 )
7.6 19.1
9.1 18.6
12.2 20.1

G2, |-



MARQUARDT STATISTICS:

N PR

X
+3.048B0E+0Q0
+3.9624E+0Q0
+4,8768E+00
+6.0960E+00
+7 . 6200E+00
+9. 1440E+00
+1.2192E+01

SDG 12,

OBSERVED
+8. 1400E+01
+5. 1700E+01
+Z.4900E+01
+2.5300E+01
+1.%100E+01
+1.8600E+01
+2.0100E+01

CORRELATION MATRIX:

2B N I

1 2
+1.00 +.72
+.73 +1.00
- 95 -.88
+.66 +.96

4 5
-.95 +.66
-.88 +.956

+1.00 -.80
-.80 +1.00

REDUCED CHI-SQUARED=11.351
PHI=23.017

FEFAMN, TRUK

PREDICTED
+8.0644E+01
+5.2283E+01
+Z.5400E+01
+2.4370E+01
+1.9536E+01
+1.8557E+01
+2.0051E+01

== jlo. 2 < L=

ZRESIDUALS
+9.2849E-01
-1.1270E+00
=1.4322E+00
+3.6747E+00
-2.2845SE+00
+2.2928E-01
+2.4283E-01

WEIGHT FN
+9.5909E-02
+2.377SE-01
+5.2174E-01
+9.9281E-01
+1.7420E+00
+1.8369E+00
+1.5729E+00



DCLAG: XX¥XXk¥kXX END XXX %kXXXX
COORDINATES: O ©
ELEVATION = ©
AZIMUTH 2
B-SD B
1. 138E+002 1.7355E+002
Q.58BE+00Q 1.420E+001
4., QQ0OE+Q02
1.146E+0Q00Q 1.433E+0Q00Q
4. 272E+000 9.406E+0Q00

FINAL UNSCALED PARAMETERS——.

(X denotes fixed value)

SDG 12, FEFAN,

B+SD

2.706E+002
. 104E+001

1.794E+000
2.071E+001

RESISTIVITY

TRUK

DEPTH

1 1.75527068E+02 1 1.755271E+02
2 1.420280946E+01 2 1.420281E+01
3 X 4. 00000000E+02 I 4.000000E+02
4 1.433T5519E+00 1 1.433I3I5SE+00
5 Q.4Q57875TE+Q0 2 1.083914E+01
SDG 12, FEFAN, TRUK
% | + OES |l CHLC - — MNMODEL
= s | | -
o L B3
& | —+j |
- | LY [
> | & |
— I lg |
- g
U ’ - [
iy l —-H—~ ‘ H—
LJ | |
meE e e e e e e —
. 16 L
&: 1 1 1608
@
REB.- 2 COF MODEL DEFPTH, ™

~{. 1.3 —



[y
Y]
]
&

{1

-

L)

13, FEFAN, TRUK

RAKW FIELD DATH

++"1‘

t&

-

APPARENT RESISTIVITY, OHM-M
3l

RB~2 (M)

AB/2(M) APFP.RHO

3.0 22,3
4.0 26.3
4.9 29.7
6.1 35.2
7.6 37.1
G.1 37.8
12.2 3.0
15.2 S0.5
19.8 62.9

- [(€.t3, |~




MARQUARDT STATISTICS:

CONDCUDWLN e~

X
+Z.0480E+00
+3.9624E+00
+4.8768BE+00
+6.0960E+00
+7.6200E+00
+9. 1440E+00
+1.2192E+01
+1.5240E+01
+1.9812E+01

SDG 13,

OBRSERVED
+2.2300E+01
+2.6300E+01
+2.9700E+01
+3.5200E+01
+3.7100E+01
+3.7800E+01
+4.3000E+Q1
+5. 0S00E+01
+6.2900E+01

CORRELATION MATRIX:

1
2
I

1 2

+1.00 +.58
+.58 +1.00
+.95 +.78

+.95
+.78
+1.00

REDUCED CHI-SGUARED=44.96

PHI=324.82

FEFAN, TRUK

PREDICTED
+2,.3011E+01
+2.5729E+01
+2.8657E+01
+3.248SE+01
+Z.6833TE+01
+4.0618E+01
+4,6731E+01
+5.1376E+01
+5.6493E+01

=1L.3.2—

ZRESIDUALS
-3. 1896E+00
+2.1698BE+00
+3.S133E+00
+7.7128E+00
+7.1894E-01
-7 .4S46E+00
-8. 67S6E+00
-1.7356E+00
+1.0185E+01

WEIGHT FN
+2, 2996E+00
+1.6245E+00
+1,2739E+00
+9.0689E-01
+8. 1638E-01
+7.8642E-01
+6.0772E-01
+4.4061E-01
+2.8401E-01



DCLAG: Xkk¥kkx%x END kXkxkXxkxX

COORDINATES: O O
ELEVATION : O
AZIMUTH :

E-SD E
1.08B6E+001 1.930E+001
4.518E+001 7. 463E+001
8.682E-001 2.4784E+00Q0

FINAL UNSCALED PARAMETERS—-—-
(X denotes fixed value)

1.9301183F2E+01
7.86260827E+01
2.47402870E+00

LI

SDG 13, FEFAN, TRUK

SDG 13, FEFAN,

E+S8D
3.4370E+0Q01

1.23TE+002
7 . 0S0E+000

RESISTIVITY

1 1.930118BE+01
4 7.462608BE+01

DEFPTH

2.474029E+00

z;: + QES .- CHLC MODEL
= | o
I I e s G e e i e Sy B S, 5
o | T
. | At
£ s
< j =
3 S e .
L)
(4
. 1E )
o 1 1 128
T
RB.-2 OFR MODEL DEFTH, ™

- 13235 ~



1 &6

506 14, PIs5, TRUK

= |RAW FIELD DATA
= K
fPod
- ]
p
— Y
— 5
= ¥
L ed(
(W3] :3‘
L, -
w
Ly 3
= '
=i
E"—-J
&:
o
o
(] D— l 3 L 4 4 4 ]
' T 3 ¥=) (B8 1000 1oooo 100008 |.E+E
AB- 2 (M)
AB/2(M) APP.RHO
3.0 1832.0
4.0 1442.0
4.9  887.0 \
6.1 8956.0
7.6 308.0
9.1 137.0
12.2 4%5.4
122 36.6
15.2 13.4 <
19.8 6.2

—fle, P4 1 =



FERGLARDT STATISTICS: S06 14, PIS, TRUK
X CESERVED FREDICTED *RESIDUALS
1 +3.0452E+00 +1.4768E403 +1.52122+4@2 -1.6218E+20
2 +3.9E24E+00 +1.1625E+23 +1.0912E+@3 +65.1224E+00
3 +4 . E7B5EE-Q0 +7.1507E+82 +7.5732E402 -5.8280E+0Q
4 +5,09E0E+20 +4.4823E+02 +4.4814E402 +2.08388E-02
5 +7.620CE+00@ +2.4830E+402 +2.2854E+02 +7.8573E+00
6 +9.1440E+00 +1.1044E+02 +1.1805E+022 ~-6.9212E+00
7 +1,.2182E+01 , +32.660RE+01 +3.5331E+81 +2.4E59E+00
g +1.5240E+01 +1.3400E+21 +1.3583E+0!1 ~-1.3684E+00
g +1.5812E+01 +65.2000E+00 +6.1835E+00Q +2 .66B7E-01
CORRELATION MATRIX:
2 3 4 5
1 +1.00 +.83 +.58 -.92 -.70
2 +.83 +1.00 +.82 -.97 -.97.
3 +.56 +.,82 +1.00 -.73 ~-.80
4 -.92 -.87 -.73 +1.00 +.89
s ~-.70 -.97 -.90 +.89 +1.00
REDUCED CHI-SQUARED=86.75
PHI=200.24
DCLAG: #x2sxx22s END #eszerss SDG 14, PIS, TRUK
COCRIINATES: @ 0
ELEVATION : @
AZIMUTH
RESISTIVITY THICKNESS
859.0 2304 .1 6180.3 ol 2.0 5.6
0.0 144.1 EB3787.6 .4 2.8 23.9
.8 4.4 23.1
S06 14, PIS, TRUK
1 pgeR
+ 0OBS -— CHLC --- MODEL
=
4_ ==
ii. 1 : 43§
Qoo : 3
. [ -+
>
- ' +
H l ..:.
= i
-+ +
) by
— I '
L
14 I 3
- g :
0 +
o L -
@
1 ] l 4 d 1
- * 1 e 160 )
' - - — . - — — T c— o —— #
i HB- < OK MOUBEL UEFPiIH. ™ 'l

WEIGHT FN
+1.2721E~04
+2.0532E-04
+5.4264E-04
+1.3810E-03
+4.5004E-03
+2.2747E-02
+2.0713E-01
+1.5452E+00
+7.2181E+00Q

el L =



leos] SDG 1TS¢ PIS, TRUK
%

OHM-M

%
RAW FIELDDATH

1
S

-
]
&

=t =r
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LIST OF FIGURES

Figure 1. Map of Truk lagoon showing the high, volcanic 1islands of Moen,
Dublon, Fefan, Uman, Udot, and Tol and the low, coralline 1sland of Pis.

Figure 2. a) Map of Moen, Truk showing the location of a profile of
Schlumberger soundings, A-A', and the location of Schlumberger soundings 4,
5, and 6 near Nemwan. b) a pseudo-section showing the resistivities
interpreted from Schlumberger soundings ! through 3. The resistivities are
indicated beneath the sounding number.

Figure 3. a) Map of Dublon, Truk showing the location of a profile of
Schlumberger soundings B-B', and the location of Schlumberger sounding 11
near the towns of Nechap and Chun. b) a geoelectric cross-section derived
from the interpretations of Schlumberger soundings 7 through 1@ near Roro.
The resistivities are indicated beneath the soundings number. Hydrogeologic
interpretations of geoelectric units are labeled.

Figure 4. Map of Fefan, Truk showing the location of Schlumberger soundings 12
and 13.

Figure 5. Map of Pis Island, Truk showing the location of two profiles along
which five-frequency Max/Min measurements and Schlumberger soundings 14
through 18 were made.

Figure 6. a) Geoelectric cross-section compiled from interpretations of
Max/Min stations 1-1 through 1-6, Schlumberger soundings 14 through 16, and
the chloride content of nearby dug wells. The resistivity of the basal
conductor (presumed to be seawater-saturated coralline material) is plotted
midway between the Max/Min loop stations (pluses). Boxes beneath
Schlumberger sounding numbers indicate thickness of the model transition
zone. b) same as Figure 6b e»cept compiled from interpretations of Max/Min
stations 2-1 through 2-4 and Schlumberger soundings 17 and 18. Ground
surface is shown as a horizontal dashed line.
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