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ABSTRACT

The ground water resources of the Kailua-Kona area have bheen
evaluated from available hydrogeologic and new electrical
geophysical survey information. Available geologic mapping and
results of drilled wells suggest +that a large area south of

Keauhou has lower-than-normal permeability. Electromagnetic
loop-loop and Very Low Freguency (ULF) profiling along with
Direct Current Schlumberger sounding confirm that a

thicker-than-normal freshwater lens enxists south of Keauhou and
that this area deserves further exploration.
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INTRODUCTION

The goal of this report is to evaluate the ground water

resources along the Kailua-Kona coast from Keahole Pt. south to
the Nortih Kona/South Kona district boundary and from the coast to
an elevation of 305 m. The town of Kailua-Kona is located on the

west slopes of Hualalai and Mauna Loa volcanoes and is the main
population center and resort on the west side of the island of
Hawai'i. The study described in this report was underiaken on
behalf of the Hawaii County Department of Water Supply who wanted
information that could be used to recommend sites for new ground
water wells. The wells are needed to provide new water supplies
for additional development in the Kailua-Kona area.

Some information was already available from wells drilled in
the area and prior geolpgic studies (e.g., Davis and VYamanaga,
1968). Additional information was obtained by using electrical
geophysical techniques. These techniques wutilized the fact that
electrical properties of a rock can vary considerably depending
on the salinity of the pore fluid. Subsurface electrical
properties determined by surface geophysical technigues can be
interpreted in terms of subsurface ground water conditions.

HYDROGEOLOGY

Along the west coast of the island of Hawai’i, fresh ground
water can be found in a wedge-shaped body or reservoir floating
upon saltwater; such a body is commonly called a freshwater basal
lens. The freshwater body is thinnest at the coast and becomes
progressively thicker inland. Immediately beneath the
freshwater, there is the transition zone in which the salinity is
transitional grading from freshwater to saltwater with increasing
depth. Beneath the transition zone, rocks are completely
saturated with saltwater, the salinity of which is approximately
that of seawater.

|
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Wells drilled within a distance of 3.2 km (2 miles) inland

of the Kona coast tap basal aquifers consisting of highly
permeable lava flows. The aquifers yield water readily to these
coastal wells with little drawdown. Water levels are low,
generally less than .B m (2 ft) above sea level, and fluctuation
of the water levels due to ocean +tides is large (reflecting high
permeability’). The chloride content of the water in these wells
generally exceeds 500 mg/l.

The Department-of-Water~Supply wells in the Keauhou area
(wells 12-5 and 12-6 1n Figure 1) are quite different +than the
typical Kona coastal wells described above. Water levels in the
Keauhou wells stand at least two times higher, 1.2 m (4 ft)
against .6 m (2 ft), and the water in them 1is more than 15~-fold
better in quality (3@ mg/l against 500 mg/l). The aquifer yields
water readily to wells but with a drawdown at least 5 times
greater than other Kona wells. Fluctuation of the water levels

due to ocean tides is very small.

To see if rainfall differences along the coast could explain
the ground water anomaly in the Keauhou area, the rainfall
between the 4@-inch contour on the inland side and the S50@0-inch
contour on the ocean side of the Kona rainfall high (Figure 1)
was integrated in 1.6 km (1 mile) wide sections perpendicular to
the coast (Dan Lum, Hawaii State Department of Land and Natural
Resources, written communication, 1974 ). A generalization
correlating rainfall input with ground water quality can be made
for much of the Kona coast but rainfall per se does not
satisfactorily explain the anomaly that exists near Keauhou.

The anomalous conditions at the Keauhou wells (higher water
levels, higher pumping drawdowns, and small tidal fluctuations)
strongly suggest locally lower-than-normal permeability of +the
aquifer. The low permeability might be the result of lava flows
which were slowed or perhaps ponded between the volcances of
Hualalai and Mauna Loa (Figure Z) thus becoming more massive and
less porous by losing most of +their dissolved gases before they
cooled. Applying this hypothesis, Figure 2 shows the area where
the southern flank of Hualalai and the northuwest flank of Mauna
Loa meet near Keauhou; the light contours represent the present
shape of the ground surface and +the dark dashed contours
represent the hypothetical ground shapes of each of the volcances
presuming the other did not exist. The hypothetical contours
intersect along the line of contact of the two lavas mapped by
Stearns and Macdonald (194B), suggesting that the interfingering
of the lavas extends into the subsurface near this contact.

The restriction to flow caused ponding and thickening of the
lavas which resulted in reduction of clinkers and voids +thus
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significantly lowering the high permeabilities found in
unrestricted lava flows. Such lower-than-normal permeable rocks
likely extend south of Keauhou where rainfall increases. The

combination of these lavas and high rainfall, make the area south
of Keauhou very favorable for the exploration of ground water,
especially at lower elevations than the currently producing
wells,

ELECTRICAL GEOPHYSICS

The application of electrical geophysics to ground water
problems is fairly straightforward, since under favorable
circumstances electrical-resistivity techniques can determine the
depth to saltwater-saturated rock by sounding the earth for
changes in resistivity with depth below ground surface. The
resistivity of rocks is greatly lowered by saturation with water,
especially brackish or saline water. The resistivity decrease
caused by saltwater saturation 1is quite distinct and the
thickness of a freshwater basal lens (Ghyben-Herzbherg lens)
overlying the saltwater may be estimated from the depth below sea
level to which the interpreted saltwater has been depressed.

Electrical geophysics were applied in Kailua-Kona
specifically to map the depth 1o saltwater along the coast from
Keahole Point (north of Kailua-Kona) to the North Kona/South Kona

district boundary. Thickness of the freshwater lens is computed
by subtracting the local elevation from the depth to saltwater.
Several problems were anticipated: 1) most accessible areas were

heavily populated and had to be avoided because of the probable
presence of buried pipes, power lines and telephone lines which
may cause confusion when interpreting the results of an
electrical survey, and 2) the study area was bordered on one side
by the ocean which is an excellent electrical conductor and any
deep scunding near the coast might be confused by the presence of
the ocean nearby. By limiting field work to unpopulated areas
away from the coast that were still accessible by vehicle,
coverage was severely resiricted. Because of these factors, an
experimental two-pronged application of electrical resistivity
techniques seemed prudent to obtain the broadest possible areal
coverage for Kailua-Kona. The first prong consists of detailed
reconnaissance at low elevation wusing shallow electromagnetic
technigues to sound the depth to saltwater. The second prong
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consists of deep Schlumberger soundings at higher elevations.

Reconnaissance using Shallow Electromagnetic Methods

The first step was to profile the coast at low elevations
with shallow-penetration electromagnetic equipment because
shallow soundings could be located closer to pipes, power lines,
and the coast than deep soundings without serious adverse
effects. The relative freedom to locate shallow soundings should
allow denser coverage and better resolution of the basal lens,
making it possible to detect more subtle variations in its
character and thickness. We hypothesized that if an anomalously
thick lens were found at a low elevation, then it should continue
farther inland; however, if a thin lens were found at low
elevation, this would not necessarily preclude the existence of a
thicker lens farther inland.

Two different sets of equipment were used for reconnaissance
in Kailua-Kona. Most of the coast was mapped with a Geonics EMIBR
Very Low Freguency (VULF) handheld, electrical-resistivity unit;
several of the locations were also mapped with Max/Min loop-loop
electromagnetic (EM) profiling equipment using a 244 m (800 ft)
spacing. Each set of equipment was capable of 50 to 150 m
penetration in the resistive volcanic terrain of the Kona coast,
and, with one exception, was used at elevations less than 100 m.
The VULF was easier and quicker to use and required only ons
person but it vielded only two data points per location. The
loop~loop EM profiling required two people and took longer +than
the VULF, but it was capable of better subsurface resolution than
the VULF because of its capability to obtain 1@ data points per
location. Each of these techniques is described in detail in
Parasnis (1979, p. 154-165),

Thirty ULF measurements were obtained at elevations between
B and 59 m (Figure 3). Four parameters were measured at each
location and are listed in Appendix Aj; however, only the apparent
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resistivity and phase can be used to determine presence and depth
to a subhorizontal conductor assumed for ouwr purposes to he
saltwater~saturated rock. The other two, dip angle and
ellipticity, are useful for determining whether the measurement
is distorted by nearby structures not related to ground water.
If the dip angle and ellipticity are relatively small (values of
8 or less), then we assume that the apparent resistivity and
phase measurements are relatively undistorted and therefore
useable.

If we assume a very simple resistivity model for the earth
at each measurement location along the Kona coast, we can use a
fairly simple algorithm (Frignet, 1981) for directly interpreting
the data. The earth model we assume consists of two layers with
a horizontal interface between them. The surface layer is very
resistive and the lower layer is very conductive. If we assume
this model is valid and further assume an actual resistivity
value for the surface layer, the algorithm of Frignet may be used
to convert each apparent resistivity and phase data pair into the
thickness of the surface layer {(ground surface to lower layer
surface) and the resistivity of the lower laver. Table I shouws
the results of applying Frignet's algorithm to each of +the 3@
data sets for three assumed values of surface layer resistivity.
The values of 600, 106@, and E@®Q ohm—m bracket the resistivities
determined in this area for the rocks above sea level (Kauahikaua
and Mattice, 1981) and should suffice for demonstrating any
dependence of the interpreted conductor depth on assumed surface
resistivity. Where no entry has been made for a rhoZ, tl pair,

the apparent resistivity and phase were not a
theoretically-possible response for ithe assumed model for any
values of rho2 and t1. Elevations were estimated from USGS

1:24 ,000 scale maps.

Table I. VULF Interpretations

rhol = B@Q 1600 B@B@ ohm-m
No. elevation rho2 t1 rho2 t1 rho2 t 1
(m) (ohm=-m) (m) (ohm-m) (m) (ohm~-m)} (m)

1 37 1.7 38
2 34 19 28 16 26 24 23
3 49 .B 32 4 30
4 30 52 22 62 19 72 17
5 58 3 44
B 58 10 51
7 27 4 26 B 25 10 23
8 21 25 14 27 13 29 12
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g 44 .3 43 10 28
10 23 .4 16 5 15 .7 15
IR 23 8 21 10 2 13 19
12 49 @ 37
13 24 .03 18
14 40 .03 2
15 15 .02 17
16 11 0 12 0 12 .01 11
17 40 .6 30
18 59 .3 43 10 38
2 B 3 18 4 17 4 17
2 11 W3 19 .3 10 .3 10
22 38 .04 23 .3 22 .8 22
23 47 12 43
24 47 2 39 12 34
25 49 2 31 7 29 13 2
26 49 3] 48 30 40 69 3
27 30 3 2 5 25 8 23
28 30 2 31 5 29 10 26
29 14 2 7 2 7 2 7
30 12 B 14 7 13 8 13
31 18 2 10 @ 10 .01 10

If a freshwater lens exists beneath one of the measurement
locations, 1the estimated value of t1 should be significantly
greater than the elevation of that location. With the exception
of locations V, 7, 9, 11,15, 16, 20, 21, 28, and 30, the
determined values of t1 were significantly less than the
elevation. Of the exceptions, the t! values for all but location
20 were less than 2 m different from the estimated elevation.
Because of the lack of precision inherent in VULF measurements,
only the results of No. 2@ can be taken as clear evidence of an
appreciable thickness of freshwater beneath that measurement
location.

Because many of the tl1 values in Table I were significantly
less than the site elevation does not indicate that saltwater has
risen some distance above sea level, but rather that the
greatly-simplified interpretation procedure is +too simple for
these areas. Unfortunately, a more elaborate interpretation is
not practical with only two data points obtained per location.
The results may still be used, but only in an empirical sense to
indicate where a hasal lens might be thickest.
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Loop-Loop EM profiling

Severiteen loop—loop EM data sets were obtained in the study
area of which thirteen are interpretable with
horizontally-layered earth models. In Appendix B, ten values are
given for each location consisting of two parameters at each of
five frequencies. The two parameters are the in-phase (real) and
out—-of-phase (imaginary) portions of the electromagnetic coupling
between the two wire loops separated a distance of 244 m (800
fi). The interpretation consisted of matching these ten
paramaeters to theoretically calculated ones which would be
obtained over a two layer earth model with the first layer being
infinitely resistive (or at least so highly resistive as to have
no effect on the measured coupling). Similar to 1the VULF
interpretation, the derived values at each location are depth
(from the ground surface) to and resistivity of the lower,
more-conductive layer. The interpretations are summarized in
Table II.

Table II. Loop-Loop EM Interpretations

No. elevation rho2 t1 elevation—-t1
(m) (ohm=m) (m) (m)

2 73 3.1-4.2 77-81 (-4)-(-8)

3 3 0.9-3.3 86-97 5 —-(-6)

4 58 2.9-3.4 52-55 B - 3

=) 18 4.1-4.4 17-19 1T =(=-1)

B 55 2.5-3.3 B7-71 (—=12)-(-1B)

7 9 1.9-2.0 9-12 @ -(=-3)

9 128 17 - B2 218-259 (-91)-(-131)
10 73 5.1-7.8 88-98 (-15)-(-25)
11 98 19 - 45 106-146 (-B)-(-48)
14 24 2.8-3.1 23-2 1 =(=1
15 18 2.6-2.9 21-24 (=3)-(~-B6)
16 11 3.1-3.3 11-13 0 -(-2)
17 73 4.5-6.4 £9-76 4 -(-3)

At locations 2, 3, 4, &, 7,14, 15, 16, and 17, the
conductive interface is less than 1@ m below sea level and at
locations 6, 9, 18, and 11, 1ihe interface is greater than 10 m
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below sea level. Of the latter four, location 9 was at a rather
high elevation compared {o its optimal depth of penetration and
is probably not a reliable determination. 0f +the other
locations, B, 1@, and 11 appear to be the best indications thus
far obtained for anomalously large ground water lens thicknaess,

Deep Schlumberger Sounding

On the basis of the reconnaissance work, five deep (AB/Z up
to 1830 m) Schlumberger soundings were located along an abandoned
railroad bed that ran parallel to +the coast at an approximately
constant 210 m elevation (Figure 3). The soundings spanned almost
the entire coastline from Kailua-Kona town southward to the North
Kona/South Kona district boundary. Details on the application of
this technigque can be found in Parasnis (1879, p. 88-130).

The data sets were interpreted with the aid of a version of

computer program MARQDCLAG (Anderson, 197%a) adapted to a
Hewlett-Packard 9826 microcomputer in BASIC 2.1. The program
automatically fits a horizontally-laysred model with a
user-specified number of layers. As in the simpler

interpretation schemes applied to the reconnaissance survey, we
are only interested in the depth to the deep conductor expected
to be saltwater-saturated rock underlying freshwater-saturated
rock. To this end, each of the sounding data sets were computer
inverted using an 8-layer model, the thicknesses of the upper B
layers were fixed so that +their total +thickness equalled the
alevation. The two layers below sea level were intended to
represent freshwater-saturated rock (layer 7 and
saltwater-saturated rock (layer 8). As applied, Schlumberger
sounding allows deeper penetration than the VULF or the loop-loop
EM profiling using a 244 m separation, but it has poorer
resolution of the resistivitiy of that deep conductor (layer 8)
than the ULF or loop-loop EM profiling. Table III summarizes the
portions of the sounding interpretations below sea level. The
raw field data and the output from the computer interpretations
are reproduced in Appendix C.
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Table III. Schlumberger Sounding Interpretations
- Below Sea Level Portion, Soundings listed South to North -

Sounding No. rho7 7
(ohm-m) (m below sea level)
Z 145 266
1 BOS 113
3 485 180
4 214 46
5 (insufficient penetration)

Only soundings 1, 2, and 3, appear to have detected a
significant depression of the basement conductor below sea
level. The conductor did not appear depressed below sea level in
sounding 4 and data distortion for the deeper portions of
sounding 5 did not permit interpretation of the deeper part in
terms of a simple layered medium. As before, the basement
conductor is assumed to be saltuwater-saturated rock. If the
surface of that unit is depressed a significant distance below
sea level, then +the unit above +the basement conductor is
interpreted to be rock saturated with less saline water. The
resistivity values determined for the freshuater-saturated rock
beneath soundings | and 3 are very similar to values determined
previously for this hydrogeologic unit (Zohdy and Jackson, 19B9;
Kauahikaua and Jackson, 1983); therefore, the results of these
two soundings are consistent with the interpretation as a
freshwater lens floating upon saltwater. The lower resistivity
determined beneath sounding 2 might indicate a more brackish lens
or a very thick transition zone.

DISCUSSION

The electirical geophysics results indicate +that freshwater
anomalies may be found in two areas: the first 15 defined by
loop-loop EM profile site 6 which is located about B km north of
Kailua-Kona town, and the second is defined by Schlumberger
socundings 1 and 3, loop-loop EM sites 10 and 11, and VLF site 20
which are located between the Keauhou wells (12-5 and 12-6 on
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Figure 1) and a point 4 km south. The hydrogeclogic data support
lower—-than-normal permeability also in the latter area.

Although the area north of Kailua-Kona is represented by an
anomalous loop-loop EM site, it is also represented by several
unanomalous loop-loop EM and ULF sites (Figure 3). The anomalous
loop-loop EM site is either affected by factors other than
hydrogeologic ones, or they indicate a very local thickening of
the basal lens. In either case, it does not indicate a broad
area with anomalous ground water reserves.

On the other hand, the area immediately south of the Keauhou
wells is represented by anomalies in all electrical geophysical
techniques as well as & hypothesized lower permeability. Each
indication is consistent with the other in that a locally lower
permeability would cause a locally thicker basal lens which may
be seen using electrical geophysics measurements.

On the basis of the results of this study, the area between
the Keauhou wells and & point about 4 km south is well worth
exploring by test borings. The drilling may show that
domestic-quality water is developable by wells located at
elevations as low as 200 m.
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APPENDIX A: VLF Data

The VLF data were taken with a Geonics EMIBR unit using
station NPM (23.4 kHz) located at Lualualei, 0'ahu. The dip angle
(dip) and ellipticity (ellip) of the VULF magnetic field and the
apparent resistivity (rhoa) and phase angle (phase) of the VULF
electromagnetic field were measured. ©Site 19 was located in a
County garbage dump/landfill; the large dip angle and ellipticity
were probably due to metal buried in the landfill.
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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 244 m (800 ft). The in-phase or real (R) portion
and the out-of-phase or imaginary (1) portion of the loop
coupling at each of five freqguencies - 222, 444, 888, 1777, 355%
Hz were measured. The data units are in percent of the coupling
that would be observed in the absence of all conductive
material. Note that the R measurement is actually equal to the
real portion of the coupling minus 180 percent and that R values
significantly greater than about 35 are theoretically impossible
for any horizontally-layered earth model and are indicative of
distortion,

Interpretation was done with the aid of computer program
MARQMAXMIN, a Hewlett-Packard 9828 BASIC 2.1 version of program
MARGQLOOPS (Anderson, 18978b), 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. The program automatically adjusts
the model approximately for possible errors in loop spacing by
automatically varying this gquantity (not to exceed 244 m) to
achieve the best possible fit to the data set.
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Table V. Loop-Loop EM Field Data

[AsRinin Ay

Frequency 222 444 888 1777 3558
No. R I R I R 1 R I R I
2 38 -5 31 -10@ 16 -10@ 1@ -8 9 -5
3 13.5 -5.5 8 -8.5 3 -7 -2.5 -4.%5 -4.5 -3,
4 27.5 -21 9 -25 -4 -19 -13 -13.5 -18 -10
5 -1 -57.5 ~-42 -53 -55 -33.5 -62.5 -20 -72.5 ~12
& 35 =11 26.5 -15 12 -13 4 -9 2.5 -G6.
7 ~-79 =53 -88.5 -Z8 -80.5 ~1b -78 -10 -83 -4,
8 78 -17.5 G4 -27 36 -24 16 -15 12.5 -11
9 25 4 2 3.5 Z 3.5 Z3.5 4 27.5 4
10 36 2.5 36 @ 28.5 -8 23.5 -4 28.5 -4
1 40 9.5 40 1 33 4 34.5 4 38 3.
14 -6.5 -51.5 -29 -43 ~-49.5 -27.5 -46 -17 -51.5 -10
15 -17.5 ~-52.5 -44.5 -42.5 -50@ ~25 -55 -14.5 -G0O -8.
16 -22 -67 -53 -48 -58 -25.5 -82 -15 -68.5 -10
17 48 -4 44 -8.5 33.5 -9 26.5 -10 25 -13

o

59}
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resistivities and thicknesses of each of the layers in the earth
model. Of course, approximate matching can be done by manually
comparing the sounding data to theoretical curves in a standard
album; however, the computer inversion offers an additional
advantage, besides speed and automation, of parameter resolution
estimates. They offer a means of assessing the reliability of
parameters they estimate.

MARQDCLAG_HF automatically minimizes the following quantity:

PHI = sum [ --——=——-—- 1
i=1 W

where

N is the number of data in the sounding data set,
th

% 1s the i current electrode spacing,
i

y is the apparent resistivity measured at =«
1 i

w is the apparent resistivity measurement error (=y /100), and
i i

f(w) is the theoretical calculated apparent resistivity.

3

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

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

~
£

X =PHI 7 (N - 1 - K)

where K is the number of parameters in the model heing
fitted to the data. In general applications, K = 2 * m - 1 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 model parameters were actually manipulated to
avoid the possibility of negative resistivities or thiclknesses
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+.,48 ~ o &8
- 15 ~« 10
- 49 +., 68

3 4
+.77 -« 74
-. 99 +.97

+1.00 - 99
=99 +1.00
+.84 —-. 89
-. 83 +. 90
+.74 - 79

+.18 ~. 24
~u 73 +.79

REDUCED CHI-SQUARED=3I3.6

FHI=168.02

1, ELEVATION=&660 FT

FREDICTED
+2.76S1E+QR

+2. HEELEFOR
+2 . L2THEHOR
+2.B247E+OE
+2. ZREBE+OE
+2.148T7E+03
+1.8270E+03
+1., S6I4E+OE
+1 . 2857E+03
+1, OF2BZE+03
+8. 1156E+02
Ay OAHZOE+OZ
+4, S457E+02
+3. 2889E+02

LARESIDUALS
+5, 045 1E+O0
~5. 6S78E+00

—~2 . B2E2E4+Q0
+1.72EFE+O0
+1.8141E+0Q0
+2. 9994E+00
=5 . 2427E+0O0
+5 ., 47 HEFE+O0
~8. S58&62E-01
R BIT7IE+QQ
-1 9221E-Q1
+&.EJM&E 01

2. 6919E+00
~2.4817E+0@

WEIGHT FN
+4., 1012E~-02
+5, 4720E~02
+5, 2900E-02

+5., 2694E-02
+&. 1Z96E-02
+7 . 107 6E-02
+1.1540E-01
+1.2712E-01
+2. 2509E~01
+ 5., 4847E-01
+5. Z006E~01
+9 ., 34462E-01
+1.856510E+00
+3 . 4EIF0E+00

+2.1824E+02

5 )
+. 48 - S8
- 76 +, 80
+. 84 - . 85
- . 89 + . Q0

+1. 00 - .78
-.98 +1.00
+, 92 - Q7
+. 54 - 56
-.91 +,94

-~ 20.la. —=

~F. T11I2E-01  +7,.3854E+00
7 a8 15
+. 48 - 15 - 49
— . &8 —- 10 +. 68
+. 74 +.18 7
.79 24 +.79
+.92 +, 54 - 21
- 7 - 56 +.96
+1.00 +,. 75 ~1.00
+.7E +1.00 - 74
-1.00 - 74 +1 .00



DULAG: kxsddkk

COORDIMATES:
ELEVATION = 2
AZIMUTH H

B-5D

1. 0735E+005
1. 021E+003
Z.ZOSE+OOR
1. 410E+Q0X

« F2ZEFQO3
J.941E+002
1. 02ZE+002
1.484E+001

1. 799E+001

FINAL UNSCALE
(¥ denotes +i

et

No U Tk

o

10
11

3
e
-
-t

14

15

M e e M e

¥ END sdokykokxxk

O UTM4
01 METER
10W

B

1. &93E+D0S
1. 265E+0O0E
4. 424E+Q0Q3
2.008E4+00%
1. 60ZE+003
b, 424E+Q02
&, OS1E+Q02
Z.388E+001
4. 1O0E+OQOQ
& 280E+000
1.248E+001
2.510E+001
S 1O0OE+OO]
Q. Q00E+Q0]
1. 128E+002

D FARAMETERS~=
ved value)

1.69310191E+05
1. 26532703E+03
4,42404928E+07%
2. 0079T465BE40OE
1. 60264754E+07F
6. 4242T6H29EHOD
6. OF5085499E+02
ZLEBSI0741E+01
4, 10000000E+00

1. 24800000E+01
2. 51000000E+01

Q. FOO00000E+01
1.127532083E+02

-20.l6 —

KONA VES 1,

E+5D

2. 666E+005
1.867E+003
S, 922E+0O0O3
2. BEOE+O0R
1. 942E+0073
1.047E+0073
ZLST7RE+OOR
7. BBIE+D0]

7 . OHBE+OQOZ

N0 D)

RESISTIVITY

1.693102E+05
1. 265327E+03
4., 424049E+073
2. 0079FGE+03
1.602644E+073
b A242TEESQ2
H. OB05ESE+02
E.IES107E+QL

N Aps ARy

ELEVATION=&LD FT

DEFTH

4. 100000E+00
1.03B000E+01
2. 286000E+01
4. 726000E+01
9. 896000E+01
1.9794600E+02
Z107121E+02



EONA VES 1, ELEVATION=660 FT
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MARGUARDT

OO LD R e

X
+32. 0480E+01
+3.9624E+01
+4,876BE+01
+é&. DFEHOE+O]
+7 . GZ0O0E+D]
+9 . 1440E+01
+1. 2192E+02
+1.5240E+02
+1. 981 2E+02
+32 . 4ERA4EAOR
+3. 0480E+02
+ 5. FE24E+OZ
+4, B7LHBE+0O2
+& . OFEOE+OD
+7 . HE200E+02
+2., 1440E+02

STATISTICS:

EONA VES

OBSERVED
+1 . 5420E+073
+1., EF980E+07
+1 . ZH20E+03
+1.2450E+03
+1 . 15360E+03
+1 . 1510E+07
+1 . O7E0E+03
+9 . 2400E+02
+7 . 1 200E+02
+5. BE0O0E+O2
+4, OR00E+02
+35, 1000E+02
+1 ., 8O00E+02
+1.5800E+02
+1.2000E+02
+9 . 1000E+01

CORRELATION MATRIX:

Tt

G0 N OB L e

1 2
+1. 00 P
- 96  +1.00
+. 97  ~-1.00
-, PE +, 98

+., 0 - 94
- 55 +. 46
+. Db - B35
+. 27 - ab
- +. 452

it 4
+, 97 -, 93

—~1.00 +.78
+1.,00 - 79
-, 99  +1.00
+.96 - 9
-. 48 +., 58
+.47 - S
+ . 55 R
- o 43 +. 52

REDUCED CHI-SQUARED=2%5.72

FHI=1%54.34

2, ELEVATION=

FREDICTED
+1.5459E+073
+1.4016E+073
+1., 3181E+QE
+1, 2867E+03
+1 ., 2048E+03
+1 . 1S3 0E+03
+1.0R12E4+073
+8.927S1E+02
+7 L OF2HELOR
+5., 5748E+02
+4,1427E+02
+2.8858E+02
+2. 1842E+02
+1, 6Z202E+02
+1.1837E+02
+9.,1214E+01

5 6

+. 70 - 25
+.46
~. 48

- 96
+. 96

—-. 929 + . 58
+1 .00 - &8
—. 68 +1.00

+. 65 -. 37
+. 81 -. 84
. b2 +. P

-ZODzQ—"

&80 FT

ZRESIDUALS
-2 SOSTE-Q]
-2, SETESE~01
+2., BO58E+00
-9 BE2Z2E-O1
-4, 2E5SLHE+OO
~1 . TORBE~-O1
+ 3. 8940E+00
+2., BLETE+QO
+35.8445E-01
-4 HY2OE4+00
=Z.0SB1TEFOD
+b ., PTIEEFOO
~2. 1343E+01
-2 S4Z0OE+O0
+1 . AES53E+00
2. Z468E-01

WEIGHT FN
+2. S5956E-02
+X.15978E~02
+ 5 E764E~-0O2
+E.981T7E~0Z
+4,6184E-02
+4 , H586E~02
+5 ., BEOGE-02
+7,228T7E~-02
+1.,.2174E~-01
+2.1724E-01
+3.8190E-01
o, 4221E~01
+7 . 6H194E-02
+2.4TR2E+O0
+4, 2R5FE+00
+7 . 4528E+00

7 15
+.35 +.27 -
- 35 - b +. 42
+. 47 +. 55 - B3
— o oo - 32 +. 52
+., 65 +, 51 -2
-7 —-. 834 +.95

+1., 00 +,9%  ~1.,00

+.FE
~1.00

+1 .00
- P

476
41,00



DCLAG: kaokidokx

COORDINATES: ©
ELEVATION = 2
AZIMUTH t N

B-8D

. 2FEE OO
1. 368E+007%
A.T744E4+Q02
7. 897E+002
b T4FEHQOR
1.283E+002
He 171E4+001
2. 500E+001

2. 0S1E+001

FINAL UNSCALE
(¥ denotes fi

Lo NO U D R

b ek
2] = Ty
L

13

et
]
I W I W I I

.r_‘
=3

e
La

¥ OEND sy

0 UTM4
7 METER
10W

B

. 2HA4EFOOT
2. 87ZE+003
Q. 2HEZ2E+QO2
1.442E+007%
1. L39E+QO3
2. ZOTEHO02
2. 68T7E+OO2
4, 462FE4+001
B 2BH4E+OQ00
b, 46EFE+QOQOQ
1. 294E+001
2.887E+00]
5. 173E+001
1. O3SE+QO2
1. 44 6E+002

D FPARAMETERS~~—
ved value?

1. 2639929ZE+03
2. 8731341 8E+073
F.26163F821E+02
1.442284684E+073
1. 13910183E+03
2. 30294458E+02
R OBLEELESLITEFOR
4,46201899E+01
B 2B4ETE00EA00
b 4687S000E+O0

L DPETHOOOEH+O]
2.58730000E+01
1. OZ500000E+02

1.44615409E+02

FONA VES

B+8D

«2RTE4+QOQ4
5. 265E+003
2. 291E+003
2. 6T4E+QOE
1. 923E+0073
4. 133E+002
1. 36H0E+003
7 FHA4E+Q0]

1. O19E+QO0O3

DN WRE -

RESISTIVITY

1.263992E+0Q3
2. 8731 534E+03
F. 261 6EBE+O2
1.442287E+03
1.139102E+073
2. B302945E+02
2. 6546665E+02
4, 462019E+01

N R Ry e

ELEVATION=680 FT

DEFPTH

Re 2E4T7EEH+0Q0
9. 7OE125E+00
2.2864062E+01
4.851562E+01
1. 002656E+02
2. 027 656E+02
R 48381 0E+02



FONA VES 2, ELEVATIOM=680 FT
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MERBUARDT

GO NOW P R e

X
+3.O480E+O1L
+4.,8768E+01
+&, 0FHEOE+DT
+7  B200E+0]
+9,. 1440E+01
+1.2192E+02
+1 . 5240E+03
+1.9812E+02
+2. 4384E+02
+5. 0480E+02
+ 3. PGE24E+(2
+4, 8768E+02
+&, OFL0E+O2
+7 0 GEZOOE+O2
+9 . 1440E+02

STATISTICS:

FEONA VES

OBSERVED
+1.8190E+03
+1.7400E+03
+1.8080E+03
+1. FEOOE+QE
+2. 1200E+03
2. OOT70E+OF
+1.9660E+03
+1.7620E+03
+1 . 5940E+03
+1.3430E+03
+9 . 9200E+02
+7 . 2000E4+02
+4 , G7O0E+OR
+2.6100E4+02
+1 . 4200E+02

CORRELATION MATRIX:

s

MNP R

1 2
+1.00 - o o
ey -1

+1.00

+. 76 -, 91
71 +. 86
+. b3 R = e
- o841 +., 68
+, 335 -1
+. 01 T
- 20 +, HO

4

+. 76 - 71
- .91 +. 86
+1.00 -. 98
.98 +1.00
+.93 -« 98
~o 7t +. 84
+.71 - 7S
+.47 - 54
- +. 68

REDUCED CHI-SQUARED=6. 683

Is ELEVATIOM=660

FREDICTED
+1.8189E+03
+1.7247E+03
+1.8411E+03
+1.9593E+03
+2.0246E+07
+2. 0E86E+07
+1.9644E+03
+1.7864E+0O3
+1.588FE+03
+1. 227 6HE+0D
+9.9189E+02
+7 . 2584E+02
+4 ., HESOE+OZ
+2, HOZOE+OR
+1.4206E4+02

5 &

R .41
~ . 82 +., 68
+. 93 . 7
- .98 +. 84
+1.00 .93
- B3 +1.00
+. 88 - .98
+.63 ~-. 81
~ .78 +.94

"‘10.3&"

FT

ARESIDUALS
+1.7098E~-01
+8. 7664E~01
-1.8318BE+00
~1 . H201E+00
+4, 497 E+00
~1 . 573FE+0Q0
+7 . F252E~02
~1 . 38S94E+00
+5G . 0606E-01
+1. 14735E+00
+1.0782E-02
-8, 1092E~-01
+1.0796E~01
+2.6724E-01
-4, 491 6E~-02

WEIGHT FHN
& O4TZTE~O2L
& HODOE-02
+h.117BE-02
+5. 34B86E-02
+4, 4494 -2
+4 ., F645E-02
+5, 1 7E7E-02
+6. 441 1E-02
+7 . 8704E~02
+1.1087E-01
+2L0F21E-0O1
+3,.8575E-01
+9, 1693E-01
+2. FISEE+OHO
+2 .91 7EE+OO

7 g 15
+, 23 +.01 w2}
- . by I +, &0
+.,71 +.47 = 0
A T +. 58
+, 88 + .63 - 78
- .98 - 81 +, 94

+1 .00 +. 89 - .98
+.89  +1.00 —- .6

-. 98

~. 96



DCLAG: kxddkkkx
COORDINATES: O

ELEVATION = 2
AZIMUTH : M

B-8D

4, 29TE+003
4, Z1ZE+Q03
7. 197E4+002
F. HATEADQOE
1. 438E+003
1. 148E+003
2. 6F2EA00R2

1.641E-001

1L127E+002

FINAL UNSCALE
(¥ denotes fi

WN U Py

10

12
13
14

1%

€ € € M 3 K

¥ END sk

O uUTM4
01 METER
10OW

B

4., 518E+003
4., 4E0E+QOOR
7. SB7E+QO2
4, 2R2E+003
1.78FE+003
1. 3BPE+003
4., 853E+002
S 1E7E4Q00
Z.141E+000
6. 2B81E+000
1.286E+001
2. 512E+001
5. 025E+001
1. 00SE+0O02
1.804E+002

D FPARAMETERS -
ved valus)

4, 51829933E+03
4, 42960809E4+073
7.58695TTTEFO2
4,23178510E+03
1.78900222E+073
1.28%9201114E+073
4, 85282321E+02
e 1374467 7E4+00
3. 14062500E+00
6. 281 25000E+00
1.28625000E+01

1.80421240E+02

FONA VES =, ELEVATION=660 FT

B+5D

4, 75FE+QOZ
4. 5949E+0073
7 . F9BEA+OOD2
4,21 0E+0073
2. 225E+0073
1. 685E+003
8.946E+002
1. 609E+002

2.88%E+002

W~ by

RESISTIVITY

4. 518299E+03
4, 429608E+0%
7 . SH6YSBE+OR
4,231 785E+03
1.789002E+073
1.389011E+03
4., B852823E4+02

5. 137447E+00

-20.34 ~

NG GiR e

DEFTH

Ea.140625E+00
2.421875E+00
2.198437E+01
4, 7109Z7E+01
Q. 73G93I7E+01
1.978594E+02
X.782806E4+02



EONA VES 3, ELEVATION=660 FT
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MARCUARDT STATISTICS:

Rl st ERS s (R R

X
+5.0480E+01
+3. FE24E+01
+4.8768E+01
+&H. OFLEOE+OT
+7 L E200E+O]
+9. 1440E+01
+1.2192E+02
+1.5240E+02
+1.9812E+02
+2.4384E+02
+3E. 0480E+02
+3.9624E+02

OBSERVED
+2. 8980E+03
+2. 41 S0E+03
+2 ., PAROE+OR
+2. OS560E+03
+2.D470E+DE
+1.9900E+03
+1.7280E+07F
+1. H350E+03
+1 . 4550E+07
+1 . 3260E+03
+3, &EIO0OE+O2
+8, A500E+02

CORRELATION MATRIX:

ot

MON D W -

1 2
+1 .00 —- o Fh
-. 96  +1.00
+. 98 ~1.00
- FE +,.99
+.87 S
~u 77 +, 87
+,. &F - 79
+. 60 . 70
—. 67 +,.77

] 4
+.96 -3
-1.00 +,99
+1.00 - . 3G
~ 99 +1.00
+.96 - 99
-. 88 +. 93
+. 80 —. 86
+.72 - 78
—e 79 +, 85

REDUCED CHI-SQUARED=1%.67

FHI=31.3327

FREDICTED
+2. B86IFEH+03
+2, 431 T7E+Q3
+2. 2154E+073
+2. 0898BE4+03
+2.0107E+073
+1.93F0E+03
+1 ., 7830E+03
+1 . &IT74E+O3
+1.45F4E+03
+1., 30RT7E+DOZ
+1., 1213E+0X

+8., 471 7E+02

b &
+,.87 - 77
—. 95 +.87
+.96 -. 88
- 3% +. 93
+1.00 .28
-, 98 +1.00
+, 93 - P9
+. 86 - 95
T +, 98

-2w4a-

FONA VES 4, ELEVATION=700 FT.

LRESIDUALS
+1.17538E+00
-4, 8982E~-01
+3.4349E-01
—~1 . 6420E+00
+1.7715E+00
+2., SG6T0E+O0
=i, 1BOSE+OD
-1.4772E-01
=L 00P1E-01
+1 . 2260E+00
~1 . 64T4E+0QL

WEIGHT FN
+3.2346E-01
+4 ., H57FE-01
+5.4972E-01
+&. 426TE-01
+6. 4872E~01
+&6., BA9FE-O1L
+9 . 0978E-01
+1.,0162E+00
+1.2832E+00
+1 . S450E+00
+3. 353BE-O2

=1, 4372E+00  +3X,.89463E4+00
7 g 15
+. 69 + . 6O —~at7
—u 7% — 70 +, 77
+. 80 +, 72 - 79
-. 86 - 78 +. 85
+. 93 +. 86 - 92
-. 99 —~ 5 +.98
+1.00 +.99 -—-1.00
+.99 +1.00 —-. 99
-1 .00 - 99  +1.00



DCLAG: %Xk
COORDINATES: ©
ELEVATION = 2
AZIMUTH : N
B-8D

2.EBRBT7E+DOE
G. O1ZE+003
1. QOFE+OO3
2. 2Z0E+0073
4., 293E+002

« 2T 2E+000
Q. DOOE+O00
0. QOOE+QO0

O, OOOE+O00

FINAL UNSCALE
(¥ denotes fi

DD N0 U D LRy e

[
st
M & 36 % I

¥ END dokdkkkkydk

0 UTM4
3 METER
10W

B

ELO83E+QOO3E
& 440E+DOT

L REAGE4LOO3
Z.045E+003
1. 088E+QO3
1. 904E+Q03
2. 138E+002
5 e QOOE+QOQQ
ELAZBE4QQO
H. ASLE+OO0
1.EZ1E+001
2. 662E+001
. 325E+001
1. Q4SE+Q02
4, 55BE+001

D FPARAMETERS—~~
ved value)

J.08319904E+03
6. 43981 522E+03
1.23858339E+03
Z.04548181E+03
1.088035462E+03
1.90401048E+03
2.13874818E+02
5. QOOOO000E+OO0
Z.32B12500E+00
Ga 6ESHE25000E+00
1. 233125000E+01
2. H6250000E+01
5 32500000 +01
1. QAS00000E+02
4. 55802982E+01

KONA VES 4, ELEVATION=700 FT.

B+8D

AL 6T74E+QOQE
b. B97E+QO3
1.521E+Q03
4. 160E+0073
2. 7EBE+QO3
A QIOE4+D05
1. QODE+100
1. 000E+100

1. OOO0E+10O0

RESISTIVITY

Z.083199E+03
6. 439815E+03
1.238533E+03
2. 045482E+03
1.088036E+03
1.904010E+07
2. 138348E4+02

DNy -

~20.49b-

DEFTH

I AE8125E+00
7. 984375E+00
2. 3329687E+01
4.992187E+01
1.031719E+02
2.096719E+02

2. 552820E+02

N ) e



EOMA VES 4, ELEVATION=700 FT.
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Ground water Evaluation Kauahikaua and others
Kailua-Kona, Hawai’i
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