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1.0 EXECUTIVE SUMMARY

** “Time ~domain electromagnetic (TDEM) soundings were used to assist in the
ground water evaluation of approximately 50 square miles of property near
Waikoloa Village.

The results of the TDEM survey show:

1.

2.

Depth to saline water is highly variable over the study area.

Three areas were identified which show high potential for significant
fresh water reserves at relatively low elevation. These areas include
the area where wells are currently being pumped and drilled (near'soun-
dings 2, 30, 1 and 5), areas near soundings 33, 34, and 31, and near
soundings 6, 23 and 24.

Over most of the study area at elevations above 1,800 ft the depth to
saline water was not detectable within the limits of exploration of the
TDEM system (approximately 3,600 ft). Thus, large quantities of fresh
water are expected to exist at these elevations, but drilling depth to
these resources also would be large.
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2.0 INTRODUCTION

~This. report contains the results of time domain e]ectromagnetic-(TDEM) sur--
veys accomplished near Waikoloa Village on the Island of Hawaii. The TDEM sur-
vey was accomplished during the time period from November 30, 1988 to
Decembeh 9, 1988. '

The purpose of the TDEM survey was to assist in the ground water resource
evaluation of approximately 50 square miles of land. A site location map
showing the approximate boundaries of the study area is given in Figure 2-1.

The specific exploration objectives for the geophysical survey can be
understood from the schematic hydrogeologic cross section shown in Figure 2-2.
For much of the island of Hawaii, ground water is contained in the basal mode,
j.e., resting nearly at sea level. This is mainly due to the fact that the
volcanic rocks which comprise the island allow rainwater to percolate with
little impedance directly downward through the island mass. The fresh water is
assumed to float upon salt water which has encroached from the .ocean. Lateral
flow of fresh water towards the ocean causes the fresh water lens to be thinner
towards the ocean. The Ghyben-Herzberg principle states that under conditions
of stati¢ equilibrium, for every foot of fresh water above sea level, 40 ft of
fresh water below sea level will exist. a

The transition from fresh water to sea water is generally quite sharp. For
example, studies at Laura Island at the western edye of Majuro Atoll in the.
Republic of the Marshall Is1ands indicated a transition zone thickness (vertical
distance between the 300 to 18,000 mgll'isochlor) of 5 to 7 meters (Kauahikaua,
1987). Further in]and, dikes of impermeable rocks can provide a barrier to
ground water flow, resulting in high-level ground water, and discontinuities in
hydraulic gradients.

" The main objective of the geophysical survey was to determine elevation and
thickness of the lens of fresh water floating on saline water. Because the
electrical resistivity of formations is highly dependent upon the salinity of
ground water, an electrical surface geophysical technique was chosen to'mép the
depth to salt water. ’
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Previous geophysical surveys by Zhody (1969) and Kauahikaua (1983) on the
Island of Hawaii using direct-current Schlumberger soundings, show large
resistivity contrasts between volcanic rocks saturated with fresh water and
saline water. The specific electromagnetic technique selected was the TDEM

method because of its better lateral and vertical resolution, compared to other
electrical and electromagnetic techniques.

A brief description of the fundamentals of TDEM is given in Appendix A.

-
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3.0 LOGISTICS AND DATA ACQUISITION

For the TDEM soundings, measurements were made- in the center of square non-
grounded transmitter 1oops. The size of the transmitter loops varied from
125 ft by 125 ft to 1,500 ft by 1,500 ft, depending upon the required explora-
tion depth. The map showing the locations of the TDEM soundings is given in
Figure 2-1. The transient system used for the survey was the Geonics EM=37, the
specifications of which are given in Appendix B. The crew consisted of four
personnel, one prbject geophysicist, one staff geophysicist, and two local field
helpers. Two 4-wheel drive jeeps were used to transport the equipment.

Because the transient equipment is not easily portable, the sounding loca-
tions were positioned along highways, jeep roads and trails. Fill-in soundings
on the last day of the survey were accompli shed using helicopter support. A
daily log of field activities is given in Table 3-1.

The data acquired at each station was stored in the field on a solid state
data logger and subsequently dumped to a Compaq 386/20 microcomputer each

evening for processing. The data acquired at each station usually consisted of

measurements at several different receiver gain settings, and transmitter base

frequencies in order to assure data quality and obtain data over the largest
time range possib]e; Data quality was generally very good. Only one sounding:
(001WO18N), was affected by ppwer]ine interference to the point that it was
rejected.
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Table 3-1, Daily Log of Activities _ S

Date

Activity

Production - Loop Size

11/29/88

11/30/88
12/01/88

12/02/88

12/03/88

12/04/88

12/05/88

12/06/88

Mobilization from Denver, CO
to Waikoloa Village, HI

Field Work
Field Work

Field Work

Field Work
Field Work

Field Work

Field Work

Sounding 001WOO1N (500' x 500°')

1000' x 1000' '
001W002N and 001WOO3N (1,000 ft
of fset)

500' x 500
001WO0IN (repeat)
001W004N (500°' offset from O001N)

1000' x 1000'
001WO05N and 001WOO06N

1000' x 1000'
O0IWOO7N, OOIWOOBN (500' offset
from 007N) and 001WOO9N

500" x 500"

00IWO 10N

125' x 125"

00TWOIIN

1000* x 1000*

00TWOI2N, 001WO13N, 001WO14N and
001WO15N

1000* x 1000’ :
001W016N, 001WO17N, 001WO18N and
001WO19N :

1000* x 1000°
001WO20N

-1500' x 1500

001W021IN and 001WO22N

1000' x 1000'
001W023N and 001W024N
1500° x 1500°

00 1WO25N and 001WO26N

(Page 1 of 2)
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Table 3-1. Daily Log of Activities (Continued)

Date Activity _ _ Production - Loop Size
12/07/88 Field Work 1000’ x 1000'
001W027N and 001W028N
500' x 500°'
001WO29N
12/08/88 Field Work 1000’ x 1000’
001WO30N, O01WO31N and 001WO32N
12/09/88 Field Work 1000" x 1000’
(Helicopter Support) 001WO033N, 001WO34N and 001WO35N
12/10/88 Demobilization
12/11/88 Demobilization
Summary 10 Field Days 1- 125" x 125' sounding
4 - 500" x 500' soundings
26 - 1000' x 1000' soundings
4 - 1500' x 1500' soundings

(Page 2 of 2)
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4.0 DATA PROCESSING AND INTERPRETATION

4,1 GENERAL

A11 data taken in the field were transformed into apparent resistivity and
interpreted using an Automatic Ridge Regression Transient Inversion (ARRTI)
routine on a Compag 386/20. The results of the transient inversion from a typi-
cal station (1W11N) are shown on Figures 4-1 and 4-2. Figure 4-1 shows the
experimentally measured apparent resistivity data superimposed upon the computed
behavior (solid line) of subsurface resistivity layering that best matches the
observed data. The resistivity layering of the best match is shown on the
right. Figure 4-2 lists gafe number, time, measured data, computed values and
errors for each time gate, as well as overall RMS error. In this example, the
layer with a resispivity of 2.87 ohm-m represents saline water.

Model parameters which are given as input to the inversion program include .

‘number of layers and initial values of resistivity. The program then adjusts

these parameters in order to maximize the fit between the experimental data and
the computed behavior of the model. The program does not change the humber of
layers, but allows all other parameters to float freely unless they are held
fixed. “For all calculations a one-dimensional (horizontally layered) model is

assumed.

4,2 CHARACTERiSTICS OF GEOELEGTRIC SECTION AT WAIKOLOA

The normal hydrogeologic section at Waikoloa consists of a three-layer
section, i.e., an upper unsaturated volcanic zone, a fresh water saturated
volcanic zone, and a saline saturated volcanic zone. The transition zone bet-

‘ween fresh and saline saturated volcanics can probably be neglected or combined

with the saline saturated volcanics in most cases due to its relatively small
thickness compared to the other layers.

In terms of geoelectric layers this hydrogeologic section is a two-layer
section with values as shown in Table 4-1.

-5-
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Table 4-1, Geoelectric Layers and CorrequndjnglHerpggplpgjg“pp!§§,“”.Hﬁ"

Geoelectric Unit ' Hydrogeologic Unit

Highly Resistive Unsaturated volcanics
(600 to 6,000 ohm-m) fresh water saturated volcanics
Highly Conductive Transition zone

(2 to 10 ohM-m) ~ ~  saline saturated volcanics

: J

In Figure 4-3 a suite of computed model curves for a two-layer section with
aAconddctive basement layer is given. An explanation of the variables is also
given on this figure. For a particular section, the horizontal axis is related
to the time range of measurement, and the vertical axis is related to the
measured apparent resistivity. The index of the curves is the ratio AP/ A .

The important observations that can be made from this suite of curves are:

1. Where P,/ A is 1/60 or less ( p is more than 60 times P, ) the
descending branches of the curves are parallel over a large range of
time (r;/n).

2. In order to resolve P, (for sections with £,/ p; = 1/60 oF less)

measurements must be made to values ofr/n in excess of 100, i.e.,
late enough in time for the curve to assymptotically approach A, .

The apparent resistivity curves on Figure 4-3 are calculated for a broad
time range of measurement; The typical time range of measurement for the TDEM
survey at Waikoloa with the EM-37 is shown on the figure. This time range does
not allow resolution of P, for cases where P,/P, = 1/60 or less, and measurement
later in time would require a large additional effort (increasing transmitter
loop size). Furthermore, 1t can be shown that variations in the value of P, do
not have a major influence on the accuracy of deriving h; as long as
PasP, = 1/60 or less,
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It has been shown that depth to a conductive basement.for the geoelectric
section in the Waikoloa area for points on the right-hand descending branch of
the apparent resistivity curve is given by (Kaufman and Keller, 1983):

4/9

H =
KM -
) 336r'/?

where Hyy is depth to basement in kilometers

Pe is resistivity value at some point on the descending branch

t is corresponding time of A,
Pg is resistivity of basement, and
r is transmitter loop radius in kilometers.

It can be seen from the above equation that errors in determining the base-
ment resistivity (saline water) have only a slight effect on the accuracy of
determining H. For example, a one hundred percent error in determining

Pg results in only a seven percent error in determining H.

To illustrate this relation on data from the survey area, the apparent
resistivity curve for 1w28N‘is given in Figure 4-4., 1In this figure the resisti-
vity of the basement layer was held fixed at 2.8 ohm-m. In Figure 4-5 the
resistivities of both layers and the thickness of the first layer were allowed
to float in the inversion. The difference between the thickness of the first
layer (depth to saline water) between these two models is less than four per=
cent, while the resistivity of the basement layer has changed by nearly fifty
percent. ' '

In Figure 4-6 forward model curves for the two-layer case typical of the
Waikoloa area are given. The parameter varied in these curves is n, , or depth
to saline water. For these calculations a 1,000 ft by 1,000 ft transmitter is
used as the source, and the curves are shown over the typical time range of
measurement of the EM-37. This figure illustrates that changes in -depth to
basement (saline water) results in large measureable changes in the ~apparent
resistivity curves over the entire time range of measurement.
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For the Waikoloa TDEM survey the value used for the resistivity of saline
saturated volcanics was determined experimentally at sounding 1W1IN (see
Fig. 2-1). This sounding was located close to the ocean so that the depth to
the saline saturated volcanics would be minimized. The value determined from-
this sounding for saline saturated volcanics is 2.8 ohm-m (Fig. 4-1).

The resistivity of the unsaturated volcanics and fresh water saturated
volcanics was typically 600 to 6,000 ohm-m as determined from the inversion
results. This resistivity range is consistent with Direct Current Resistivity
measurements made by Zhody and Jackson (1969).

Tﬁus, for the interpretation of the TDEM data, a fixed value of 2.8 ohm=m
was used for the saline saturated volcanics (basement layer) and the other model
parameters were allowed to float in the inversion. In all interpretations, the
minimum number of layers required to fit the data was used. Typically, a good
fit to the data was derived from a two-layer model. In some cases three layers
were necessary to accurately fit the data. For soundings which did not display
a steep descending branch in the apparent resistivity curve, the saline
saturated volcanics are beyond the effective exploration depth.

TDEM soundings at higher elevations and in areas where the saline water was
expected to be deep were read with larger transmitter loop sizes. In Figures
4-7 and 4-8 forward model calculations are given for 1,000 ft and 1,500 ft
transmitter loops for the typical geoelectric section observed in the Waikoloa
area. In both figures the thickness of the first layer is varied. The model
curves have been terminated at the expected minimum detectable signal.

To determine depth to the conductive saline layer some data need to be
collected on the right-descending branch. Figure 4-7 shows that at a depth of
1,200 m (about 3,600 ft), no data are expected to be observed on the descending
branch. Similarly, from Figure 4-8 effective exploration depth with 1,500 ft by
1,500 ft transmitter loops is expected to be about 1,400 m (about 4,200 ft).
Thus, for soundings for which no data were recorded on the right-descending
branch, the saline water interface is expected to be at a minimum depth of
3,600 ft below the surface. Depth to saline water at these soundings.is indi-
cated by ND (not determined). ' |
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5.0 RESULTS

IniFigube 5-1 a contour map showing the elevation of the 2.8 ohm-m inter-
face from the TDEM inversions is given. Stations where the saline layer was not
evident in the data or was beyond effective exploration depths are labeled with
“ND". Inversion results for all data are given in the attachment to this
report.

significant depressions in the elevation of the 2.8 ohm-m interface occurs
at three areas in the Waikoloa study area, these are (1) near soundings 2, 30, 1
and 5, (2) near soundings 33, 34 and 31, and (3) near soundings 6, 23 and 24.
Using the Ghyben-Hertzberg relationship, significant fresh water reserves are

‘inferred in these areas.

Hydrogeologic cross sections drawn through three sections A-A', A-B', and
C-C' (see Fig. 2-1) are given in Figure 5-2. Cross section A-A' shows that in
the vicinity of the existing wells an increase in the thickness of fresh water
is interpreted from the TDEM data. In contrast, along section A-B' no signifi-
cant thickening of the fresh water lens occurs towards the east (towards higher

elevation). Cross section C-C' illustrates another potential drilling target

for significant fresh water reserves. This cross section is similar to that of
A-A'; i.e., a thickehing of the fresh water lens is interpreted with increasing
distance upslope (to the east). The elevation above sea level of the fresh
water is indicated on the sections for each sounding. It is important to note
that this interface (top of fresh water) is not directly interpreted from the

TDEM data, rather it was back-calculated using the Ghyben-Hertzberg rela-

tionship.

Areas where the sp]ing water interface was beyond the depth of exploration
(i.e., soundings denoted by "ND") would appear to indicate large fresh water
reserves. Most of these areas, however, are at higher elevations and would
require drilling to a significant depth to produce (see Fig. 5-1).

In Figure 5-3 a contour map of the ratio of the calculated fresh water lens
thickness and the depth to the top of the fresh water is given. This map gives
an indication of drilling depth (and pumping expense) for a given volume of
ground water reserve. If a minimum value for X for a potential drilling site

-9-




—/ =

‘r"""

can be determined from other hydrogeologic information (i.e., pump tests,
historical well information, etc.) than a minimum ratio value X/Y can be used to
help decide on future drill sites. Figure 5-3 shows that the area of the
existing drill holes (soundings 2, 30, 1 and 5) has a high ratio of X/Y at a
relatively low elevation, indicating an area with good fresh water reserves at a
minimum drilling depth. A similar situation exists near soundings 33 and 34.
Although soundings 6, 23 and 24 show a relatively thick fresh water lens, the
ratio of X/Y for these soundings is relatively low because of the higher eleva-
tions near these soundings. ‘

Two areas in the Waikoloa survey area display somewhat anomalous behavior
in computed depth to saline water (Fig. 5-1).- These areas (near sounding 20 and
soundings 21 and 16) are anomolous because they show depth to saline water to be
shallower than anticipated for their elevation. Additional soundings near these
anomalies may have been beneficial in determining the exte_ht df the anomalous
areas.

=10~



6.0 'CONCLUSIONS AND RECOMMENDATIONS

A total of thirty-five TDEM soundings were accomplished within the Waikoloa
Village study area, The interprétation of the TDEM data (Figures 5-1 through
5-3) show that the depth to saline water is quite variable over the study area.
The thickness of the fresh water lens can be inferred from the elevation of the
saline water derived from TDEM soundings by appiying the Ghyben-Herzberg rela-
tionship. Three potential areas for significant fresh water reserves at relati-
vely low elevation were mapped. Thesé areas include the area where wells are
currently being pumped and drilled (neér soundingslz, 30, 1 and 5); areas near

_soundings 33, 34 and 31, and near soundings 6, 23 and 24, Contours of the ratio

of calculated fresh water reserves and depth to these reserves should be of
value in selecting future drilling sites. '

Over much of the study area above 1,800'ft elevation, the depth to the

saline water was not detectable within the limits of exploration of the TDEM
system. This infers that significant fresh water reserves exist in these aréas;
but because of the increase in elevation, the economics of drilling and pumping
these reserves must be weighed. Depth of exploration with the Geonics EM-37 for
1,000 ft by 1,000 ft and 1,500 ft by 1,500 ft transmitter loops in the Waikoloa
area is about 1,200 m. The accurécy of determining depth to saline water was

calculated to be about + 5%.

The contour map showing the depth to- saline water (Fig. 5-1) is based on a
limited amount of data. Station spacing over'the main area of interest is on
the order of 4,000 to 5,000 ft. Additional soundings around anomalous areas or
areas of 1nterest may improve the reliability of the contour map results. .
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_5 -4 | gé}l;ég?ATmSN: 1
' 0.001 0.01 1 : 152. M
10 10 o 0-12aMP: 205.0
TIME (SEC) INTERPEX: ARRTI



1W17N
MODEL: 3 LAYERS
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE (S)
(OHM-M) (M) (M) (FEET) LAYER TOTAL
670.6 2200.0
249.63 63.6 606.9 1991.2 0.3 0.3
39857.44 622.6 ~15.7 -51.4 0.0 0.3
254.92
TIMES DATA CALC % ERROR STD ERR
1 8.90E-05 1.58E+03 1.74E+03 -8.693
2 1.10E-04 1.69E+03 1.76E+03 -4,128
3 1.40E-04 1.83E+03 1.82E+03 0.761
4 1.77E-04 1.96E+03 1.85E+03 5.971
5 2.20E-04 2.09E+03 1.95E+03 7.093
6 2.80E-04 2.12E+03 2.00E+03 6.020
7 3.55E-04 2.08E+03 1.98E+03 4,936
8 4.43E-04 1.98E+03 1.97E+03 0.466
9 5.64E=-04 1.75E+03 1.77E+03 -0.743
10 7.13E-04 1.58E+03 1.55E+03 2.215
11 8.81E-04 1.38E+03 1.42E+03 -2.615
12 1.10E-03 1.25E+03 1.27E+03 -1.875
13 1.41E-03 1.06E+03 1.03E+03 2.628
14 1.80E-03 9.95E+02 9,74E+02 2.232
15 2.22E-03 8.31E+02 8.42E+02 -1.384
16 2.85E-03 7.34E+02  7.34E+02 -0.005
17 3.60E-03 6.87E+02 6.99E+02 -1.647
18 4.49E-03 6.25E+02 6.02E+02 3.895
R: 152, X: 0. Y: 152. DL: 305. REQ: 169. CF: 1.0000

TDHZ ARRAY,
WATKOLOA
1000 FT LOOP
RMS LOG ERROR:
LATE TIME PARAMETERS

18 DATA POINTS, RAMP:

205.0 MICROSEC, DATA: 1W17N

2.60E-02, ANTILOG YIELDS

* BLACKHAWK GEOSCIENCES, INC.

PARAMETER RESOLUTION MATRIX:
"F" MEANS FIXED PARAMETER

P1 1.00

P2 0.00 0.10

P3 0.00 -0,02 0.99

T1 0.00 -0.04 0.00 0.99

T2 0.00 0.02 0.00 0.00 1.00
P1 P 2 P 3 T1 T 2 .

6.1628 %



- St s S s R el S

LW18N MODEL:

7 : j
10 4 | ‘
] 520. .
4 OHM-M 543. M
% . |
% 6 -
o1 = 2. 80
> ] OHM-M
>
— = .
w10 A
wn i
ey )
o
— o
o 4 -
10 3
a- -
D_ —
< o
1000 T TTTTIT] T llw T T YTV Z ERROR: 11.3
-5 -4 ’ CALIBRATION: 1
10 10 0.001 = 0.01 C. 1 OFFSET: 152. M

RAMP: 205.0
TIME (SEC INTERPEX: ARRTI



1W18N
| .
! MODEL : 2 LAYERS
| RESISTIVITY THICKNESS ELEVATION CONDUCTANCE (S)
| (OHM—M) (%)) M) (FEET) LAYER TOTAL
765.0 2510.0
619.75 S542.5 222.5 730.0 0.9 @a.9
2.80 :
TIMES DATA CALC % ERROR STD ERR

1 8.9QE-@5  1.53E+03 1.78E+@3  —14.292

2  1.10E-04 1.S7E+03 1.63E+03 -3.318

3T 1.40E=04 1.59€+03 1.51E+03 S. 403

4 1.77E-D4 _ 1.SSE+03 1.44E+03 8.015

S 2.20E-04 1.S2E+03  1.42E+@3 7.468

6 2.80E-B4  1.46E+03 1.42E+03 2. 622

7 B.5SE-04  1.44E+Q3  1.44E+03 ~1.443

8 4.43E-04 1.38E+03 1.48E+03 -b.46%

9  S.64E-04 1.33E+@3  1.40E+03 ~4.605
i 10 7.13E-04 1.29E+@3  1.21E+03 b6.623

Rr - 152, X @. Y: 152. DL: 305. RER: 16%. CF: 1.0000

TDHZ ARRAY, 1@ DATA POINTS, RAMF: 205.0 MICROSEC. DATA:  1WiGN

WAIKOLOA RANCH
1000 FOOT LOOF
RMS LOB ERROR: 4.67E-02, ANTILOG YIELDS
LATE TIME FARAMETERS

11.2523. %

* BLACKHAWK GEOSCIENCES, INC. *

PARAMETER RESOLUTION MATRIX:
"FUOMEANS FIXED FARAMETER

[] P 1 0.41
- F 2 0.00 0.00
T 1 -@.16 0.00 ©0.1i4

F1 F2 71




(OHM—M)

APPARENT RESISTIVITY

) C = ) - L L
5 1W 19N MODEL:
10 ° i I —
; 312,
] OHM-M 92.2M
5 _ .
10 1
. 6912.
1 OHM~-M 592. M
4 "‘:‘ i
10 1 |
5 | 220.
7 | | OHM-M
1000- WM&\\ , | _
100 R R R T T Ty TP T TT T % ERHOR: 4.77
-5 -4 CALIBRATION: 1
10 10 0.001 0.01 0.1 OFFSET: 152. M

TIME (SEC)

RAMP: 205.0
INTERPEX: ARRTI



—

1W19N

MODEL: 3 LAYERS

RESISTIVITY THICKNESS ELEVATION CONDUCTANCE (S)

(OHM-M) (M) (M) (FEET) LAYER TOTAL
560.8 1840.0

312.39 92.2 468.6 1537.5 0.3 0.3

6911.70 592.3 -123.6 -405.7 0.1 0.4

219.97

TIMES DATA CALC % ERROR  STD ERR

1 8.90E-05 1.38E+03 1.51E+03 -8.818

2 1.10E-04 1.44E+03 1.48E+03 -2.260

3 1.40E-04 1.51E+03 1.46E+03 3.042

4 1.77E-04 ° 1.55E+03 1.49E+03 3.681

5 2.20E-04 1.58E+03 1.52E+03 4,252

6 2.80E<04 1.57E+03 1.55E+03 1.213

7 3.55E-04 1.57E+03 1.59E+03  -0.894

8 4.43E-04 1.53E+03 1.53E+03 0.228 :
9 5.64E-04 1.46E+03 1.48E+03 -1.610 |
10 7.13E-04 1.36E+03 - 1.37E+03 -0.985 [
11 8.81E-04 1.23E+03 1.22E+03 0.479 !
12 1.10E-03 1.10E+03 1.08E+03 1.675
13  1.41E-03 9.64E+02 9.73E+02  -0.844

14 1.80E-03 8.45E+02  8.35E+02 1.214
15 2.22E-03 7.57E+02  7.43E+02 1.843

16 2.85E-03 6.56E+02  6.83E+02 -3.959

17 3.60E-03 6.03E+02 5.92E+02 1.868
R: 152. X: 0. Y: 152. DL: 305. REQ: 169. CF: 1.0000
TDHZ ARRAY, 17 DATA POINTS, RAMP:  205.0 MICROSEC, DATA: 1W19N
WAIKOLOA :

1000 FT LOOP
RMS LOG ERROR:  2.02E-02, ANTILOG YIELDS
LATE TIME PARAMETERS

%

PARAMETER
"F" MEANS
1 0.96
2 -0.03
3 0.02
1 -0.06
2 0.00

H-3goY

P1

BLACKHAWK GEOSCIENCES,

RESOLUTION MATRIX:
FIXED PARAMETER

0.10 '

-0.05 0.91

-0.12 0.02 0.92

0.06 0.03 0.00 0.99
P 2 P 3 T1 T 2

INC.



IHE I BN &N B I BN B B B B B BN BN B B BN B B
: : : L

— = - o D = T o~

] 1W20NS MODEL :
10 3 i ) i i - ' l
5 ' 2249.

_ ] OHM—M 626. M
= 7
310" 7
- E 7.75
- - OHM-M 367. M
= d
>
> | |
= 10002 -
o : 2.80
o ] OHM-M
. il
&
<t J
Q. 3
0. -
<< -

10 ' e T Ty LI RERLY T T % ERROR:9.75

4 CALIBRATION: 1
10 0.001 0.01 0.1 4 OFFSET: 152. M

BAMP: 205.0
"TIME (SEC) INTERPEX: ARRTI



MODEL : 3 LAYERS
RESISTIVITY THICKNESS
(OHM-M) (M)
2249.16 626.2
7.75 367.2
2.80
TIMES DATA
1 7.13E-04 1.96E+03
2 8.85E-04 1.43E+03
3 1.10E-03 1.05E+03
4 1.41E-03 17.49E+02
5 1.78E-03 5.61E+02
6 2.20E-03 4.30E+02
7 2.80E-03 3.25E+02
8 3.55E-03 2.87E+02
9  4.43E-03  2.05E+02
10 5.64E-03 1.68E+02
11  7.13E-03 1.42E+02
12 8.81E-03 1.14E+02
13 1.10E-02 9.66E+01
14 1.41E-02 8.01E+01
15 1.80E-02 6.97E+01
16 2.22E-02 6.4TE+01
R: 152. X: 0. Y: 152.

TDHZ ARRAY,
WAIEOLOA
1000 FT LOOP
RMS LOG ERROR:
LATE TIME PARAMETERS

16 DATA POINTS,

506.0
-120.2
-487.4

1W20NS
ELEVATION CONDUCTANCE (S)
(M) (KFEET) LAYER TOTAL
1660.0
-394.5 0.3 0.3
-1599.2 47.4 47.6
CALC % ERROR STD ERR
1.70E+03 14.918
1.32E+03 8.375
1.02E+03 2.482
7.66E+02 -2.210
5.84E+02 -4.0217
4.62E+02 -6.934
3.54E+02 -8.232
2.76E+02 3.945
2.19E+02 -8.474
1.73E+02 -2.853
1.40E+02 1.952
1.16E+02 -1.697
9. 77E+01 -1.105
8.04E+01 -0.451
6.74E+01 3.364
5.80E+01 11.409
DL: 305. REQ: 169. CF: 1.0000
RAMP: - 205.0 MICROSEC, DATA: 1W20NS

4.04E-02, ANTILOG YIELDS

9.7484 %

* BLACKHAWK GEOSCIENCES, INC.

PARAMETER RESOLUTION MATRIX:
"F" MEANS FIXED PARAMETER

P1 0.25

P 2 -0.20 0.85

F 3 0.00 0.00 0.00

T1 0.00 0.00 0.00 1.00

T 2 -0.11 -0.23 0.00 -0.01 0.34
P1 P2 F3 T1 T2




! | )

= [ U R S S _ - . _

TW21INS ~ MODEL:

T ! !
. 459,
= - OHM=M 586. M
% -
= 5 N a
510 :
o . 2.80
- . OHM-M
| B . .
>
= 4 - -
M40 3
w -1
Lut 1
L 1
- ]
z
<€ 7
o .
(a -1
< T
100 T TTTr 1 lll1lgfl T I‘IT-“H:T]:. T T T TTITm % ERROH: 8.88
4 CALIBRATION: 1
10 - 0.001 0.01 0.1 1 giagggsoa%g. M
TIME (SEC) INTERPEX: ARRTI



@

2 LAaYERS

THITKHESS
(1)

CETEYOR
3AE O

O. Y LoDl .
L1 DaTa BOINTS, RAME:

DECLENCES

£ BLACKHAWK ¢

ESOLUTION MAaTRIX:
FIXED PORMMETER

QL 00




(OHM—M)

APPARENT RESISTIVITY

TIME (SEC)

L — — CJ = -
| 1W22NS MODEL:
105 : ! ! b }
; 905. '
- OHM-M  795. M
5 | | |
10 3
. 152.
- OHM=M
4‘: —d
10 3
7
1000?_ &q‘n&“lqh -
1001 @ i rrrr——rrrrm——rr. % ERROR: 4.85
4 ‘ | CALIBRATION: 1
10 0.001  0.0% 0.1 4 OFFSET: 229. M

RAMP: 230.0

- INTERPEX: ARRTI



MODEL:

2 LAYERS

RESISTIVITY THICKNESS

WO Ob W

R:

(OHM-M)

905.24
161.71

TIMES

5.64E-04
7.13E-04
8.85E-04
1.10E-03
1.41E-03
1.78E-03
2.21E-03
2.83E-03
3.55E-03

229. X:

TDHZ ARRAY,
WAIKOLOA
1500 FT LOOP

0. Y:

(M)

795.3

DATA

1.30E+03
1.25E+03
1.09E+03
9.65E+02
8.71E+02
7.63E+02
7.15E+02
6.22E+02
5.06E+02

229, DL: 457. REQ:
9 DATA POINTS, RAMP:

1W22NS
ELEVATION
(M) (FEET)
670.6 2200.0
-124.8 -409.4
CALC % ERROR
1.31E+03 -0.256
1.21E+03 3.133
1.11E+03 -1,957
9.95E+02 -2.985
8.76E+02 -0.6156
7.71E+02 -1.020
6.82E+02 4.869
5.97E+02 4,086
5.33E+02 -5.073

CONDUCTANCE (S)

LAYER TOTAL
0.9 0.9
STD ERR

254. CF: 1.0000 |
230.0 MICROSEC, DATA: 1W22NS

RMS LOG ERROR: 2.06E-02, ANTILOG YIELDS 4.8504 %
LATE TIME PARAMETERS ’

* BLACKHAWK GEOSCIENCES, INC. *

PARAMETER RESOLUTION MATRIX:
"F" MEANS FIXED PARAMETER

P1 0.99
P2 -0.02 0.89
T1 0.01 0.03 0.99

P1 P 2 T1




APPARENT RESISTIVITY (OHM-M)

TW23NS MODEL:
105 3 L b ) !
; 5353.
. OHM-M  488. M
4 |
10 3
. 2.80
- OHM—-M
1000+ _
100 _
ﬂ .
10— e % ERROR: 1.7
4 CALIBRATION: 1
10 0.001 0.01 0.1 1 OFFSET: 152. M

TIME (SEC)

RAMP: 205.0
INTERPEX: ARRTI



)

- - |-
d

RS

PMODEL & 4

Yalt ol O

{50

SO G N = e R B OF U

S LE-OS

TIE-CD

LGAEROR

CRORELGT

[

gy 2
GO0 5

R

QOO0

S

A,

TOHE
WALKOLOA
1000 FT AR

RMS 1L.OG ERROR: AMTILDE YIELDS L. %

LATE TIME

* ELACKHAMK GECSCIEMCES. INC. =




APPARENT RESISTIVITY (OHM-M)

105 3 r v T T
‘ . 14706.
. OHM-M 530. M
4 - -
10 3 ‘
. 2.80
. - o _ OHM“M
10003 {
1003, -
10 L M R R AR U I R AR T T b T % ERROR: 18.3
~ Aoy
0.001 . 1 -SET: 152. M
10 04 0.01 0.1 ! RAMP: 205.0
TIME (SEC)

INTERPEX: ARRTI
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R B

+

EAN



E B N N B S B N &N B D B T B B BN B EE e

— T o - - . — _ _
106 E I r I
1 900. !
_ ] OHM-M  5B2. M
5".' - ;
X - -
810 3 | 97 6
> ] OHM=M
— 4
>
- 4 -
@10 3
0 N
0 N
a -
— "' . ;
5 i
<t u 1
a -
a 5!
< -
100 |4 G | l‘llll[ L | L] [lllll 4 1 llllllI R g 1 XTlll-l:‘ % ERROR: 3’48
5 4 CALIBRATION: 1
10 , 10 0.001 0.01 0.1 OFFSET: 223. M
RAMP: 235.0
TIME (SEC). INTERPEX: ARRTI



1W25N
MODEL: 2 LAYERS
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE (S)
(OHM-M) (M) (M) (FEET) LAYER TOTAL
670.6 2200.0
899.98 582.5 88.1 289.1 0.6 0.6
97.63
TIMES DATA CALC - % ERROR  STD ERR
1 8.90E-05 2.72E+03  2.81E+03  -2.955
2 1.10E-04 2.48E+03 2.52E+03  -1.313
3 1.40E-04 2.28E+03  2.25E+03 1.180
4 1.77E-04 2.07E+03  2.04E+03 1.259
5 2.20EFE-04 1.91E+03 1.87E+03 1.992
6 2.80E-04 1.69E+03 1.69E+03  -0.184
7 3.55E-04 1.52E+03 1.51E+03 0.402
8 4.43E-04 1.36E+03  1.34E+03 1.434
9 5.64E-04 1.14E+03 1.14E+03  -0.449
10 7.13E-04 9.61E+02 9.75E+02  -1.456
11 8.85E-04 8.25E+02 8.40E+02  -1.832
12 1.10E=03 7.02E+02  7.20E+02  -2.397
13 1.41E-03 6.05E+02  6.04E+02 0.125
14 1.78E-03 5.14E+02 5.18E+02  -0.827
16 2.21E-03 41.71E+02 4.52E+02 4.063
16 2.80E-03 4.08E+02  3.91E+02 4.290
17 3.55E-03 3.53E+02  3.45E+02 2.327
18 4.43E-03  3.07E+02  3.07E+02 0.043
19 5.64E-03 2.59E+02 2.73E+02  -5.162
R: 229. X: 0. Y: 229. DL: 457. REQ: 254. CF: 1.0000
TDHZ ARRAY, 19 DATA POINTS,; RAMP: 235.0 MICROSEC, DATA: 1W25N
WAIKOLOA
1500 FT LOOP
RMS LOG ERROR: 1.49E-02, ANTILOG YIELDS 3.4840 %
LATE TIME PARAMETERS
* BLACKHAWK GEOSCIENCES, INC. *

PARAMETER RESOLUTION MATRIX:
"F" MEANS FIXED PARAMETER
P1 1.00
P2 0.00 1.00
T1 0.00 0.00 1.00

P1 P2 T1



< - s OO /e o R
! ! / .
1W26N MODEL:
10" | ‘ |
% - 238. -
= . OHM-M B64.6 M
E ]
= 5 ‘
e — -
210 s
] 28461.
- 1 OHM-M  506. M
— -
>
510" i
2 - 348.
as - - OHM-M
- y . ‘ |
i
3 1000 S A
<C 3 '
0. 3
a iy
<< <
100 T T T T T T % ERROR: 6.06
-5 . -4 CALIBRATION: 1
10 10 0.004  0.0% 0.1 gi&g[i%se%& M
TIME (SEC) INTERPEX: ARRTI



1W26N
MODEL : 3 LAYERS
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE (S)
(OHM=M) (M) (M) (FEET) LAYER TOTAL
707.1 2320.0 _ _
237.68 64.6 642.5 2108.1 0.3 - 0.3
28460.66 506.3 136.2 446.9 0.0 0.3
348.33
TIMES DATA CALC % ERROR STD ERR
1 8.90E-05 1.65E+03 1.81E+03 -8.681
2 1.10E-04 1.71E+03 1.76E+03 -2.521
3 1.40E-04 1.80E+03 1.76E+03 2.450
4 1.77E-04 1.86E+03 1.79E+03 3.842
5 2.20E-04 1.89E+03 1.76E+03 7.293
6 2.80E-04 1.84E+03 1.77E+03 3.814
7 3.55E-04 1.77E+03 1,72E+03 2.900
8 4.43E-04  1.64E+03 1,57E+03 4.1178
9 5.64E-04 1.50E+03 1.52E+03 <0.879
10 7.13E-04 - 1.32E+03 1.34E+03 -1.764
11 8.85E-04 1.18E+03 1.19E+03 -0.699
12 1.10E~03 1.06E+03 1.08E+03 -1.838
13 1.41E-03 9.70E+02 1.00E+03 -3.153
14 1.78E-03 8.74E+02 8.62E+02 1.397
15 2.21E-03 8.49E+02 8.05E+02 5.487
16 2.83E-03 7.62E+02 7.58E+02 0.615
R: 229. X: 0. Y: 229. DL: 457. REQ: 254. CF: 1.0000
TDHZ ARRAY, 16 DATA POTINTS, RAMP: 235.0 MTCROSEC, DATA: 1W26AN

WAIKOLOA
1500 FT LOOP

RMS LOG ERROR:
LATE TIME PARAMETERS

2.56E-02, ANTILOG YIELDS

BLACKHAWK GEOSCIENCES, INC.

%*
PARAMETER RESOLUTION MATRIX:
"F" MEANS FIXED PARAMETER
P1 1.00
P 2 -0.01 0.07
P 3 0.00 -0.02 0.99
T1 0.00 ~0.04 0.00 0.99
T2 0.00 0.04 0.01 0.00

P1 P2 P3 T1

1.00
T 2

6.0648 %



‘

L Y s S s B T

LW27NS MODEL:

10 3 ' '
. -~ 626.
. OHM-M 360. M
= 4 _
c 10 7
] 2. 80
E : OHM-M
=
= 1000—5 -
n .
1l
L ]
— T
5 v
o 1010—: -
< .
= .
& -
<. o
10 i T 1 ll‘l"l_ll I | 3 llllll 1 | I IIIIII T T TTriTm °/° ERRUR: 5- 72
-4 | CALIBRATIDN: 1
10 0. 001 0. 01 0.1 1 OFFSET: 132. M
: RAMP: 205.0
TIME (SEC) INTERPEX: ARRTI



1W27NS
MODEL: = 2 LAYERS
RESISTIVITY THICKNESS ELEVATION CONDUCTANECE (S)
{OHM-~M) () (M) (FEET) LAYER TOTAL
320.0 1050.0
626.43 T R60.4 -40.4 -132.4 0.4 a.6
2.80
TIMES DATA cALC % ERRDK STD ERR
1 3. 5%E-04 1.27E+03 1.27E+03 0.52
2 4. 43E-04 1.02E+03 9.99E+0% 2.498
3 5. 64E-04 7. 40E+@2 7. 62E+02 -@. 284
4 7.13E-@4 5. 78E+02 S.74E+02 0.741
5 8.85E-04 4, 30E+02 4. 44E+02 ~2.977
& 1. 1DE~@3 R SSNE+QZE X, AHE+BZ ~3. 184
7 1.41E~03 2.55E+@72 2. 6RE+02 -1.854
8 1.77E-=03 1.88E+02 2. 00E+07 -5, 4659
9 2. 20E-83 1.51E+02 1.57E+02 -4,209
10 2. 8RE-03 1. 21E+02 1.21E+@2 0.445
11 3. 5S5E-03 9.14E+01 9. 39E+@1 -2.579
el 4., 43E-03 7. 36E+D1 7. 48E+@1 -1.693
13 S.64E-QF 5.99E+01 5S.87E+@1 2.050
14 7. 13E~Q% 4,.91E+04 4,70E+01 4,419
15 8.81E-03 4,01E+01 3.87E+01 3.795
16 1a 19E-02 BAREFDY A 19EFDL 4,169
17 1. 41E-92 2.84E+01 2.59E+01 9.850
R: 152. Xs @. Y: 152. DL: 305. REC: . 16%. CF1 1.0000
TDHZ ARRAY, 17 DATA POINTS, RAMP: 205.0 MICROSEC, DATA: 1W27NS
WAIKDLOA

108@ FT LOOF
RMS LOG ERROR:
LATE TIME FPARAMETERS

%
FARAMETER
TER MEANS
1 1.00
2 B.00
T i 0.00

1

2.42E-02, ANTILOG YIELDS

ELACKHAWK GEOSCIENCES,

RESOLUTION MATRIX:

FIXED FARAMETER

2.00
0.00
F

2

1.00
T1

INC.

H.7244 %



Bl EE G BN BN I &N B BN D B B BN BN BN B D aE ==

— oo O = . - I

1W28N MODEL:

5
10 3 ‘ "
] 1643.
—_ ] OHM-M 271. M
= {
= 4 _| :
I - -
(&) 3
=10 53 // 415
r (1 “ofM-M N
> i \ ]
= 1000+ AN = ’
o E , SE—
wn = .
L) -
RN
— .
& |
x 100+ -
< 3
o 3
(a1 1.
< -
4 o : '
'LO—{L' T T T T T T T T T % EHROR 4.37
-4 : gélIZEIEHATIONZ 1
. 0.001 0.01 0.1 ‘ FSET: 152. M
10 | 1 RAMP: 2000
TIME (SEC) INTERPEX: ARRTI



’- -

—
| S

7

1 W28NS
MODEL. 2 2 LAYERS
RESISTIVITY THICKNESS ELEVATION CONDUCTANGCE (S)
{ OHM-M) M) (M) (FEET) LAYER TOTAL
225, % 7490.9
438.58 279.5 -54.0 ~-177.2 0.6 0.6
2.80
TIMES DATA CALL % ERROR STD ERR
1 2.80GE-04 9.93E+02 9. 49E+@2 4,585
2 3.556-04 7 . 46E+B2 7.41E+02 @.757
X 4.43E-04 5. 67E+02 5.79E+02 ~-2.0%4
4 5. 64E-04 4.21E+012 4,3BE+02 -2.97)
5 7.13E-04 3. 19E+02 3. Z0E+D2 -3%. 288
(=) 8.855E—-04 2.42E+02 2. S8E+02 —h. 059
7 1.10E-@3 1.88E+072 2.02E+02 -t 53
8 1.41E-03 1.45E+02 1.53E+02 -5.167
9 1.78E-03 1.13E+@2 1. 18E+@2 —4..373%
10 ».20E-03 9.87E+01 9.43E+01 -5.922
11 2.80E<03 7.11E+D1 7.34E+01 ~-3.138
2 3. 55E-03 5.54E+@1 5. 90E-+01 -4 ,52%
13 4.43E-03 4,53E+01 4. 48E+01 -3.125
14 5. 64E-03 3. 7QE+01 3.75E+01 ~1.466
15 7. 13E~03 3.07E+01 3.05E+01 0.730
16 &.8lE~-Q3 2. 6TE+DL 2. 33E+O1 3.771
17 1. 10E~-02 2.258+01 2. 15E+01 4.444
18 1.41E~-02 1.95E+01 1.78E+01 10.099
19 1. RRE=02 1.70E+01 1.51E+21 13. 002
20 2.22E-02 1. S4E+0@1 1.31E+01 17.779
21 2.856-02 1.41E+01 1.12E+01 25. 269
R: 152. X1 @. Y: 152. Di: 305. RE@: 169. CF: 1.0000
TDHZ ARRAY, 21 DATA POINTS, RAMF: 200.0 MICROSEC, DATA: LW28NS
WATKOLOA :

1288 FT LOOF

RMS LOG ERRORs Y. 15E-02, ANTILOG YIELDS 12.9772 %

_
| I—

[

LATE TIME PARAMETERS

#* BLACKHAWK GEOSCIENCES, INC.

PARAMETER RESOLUTION MATRIX:
"F» MEANS FIXED FPARAMETER
F1 1.8
F2 0.00 0.20
T1 @2.00 .40 1.00

P 1 F 2 T 1



S e B i B =

—— x L

1W2aN MODEL »

] 322.
' OHM-M  176. M
% -
% 1000 -
~ 3 2. 80
> . OHM-M
- |
-
— 100= =
n 3
— ]
Lyl
o i
= }
EJ' -
v 103
< 3
o =
Q. -
< -
1 L 2 LN B 2 S B R R RN T T TTTT % ERRDR: 12. 6
-5 -4 ‘ CALIBRATION: 1
10 10 0. 001 0. 01 0.1 QFFSET: 76.2 M

| RAMP: 105.0
TIME (SEC) INTERPEX: ARRTI



Bl N N BB & = .

MODEL 3 2

RESISTIVITY THICKNESS

(OHM~M)

322.44

OO N D WN -

27
28

Rs

2.80

TIMES

8. 90E-2%
1.10E-04
1.40E-04
1.77E~-04
2. 20E-04
2. BOE-04
3.55E-04
4. 4HE-04
5. L4E-D4
7. 13E-04
8.85E-04
1.18E-03
1.41E-03
1.78E~-03
2. 21E-03
2. 85E-UWS
F. SHE-03
4.43E-03
5. 64E-03
7. 13E-03
8.81E-03
1.10E-02
1.41E-02
1.80E-02
2.22E-02
2.85E-02
3. 4BE-D2
2.49E-02

76. Xz

1W29N
LAYERS
ELEVATION CONDUCTANCE (S)
(M) (M) (FEET) LAYER TOTAL
143.3 470.0
175.9 ~-32.6 -107.1 2.5 2.5
DAT& cAaLe % ERROR STh ERR
9. 45E+02 9.42E+02 2.316
8.S1E+02 8.26E+02 3.053
b.84E+02 6. 7S5E+Q2 1.363
5. 22E+-02 5.29E+02 -1.37%6
4, @3E+D2 4. 18E+@2 =3.519
3. 02E+DZ2. . 19E+D2. -5, 472
2.30E+02 2.42E+02 -5.0%92
1.80E+02 1.89E+02 -8, 747
1.37E+02 1.4SE+02 ~5. 269
1.08E+02 1.12E+02 -4.@46
8.39E+@1 8.24E+@ 1 -& . 090
6. 76E+D1 7.19E+@1 -5.052
5.38E+@1 5.62E+01 -4 .,186
4, 37E+01 4. 49E+01 -2.550
F.G7E+DL 3. 4FE+01 -0. 479
3. @EE+D1 2. 97E+D1 225y
2.41E+01} 2.47E+01 -2.,297
2.07E+21 2.07E+01 -0.124
1.77E+@1 1.74E+01 2.005
1.52E+01 1.48E+@1 2.464
1.34E+@1 1.298+@1 5,739
1.19E+0@1 1.13E+01 4.892
1.06E+Q1  9.82E+00 8.286
9.72E+00 8. 68E+00 11.979
9. DDE+D0 7.87E+00 14,396
8.42E+00 7.03E+00 19.721
7 « bBE+D0 6.44E+00 19.243
7. 27E+@0 5. 93E+00 22. 603
@. Y 76. DL:@ 1%2. RED: 84. CF: 1.0000
28 DATA POINTS, RAMP: 105.@ MICROSEC, DATA: 1W29N

TDHZ ARRAY,
WATIKOLOA
S0 FT LOOF

RMS L.OG ERROR:

S5.16E-02,

LATE TIME PARAMETERS

*

ANTILOG YIELDS

PARAMETER RESOLUTION MATRIX:

“FII
P o1

1.00

MEANS FIXED FARAMETER

BLACKHAWEK, GEOSCIENCES, INC.

12,6047 7



APPARENT RESISTIVITY (OHM-M)

5 1W30W MODEL :
1M = { H
10 715.
1 OHM-M 422. M
5 _ |-
103 14.7 |
; OHM-M 176. M
. ) |
10 7
N 2. 80
i OHM-M
10004 = i
100 4 T T T T »ﬁ?rq——r'—r-ﬂﬁ-r‘rq—’ﬂ—r—rrn‘n 7 ERROR: 3.°23
4 CALIBRATION: 1
10 0. 001 0. 01 0.1 1 OFFSET: 152. M

TIME (SEC

RAMP: 210.0
INTERPEX: ARRTI



L WSO
MODEL ¢ 3 LAYERS
]
| RESISTIVITY THICKNESS ELEVATION CONDUCTANCE  (S)
‘ (OHM-M) ™) M) (FEET) LAYER TOTAL
. 371.9 1220.0
i .715.@8 421 .7 -4, P ~1635.6 AD. 6 B.6
% 14,68 176.3 —226. 2 -742.0 12.0 12.6
2.8
) TIMES DATA CALC % ERROR STD ERR
1  2.80E-04 1.42E+@X  1.45E+03 -2.104
J 7  3.S5E-04 1.24E+@3  1.21E+03 2.749
3 4.43E-24 1.Q1E+A3  9.92E+02 2. 063
4 S.64E-04 7.71E+@2  7.78E+02 -0.976
" S 7.13E-04 6. lQE+@2 6. 15E+@2 -0, 945
6 B8.81E-04 4.92E+02 5.05E+02 —2.444
7  1.10E-03  4.10E+02 4. 13E+@2 -1.152
i 8 1.41E-@3 Z.41E+@2 T 3SE+BQ2 | 1.4620
o 9  1.90E-03 2.8S5E+02 = 2.81E+@2 1.549
10 2.22E-03  2.48E+02 2. 41E+02 2.850
‘ 11 2.85E-03 2.00E+02 2.@1E+02 -0.3472
J 12 3.60E-03 1.67E+@2  1.71E+02 ~2.,239
' 13 4.49E-03 1.39E+02  1.44E+02 -3.456
,,,,, 14 S.70E-03 1.17E+@2 1.18E+02 -0. 406
| j 15 7.19E-83 1.Q0E+02 9.&7E+01 3. 459
R: 152. Xs @. Y&+ 1i52. DL: 305. RER: 169. CF: 1.2000

185 DATA POINTS, RAMP: 210.0 MICRAQSEC, DATA: 1WIHGW

W‘

BLACKHAWK BGEOSCIENCES, INC. *

SOUNDING 3@

-

’ TDHZ ARRAY,

RMS LOG ERROR:  1.38E-@2, ANTILOB VIELDS
tJ LATE TIME PARAMETERS

U #
FARAMETER RESOLUTIUON MATRIX:
" MEANS FIXED PARAMETER

[- B. 93

- -0.04 ©.94

.00 @A.06 0.0

0.21 0.01 2.00 1.00

~0.81 ~0.@8% .00 0.0 ©.94

1 F2 F 3 T 1 T 2

“~-7mT7
N I N




L

o)

IW31IN MODEL:

10 3 | | |
] 2709.
) OHM-M 659. M
% 4
= 5 ,
o l1l0 3
= ; 2. 80
> ) OHM-M
>,
= 3 .
»n 10 s
w ]
0 |
L )
- ]
G
W 1000+ -
< i
Q_‘ -
0_ -
<< 4
100 T T T T VT T T TTTITT] T~ T TTITTT] |.. FTTTTIT % ERROR: 15. D
4 BALIBRATIGN: 1
an | B OFFSET: 152. M
10 0. 001 0. 01 0.1 1 DFFSET: I3

TIME (SEC) INTERPEX: ARRTI



1W3 1IN
MODEL. 3 2 LAYERS
RESISTIVITY THICKNESS ELEVATIUN CONDUCTANCE (85)
COHM-1) (M> {MD {FEET) LAYER TATAL
487 .7 1600.0
2728.79 &59.3F -171.6 -543.0 B.2 2.2
2.80
TIMES DATA CALC % ERROR ~8TD ERR
1 8,81E;04 2. 13E+03 1.88E+03 13.216
2 1.1PE-03 1.5&6E+@3 1.43E+03 Q.074
3 1.41E-03 1.QASE+23 1.04E+@3 0.192
4 . 1,80E-03 7 . 29E+02 7. 79E+02 —7.@23
=1 2.22E-03 5.37E+02 S.99E+02 -10.370
& 2.05E-203 4, QDE+Q2 4, 46E+@2 -1Q. 303
7 3.60E-03 X.16E+02 3. 38E+B2 -4, 365
8 4, 49E-03 2.954E+02 2.61E+02 —2.614
9 H.70E~-03 2.06E+02 1.99E+02 3.342
10 7. 19E-QX 1.81E+02 1.53E+02 18.548
Ry 152, Xz @. Y: 152, DLy 3I@5. REG: 169. CF: 1.0080

TDHZ ARRAY,
SOUNDING 31

1@ DATA POINTS, RAMP: 170.@ MICROSEC, DATAz 1WI1N

RMS LOB ERKOR: 6. 08E-D2, ANTILOG YIELDS 15.0287 %

‘ .
! ; ‘

— j
-l I -l

LATE TIME PARAMETERS

*

ELACKHAWEK, GEOSCIENCES,

FARAMETER RESOLUTION MATRIX:

"F" MEGNS
F 1 @.12
F2 0.08
Tl .01

P 1

@.020
0.00

FIXED PARAMETER

1.80
T1

INC.



TIME (SEC)

—— | — . -
106 3 1 | i
] 906. | -
§ OHM~-M 711.M
X 3 -
=10 é 98.6
- ] OHM-M
= -
>
=4 _
210 3
o0 n
ul -
c -
— -
E ,
L 1000 \\ _
<€ z
a 3
n- p .
< 7 .
100 T T TTIT TN TTTTTTT —rrrim] % EHHOH: 1.82
4 CALIBRATION: 1
10 0.004  0.01 0.1 1 OFFSET. 452. M

- BRAMP: 210.0

INTERPEX: ARRTI



MODEL:

2 LAYERS

RESISTIVITY THICKNESS

HOWONDUI e W =

- -

R:

(OHM-M)

905.55
98.60

TIMES

4.43E-04
5.64E-04
7.13E-04
8.81E-04
1.10E-03
1.41E-03
1.80E-03
2.22E-03
2.85E-03
3.60E-03
4.49E-03

152. X:

TDHZ ARRAY,
SOUNDING 32

(M)

710.9

0. Y:

DATA

1.40E+03
1.29E+03
1.20E+03
1.02E+03
8.96E+02
7.61E+02
6.40E+02
5.66E+02
4.86E+02
4.24E+02
3.73E+02

152. DL: 305. REQ:

11 DATA POINTS, RAMP:

RMS LOG ERROR:
LATE TIME PARAMETERS

*

1W32N
ELEVATION

(M) (FEET)

597.4 1960.0

-113.5 -372.4
CALC % ERROR
1.42E+03 -0.938
1.29E+03  -0.560
1.16E+03 3.361
1.03E+03 -1.021
8.99E+02 -0.354
7.62E+02 -0.068
6.49E+02 -1.453
5.65E+02 0.181
4.84E+02 0.285
4.22E+02 0.518
3.73E+02 -0.034

169.

CF:

CONDUCTANCE (S)

LAYER
0‘8

STD ERR

1.0000

TOTAL
0.8

210.0 MICROSEC, DATA: 1W32N

7.82E-03, ANTILOG YIELDS

BLACKHAWK GEOSCIENCES,

PARAMETER RESOLUTION MATRIX:

"F" MEANS FIXED PARAMETER
P1
P 2
T1

1.00

0.00 1.

0.00 O.
P1

00
00
P 2

1.00
T1

INC.

1.8161 %



(OHM-M)

vt HESISTIVITY

T T, e
T gy wm WS T B
- o -l

5 {W33NA MODEL:
10 3 ' l - 1
; 42088.
1 OHM-M 501. M
. ] |
10 1
] 2.80
. OHM-M
10 3
10005 -
100 T T T T T T T TTTT % ERBROR: 15.5
4 CALIBRATION: 1
10 0.001  0.01 0.1 , COFFSET: 152. M
' RAMP: 160.0
TIME (SEC) INTERPEX: ARRTI

|




MODEL &

2 LAYERS

RESISTIVITY THICKNEBS

(OHM-=)

4720848, 40
2.80

TIMES

L O DR

R: 132,

4. 43E--R4
5. 64E-B4
7.13E-04
8.85E~44
1o l@E-X
1. 40E-RE
1.77E-B3
2. 20E-03
2.8RE-BS

X

HZ ARRAY ,

WA ITKOLOA

1000 FOOT LOOF

RMS LOG ERROR: ,
LATE TIME PARAMETERS

#
FARAMETER
PEN MEANS
F 1l 0.00

2 Q.6b
T 1 @.00
F o3

1)

Q1.3

@. Y 12,
9 DATA FOINTS, RAMF:

DATA

2. XLE+@T
1.85E+03

1.23E+0@3

8. 3BE+B2

S.SBE+@2

4.09e+02
. BAE+D2
2. 36E+02
1.82E+02

6. 26E-02,

ANTILOG

Bl.ACKHAWK SEUSCIENCES,

RESOLUTION MATRIX:

FIXED FARAMETER

2. 00

- 0.80 0.98

F

2

-

T1

LWE3NA
ELEVATION
(M) (FEET)
378.0 1249. 0
~123%. 4 ~404.8
CALC % ERROR
2. 17E+@S 6. 7802
1.S6E+@% . 18.492
1. 1BE+RE 8.879
@. 42E+02 -2. 498
6.30E+@2  ~—11.888
4.S6E+02  -10.439
%. Z4E+02 -9.129
2. 49E+02 -5.13
1.80E+02 5. 368
DL: 3I@5. RER: 169.

YIELDS

INC.

CONDUCT&NCE

LAYER

0.0

STD ERR

CF: 1.0000
16@. @ MICROSEC, DATA:

13.5147 %

(S)
TOTAL

2.0

1W3IZNA



APPARENT RESISTIVITY (OHM=M)

TW3I4NA MODEL:
105 3 ] 1 1 :
. 28594
N OHM-M  574. M
4 _ —
10 3 |
1 o 2.80
§ OHM-M
10007 ~
100@ =
| 10 T T TITTg T U T T U LN M O R I % ERROR: 285
4 CALIBRATION: 1
10 0.001 0.01 0.1 4 OFFSET: 152. M

TIME (SEC)

RAMP: 160.0

INTERPEX: ARRTI



1W3I4NA
MODEL s 2 LAYERS
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE (3)
{OHM=M) (M) _ wh (FEET) LAYER TOTAL
411.% 1350.®8
28994, 42 574,72 —1&2.7 ~S33.7 Q. 2.@
2.80
TIMES DATA cALC % ERROR STD ERR
1 4. 43E-04 4, 26E+DH 3. @Q9E+QS 37.8%90
2 5. 44E~04 2.85E+03 2. 23E+03 27.8464
3 7. V3E~-B4 1.93E+03% 1. 63E+03 18.491
4 8.85E-04 1.19E+03 1.22E+03 -2.50%
ot 1. 18E~-03 7 4PE+D2 P . ABE+BZ ~17.430
6 1.40E-0% 5. 46E+02 &.5S7E+02  —16.973
7 1.77E-073 4,@Q7E+@2 - 4.82E+02 ~15. 655
a 2.20E—-@3 TL1ZE4D2 3. 42E4+D2 313,720
9 2.80E-03 7. 39E+02 2. 63E+@2 -9, 254
10 3. 55E~-03 1.86E+@32 1.92E+02 -3.084
11 4. 43E-03 1.46E+02 1. 42E+@12 2,275
12 5.64E~-03 1.10E+@%2 1.04E+072 5.478
13 8.81E-03 7. 16E+01 %, 93E+01 20.703
R 1G22, X3 ®. Y@ 192, DL: JI05. RER: 1692. UF: 1.0000

TDHZ ARRAY,

13 DATA FOINTS, RAMF:

WA IKOLOA

192@@ FOOT LOOR

FMS LD ERROR: 1.09E-01. ANTILOG
LATE TIME FARAMETERS

* EBLACKHAWE GEOSCIENCES.

FARAMETER RESOLUTION MATRIX:
YF" MEANS FIXED FARAMETER

1 @.34
F2 @.60 w.ad
T 1 ~-@.14 .08 0.93

F1OF2 T

160.0 MICROSEC. DATA: LW34NA

YIELDS 28.5474 %

THE. ¥



0 I 1 - 1 : —_— -
10 s
1 12038.
- OHM-M 438. M
%‘ o
= 4 — -
510 3
~ § 2. 80
>~ : OHM—M
>
iy 10‘00—_13 -
o §
L
o _.
— _
&
x 100z ~
<C 3
(a1 o
a -
< —
10 T T T T T T T VI T T T TTTITI 7 ERROR: 8. 18
. CALIBRATION: 1
OFFSET: 152. M
10 0. 001 0. 01 0.1 1 RAMPL 1700 D

w

TIME (SEC

INTERPEX: ARRTI



'
‘ ‘-Y

[

1WIESNRC
MODEL.: 2 LAYERS
RESISTIVITY THICKNESS ELEVAT ION CONDULCTANGE (&)
(OHM~M) () (M {(FEET) LAYER TOTAL
’ 578.0 1240.0
12038.08 4x7.7 =52.48 -198. 1 B.0 0.0
Z. 8@
TIMES DATA CALC % ERROR - 8TD ERR
1 4. 4ZE-R4 1. 74E+@3 1. 73E+03 @.419
2 5. GA4E-04 1. 42E+03 1.27E+03 12.307
A 7. 13E-04 i.05E+@% 9. 38E+D2 11,595
4 8. 85E~-D4 7. 2IEFPT 7. 12E+02 1.582
5 1.10E-@03  S.38E+@2  5.45E+02 -1.251
& 1o A1E~-RI 3. 97E+B2 4.@2E+02 —1, 332
7 1.77E~@3 2.83E+02 %, Q4E+02 ~-7.007
8 2. 20E-0F 2. 17E+02 2.35E+02 ~7 . 424
9 2.80E-03 1. 6&E+@Z 1. 76E+02 ~5,592
10 3.95E-0%  1.29E+02 1.34E+02 =3.4736
il 4,4%E-03 1.00E+02 1.B4E+D2 -3.541
12 5.464E-03 8. 04E+D1 7.94E+01 1.275
13 7.13E-03 6.28E+@1 b. 1 ZE+BL 1.949
14 8. 81E-07 4,BEE+Q1 4,.85E+@1 Q. 625
15 1. 10E-@2 . 84E+@1 I.82E+@1 0.542
1é o alE—BE 2. FZEVDL 2.5TE+01 -0.518
R: 152, X: @. Y: 152. Dl.r 30%. REG: 1&69. CF: 1.8000
TDHZ ARRAY. 146 DATH FOINTS, RAMP: 176.8 MICROSED, DATA: 1WISNRE

WAIKALOA RANCH

1000 FOOT LOOF RECALC

RMS LOB ERRORs 3.41E-82, ANTILOG YIELDS
LATE TIME FARAMETERS :

8.1761 %

¥ BLACKHAWE GEOSCIENCES, INC.
PARAMETER RESOLUTION MATRIX:
"EY MEANG FIXED FARAMETER
P i .00
F 2 @.00 0.00
T1 Q.68 @.00 0.98
(S 2 T1



