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1 INTRODUCTION

____________________________________________________________________________

1.1 GENERAL

This data report presents the results of geophysical surveys performed at the former Katherine

Mine in Bullhead City, Arizona. The approximate location of the site is shown on Plate 1 of the

attached NORCAL report.

The purposes of these surveys were to provide preliminary information regarding the subsurface

soil conditions in select locations and the development of a scope for Phase II field explorations

and analysis. This report presents the results of the geophysical surveys along with descriptions

of the test methods and a discussion of anomalous results.

Our Phase I scope included site reconnaissance, surface geophysical surveys, and preparation

of this report. A scope of services is presented in our proposal of June 22, 2012 (Kleinfelder

Proposal No. 127966).

1.2 PROJECT DESCRIPTION

The project site is approximately 4 acres in size encompassing an abandoned mine, referred to

as Katherine Mine, located approximately 4 miles north of the intersection of Davis Dam Road

and US68 in Bullhead City, Arizona. The site currently contains the remnants of previous mining

activities including the remains of structures and some mining equipment. It also appears that

some previously excavated mine shafts may have been filled and portions of the site rough

graded. We understand that a sink hole approximately 12 feet in diameter and 4 feet deep,

possibly related to an existing mine shaft, has opened up at the ground surface along with some

smaller sink holes. On discovery of the sink holes, the project site has since been closed to the

public. The National Park Service has requested non-intrusive evaluations of the subsurface in

three areas at the mine in support of an effort to develop a preliminary working map of the

mines’ underworkings (i.e., shafts, caverns, tunnels). The three areas of concern expressed by

the Park Service are shown on Figure 1, Project Site Map.

Historical site information including photographs, a map of mine workings at various levels, and

additional information provided by NPS was reviewed by Kleinfelder and the information
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gathered was used to select the locations for the geophysical surveys. Areas of both known and

unknown near-surface disturbance and/or void spaces were surveyed. Information about the

location of and approximate overburden thicknesses above known void spaces was provided by

NPS personnel who have previously explored these void spaces. The goal of the geophysical

surveys was to identify underground anomalies that indicate possible void spaces or disturbed

areas related to previous mining activities at the project site.

We understand based on information provided by NPS that the primary mining method utilized

at this site was shrinkage stoping. Shrinkage stoping is understood to consist of sinking a shaft

to a certain depth and then excavating a horizontal working level at that depth. Once the

working level has been excavated, the excavation then proceeds upward allowing the upper

soils to collapse to the ground below. This mining practice would explain the existence of large

open areas near the ground surface that have been observed by NPS personnel.
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2 FIELD EXPLORATION

____________________________________________________________________________

2.1 GENERAL

The project site was explored by performing nine geophysical surveys that included both

electrical resistivity testing and seismic surface wave testing. Testing was performed by

NORCAL Geophysical Consultants, Inc. on August 28th through 30th, 2012. Survey locations

were selected both in areas of known mine underworkings and areas thought to be free of mine

underworkings. A review of the provided existing site data which included photographs and a

map of mine workings showing previous site conditions was performed prior to selecting the

survey locations. The survey location plan was communicated with NPS staff at the project site.

The locations of the geophysical surveys are shown on Plate 1 of the attached NORCAL report.

The detection of anomalies within the subsurface was attempted with electrical resistivity testing

because anomalous resistivity values may be indicative of possible void spaces. Abnormally

high resistivity zones may be indicative of a possible air-filled void space. The detection of

disturbed ground, fill soils, and void spaces was also attempted with seismic surface wave

testing because shear wave velocities of these ground conditions will be significantly lower than

those of the surrounding intact rock. The methods of electrical resistivity testing and seismic

surface wave testing are discussed in more detail below.

2.2 ELECTRICAL RESISTIVITY

Electrical resistivity testing measures the apparent resistivity of the subsurface using multiple

electrodes connected to a resistivity meter capable of inducing current and measuring voltage.

Apparent resistivity is measured by inputting electric current into the ground through electrodes

and measuring the voltage drop at other electrodes. This method was chosen to detect mine

underworkings because void spaces, whether filled with air or water, may have significantly

different resistivity properties than those of the soil or rock around them. These anomalous

values may give an indication of the location, size, and orientation of a subsurface void space or

tunnel.

The electrical resistivity data was acquired using a series of 56 stainless steel electrodes, a

SuperSting R1/IP resistivity meter and Swift switch box manufactured by Advanced
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Geosciences, Inc. A dipole-dipole type resistivity array was used during testing. The 56

stainless steel electrodes were arranged linearly, connected to the switchbox with cable, and

spaced at either 4 or 5 feet. The SuperSting and Swift switchbox were programmed to

automatically collect the resistivity data by switching the appropriate electrodes on and off.

2.3 SEISMIC SURFACE WAVE MEASUREMENT

Seismic waves are generated when seismic energy is imparted to the subsurface. Seismic

waves may be body waves, i.e., compression or shear waves, or surface waves. The type of

surface wave generated when a vertical seismic source is used is referred to as a Rayleigh

wave. The multi-channel analysis of surface waves (MASW) method takes advantage of the

dispersive properties of the Rayleigh waves to estimate a one-dimensional shear wave velocity

profile of the subsurface. A series of one-dimensional profiles, which can be contoured to create

a two-dimensional profile, can be created by pulling the line forward, recording data, and

repeating the process several times. This method was chosen to detect mine underworkings

because the shear wave velocity of a soil or rock is closely related to its stiffness, and therefore

a profile that contains areas of low shear wave velocities would be indicative of disturbed soil or

rock. Void spaces may be detected by the presence of lower shear wave velocities of the

disturbed soil or rock surrounding the void space.

Seismic surface waves were measured using the MASW method. A series of 24 geophones

spaced 3 feet apart were connected with cable along a land streamer and connected to a

Geode 24 channel seismograph manufactured by Geometrics, Inc. Data was collected by

imparting seismic energy in the form of a 100 pound weight dropping a distance of 2 feet onto a

metal plate and recording the produced surface waves. The line of geophones was then pulled

by an ATV longitudinally 6 feet and the process repeated. Total line lengths for the 3 MASW

lines performed ranged from 230 feet to 295 feet. The collected data was processed to develop

a one-dimensional shear wave velocity profile for each shot point using the SurfSeis 3.0

software package developed by the University of Kansas. The one-dimensional profiles for each

line were then collated and contoured using the software package Surfer 11.0 by Golden

Software in order to produce a two-dimensional shear wave velocity profile across the line

length. The contours and boundaries presented on the Figures are approximate.
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3 DISCUSSION OF RESULTS AND CONCLUSIONS

____________________________________________________________________________

3.1 GENERAL

The purpose of the geophysical surveys was to identify areas of potential void spaces including

tunnels and mining excavations (stopes) and disturbed ground. Several areas were identified

where anomalous resistivity values were detected, the locations of which are presented in plan

view on Plate 8 of the NORCAL report.

Electrical resistivity test ER-4 was performed over a known void space within the fenced area in

order to verify that the test method was successfully detecting void spaces. The known void

spaces were identified as high resistivity anomalies and corresponded well in resistance

magnitude with other high resistivity anomalies found in other resistivity test locations. MASW

testing was not performed within the fenced area because of safety concerns related to driving

an ATV and creating vibrations in an area of known subsurface voids.

The results of the shear wave velocity testing were inconclusive as to their effectiveness in the

detection of voids. It is possible that void spaces were not able to be segregated from the data

due to the relatively high shear wave velocity material immediately above possible void spaces

or disturbed ground. Possible evidence for the presence of void spaces detected by MASW

testing was found in the existence of low velocity layers below high velocity layers, a

phenomenon that is relatively uncommon in competent rock.

3.2 ELECTRICAL RESISTIVITY

Resistivity values obtained from the electrical resistivity surveys ranged from less than 10 ohm-

m to approximately 800 ohm-m. Moderately low to low resistivity areas are likely indicative of

either water-filled void spaces or rock. We interpret these moderately low to low resistivity zones

to be weathered rock or rock because it is unlikely that void spaces are water-filled due to the

anticipated groundwater depth of several hundred feet below existing site grade. Moderately

high to high resistivity areas are likely indicative of either dry loose sand and gravel or air-filled

void spaces. We interpret some of these moderately high to high resistivity areas to be sand

and gravel and others to be possible air-filled void spaces.
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The subsurface generally consisted of approximately 2 to 10 feet of moderately high to high

resistivity soil interpreted to be relatively dry loose sand and gravel underlain by moderately low

to low resistivity material interpreted to be weathered rock or rock. Several anomalous circular

to oblong areas of moderately high to high resistivity were observed within the subsurface zones

interpreted to be rock. Further discussion of these anomalies is presented in the following

paragraphs. The results of the electrical resistivity testing are presented as cross-sections on

Plates 2 through 7 of the NORCAL report.

Areas of anomalous resistivity values indicative of potential void spaces would be areas of

relatively high resistivity present within low resistivity areas. A total of 9 high resistivity

anomalies were identified at the project site. Many low resistivity anomalies (lower resistivity

than the background resistivity interpreted to be rock) were identified above the high resistivity

anomalies indicating the possible presence of rock or fractured rock overlying dry loose sand

and gravel or air-filled /void spaces which is consistent with the understood mining practices at

the site. Anomaly designations discussed below are presented on Plate 8 of the NORCAL

report.

Anomalies A, B, and E were identified in resistivity lines ER-1, ER-2, and ER-5, respectively.

These anomalies exist at approximately the same elevation and are of the same general size,

which suggests that they may be related. It is expected that a void space intersecting the

resistivity line at a near perpendicular orientation would create a near circular anomaly while a

void space intersecting the resistivity line at a relatively low angle would create a more

elongated anomaly. These anomalies are consistent with the expected profiles if a tunnel were

to be present and aligned as depicted on Plate 8.

Anomalies C and D were identified in resistivity lines ER-3 and ER-4, respectively. These

anomalies were very large and relatively deep as well. Due to the consistency in their lateral

extent, it is likely that these anomalies represent the same feature. The feature appears to begin

at a depth ranging from 10 to 30 feet below the ground surface, dip to the north and extend in

excess of 50 feet in the area of resistivity line ER-4. Resistivity line ER-4 was performed within a

fenced off area of known underground voids as reported by a representative of NPS and

observed mine shafts and sink holes at the ground surface.

Anomalies F through I were identified in resistivity line ER-6. The anomalies are generally of

high resistivity with a few areas of low resistivity. High resistivity zones on the southwest side of

the survey line exist between 5 and 30 feet below existing site grade. The high resistivity zones
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on the northeast portion of the survey line exist less than 5 feet below the surface and extend to

a depth of approximately 30 feet. The high resistivity anomalies within 5 feet of the surface

represent a potentially dangerous ground condition. These anomalies do not appear to be

related to the other anomalies detected at the other resistivity test locations.

3.3 MULTI-CHANNEL ANALYSIS OF SURFACE WAVES

Shear wave velocity values obtained from the survey ranged from less than 500 to

approximately 4,000 feet per second. Shear wave velocities of less than 1,000 feet per second

were common in the upper 20 feet and were observed to a maximum depth of 40 feet. In

general, the shear wave velocities in the upper 40 to 60 feet were 2,000 to 3,000 feet per

second or less, underlain by velocities in excess of 3,000 feet per second to the maximum depth

resolved by the test method. The results of the MASW testing are presented as cross-sections

on Plates 9 through 11 of the NORCAL report.

Anomalous shear wave velocities were not clearly detected during MASW testing. For most soil

and rock profiles, the shear wave velocity of the subsurface generally increases with depth.

Although very low shear wave velocities were not measured during testing, it is possible that the

portions of the profiles that show a significant reduction in shear wave velocity with depth

represent void spaces, fill soils, or disturbed rock.

3.4 RECOMMENDATIONS FOR ADDITIONAL SERVICES

As stated in our proposal dated June 22, 2012, no recommendations can be made or implied

concerning the reliability of the geophysical data, stability of the site or safety of people visiting

the site without additional analysis and field exploration. This initial phase of geophysical testing

was developed to provide a preliminary picture of the subsurface that would allow for the

development of the future phases to include field exploration and analysis.

At least two additional phases will be required to complete the analysis. The next phase would

include a drilling program to characterize the anomalies detected during resistivity testing and

the relatively low shear wave velocity zones detected during MASW testing. After the results of

the drilling program are obtained, a scope for the third phase, a final stability analysis, will be

prepared. The final phase analysis would likely include additional field explorations and

geotechnical analysis to estimate the stability of the site.
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4 CLOSURE

____________________________________________________________________________

4.1 LIMITATIONS

This work was performed in a manner consistent with that level of care and skill ordinarily

exercised by other members of Kleinfelder’s profession practicing in the same locality, under

similar conditions, and at the date the services are provided. Our conclusions, opinions, and

recommendations are based on a limited number of observations and data. It is possible that

conditions could vary between or beyond the data evaluated. Kleinfelder makes no other

representation, guarantee, or warranty, express or implied, regarding the services,

communication (oral or written), report, opinion, or instrument of service provided.

No recommendations can be made or implied concerning the reliability of the geophysical data,

stability of the site or safety of people visiting the site without additional analysis and field

exploration. This initial phase of geophysical testing was developed to provide a preliminary

picture of the subsurface that would allow for the development of the future phases to include

field exploration and analysis. All geophysical data presented in this report should be

considered preliminary.

The work performed was based on project information provided by the National Park Service

(NPS). This report may be used only by NPS and the registered design professional in

responsible charge and only for the purposes stated for this specific engagement within a

reasonable time from its issuance, but in no event later than one year from the date of the

report. The use of information contained in this report for bidding purposes should be done at

the Contractor’s option and risk.

We appreciate the opportunity to be of service on this project. Should you have any questions

regarding this report or wish to discuss additional services, please do not hesitate to contact us.
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