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Purchasing Division

201 N. Montezuma Street
Prescott, Arizona 86301

(928) 777-1408

ADDENDUM NUMBER ONE

FOR THE

CONSTRUCTION MANAGER AT RISK (CMAR) EFFLUENT & WASTEWATER PIPELINES &

SR89 IMPROVEMENTS

DATE OF ADDENDUM: August 7, 2025

TO ALL BIDDERS BIDDING ON THE ABOVE PROJECT:

The following addendum shall be made part of the Project Specifications and Contract
Documents. All other provisions of the Contract Documents remain unchanged. The Bidder shall
acknowledge receipt of this Addendum by signing below and returning this form with the bid
package. The contents of this Addendum shall be given full consideration in the preparation of
the Bid.

Request for Information

Question:  Is a project Geotechnical report available that can be shared?

Response:  Yes.  The current project Geotechnical information is provided as part of this
addendum.

Question:  Details are difficult to review on the roll-plots on the SR89 website.  Are the roll-
plots available as a PDF for more convenient reviewing?

Response:  Yes.  A PDF copy of each of the three (3) alternate roadway design roll-plots are
provided as part of this addendum.

- END -
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City of Prescott Public Works Department

________________________________________________ __________________
Gwen Rowitsch, Public Works Director Date

Acknowledgement: (must be signed and turned in with the bid documents)

________________________________________________
Company Name

________________________________________________ __________________
Signature of Company Official Date

























































M E M O R A N D U M  
2475 N Coyote Dr. Tucson, AZ USA | +1.520.670.9774 | www.cnitucson.com 

G E O L O G I C A L  E N G I N E E R I N G      S L O P E  S T A B I L I T Y      R O C K  M E C H A N I C S      H Y D R O G E O L O G Y  

 

TO: Andrew Baird, PE / Kimely-Horn 

FROM: Michael Conley, PE / Call & Nicholas, Inc. 

Robert Cummings, PE / Call & Nicholas, Inc. 

DATE: June 16, 2025 

SUBJECT: DRAFT SR 89 DCR Effluent Main and Sewer Trenching Geotechnical Recommendations 

1. EXECUTIVE SUMMARY 

This memorandum presents geotechnical recommendations for the SR89 DCR proposed utility trenching 

activities, according to field geological and geophysical work done in the corridor by Call & Nicholas, Inc. 

(CNI) during the last week of January 2025, and the conceptual trench locations provided by Kimley-Horn 

Associates (KHA), and roadway borings conducted by ETC of Prescott.  Because this report is to support 

the DCR addressing the utility trenching, the field work supporting this report pertains to below grade 

features, specifically the trenching that has been proposed for a relocated effluent line and the 

augmentation of the existing effluent line trench. This configuration can be seen in Figure 1.  

 

Figure 1. Existing Roadway Configuration and Utility Locations (looking north) 

 

Other geotechnical work was performed to support the design of the rock cut slopes as part of the 

roadway improvement project.  That work is the subject of a separate report. 

1.1 Trenching for New Effluent Line 

KHA is designing a new 24-inch-diameter effluent line to be installed within the project corridor.  This line 

will require the excavation of a new 4-foot wide trench 6 to 10 feet deep.  Variable ground conditions are 

expected to be encountered during the trenching operations.  In the north and south ends of the corridor, 
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trenching is expected to be mainly within compacted embankment and natural alluvial fill.  In these 

locations CNI expects the excavation to be accomplished with a standard excavator.  

In the central portion of the corridor, the material to be trenched is comprised of some fill but most of the 

excavation will be within intact portions of the Dells Granite, and possibly granitic detritus left over from 

legacy excavations.  The granite that crops out and forms the slopes adjacent to the roadway within this 

portion of the corridor is relatively strong with an estimated unconfined compressive strength of 15,000 

to 30,000 psi.  In general, blasting would be recommended to excavate this type of material  However, the 

roadway alignment was evidently chosen to exploit a flatter area of weaker, more fractured and 

weathered rock along a zone of shearing and faulting.  Seismic refraction tomography, carried out for this 

project, bears this out -- the rock below the roadway appears notably lower-velocity than that of the 

surrounding outcrops.  Compression wave velocities of 6,000 fps or less are prevalent within the depths 

of interest (0-10 feet) for the new effluent line location.  This suggests that a rock trencher will be able to 

remove the material, although with some difficulty.  It is highly desirable to avoid blasting for the 

relocated effluent line trench because the existing HOBAS sewer line is only a short distance away, 

whose continuous operation is paramount. 

1.1.1 Augmenting Existing Effluent Line Trench 

KHA and the City of Prescott are also considering rehabilitating the trench presently containing the 

existing 24-inch effluent line on the east side of the alignment and constructing a new gravity sewer there.  

This would include re-excavating the trench, pulling the existing effluent line out, and either deepening or 

backfilling the trench floor to make it suitable for a gravity sewer.  KHA requested guidance on the 

augmentation of this existing effluent line trench. A hydraulic rock drum cutter head on an excavator is 

suggested as a preferred method of deepening the trench as it is anticipated that only a limited thickness 

of intact rock will need to be removed. 

2. TRENCHING RECOMMENDATIONS 

For the new effluent line trench, the method of excavation will vary throughout the corridor. At the 

northern and southern ends of the corridor, excavation of the trench may be accomplished with a 

standard bucket excavator like one of the Caterpillar 300 series.  There may be limited hard rock 

exposures within some of the trenching within this area, thus it is also recommended to have a hydraulic 

rock drum cutter available to mount on the excavator in exchange for the bucket.  This combination 
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should be an efficient method of excavation for trenches in these areas.  Hoe-ram operation augmented 

with relief drilling may also be suitable for limited areas of shallow hard rock. 

In the central portion of the corridor, where trenching transitions into hard granitic material, a standard 

excavator is not well suited.  Typically blasting would be recommended in these ground conditions, but 

with the proximity of the new trench to the existing sewer line and residential neighborhoods, an 

alternative excavation method of using a rock trenching machine was evaluated. The seismic refraction 

tomography surveys performed for this study indicate that compression wave velocities of 6,000 fps or 

less are prevalent within the depths of interest (0-10 feet) for the new effluent main location.  This 

suggests that a rock trencher will be able to remove the material, although with some difficulty. It is also 

important to consider placement and handling of spoils from the rock trenching, because the corridor is 

relatively narrow in some of these areas and maintenance of traffic and access are considerations. 

For comparison, a rock trenching machine was used on another project in Arizona to excavate a 3-ft wide 

trench 16 ft deep in weathered to somewhat fresh granite.  A Vermeer T1155 trencher reportedly 

progressed between 600 and 800 feet per day on that project.  The granite on that project was more 

fractured and probably less abrasive than the granite in the SR89 corridor.  Accordingly, an average rate 

of about 400 feet per day could be expected. However, this rate could range from 100 feet per day to the 

quoted 800 feet per day.  Some standby time should also be considered for machine maintenance – tooth 

consumption is unknown but could be significant because the granite contains appreciable silicate 

minerals. 

For the augmentation and re-grading of the existing effluent main trench, a hydraulic rock drum cutter on 

a standard excavator is recommended.  It is considered that the deepening of the existing trench would 

not need to be more than a foot or two.  Because that excavation may not need to be continuous, unlike 

the case of the new effluent main excavation, a drum cutter is a solution that allows for increased 

mobility and flexibility.   

3. GEOLOGIC SETTING 

The Mesoproterozoic Dells Granite pluton, located approximately 5 miles northeast of Prescott, crops 

out unconformably from surrounding Tertiary sedimentary rocks.  Texturally, the rock is massive and 

medium- to coarse-grained and locally porphyritic with larger feldspar phenocrysts.  Feldspar, quartz, 

and biotite make up the bulk of the rock while tourmaline, fluorite, magnetite, specular hematite, and 
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apatite occur as accessory minerals.  Fresh rock is generally white to light gray, while weathered 

outcrops have been oxidized and range from pink to brown to orange.   

The granite has weathered to distinctive spheroidal hills, knobs, and boulders cut by near vertical joint 

patterns primarily oriented in two directions: north-northeast to south-southwest, and west-northwest to 

east-northeast.  Additional locally variable joint groups cut across these two main joint sets.  Persistent 

planar features are clearly visible in aerial and drone photography.  Most of the discontinuities dip more 

than 70 degrees, but locally, some shallower dips were noted in the field work. 

4. FIELD INVESTIGATION SUMMARY 

From January 27 through January 31, 2025, geotechnical investigations took place within the corridor 

consisting of 10 borings, 7 seismic refraction lines, test excavations and potholing, 20 ground penetrating 

radar (GPR)  lines, and rock fabric structure mapping.  The borings, test excavations, 5 of the seismic 

lines, and GPR were all performed for the trenching evaluation. The locations of the GPR surveys, seismic 

surveys, and borings are presented in Appendix A along with station locations. The findings from these 

investigations are summarized in the following subsections.  

4.1 Borings and Potholing 

Ten borings were conducted by ETC along the alignment within the roadway area.  All borings were 

conducted from the roadway surface to an investigation depth or to auger refusal. Because no coring was 

done, the drilling did not provide data on the intact rock properties but did give insight into the variable 

depth to intact granite.   The following is a summary; the details of the drilling program, potholing and test 

excavations are summarized separately by ETC.   

Three borings were located between Willow Lake Road (STA. 10+00) and East Calvary Road (~STA. 

42+00). Two of these borings (B-1 and B-3) reached the investigation depth of 9.5 feet completely in soil 

or fill material. One boring (B-2) encountered granite at a depth of 5.5 feet and subsequently terminated  

due to auger refusal at depth of 5.75 feet. This boring was drilled within a portion of the roadway that has 

adjacent hard rock slopes. It is expected that trenching will encounter hard rock from station 21+50 to 

25+50, approximately a 400 foot length of trench just south of Lillian Lane.  

Four borings were located between East Calvary Road (~STA. 42+00) north to the southern intersection of 

Old Highway 89A (~STA. 79+00).  All four encountered granite at depths ranging from 2.5 to 6 feet. Three 

of the borings (B-4, B-5, and B-7) terminated on auger refusal at depths ranging from 4.5 to 7.0 feet. The 
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other boring (B-6) was completed to the investigation depth of 9.5 feet though the last 4 feet of the boring 

were through weathered granite. These borings indicate that hard rock is expected to be frequently 

encountered during trenching between these stations. The ground conditions between these stations are 

expected to necessitate the use of a rock trenching machine. Some areas may have granite that is highly 

weathered and weaker, but it will vary, with some portions having hard intact fresh granite nearer to the 

surface than other portions.    

One boring (B-8) was located between the southern intersection of Old Highway 89A (~STA. 79+00) and 

the end of the proposed trenching activity at Horsemanship facility on the east side of the alignment 

(~STA. 99+50). This boring was approximately located at Station 86+80 and completed entirely in soil to 

the investigation depth of 9.5 feet. Immediately south of this boring, granite is expected to be 

encountered in the trenching activity. At the boring location and to the north of this boring, the trenching 

may be mostly in alluvial/ compacted fill with the possibility of encountering small sections of granite. 

The remaining two borings (B-9 and B-10) were conducted within the alignment beyond the trenching 

limits. 

4.2 Seismic Surveys 

Lines SLRW-01 through SLRW-05 were performed along the proposed new effluent main location within 

the southbound travel lane (Table 1).  All lines were conducted at roadway locations that had adjacent 

rock slopes. The following is a summary; the seismic tomography profiles are found in Appendix C. 

TABLE 1 – SEISMIC REFRACTION LINE LOCATIONS 

Line 

Designation 

Approx. Station 

Interval 

Length 

(feet) 

Left/Right of 

Existing 

Centerline 

Refraction 

Geophone 

Spacing, 

feet 

Correlative 

Boring 

SLRW-01 85+50 to 87+50 200 Left 3 B-8 

SLRW-02 65+00 to 66+50 150 Left 3 B-6 

SLRW-03 56+25 to 57+75 150 Left 3 B-5 

SLRW-04 50+00 to 51+50 150 Left 3 B-4 

SLRW-05 22+80 to 24+30 150 left 3 B-2 
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For the roadway geophysics, the seismic interpretation in the depth interval 0-10 feet is of most interest 

in new effluent line trenching. This interval was found in general to correspond to compression wave 

velocities of 3,200 to 5,500 fps with some zones reaching as much as 6,800 fps. One notable exception is 

at the south limit of SLRW-02, where a narrow zone of material having a velocity of over 8,000 fps is 

shown at a depth as shallow as 6 feet, and 6,000 fps material exists close to pavement subgrade depth. 

SLRW-03 showed zones of 6,500 fps interspersed with zones of much lower velocity (in the range of 3,000 

fps). Other profiles show variability as well, appearing to correspond to buried knobs and hard spots 

possibly bounded by shear or weathered zones, although fewer than SLRW-03. SLRW-04 shows a 

bedrock knob of higher velocity (6,225 fps at a depth of 8 feet) bounded on its north flank 22 feet away by 

a zone of much lower velocity (6,225 fps at a depth of 19 feet) indicating a zone of deeper weathering or 

dense fracturing. 

The roadway compression wave velocities overall are lower at comparable depths than the road cut 

compression wave velocities. This is consistent with the notion that SR 89 through Granite Dells follows a 

pre-existing topographic low representing a zone of geologic discontinuities and weaker, more weathered 

rock. This is illustrated by SLRW-05, where rock of 9,500-10,000 fps is not indicated shallower than 25-30 

feet whereas the cut slope tomographic profiles (SLCS-01 and SLCS-02) generally show such velocities 

at depths shallower than 15 feet and commonly as shallow as 6-7 feet. 

Roadway shear zone profiles were mostly affected by data anomalies and do not always display 

subsurface distributions of higher and lower velocities indicated by the refraction tomographic profiles.  

They should be regarded with caution. SLRW-01 appears to show vertical lenses of higher and lower 

velocity material but the contrast in velocities is quite low. SLRW-02 shows gradual increases in shear 

wave velocity to about 4,000 fps at depths and locations where the tomographic profiles indicate 14,000 

fps. However, SLRW-02 also indicates a sub-horizontal velocity inversion (from about 3,150 to 2,900 fps) 

at a depth of 13-22 feet. A similar, but more defined and continuous velocity inversion between 16 and 22 

feet in depth is depicted on the MASW profile for SLRW-03. These velocity inversions are unexpected in a 

rock mass such as this and would need confirmation by drilling. The compression wave velocity contrast 

evident in the tomographic profile for SLRW-04 is not indicated at all in the SLRW-04 shear wave velocity 

profile. 



 

JUNE 16, 2025   |   DRAFT  SR 89 DCR EFFLUENT MAIN AND SEWER TRENCHING GEOTECHNICAL 

RECOMMENDATIONS   |   PAGE 7 

4.3 Ground Penetrating Radar 

The existing buried utilities were potholed by ETC at various locations.  However, additional information 

was needed to characterize the existing HOBAS sewer trench excavation to assure that new excavation 

will not disturb the sewer, which must remain in continuous service during relocation of the effluent line. 

To identify the likely sewer trench wall locations for the existing HOBAS line, CNI arranged for Ground 

Penetrating Radar (GPR) surveys to be performed by Collier Geophysics of Colorado.  During January 

2025, 20 GPR transects were performed approximately perpendicular to centerline at locations spaced 

throughout the expected areas of rock cut.  The survey locations are identified on Appendix A.   

Lyon Engineering provided survey markers at the endpoints of each GPR transect so that the results 

could be located relative to centerline and the proposed new construction.  

In general, the GPR results successfully displayed both the HOBAS sewer excavation and the existing 

effluent line. The backfilled trenches appear as diffuse, commonly prismatic zones below the pavement 

layer that contrast with the layered appearance of the pavement, subgrade, and rock between the two 

utilities (Figure 2).   The GPR profiles are presented in Appendix D. 

Figure 2 – Example GPR results showing the HOBAS sewer trench (left/west) and 

existing effluent line trench (right/east).  The blue triangles represent radar 

reflectors that may correspond to the pipes themselves.  Depth estimates should 

be considered approximate.  
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To identify the trench signatures, the GPR profiles were examined collectively, recognizing that the sewer 

trench would not change greatly in horizontal position from location to location.  The reflections from the 

pavement layers and underlying undisturbed rocky subgrade were generally clear, as indicated in Figure 

2.   

The original sewer installation was likely in a blasted trench that would have had irregular, generally 

sloping  sides.  After sewer line placement and backfilling, unexcavated blast-damaged rock likely 

remained at the trench margins and below. Much later, the present sewer was constructed by re-

excavating along the old sewer alignment with a trenching machine.  This would have produced much 

more regular sides, but some blast damaged rock may remain outside the trencher limits. The GPR 

profiles show some diffuse areas with vertical sides, like what is depicted in Figure 2, and at other 

locations the sides are less distinct and/or sloping, suggesting broader areas of rock damage or a weaker, 

decomposed rock condition; the GPR signatures thus indicate varying widths of excavation-related 

disturbance.  The GPR signature of the reconstructed trench backfill appears mostly to represent more 

homogeneous, granulated material probably produced by the trenching machine, although there are 

some reflectors at places that could signify buried rock within the backfill.  The sewer pipe itself, being 

nonmetallic, would not strongly reflect radar energy so the radar reflections identified may in some cases 

be responding to the sewer contents or the presence of intact rock below the pipeline itself.   

The existing effluent line trench has less regular sides and its backfill was found to be rocky at the 

locations of effluent line repairs.  These conditions were generally indicated in the GPR transects.  Figure 

2 suggests more homogeneous backfill than other profiles show.   Because the effluent pipeline is 

metallic, the reflector indicated in Figure 2 and similar interpreted reflectors in the other profiles likely 

represent the actual pipe.  

Summary 

The GPR profiles suggest that trenching conditions in the area proposed for the relocated effluent pipe 

will vary and, in some cases, present mixed-face conditions (weathered rock/old backfill and fresher, 

undisturbed rock).   

Most, but not all, of the rock fracturing exhibited in the rock outcrops is parallel or nearly so to the 

roadway alignment and thus the trench sides. In those locations the tendency will be for the new rock 

released by the trencher to fall away along near-vertical discontinuities that roughly parallel the trench 
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sidewalls.  However at some places the fracturing is at angles to the roadway centerline.  Where that 

occurs, there is an increased possibility that the trencher may detach rock blocks beyond the new 

excavation limits in the direction toward the existing HOBAS sewer pipe.  There is also the possibility that 

old fil will contain rock that may be dislodged by the trencher.  A safe amount of separation between the 

effluent line relocation trench, and the existing sewer, is therefore desirable. 

From the GPR profiles and observations of the rock condition, it is recommended that at least 3 feet of 

trench wall separation be maintained between the trenches for the existing sewer and the relocated 

effluent line.  This will reduce the chance that the existing HOBAS sewer pipe could be adversely 

impacted during effluent line trenching by rock blocks dislocated by the trencher, loss of granular trench 

wall material by caving, or problems with trencher alignment.   

Presuming that the 24-inch-diameter sewer pipe installation has roughly 1 foot of pipe bedding all 

around, and the 24-inch effluent pipe will be similarly bedded, that would make the minimum centerline 

separation 7 feet for design purposes.  Additional separation distance will provide further protection of 

the HOBAS pipe but possibly at the expense of tighter working space within which to manage material 

handling and traffic passage. 
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APPENDIX B

ETC Bore Hole Logs



1. Exploratory borings were drilled using a

   4-inch diameter continuous flight power auger.

2. Some water was encountered on the lower rock strata

   at the time of drilling.

3. Boring locations were estimated from existing site features.

4. These logs are subject to the limitations, conclusions, and

   recommendations in this report.

5. Results of tests conducted on samples recovered are reported

   on the logs.

Notes:

Symbol Description

Strata symbols

Asphaltic Concrete

Poorly graded sand

with silt

High plasticity

clay

Low plasticity

clay

Aggregate base material

Clayey sand

Weatherd rock

Poorly graded gravel

with silt

Poorly graded sand

Silty sand

KEY TO SYMBOLS



1
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3

4

5

6

7

5.5" ASPHALTIC CONCRETE (incl.

chip seal)

2.75" ASPHALTIC CONCRET -

Older/Weaker
6" BASE COURSE MATERIAL, some

granite pieces

SAND WITH SILT, damp, some

gravel, Medium Dense

Layers of Gravel/Cobble with Loose

Pockets

SANDY CLAY, reddish-brown, very

moist, Medium Stiff to Stiff

SANDY CLAY, dark brown, high PI,

very moist to wet, Soft

AC

SP-
SM

CH

CL

Mottled

LOG OF BORING NO. B-1

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-30-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger
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8

9

10

11

12

13

14

15

Moist, Stiff

Boring terminated at 9.5 feet depth.

LOG OF BORING NO. B-1

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-30-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger
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1

2

3

4

5

6

7

6.75" ASPHALTIC CONCRETE (incl.

chip seal)

2.75" ASPHALTIC CONCRETE -

Older/weaker

5" BASE COURSE MATERIAL

SAND WITH SILT, damp, some

gravel, Medium Dense

Some larger rock pieces & Loose to

Medium Dense pockets

CLAYEY SAND, moist, med-high PI,

high clay fines, Medium Dense

GRANITE - Highly to Moderately

Weathered, Dense

Lightly Weathered to Intact, Very

Dense

Auger Refusal on Intact Rock at 5.75

feet depth.

AC

AB

SP-
SM

SC

ROCK

"Decomposed Granite"

ROCK REFUSAL

LOG OF BORING NO. B-2

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-29-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger
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1

2

3

4

5

6

7

3.5" ASPHALTIC CONCRETE (incl.

chip seal)

2.5" ASPHALTIC CONCRETE -

Older/weaker

3" ASPHALTIC CONCRETE - Very

weak

SAND WITH SILT, damp, some

gravel, Medium Dense

With Gravel & Some Rock Pieces

SANDY CLAY, very moist, Medium

Stiff to Stiff

Gravel/Cobble rock pieces

CLAYEY SAND, brown, moist, high

PI & clay fines, Medium Dense

AC

SP-
SM

CH

SC

Any AB Layer indistinct

Likely native

"Decomposed Granite"

LOG OF BORING NO. B-3

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-28-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-6
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8

9

10

11

12

13

14

15

Reddish-orange

Boring terminated at 9.5 feet depth.

LOG OF BORING NO. B-3

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-28-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-6
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1

2

3

4

5

6

7

6" ASPHALTIC CONCRETE (incl.

chip seal)

SAND WITH SILT & GRAVEL,

damp, Medium Dense

Very low silty fines

GRANITE - Highly Weathered &

Fractured, Medium Dense to Dense

Moderate to Lighly Weathered, Very

Dense

Auger refusal in Weathered Granite at 6

feet depth.

AC

SP-
SM

ROCK

Any AB Layer indistinct

Possibly layers and/or
weathered rock pieces

Thin water/moisture on
rock stratum

ROCK REFUSAL

LOG OF BORING NO. B-4

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-27-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-7
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1

2

3

4

5

6

7

3.5" ASPHALTIC CONCRETE (incl.

chip seal)

2.5" ASPHALTIC CONCRETE -

Older/weaker

SAND WITH SILT, damp, some gravel

& granite pieces, Medium Dense

Lyaer with increased Gravel

GRAVEL WITH SAND, Dark brown,

SAND WITH GRAVEL, some Cobble,

Medium Dense

GRANITE - Moderate to Lighly

Weathered, Very Dense

Auger refusal on Intact Rock at 7 feet

depth.

AC

SP-
SM

GP-
GM

SP

ROCK

Any AB Layer indistinct

Bituminous odor -
Possible millings or

pulverized road base

Thin water/moisture on
rock stratum

ROCK REFUSAL

LOG OF BORING NO. B-5

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-27-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-8
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1

2

3

4

5

6

7

7" ASPHALTIC CONCRETE (incl.

chip seal)

2.5" ASPHALTIC CONCRETE -

Older/weaker

SAND WITH SILT, damp, some gravel

& granite pieces, Medium Dense

Lyaer with increased Gravel

GRANITE - Decomposed to Highly

Weathered, moist, Dense

Moderately Weathered, Dense to Very

Dense

AC

SP-
SM

ROCK

Any AB Layer indistinct

Thin water/moisture on
rock stratum

LOG OF BORING NO. B-6

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-27-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-9
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8

9

10

11

12

13

14

15

Boring terminated at 9.5 feet depth.

LOG OF BORING NO. B-6

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-27-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O
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T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-9
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1

2

3

4

5

6

7

2.75" ASPHALTIC CONCRETE (incl.

chip seal)

4" ASPHALTIC CONCRETE - Older/

weaker

SAND WITH SILT, damp, some

gravel, Medium Dense

GRANITE - Highly Weathered,

Medium Dense to Dense

Lightly Weathered, Very Dense

Auger Refusal in very dense Weathered

Granite at 4. 5 feet depth

AC

SP-
SM

ROCK

Any AB Layer indistinct

ROCK REFUSAL

LOG OF BORING NO. B-7

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-28-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-10
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1

2

3

4

5

6

7

6.5" ASPHALTIC CONCRETE (incl.

chip seal)

8" BASE COURSE MATERIAL, poor

quality

SAND WITH SILT, damp, some

gravel, Medium Dense

Layer with Gravel/Cobble

CLAYEY SAND, some gravel, med-

high PI, Medium Dense

SANDY CLAY, greyish-brown, med-

high PI, very moist, Medium Stiff to

Stiff

Stiff

AC

SP-
SM

SC

CL Some mottling

LOG OF BORING NO. B-8

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-30-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-11
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8

9

10

11

12

13

14

15

SANDY CLAY, brown, very moist,

high PI, Stiff

CLAYEY SAND, reddish-orange,

med-high PI, Medium Dense to Dense

Boring terminated at 9.5 feet depth.

CH

SC "Decomposed Granite"

LOG OF BORING NO. B-8

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-30-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-11
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1

2

3

4

5

6

7

4.75" ASPHALTIC CONCRETE (incl.

chip seal)

4" ASPHALTIC CONCRETE - Older/

weaker

5.75" BASE COURSE MATERIAL

SAND WITH SILT, damp, some

gravel, Medium Dense

Layer with increased/coarser gravel

CLAYEY SAND, orangish, damp, low

fines, Medium Dense

Medium to high clay fines & PI

CLAYEY SAND WITH GRAVEL,

damp-moist, Medium Dense to Dense

GRANITE - Decomposed to Highly

Weathered, Dense

AC

AB

SP-
SM

SC

SC

ROCK

"Decomposed Granite"

LOG OF BORING NO. B-9

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-29-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-12
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8

9

10

11

12

13

14

15

Boring terminated at 9.5 feet depth.

LOG OF BORING NO. B-9

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-29-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-12
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1

2

3

4

5

6

7

2.5" ASPHALTIC CONCRETE (incl.

chip seal)

6" ASPHALTIC CONCRETE - Older/

weaker

6" BASE COURSE MATERIAL

SAND WITH SILT, damp, some

gravel, Medium Dense

Layer with increased gravel

Moist

SANDY CLAY

SILTY SAND WITH GRAVEL, moist,

Medium Dense

CLAYEY SAND, damp-moist, low-

med PI, Medium Dense

CLAYEY SAND, brown, moist, high

PI, high clayey fines, Medium Dense

Orangish

AC

AB

SP-
SM

CL

SM

SC

SC

"Decomposed Granite"

LOG OF BORING NO. B-10

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-29-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-13
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8

9

10

11

12

13

14

15

Boring terminated at 9.5 feet depth.

LOG OF BORING NO. B-10

PROJECT: SR89 Pipeline Improvements PROJECT NO.: 12825

CLIENT: Kimley-Horn & Assoc. DATE: 1-29-2025

LOCATION: See Boring Location Map ELEVATION: --- 

DRILLER: ETC LOGGED BY: M. Wilson

DRILLING METHOD: Continuous flight auger

D
E

P
T

H

(f
e
e
t)

Description

G
R

O
U

P

S
Y

M
B

O
L

S
O

IL

T
Y

P
E

S
A

M
P

L
E

R
S

TEST RESULTS

10 20 30 40 50

Penetration -

Water Content -

   Plastic Limit Liquid Limit   

Remarks

Figure B-13
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APPENDIX C

Seismic Survey Report 

From Hasbrouck Geophysics, Inc.



 

Hasbrouck Geophysics, Inc. Prescott SR89 Seismic Surveys 

February 17, 2025 Page i 

TABLE OF CONTENTS 

 

INTRODUCTION .......................................................................................................................... 1

METHODOLOGY ......................................................................................................................... 1

DATA ACQUISITION ................................................................................................................... 1

DATA PROCESSING .................................................................................................................... 2

RESULTS ....................................................................................................................................... 2

LIMITATIONS OF INVESTIGATION ......................................................................................... 4

 

FIGURES 

Line locations map (supplied by CNI) 

SLRW-01 2D P-wave refraction seismic tomography cross-section 

SLRW-01 3D P-wave refraction seismic tomography cross-section 

SLRW-01 2D MASW shear-wave cross-section 

SLRW-01 3D MASW shear-wave cross-section 

SLRW-02 2D P-wave refraction seismic tomography cross-section 

SLRW-02 3D P-wave refraction seismic tomography cross-section 

SLRW-02 2D MASW shear-wave cross-section 

SLRW-02 3D MASW shear-wave cross-section 

SLRW-03 2D P-wave refraction seismic tomography cross-section 

SLRW-03 3D P-wave refraction seismic tomography cross-section 

SLRW-03 2D MASW shear-wave cross-section 
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DATA USED TO CONSTRUCT CROSS-SECTIONS 

All lines and cross-sections 
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INTRODUCTION 

Two-dimensional (2D) surface refraction seismic tomography and surface-wave seismic surveys 

were conducted on seven lines along portions of State Route 89 (SR89) within and near the Dells 

in Prescott, Arizona.  The surveys are part of a pipeline improvements project. 

 

METHODOLOGY 

Surface refraction seismic tomography surveys essentially consist of recording seismic waves 

that have been generated by artificial sources, observing the arrival times of these waves, and 

producing cross-sections of variations in subsurface seismic wave velocities that can then be 

related to geology.  For surface-wave seismic surveys the fundamental property utilized is 

dispersion or the change in seismic phase velocity (defined as the seismic velocity of any given 

phase, such as a trough or peak) with frequency.  Shear-wave seismic velocities are calculated by 

mathematical inversion of the dispersive phase velocity of surface-waves.  The source of seismic 

energy for relatively shallow surface surveys is generally either a sledgehammer or weight-drop 

system, primarily dependent upon target depths and logistics. 

 

In surface surveys the seismic waves are detected by geophones that consist of a coil suspended 

by a spring with magnets build into the case.  A seismic wave moves the case and the magnets 

while the coil remains relatively stationary because of its inertia.  The relative movement of the 

magnetic field with respect to the coil generates a voltage across the coil with the voltage 

proportional to the relative velocity of the coil to the magnets.  The electrical voltages produced 

by the geophones are transmitted back to a seismograph via cables. 

 

DATA ACQUISITION 

Surface seismic data were acquired in a manner suitable for 2D tomographic and surface-wave 

analyses by Bird Seismic Services, Inc., Globe, Arizona.  The data were acquired with a 

Seistronix EX-6 signal-enhancement seismograph in 32-bit floating-point format with 1,600 

samples per channel, 0.25 millisecond (ms) sample interval, and 200 milliseconds record length.  

The refraction seismic tomographic data were acquired with 10-Hz geophones, while the 

surface-wave data were acquired with 4.5-Hz geophones (the lower frequency geophones are 

necessary for broadband surface-wave data, while the higher frequency geophones generally 

provide sharper first arrivals of seismic energy).  The seismic source was a 200-pound 

accelerated weight-drop or 10-pound slide hammer depending upon logistics.  Geophones were 

located at intervals of three feet for the tomographic data with source points between geophones 

every nine feet, while for the surface-wave surveys the geophone interval was initially the same 

as for the tomographic survey but after in-field analyses of the data it was decided that geophone 

and source point intervals of 15 feet resulted in essentially the same quality data so the expanded 

geophone array was used for the remainder of the survey. 

 

The seismic data were stacked nominally three to five times at each source point to increase the 

signal-to-noise ratio.  Stacking, or signal enhancement, involved repeated source impacts at the 

same point into the same set of geophones.  For each source point, the stacked data were 

recorded into the same seismic data file and theoretically the seismic signals arrived at the same 

time from each impact and thus were enhanced, while noise was random and tended to be 

reduced or canceled. 
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DATA PROCESSING 

Seismic tomography is defined as a method for finding the seismic velocity distribution within 

the subsurface from a multitude of observations using combinations of source and receiver 

locations.  The subsurface is divided into cells and the seismic data are expressed as line 

integrals along raypaths through the cells.  A velocity is assigned to each cell and traveltimes are 

calculated by tracing rays through the model.  The results are compared with observed times, the 

model is modified, and then the process is repeated iteratively to minimize errors. 

 

The seismic tomography data for this project were processed using the Rayfract (version 4.05) 

computer software program developed by Intelligent Resources Inc. of Vancouver, BC, Canada.  

The models produced by the Rayfract tomography program use multiple signal propagation paths 

(e.g., refraction, reflection, transmission and diffusion) that comprise a first break.  For the 

seismic tomography processing, the first arrival of seismic energy at each geophone is chosen as 

the first significant variation from a somewhat straight line.  These arrivals or traveltimes are 

then modeled and iteratively compared with the original times.  The modeling for this project 

consists the WET (wavepath eikonal traveltime) smooth inversion method with an initial 

gradient velocity input model.  The WET method automatically adjusts the subsurface velocity 

model until the synthetic times optimally match the first arrival times and delivers continuous 

depth versus velocity profiles for all geophones.  The modeled traveltimes are then used in the 

tomographic calculations to determine the subsurface seismic velocity distribution.  Resulting 

depth cross-sections (seismic velocity versus depth) are initially produced from the Rayfract 

program using Golden Software’s Surfer (version 28.4.300) computer program and subsequently 

with the Tecplot Focus (version 2024 R1) computer program for display in two- and three-

dimensions. 

 

The multi-channel analysis of surface-waves (MASW) method measures the dispersion or 

change in phase velocities of surface waves generated by multiple source points along a spread 

of geophones.  Different seismic wavelengths, or frequencies, penetrate to different depths with 

longer wavelength, or lower frequency, surface-waves penetrating deeper than shorter 

wavelength, or higher frequency, surface-waves.  These different wavelengths, and associated 

variations in penetration depths, propagate with different velocities.  By analyzing the dispersion 

of surface-waves, a shear-wave (Vs) velocity profile is obtained. 

 

The surface-wave data for this project were processed with the SeisImager/SW-2D set of 

computer programs from Geometrics using multi-channel active source data.  The programs 

consist of Pickwin and WaveEq.  Using Pickwin the data are input, the source-geophone 

geometries are established, and dispersion curves are determined and edited as appropriate.  The 

dispersion curves are then input into WaveEq and initial and inverted models are constructed.  

The resulting inverted model, or back-calculated shear-wave velocities from the dispersion 

curves, are then converted and output in ASCII format.  The resulting depth section is produced 

using Golden Software’s Surfer (version 28.4.300) computer program and subsequently with the 

Tecplot Focus (version 2024 R1) computer program for display in two- and three-dimensions. 

 

RESULTS 

With surface seismic tomography a full representation of the subsurface velocities is obtained 

and first breaks can be from refractions, reflections, transmissions or diffusions and thus, to a 

certain extent, velocity inversions can be mapped.  Surface seismic tomography results are 

generally considered to present a more geologically representative view of the subsurface than 
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other shallow refraction seismic methods (e.g., delay-time).  Changes in topography over short 

distances (e.g., ravines, hilltops, etc.) can adversely affect the quality of the model through 

erroneous raypaths.  Lines SLRW-01 to SLRW-05 are essentially flat or gently sloping so there 

are no adverse topographic effects along those line and although there are some topographic 

changes along lines SLCS-01 and SLCS-02 there did not appear to be any adverse effects.  Also, 

rock faces near the seismic lines can produce interfering sound wave noise (sound waves 

traveling at approximately 1,100 feet per second) although because of the relatively short lines in 

the survey and fast P-wave seismic velocities, the effects on the refracted first arrivals of seismic 

energy are considered essentially non-existent in this survey. 

 

Overall, the surface seismic tomography data and results for this project are considered excellent.  

P-wave refraction seismic tomography cross-sections are presented in both two- and three-

dimensions in this report with similar velocities and depths for each cross-section.  Also included 

are the data used to construct the cross-sections.  Note that for some of the lines there are data 

deeper than the cut-off of 30 feet in the cross-sections, but those deeper results are not 

considered appropriate for use. 

 

Surface-waves are best generated over flat or gently sloping ground, while variable topography 

can interfere with surface-wave propagation.  Also, rock faces near the seismic lines can produce 

interfering sound wave noise and, different from the P-wave tomography data, because of the 

relatively short lines in the survey, slower shear-wave seismic velocities and seismic waves of 

interest beyond first arrivals, the surface waves can be adversely affected by the sound wave 

noise.  Variably dense and/or thick asphaltic concrete and base course material in addition to 

little sedimentary material above weathered granite may also adversely affect surface waves.  An 

optional approach to generate shear-waves is by using horizontal geophones and a source struck 

perpendicular and horizontal to the axis of a seismic line.  However, because of the slower shear-

wave velocities, possibly more sound wave noise because the source is struck perpendicular to 

the nearby presence of rock faces, variably dense and/or thick asphaltic concrete and base course 

material, and logistics particularly on the cut-slope lines, the optional approach is not considered 

more feasible than the surface-wave approach used in the survey. 

 

Because of the adverse effects described above, the MASW shear-wave data are considered poor 

and the results should be used with caution.  MASW shear-wave cross-sections are presented in 

both two- and three-dimensions in this report with similar depths but different velocities because 

of variable seismic velocities.  Note that MASW shear-wave results for lines SLRW-03, SLRW-

04, SLRW-05 and SLCS-01 are shorter than acquired in the field because of anomalously low 

seismic velocities, like those seen for line SLRW-01 where there are question marks, and thus 

portions of those lines are deleted.  Also included are the data used to construct the cross-

sections.  Note that for some of the lines there are data deeper than the cut-off of 30 feet in the 

cross-sections, but those deeper results are not considered appropriate for use. 

  



  

 

Hasbrouck Geophysics, Inc. Prescott SR89 Seismic Surveys 

February 17, 2025 Page 4 

LIMITATIONS OF INVESTIGATION 

This survey was conducted with state-of-the-art instrumentation by experienced field personnel 

and the data were processed by an experienced and licensed geophysicist using commercial 

software packages utilized on projects with similar objectives.  However, no warranty, expressed 

or implied, is made as to the results and professional advice included within this report. 

 

The findings of this report are valid as of the present date.  However, changes in the conditions 

of a property can and do occur with the passage of time, whether they be due to natural processes 

or the work of people on this or adjacent properties.  Accordingly, the findings of this report may 

be invalidated wholly or partially by changes outside of our control.  Therefore, this report is 

subject to review and revision as changed conditions are identified.  
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APPENDIX D

Ground Penetrating Radar Survey Report 

From Collier Geophysics



Collier Geophysics, LLC · 7711 W. 6th Ave., Ste G/H · Lakewood, CO 80214 · (720) 487-9200

A Service-Disabled Veteran-Owned Small Business (SDVOSB)

L o c a t e ·  D e l i n e a t e ·  C h a r a c t e r i z e

February 19, 2025

Bird Seismic Services
661 S. Broad St. 
Globe, AZ. 85501

Attn: Ken Bernstein
ken@birdseismic.com
928-719-1848

RE: Prescott Highway 89 GPR Investigation
       Prescott, AZ

Collier Geophysics (Collier) is pleased to present this memorandum describing the work and 
results of geophysical investigations on Highway 89 in Prescott, AZ. At the request of Bird Seismic 
Services (Client), Collier completed a total of 45 GPR scans along 20 transects on Highway 89 to 
locate: 1) 24" steel effluent pipeline on the east side of the section, 2) 24" HOBAS fiberglass sewer 
line on the west side of the section, 3) The associated excavation boundaries for the above; and 
4) Fill/Bedrock contact if possible. Data collection took place on January 28th. During the 
investigation, the on-site Collier Geophysicist marked locations on the road where utilities were 
identifiable in the field. The ground-penetrating radar (GPR) system used for this project was the 
Impulse Radar Crossover CO1760, equipped with dual-frequency 170 MHz and 600 MHz 
antennas.

The GPR data analysis was conducted using 600 MHz profiles, providing enhanced near-surface 
resolution for assessing the extent of the trenches. While GPR successfully detected steel pipes, 
it was unable to directly identify fiberglass pipe, and there was insufficient evidence from the 
scanlines to determine bedrock depth. It should be noted that fiberglass is transparent to GPR. 
The edges of the two trenches occasionally extended beyond the ends of the GPR scanlines. 
Additionally, scanlines 011, 012, and 015 experienced data recording malfunctions and were 
excluded from the final analysis. Trench extents were identified by locating a continuous 
horizontal layer at approximately 2.1 feet below ground surface (bgs) and noting the breaks in or 
absence of this horizon. Using the boring logs provided by Call & Nicholas Inc., the sand and silt 
layer located beneath the asphaltic concrete was interpreted as the continuous horizontal layer 
seen around 2.1ft bgs on the GPR scanlines. Further indicators of prior excavation activity 
included V-shaped attenuated zones on the east and west sides.

As shown in Figure A-1, potential pipes or utilities were detected on the eastern side of the 
scanline at an approximate depth of 4.5 feet bgs, associated with a trench extending about 10 
feet in width. Another trench was identified on the western side of the scanline, measuring 
approximately 15 feet in width with a bottom depth of around 8 feet bgs. Due to varying site 
conditions, some scanlines were unable to capture both trenches simultaneously and detect a 
bottom reflector within the trenches. All estimated depths are based on a GPR-wave velocity of 
0.417 ft/ns (0.127 m/ns), specifically calculated for this site.

Respectfully Submitted,
Collier Consulting Inc.

Dawn Lipfert                                                             Jim Pfeiffer, P.Gp., P.G.
Geophysicist                                                             Senior Geophysicist
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G E O L O G I C A L  E N G I N E E R I N G      S L O P E  S T A B I L I T Y      R O C K  M E C H A N I C S      H Y D R O G E O L O G Y  

 

TO: Andrew Baird, PE / Kimley-Horn  

FROM: Michael Conley, PE / Call & Nicholas, Inc. 

Robert Cummings, PE / Call & Nicholas, Inc. 

DATE: June 10, 2025 

SUBJECT: DRAFT SR89 DCR Roadway Cut Slope Geotechnical Recommendations   

1. EXECUTIVE SUMMARY 

This memorandum presents geotechnical recommendations for the SR89 DCR according to  field 

geological and geophysical work done in the corridor by Call & Nicholas, Inc. (CNI) during the last week of 

January 2025, CNI’s follow up geotechnical mapping using the point clouds received from Lyon 

Engineering (Lyon) , and the conceptual realignment alternatives provided by Kimley-Horn Associates 

(KHA).  Because this report is to support the DCR addressing roadway alignment and reconstruction 

alternatives, the field work supporting this report all pertains to above-grade features, specifically the 

rock cuts.  

Other geotechnical work was performed to support the design of the relocated effluent main that 

included borings by ETC and geophysics at roadway grade performed by CNI.  This work is the subject of a 

separate report. 

Slope angles:  Instead of providing generalized, uniform slope angles, the excavation of the slopes will 

leverage natural geological discontinuities.  Because most of these discontinuities are near vertical this 

would result in the excavation of near-vertical, natural appearing slopes similar to what exists today. 

Where the discontinuities do not parallel the existing roadway, the slopes will be formed by following 

intersecting discontinuities giving a somewhat prismatic appearance that adds interest and a more open 

feel to the driving conditions. The result is a far smaller footprint overall than would be obtained by using 

a conventional slope design template. 

Earthwork Factors:   Preliminary estimates of rock cut quantities could be made by assuming that overall 

the volume will be similar to estimates made assuming uniform 0.25:1 (H:V) slopes, although uniform 

slopes will not be shown on the plans issued for construction.   The bulking factor to loose volume will be 

close to 1.45, and the swell factor to a compacted rockfill embankment will be close to 1.25.  
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Rock Excavation:  Most if not all the rock cuts on this project will require blasting to facilitate excavation.  

Mechanical excavation, such as with an impact hammer, may be successful in specific locations of 

weaker, weathered or more fractured rock.  Mechanical excavation in hard rock can be facilitated with 

relief drilling (pre-drilling on close hole centers).  Narrow (less than 6-8 feet) cuts may be peeled back to 

the desired discontinuity with equipment in specific instances.  Controlled top-down blasting 

(presplitting and trim blasting) techniques should be avoided unless they can exploit specific 

discontinuities as release surfaces.   

Laboratory testing for rock uniaxial compressive strength has not yet been performed on this project, as 

no core drilling has yet been done.  Geophysical profiles indicate that seismic compression wave 

velocities reach 7,000 feet per second (fps) at depths of 5-10 feet from the surface, except for some 

scattered deeper occurrences of lower-velocity material following ravines and probable shear zones.  

Much non-rippable rock occurs at the surface.  Most of the rock slopes will be cut in material of more 

than 11,000 fps.  For these reasons blasting should be planned for most if not all the rock cut slopes on 

this project.  

Most of the rock cuts have little to no overburden cover – a condition known as “bald-headed” granite.  

Some of these bald-headed surfaces slope toward the roadway.  Crossing the undulatory, rounded rock 

surfaces to drill cuts from the top down will be difficult and hazardous without suitable pioneering.  To 

create access roads, rock will need to be removed by blasting, hammering, or heavy ripping with 

preconditioning by drilling.  Drilling blast holes horizontally from the roadway is a preferable approach 

where feasible because it avoids pioneering the top, avoids drill hole traces marking the cut slope, 

reduces overbreak, improves final cut aesthetics, and avoids scars behind the catch point from pioneer 

roads.  Most required cuts will be reachable by horizontal drilling (where the blast hole pattern does not 

need to be more than about 20-25 feet high).  Practical considerations for horizontal hole drilling such as 

controls on hole depth, overhead reach, traffic passage, blast design, and safety, will need to be resolved 

with the CMAR contractor during design development.  Cuts or portions of cuts requiring top-down 

drilling, if any, will be identified during detailed design,  Top-down drilling should be restricted to the 

tallest cuts where horizontal drilling is not feasible.  Sliver cuts (those less than 6-8 feet wide) can likely 

be peeled away from the backing discontinuities with mechanical equipment and the resulting boulders 

broken down at roadway grade. 

Traffic control and the scheduling of blasting activities (drilling, actual blasting, and scaling) are subjects 

that will need to be addressed during final design.  The horizontal drilling method will require that drills 
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occupy portions of the roadway that may otherwise be used by passing traffic, so lane closures will be 

required. 

The visual aesthetics are important for this project.  Feedback from attendees at public meetings 

stressed the importance of retaining the rock contour and established vegetation wherever feasible.  

Symmetric widening, affecting both sides of the roadway, is less advantageous than an approach that  

accomplishes necessary widening to the side opposite the greatest existing values (natural rock cuts 

bearing mature oak vegetation, for example).   

To facilitate stability of slopes formed by natural discontinuities, some of which may be vertical or slightly 

past vertical, rock reinforcement with suitable payment Items should be provided in the contract  

documents.  Rock reinforcement consisting of post-tensioned bolts may be required but the majority of, 

if not all, the rock conditions expected to warrant reinforcing should be treatable with un-tensioned, un-

plated rock dowels.  By omitting bolt header plates and coloring the cementitious grout to match the 

rock, dowel installation will be practically invisible from the roadway.  A minimum thickness of 4 feet of 

surficial rock bond length is recommended if plates are to be omitted. 

2. SLOPE RECOMMENDATIONS 

The geology and rock fabric mapping indicate that with a carefully planned alignment and controlled 

blasting practices, steep slope profiles are feasible, limiting the footprint and rock removal quantity 

required to gain width for the roadway.  This report recommends that rock cuts follow specific,  

dominantly near-vertical discontinuities to reduce the footprint and overall excavation quantities and 

produce a natural appearance.  Examples of this approach are given (Section 4).  The specific slope 

configurations chosen will be a detailed process best performed after the design alternative is 

designated.  Where the fracturing does not parallel the roadway, the slope design will exploit cross-

cutting (conjugate) discontinuities to reduce the shoulder width.  The CMAR method of delivery chosen 

for this project supports the coordination among the geotechnical, geological, and construction teams 

that is necessary for this approach.   

3. GEOLOGIC SETTING 

The Mesoproterozoic Dells Granite pluton, located approximately 5 miles northeast of Prescott, crops 

out unconformably from surrounding Tertiary sedimentary rocks. Texturally, the rock is massive and 

medium- to coarse-grained and locally porphyritic with larger feldspar phenocrysts. Feldspar, quartz, 
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and biotite make up the bulk of the rock while tourmaline, fluorite, magnetite, specular hematite, and 

apatite occur as accessory minerals. Fresh rock is generally white to light gray while weathered outcrops 

have been oxidized and range from pink to brown to orange.   

The granite has weathered to distinctive spheroidal hills, knobs, and boulders cut by near vertical joint 

patterns primarily oriented in two directions: north-northeast to south-southwest and west-northwest to 

east-northeast. Additional locally variable joint groups cut across these two main joint sets.  Persistent  

planar features are clearly visible in aerial and drone photography.  Most of the discontinuities dip more 

than 70 degrees, but locally some shallower dips were noted in the field work.  Where shallowly dipping 

discontinuities are persistent enough, kinematically unstable wedge, toppling, or plane shear geometries 

may be formed, so the slopes should be reviewed by an experienced geotechnical engineer as they are 

excavated.  In those instances, special care will be needed to attain the slope configuration intended, 

along with the provision of rock reinforcement. 

4. FIELD INVESTIGATION SUMMARY 

From January 27th through January 31st, 2025, geotechnical investigations took place within the corridor 

consisting of 10 borings, 7 seismic refraction lines, test excavations, 20 ground penetrating radar (GPR)  

lines, and rock fabric structure mapping. The borings, test excavations, 5 of the seismic lines, and GPR 

were all performed for the effluent line relocation design and are reported upon separately.  A summary 

of the initial findings from these investigations is presented in the following subsections.  Two seismic 

lines, SLCS-01 and SLCS-02, were performed for the roadway cut slopes. 

4.1 Borings  

Ten borings were conducted by ETC along the alignment within the roadway area. All borings were 

conducted from the roadway surface and only to auger refusal, and do not provide data pertinent to the 

cut slopes.  If rock excavation for cut slopes turns out to be required for the chosen alternative, dedicated 

borings will be performed as appropriate and will involve rock coring techniques.  

4.2 Seismic Surveys  

Lines SLCS-01 and SLCS-02 were performed on the east side of the roadway between Granite Dells Road 

and Boulder Creek Lane (Figure 1), next page.   
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Figure 1 -- Seismic Line Locations for Roadway DCR Investigation  

 

The seismic refraction surveys are reported in Appendix 1 and resulted in high-quality tomographic 

profiles (Figures 2 and 3) indicating  strong rock that mostly will require blasting for roadway cut slopes, 

especially those taller than about 10 feet.  Smaller knobs less than 10 feet tall may be feasibly removed 

with hammering and heavy ripping.  Small areas of material more amenable to mechanical excavation on 

the larger cuts are of such limited extent that they can be blasted along with the rest of the material.  

Figure 2 – Seismic tomography profile for SLCS-01 
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Shear wave surveys were also performed but were adversely affected by site conditions.  As noted in 

Appendix 1, shear wave profiles should be used with caution.  Shear wave profiles do not correlate well 

with refraction tomography profiles and are largely suspect. 

The original roadway alignment was evidently chosen to exploit an area of weaker, more fractured and 

weathered rock along a zone of shearing and faulting.  Seismic refraction tomography bears this out.  The 

subsurface rock material below the roadway appears notably weaker than that of the surrounding 

outcrops.   

4.3 Rock Fabric Mapping  

The structural fabric of the granite tends to parallel the centerline so the controls on rock slope stability 

need to be considered with respect to the discontinuities.  

Mapping of structure orientations was conducted during the initial site investigation. Lyon Engineering 

provided drone surveying which resulted in point clouds of the proposed rock cut areas.  Digital imagery 

was used to support field mapping.    

Figure 3 -- Seismic tomography profile for SLCS-02 
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A stereonet of the mapping is presented as Figure 41. The northeast-trending face forming joint sets 

plotted on the net are long (>30 feet on average) and closely spaced (3 feet on average), dipping steeply.  

The overall roadway alignment is also oriented approximately southwest to northeast, so the northeast 

set will control the profile of slopes oriented southwest to northeast.  

 

 

 

1 A stereonet is a means of collecting and depicting fracture orientations.  The stereonet represents a half-sphere 

below a horizontal surface. Planes representing discontinuities can each be described by a line that is exactly 

perpendicular to the plane.  There is only one such line that also passes through the sphere origin – that is termed a 

“pole” that uniquely describes that particular plane.  Groupings of poles represent clusters of similarly oriented 

planes (in this case, discontinuities) and these clusters can then be examined statistically for variations in strike 

and dip.  On stereonets of poles, the data points plot 90 degrees to the strike orientation and steeper discontinuities 

plot closer to the perimeter of the stereonet.  

Figure 4 -- Lower-Hemisphere Polar Stereonet of Rock Fabric Mapping 
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The face forming joint set would generally dip steeply into future cut slopes on the east side of the 

alignment creating a near vertical to slightly overhung slope. Toppling failure mechanisms are a concern 

when slopes are overhanging and should be evaluated further but can be readily mitigated by installing 

rock bolts in the upper slope.   

The face forming joint set would fall in the plane shear orientation of future cut slopes on the west side of 

the alignment likely creating a slope with same dip as the face forming joint set at about 83 degrees. 

There are some structures that dip shallower at about 65 degrees that also fall within the plane shear 

orientation for a slope on the west side of the alignment. Locally these may also form the face of the 

slope. The dip of the slopes profiles on the west side of the alignment would range between 65 and 83 

degrees with an average of 74 degrees.   

Figure 4 also shows a conjugate, persistent northwest-striking family of discontinuities that is not as 

prevalent as the face-forming set.  These discontinuities would be exploited where the main set is not 

exactly face-parallel.   

Figure 4 also shows a few measurements of less-persistent discontinuities having moderate dips, that 

may locally present plane shear or wedge possibilities in slopes that are formed by the otherwise steeper 

discontinuities.  During construction, the cut slopes should be observed and discontinuities presenting 

such kinematic instability potential should be mitigated with rock reinforcement.  

The program MineSight was used to integrate surface topography, roadway geometry, and the rock 

discontinuity mapping.  Figure 5 (next page) shows an example discontinuity planes relative to the 

roadway geometry.  

Figure 6 (next page) shows how the fractures depicted at the location of Figure 5 would be exploited in 

forming a natural-appearing cut slope.  Note that  the cut slope follows different discontinuities along the 

roadway, using the conjugate set noted above to form the intersections keeping the final toe close to the 

theoretical toe.   

Figure 7 shows a cross section at the same location comparing the theoretical toe (in this case, the 

alignment option – one of several -- in which the slope theoretical toe is chosen 18 feet outside the 

existing edge of pavement), but the actual slope is formed by the closest significant discontinuity to the 
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theoretical toe.     The result is a slope whose catch point is close to that of a 0.5:1 (H:V) slope.  In the 

cases with taller cuts the equivalent  uniform slope would be somewhat steeper, possibly 0.25:1. 

Figure 5 – MineSight oblique at Twisted Trail showing mapped discontinuity planes relative to the 

roadway location 

Figure 6 – Slope lines near Twisted Trail (see text) 
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Where the roadway alignment and dominant discontinuity orientations diverge (one such location is 

north of the location shown in Figures 5 and 6) the slope can follow the dominant sets with intervening  

portions following either solid rock or the conjugate discontinuity set (Figure 8). 

Figure 7 -- Cross section at the location shown in Figure 6 

Figure 8 – Using main and conjugate discontinuity sets 
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It was also observed that vertical structures in the area often had 1/16 to 1/8 inch thick fillings of a 

smooth mineral (Figure 9) that would aid in the release of slabs to form the steep slopes.  

     

Figure 9. Mineral Filling Along Vertical Joints 

 

5. RECOMMENDATIONS 

Slope configurations should be defined chiefly by the native discontinuity system.  Slopes resulting from 

the process recommended will generally be steeper than would result from the more typical design 

process involving a single slope angle template.  The slope toe will be behind (outside of) the theoretical 

toe to ensure that the profile grade is correct. Between the slope toe and the theoretical toe, the grade 
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will be shallowly (4:1 H:V to 6:1 H:V) toward the theoretical toe, so that the longitudinal drainage will still 

follow the theoretical toe as it would were the slope constructed at a uniform location and angle.  

 

Bid documents should include allowances for rock reinforcement.  Because this is a CMAR project, the 

quantities of recommended rock reinforcement will need to be estimated fairly closely during design, but 

the uncertainty during construction will need to be accommodated with an allowance. 

 

The steep dip and the close spacing of the face forming joint set indicate that with a carefully planned 

alignment and controlled blasting practices, steep slope profiles may be obtained with the location of the 

slope toe being adjustable in approximately 3 foot increments.  For final design, the point cloud data will 

be used to identify the coordinates of those specific discontinuities that will provide slope surfaces 

conforming to the chosen alignment. During construction, GPS controls on drilling equipment can be 

used to identify the orientation and depth of each blast hole so as to terminate close to (within 2 feet of, 

but not beyond) the desired slope-forming  discontinuity.  Blast holes drilled too deep would need to be 

backfilled with mortar colored to match the general tone of the rock, a circumstance best avoided. 

 

The process of choosing slope configurations based on specific, local fracturing, and then attaining those 

configurations in the field, will require close coordination among the geotechnical engineers, roadway 

designers, and CMAR contractor, throughout final design development and in the field during 

construction.  It is facilitated with modern computational tools that can digitally represent complex 

surfaces, and by modern survey and layout tools that can provide the blast hole driller with the proper 

depths for the blast hole surface coordinates marked out. 

 

Narrow sliver cuts (less than 8 feet thick) may be candidates for removal with mechanical equipment. 

Such cuts can be blasted with horizontal drrilling but the diameter of the holes and dimensions of the 

patterns must be kept small. 

 

The public information and scoping meetings disclosed that many are concerned about retaining the 

existing slope contour and particularly the mature vegetation growing on the existing slopes at many 

places.  Retention of those aesthetic values should be considered when choosing the preferred 
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alternative.  From that perspective it would be preferable to confine the disturbance to the side of the 

roadway with the least impact.  

 

Details associated with cut slope definition, horizontal hole blasting, and with blasting in general, will 

need to be worked out among the design team, Public Information team, and CMAR contractor during 

project development.  Issues include: 

1. Traffic control during drilling, mucking, positioning support equipment 

2. Blasting closures – day, night, locations, and blocking stations 

3. Pre-blast surveys of potentially impacted structures 

4. Blast monitoring 

5. Qualifications of the Blaster in Charge and contractor blasting technical team 

6. Public Information regarding blasting – Public Meetings may be desirable 

7. Complaint response 

8. Local access (residents and visitors) 

9. Public information connected with the slope design configuration of the selected alternative and 

the process of considering slope context in alternatives development 

10. Method of laying out and staking blast holes 

11. Control of fly rock, noise, and dust 

12. Breaking down oversize 

13. Disposition of excavated rock 

14. Provision of suitable stemming materials and stemming plugs 

15. Test blasting  

16. Ongoing evaluation of results 

17. Documentation (Master Blasting Plan, Individual Blasting Plans, Individual Blasting Reports) 

18. Earthwork quantities 

19. Haulage 

20. Access and lift equipment 

21. Powder delivery and loading procedures 

22. Scaling 

23. Estimating quantities of reinforcement 
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INTRODUCTION 

Two-dimensional (2D) surface refraction seismic tomography and surface-wave seismic surveys 

were conducted on seven lines along portions of State Route 89 (SR89) within and near the Dells 

in Prescott, Arizona.  The surveys are part of a pipeline improvements project. 

 

METHODOLOGY 

Surface refraction seismic tomography surveys essentially consist of recording seismic waves 

that have been generated by artificial sources, observing the arrival times of these waves, and 

producing cross-sections of variations in subsurface seismic wave velocities that can then be 

related to geology.  For surface-wave seismic surveys the fundamental property utilized is 

dispersion or the change in seismic phase velocity (defined as the seismic velocity of any given 

phase, such as a trough or peak) with frequency.  Shear-wave seismic velocities are calculated by 

mathematical inversion of the dispersive phase velocity of surface-waves.  The source of seismic 

energy for relatively shallow surface surveys is generally either a sledgehammer or weight-drop 

system, primarily dependent upon target depths and logistics. 

 

In surface surveys the seismic waves are detected by geophones that consist of a coil suspended 

by a spring with magnets build into the case.  A seismic wave moves the case and the magnets 

while the coil remains relatively stationary because of its inertia.  The relative movement of the 

magnetic field with respect to the coil generates a voltage across the coil with the voltage 

proportional to the relative velocity of the coil to the magnets.  The electrical voltages produced 

by the geophones are transmitted back to a seismograph via cables. 

 

DATA ACQUISITION 

Surface seismic data were acquired in a manner suitable for 2D tomographic and surface-wave 

analyses by Bird Seismic Services, Inc., Globe, Arizona.  The data were acquired with a 

Seistronix EX-6 signal-enhancement seismograph in 32-bit floating-point format with 1,600 

samples per channel, 0.25 millisecond (ms) sample interval, and 200 milliseconds record length.  

The refraction seismic tomographic data were acquired with 10-Hz geophones, while the 

surface-wave data were acquired with 4.5-Hz geophones (the lower frequency geophones are 

necessary for broadband surface-wave data, while the higher frequency geophones generally 

provide sharper first arrivals of seismic energy).  The seismic source was a 200-pound 

accelerated weight-drop or 10-pound slide hammer depending upon logistics.  Geophones were 

located at intervals of three feet for the tomographic data with source points between geophones 

every nine feet, while for the surface-wave surveys the geophone interval was initially the same 

as for the tomographic survey but after in-field analyses of the data it was decided that geophone 

and source point intervals of 15 feet resulted in essentially the same quality data so the expanded 

geophone array was used for the remainder of the survey. 

 

The seismic data were stacked nominally three to five times at each source point to increase the 

signal-to-noise ratio.  Stacking, or signal enhancement, involved repeated source impacts at the 

same point into the same set of geophones.  For each source point, the stacked data were 

recorded into the same seismic data file and theoretically the seismic signals arrived at the same 

time from each impact and thus were enhanced, while noise was random and tended to be 

reduced or canceled. 
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DATA PROCESSING 

Seismic tomography is defined as a method for finding the seismic velocity distribution within 

the subsurface from a multitude of observations using combinations of source and receiver 

locations.  The subsurface is divided into cells and the seismic data are expressed as line 

integrals along raypaths through the cells.  A velocity is assigned to each cell and traveltimes are 

calculated by tracing rays through the model.  The results are compared with observed times, the 

model is modified, and then the process is repeated iteratively to minimize errors. 

 

The seismic tomography data for this project were processed using the Rayfract (version 4.05) 

computer software program developed by Intelligent Resources Inc. of Vancouver, BC, Canada.  

The models produced by the Rayfract tomography program use multiple signal propagation paths 

(e.g., refraction, reflection, transmission and diffusion) that comprise a first break.  For the 

seismic tomography processing, the first arrival of seismic energy at each geophone is chosen as 

the first significant variation from a somewhat straight line.  These arrivals or traveltimes are 

then modeled and iteratively compared with the original times.  The modeling for this project 

consists the WET (wavepath eikonal traveltime) smooth inversion method with an initial 

gradient velocity input model.  The WET method automatically adjusts the subsurface velocity 

model until the synthetic times optimally match the first arrival times and delivers continuous 

depth versus velocity profiles for all geophones.  The modeled traveltimes are then used in the 

tomographic calculations to determine the subsurface seismic velocity distribution.  Resulting 

depth cross-sections (seismic velocity versus depth) are initially produced from the Rayfract 

program using Golden Software’s Surfer (version 28.4.300) computer program and subsequently 

with the Tecplot Focus (version 2024 R1) computer program for display in two- and three-

dimensions. 

 

The multi-channel analysis of surface-waves (MASW) method measures the dispersion or 

change in phase velocities of surface waves generated by multiple source points along a spread 

of geophones.  Different seismic wavelengths, or frequencies, penetrate to different depths with 

longer wavelength, or lower frequency, surface-waves penetrating deeper than shorter 

wavelength, or higher frequency, surface-waves.  These different wavelengths, and associated 

variations in penetration depths, propagate with different velocities.  By analyzing the dispersion 

of surface-waves, a shear-wave (Vs) velocity profile is obtained. 

 

The surface-wave data for this project were processed with the SeisImager/SW-2D set of 

computer programs from Geometrics using multi-channel active source data.  The programs 

consist of Pickwin and WaveEq.  Using Pickwin the data are input, the source-geophone 

geometries are established, and dispersion curves are determined and edited as appropriate.  The 

dispersion curves are then input into WaveEq and initial and inverted models are constructed.  

The resulting inverted model, or back-calculated shear-wave velocities from the dispersion 

curves, are then converted and output in ASCII format.  The resulting depth section is produced 

using Golden Software’s Surfer (version 28.4.300) computer program and subsequently with the 

Tecplot Focus (version 2024 R1) computer program for display in two- and three-dimensions. 

 

RESULTS 

With surface seismic tomography a full representation of the subsurface velocities is obtained 

and first breaks can be from refractions, reflections, transmissions or diffusions and thus, to a 

certain extent, velocity inversions can be mapped.  Surface seismic tomography results are 

generally considered to present a more geologically representative view of the subsurface than 
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other shallow refraction seismic methods (e.g., delay-time).  Changes in topography over short 

distances (e.g., ravines, hilltops, etc.) can adversely affect the quality of the model through 

erroneous raypaths.  Lines SLRW-01 to SLRW-05 are essentially flat or gently sloping so there 

are no adverse topographic effects along those line and although there are some topographic 

changes along lines SLCS-01 and SLCS-02 there did not appear to be any adverse effects.  Also, 

rock faces near the seismic lines can produce interfering sound wave noise (sound waves 

traveling at approximately 1,100 feet per second) although because of the relatively short lines in 

the survey and fast P-wave seismic velocities, the effects on the refracted first arrivals of seismic 

energy are considered essentially non-existent in this survey. 

 

Overall, the surface seismic tomography data and results for this project are considered excellent.  

P-wave refraction seismic tomography cross-sections are presented in both two- and three-

dimensions in this report with similar velocities and depths for each cross-section.  Also included 

are the data used to construct the cross-sections.  Note that for some of the lines there are data 

deeper than the cut-off of 30 feet in the cross-sections, but those deeper results are not 

considered appropriate for use. 

 

Surface-waves are best generated over flat or gently sloping ground, while variable topography 

can interfere with surface-wave propagation.  Also, rock faces near the seismic lines can produce 

interfering sound wave noise and, different from the P-wave tomography data, because of the 

relatively short lines in the survey, slower shear-wave seismic velocities and seismic waves of 

interest beyond first arrivals, the surface waves can be adversely affected by the sound wave 

noise.  Variably dense and/or thick asphaltic concrete and base course material in addition to 

little sedimentary material above weathered granite may also adversely affect surface waves.  An 

optional approach to generate shear-waves is by using horizontal geophones and a source struck 

perpendicular and horizontal to the axis of a seismic line.  However, because of the slower shear-

wave velocities, possibly more sound wave noise because the source is struck perpendicular to 

the nearby presence of rock faces, variably dense and/or thick asphaltic concrete and base course 

material, and logistics particularly on the cut-slope lines, the optional approach is not considered 

more feasible than the surface-wave approach used in the survey. 

 

Because of the adverse effects described above, the MASW shear-wave data are considered poor 

and the results should be used with caution.  MASW shear-wave cross-sections are presented in 

both two- and three-dimensions in this report with similar depths but different velocities because 

of variable seismic velocities.  Note that MASW shear-wave results for lines SLRW-03, SLRW-

04, SLRW-05 and SLCS-01 are shorter than acquired in the field because of anomalously low 

seismic velocities, like those seen for line SLRW-01 where there are question marks, and thus 

portions of those lines are deleted.  Also included are the data used to construct the cross-

sections.  Note that for some of the lines there are data deeper than the cut-off of 30 feet in the 

cross-sections, but those deeper results are not considered appropriate for use. 
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LIMITATIONS OF INVESTIGATION 

This survey was conducted with state-of-the-art instrumentation by experienced field personnel 

and the data were processed by an experienced and licensed geophysicist using commercial 

software packages utilized on projects with similar objectives.  However, no warranty, expressed 

or implied, is made as to the results and professional advice included within this report. 

 

The findings of this report are valid as of the present date.  However, changes in the conditions 

of a property can and do occur with the passage of time, whether they be due to natural processes 

or the work of people on this or adjacent properties.  Accordingly, the findings of this report may 

be invalidated wholly or partially by changes outside of our control.  Therefore, this report is 

subject to review and revision as changed conditions are identified.  
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