
 

TECHNICAL MEMORANDUM 

This memorandum provides subsurface data from eight seismic and two electrical resistivity 
transects collected during our geophysical exploration conducted February 13 through 17, 2024.  

Purpose and Scope of Work  

The City and Borough of Juneau has partnered with Alaska Department of Transportation and 
Public Facilities (DOT&PF) to explore a north crossing between Juneau and Douglas Island, north 
of the existing Douglas Island Bridge. DOT&PF has chosen the Planning and Environmental 
Linkage (PEL) process to evaluate the purpose and need for a north crossing, identify potential 
north crossing alternatives, evaluate the alternatives, and identify recommended crossing(s). In 
support of the evaluation of alternatives environmental data is being collected to understand 
potential impacts of six proposed alternatives. One study being undertaken to collect current data 
on proposed alternatives is a seismic investigation. The seismic investigation intends to provide 
an understanding of bedrock depth within the proposed second connections crossing Gastineau 
Channel between mainland Juneau and Douglas Island. Geophysical data was collected on five 
proposed crossing alternatives: Salmon Creek, Twin Lakes, Vanderbilt, Sunny Point East, and 
Sunny Point West. 

Field Investigation 

The seismic data collection transects extended inward toward the channel center from 
approximately each proposed crossing abutments. Eight of the nine proposed abutments 
underwent seismic data collection. Data was not collected at the south abutment of the Twin Lake 
crossing as access along public property was deemed unsafe. The geophysical transects were 
“field-fit” to maximize data collection while considering the efficiency of equipment, cable, and 
geophone placement. Seismic transect performed on the Juneau side crossings produced data 
considerably noisier than that of the Douglas side crossings due to the vehicular traffic on Egan 
Drive.  

DOWL performed eight seismic transects ranging from 225 feet to 600 feet in length, as shown in 
the data collection location map in Appendix A. General information for each seismic transect are 
provided in Table 1. Two seismic data collection methodologies were implemented along each 
transect: the Multichannel Analysis of Surface Waves (MASW) and seismic refraction methods. 
The seismic refraction data were collected in general accordance with ASTM D5777-18, Standard 
Guide for Using the Seismic Refraction Method for Subsurface Investigations. Electrical resistivity 
was performed at select sites to supplement the seismic data. 

 

 

  
TO: Greg Lockwood, PE 

FROM: David Barrick, PE, and Chloe Jungwirth, EIT 

DATE: June 5, 2024 

PROJECT: Juneau Douglas Second Channel Crossing, Juneau, Alaska. 
DOT&PF Project Numbers: SFHWY00299/0003259  
DRAFT Geophysics Data Summary Memorandum 



TECHNICAL MEMORANDUM 

 

Page 2 of 11 

 

Table 1:  Summary of Seismic Transects 

Seismic 
Transect 

Transect 
Length 
(feet) 

Transect Start 
(latitude & 
longitude) 

Transect End 
(latitude & 
longitude) 

Description 

West Sunny 
Point  
North 

600 
58° 21’ 29.60” N 

134° 32’ 11.20” W 
58° 21’ 23.76” N 

134° 32’ 10.75” W 

Juneau Abutment 
North-South 
Alignment 

East Sunny 
Point  
North 

600 
58° 21’ 26.99” N 

134° 31’ 17.52” W 
58° 21’ 21.20” N 

134° 31’ 15.52” W 

Juneau Abutment 
North-South 
Alignment 

Sunny Point 
South 

225 
58° 20’ 42.91” N 

134° 32’ 11.75” W 
58° 21’ 44.92” N 
134° 32’ 9.98” W 

Douglas Abutment 
South-North 
Alignment 

Vanderbilt  
North 

300 
58° 20’ 41.46” N 
134° 30’ 2.66” W 

58° 20’ 38.91” N 
134° 30’ 5.13” W 

Juneau Abutment 
Northeast-
Southwest 
Alignment 

Vanderbilt  
South 

300 
58° 20’ 10.83” N 

134° 30’ 37.82” W 
58° 20’ 13.64” N 

134° 30’ 35.10” W 

Douglas Abutment 
Southwest-
Northeast 
Alignment 

Twin Lakes  
North 

300 
58° 20’ 11.50” N 

134° 29’ 16.16” W 
58° 20’ 9.32” N 

134° 29’ 19.87” W 

Juneau Abutment 
Northeast-
Southwest 
Alignment 

Salmon Creek 
North 

300 
58° 19’ 40.73” N 

134° 28’ 15.37” W 
58° 19’ 38.00” N 

134° 28’ 17.62” W 

Juneau Abutment 
Northeast-
Southwest 
Alignment 

Salmon Creek 
South 

300 
58° 19’ 23.64” N 

134° 28’ 49.51” W 
58° 19’ 25.33” N 

134° 28’ 45.05” W 

Douglas Abutment 
Southwest-
Northeast 
Alignment 

Implementation of seismic recording parameters was dictated by site conditions and varied along 
each transect. In some cases, surface conditions are prohibited using standard recording 
equipment such as a spike geophone. In these cases, geophones were placed on plates in 
contact with the ground surface. Example site conditions are shown in Site Photograph 1. 
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Site Photograph 1: Seismic Transect Sunny Point North – View North 

 

DOWL performed two electrical resistivity transects ranging from 617 feet to 771 feet in length at 
the West Sunny Point North and East Sunny Point North locations. General information for each 
electrical resistivity transect is provided in Table 2. DOWL collected the electrical resistivity data 
in general accordance with ASTM D6431-18, Standard Guide for Using the Direct Current 
Resistivity Method for Subsurface Site Characterization. 

 
Table 2:  Summary of Electrical Resistivity Transects 

Resistivity 
Transect 

Transect 
Length 
(feet) 

Transect Start 
(latitude & 
longitude) 

Transect End 
(latitude & 
longitude) 

Description 

West Sunny Point 
North 

771 
58° 21’ 29.60” N 

134° 32’ 11.20” W 
58° 21’ 22.02” N 

134° 32’ 10.64” W 

Juneau Abutment 
North-South 
Alignment 

East Sunny Point 
North 

617 
58° 21’ 26.99” N 

134° 31’ 17.52” W 
58° 21’ 21.02” N 

134° 31’ 15.47” W 

Juneau Abutment 
North-South 
Alignment 

Seismic Data Collection 

The seismic source (shot) or energy introduced into the ground was initiated by a 16-pound 
sledgehammer striking a plate on the ground surface. Four hammer hits were used at each shot 
location and summed to reduce background ambient noise. Sixteen shot locations were 
implemented along each profile. Shot spacings were determined based on subsurface ray path 
coverage suitable for seismic refraction tomography (SRT) and subsequent use in MASW 
analysis. Seismic survey parameters used for all data collection transects are summarized in 
Table 3.   
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Table 3:  Seismic Survey Parameters 

Recording Instrument Geometrics Geode 

Geophone Natural Period 4.5 Hertz 

Number of Geophones 24 

Sample Rate 0.250 millisecond 

Number of Samples 6,000 per channel 

Record Length 1.5 seconds 

Low Cut Filter Out 

High Cut Filter Out 

Seismic Source 16-pound sledgehammer 

Stack Number 4 

Refraction Analysis 
Software 

Rayfract® 

Surface Wave Analysis 
Software 

SeisImagerSW™ Geometrics, Inc. MASW 1D 
Surface Wave Wizard/Geoplot Geometrics, Inc. MASW 2D  

Electrical Resistivity Data Collection 

Electrical Resistivity Tomography (ERT) data is collected by inserting 48 3/8-inch metal electrodes 
in the ground in an array and injecting a low-voltage direct current. The electrical method 
estimates the depth of bedrock via an electrical resistivity inversion of the field data when a 
contrast of conductivity of the bedrock and overlying sediment is present. Electrical resistivity 
survey parameters used for all data collection transects are summarized in Table 4.   

 
Table 4:  Electrical Resistivity Survey Parameters 

Recording Instrument ABEM Terrameter LS2 

Number of Electrodes 48 

Array Gradient 

Error Limit 1% 

Acquisition Time 1.5 seconds 

Maximum Stack Number 4 

Data Filtering Software ABEM Toolbox® 

Resistivity Analysis Software Res2Dinv® 

Seismic Analysis 

Seismic Refraction Method 

The seismic refraction method calculates subsurface compressional wave velocity (Vp). This 
approach uses seismic body waves, contrasting with the MASW method, which uses seismic 
surface waves.  

Using the same first arrival times, a tomographic solution can be calculated by discretizing the 
subsurface into cells instead of layers. The tomographic approach thus lends itself to 
characterizing laterally variable subsurface media.   
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MASW Method 

The MASW method provides a shear wave velocity (Vs) result as a 1D profile located at the center 
of the geophone spread layout. Optimal MASW data collection requires the seismic source (shots) 
to be offset from the nearest geophone, ideally ranging between 10 to 30 percent of the geophone 
spread length. Thus, shots taken inside the geophone spread will not give accurate results for 
MASW analysis.  

MASW uses the velocity dispersion characteristics of the high amplitude surface wave (Rayleigh 
wave) to calculate Vs with depth. SeisImagerSW software was used for MASW analysis. Seismic 
Site Classifications per AASHTO LRFD Table 3.10.3.1-1 for each transect are presented in 
Appendix B.  

2D MASW profiles are presented in Appendix B. 2D MASW uses Common-Mid-Point (CMP) 
gathers to generate shear wave velocities. Although the 2D s-wave velocity profiles resemble 
discretized velocity models, the 2D profiles are formed from 1D s-wave velocity profiles calculated 
at two times the geophone spacing. The starting model was set to 12 layers for the calculations. 
Thus, the resolution of the MASW 2D model is twice the geophone spacing horizontally and 12 
layers vertically, resulting in a coarser resolution than SRTs. The figures are the gridded and 
contoured results from the individual 1D s-wave depth velocity profiles.  

Seismic Interpretation 

Interpretations of the seismic data are presented as eight sites in Appendix B. The seismic profiles 
represent the corresponding calculated 2D SRTs of compressional wave velocity (Vp) and 2D 
(MASW) tomograms. The 2D MASW tomograms had a consistent color banding ranging from 
277 to 4,473 feet per second with an interval of 155 feet per second.  

Appendix B contains 1D shear wave velocity profiles with converted standard penetration test 
values (i.e., n-values) calculated from the s-wave velocity profiles using the equation below. The 
1D s-wave velocity profiles show calculated n-values as a red line with a legend at the top of the 
figure. There are other penetration test to shear wave velocity correlations and the correlations 
do vary. Use blow count profiles converted from shear wave velocities with caution.  

10
1

log
0.314 318.241

10

Vs

n

  
  
   



=  

Where: 

n = blow count 
Vs = shear wave velocity in feet/second  

The approximate depth to bedrock or dense or very dense sediment was estimated within each 
seismic profile. Seismic profiles along the northern abutments are interpreted to encounter dense 
sediment based on correlations from the nearest available geotechnical test holes. Existing data 
from the following reports were used in the correlation:  

• DOT&PF. 1970. Lemon Creek Bridge. Project No.: F-095-8. Test hole and penetrometer 
data documents dense to very dense sand with some silt and trace gravel was 
encountered between 80 to 100 feet below ground surface.  
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• DOT&PF. 1970. Salmon Creek Bridge. Project No.: F-095-8(3). Test hole data documents 
hard silt and very dense sand with gravel encountered at 50 feet below ground surface.   

Bedrock in the region is mapped as layered greenstone, graywacke, slate, greenschist, and 
metavolcanic flow breccia that were formed mainly during the Mesozoic age (Miller, 1975). Along 
the southern abutments, bedrock is exposed at the surface or encountered at shallow depths in 
the following report:    

• DOT&PF. 1979. Kowee Creek Bridge. Project No.: S-0959(10). Test hole data documents 
phyllitic slate bedrock encountered 10 to 14 feet below ground surface.  

Bedrock and dense sedimentary material depth was estimated based on test hole data from the 
previously listed reports, known correlations of seismic velocities for bedrock and dense 
sediments, and spacing of seismic tomogram contours. For SRT, the compression wave velocities 
for bedrock are typically greater than 3,000 feet per second. Compression wave velocities larger 
than 10,000 feet per second indicate competent bedrock. The topography elevations used for the 
tomograms were taken in the field using a Bad Elf GPS. 

The shear wave velocities for geomaterials are typically 40 to 60 percent of the compression wave 
velocities if there is no groundwater table. If there is a groundwater table, the shear wave velocities 
are approximately 20 percent of the compression wave velocity. Groundwater does not impact 
the shear wave velocities as water has no shear strength. In geotechnical engineering terms, 
compression waves can be regarded as a total stress parameter as they tend to induce volume 
change, and their propagation velocity in saturated soil is practically identical to that of 
compression waves in water. Shear waves impose only shear deformation, and the velocity can 
be considered an effective stress parameter.  

DOWL researched published representative p-wave velocities to interpret depths to bedrock or 
dense sediment below the existing ground surface. Since the data was collected in a tidal flat 
environment, DOWL assumed that the ground is saturated at the surface. Table 5 lists published 
seismic wave velocities for various materials (Press, 1966). Shear wave velocities were calculated 
and tabulated based on the following rule-of-thumb relationships (Burger, Sheehan, and Jones, 
2006):  

• Vs = 0.6Vp for crystalline rocks 

• Vs = 0.5Vp for sedimentary rocks 

• Vs = 0.4Vp for soils and unconsolidated sediment materials. 
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Table 5:  Range of Seismic Velocities (feet per second) 

Unconsolidated Materials Competent Bedrock (no groundwater) 

 
P-wave 

Velocities 
S-wave 

Velocities* 
 

P-wave 
Velocities 

S-wave 
Velocities* 

Alluvium 1,640-6,560 660-2,620 Granite 
16,400-
19,680 

9,840-11,810 

Clay 3,610-8,200 1,440-3,280 Basalt 
17,710-
20,990 

10,630-12,600 

Unsaturated 
Sand 

660-3,280 262-1,310 
Metamorphic 

Rocks 
11,480-
22,960 

6,890-13,780 

Saturated 
Sand 

2,620-7,220 262-1,310 
Sandstone 
and Shale 

6,560-14,760 3,280-7,380 

Unsaturated 
Sand and 

Gravel 
1,310-1,640 525-660 Limestone 6,560-19,680 3,280-9,840 

Saturated 
Sand and 

Gravel 
1,640-4,920 525-660 Non-geomaterials 

Unsaturated 
Glacial Till 

1,310-3,280 525-1,310  
P-wave 

Velocities 
S-wave 

Velocities 

Saturated 
Glacial Till 

5,580 525-1,310 Water 4,592-5,248 N/A 

Very Dense 
Glacial Till 

3,940-6,890 1,574-2,760 Air 1,087 N/A 

*S-waves were calculated using the rule of thumb listed above. 
Velocities are in feet per second and converted from published meters per second.  
 

As shown in Table 5, saturated unconsolidated material or sediment has a higher p-wave velocity 
range than unsaturated sediments. However, s-wave velocities don’t change with the presence 
of groundwater. From the interpretation of published data and DOWL’s experience comparing 
seismic velocities to known ground truths, DOWL used a p-wave velocity range of 7,000 to 9,000 
feet per second and an s-wave velocity range of 1,300 to 1,700 feet per second as the threshold 
for what is interpreted to be a consolidated geomaterial. However, there is nuance when 
interpreting the geophysics profiles, especially in complex geological environments. 

Seismic Line Summary 

The following descriptions provide a summary of each seismic line and an interpretation of the 
estimated depth to bedrock or very dense sedimentary material. As there is uncertainty on if the 
interpreted strata are bedrock or very dense sedimentary material without ground-truth test hole 
data, the materials are referred to as consolidated geomaterials in the following descriptions and 
the figures within Appendix B.  
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Table 6: Seismic Line Summary 

Seismic Transect 

Depth to Interpreted 
Consolidated Geomaterial – 

SRT (feet below ground 
surface) 

Depth to Interpreted 
Consolidated Geomaterial – 

MASW 2D (feet below ground 
surface) 

West Sunny Point North 75 – 90 75 – 90 

East Sunny Point North 35 – 45 35 – 45 

Sunny Point South 25 – 30 25 – 30 

Vanderbilt North 25 – 40 35 – 50 

Vanderbilt South 15 – 30 20 – 35 

Twin Lakes North 70 – 75 75 – 85 

Salmon Creek North 55 – 65 55 – 65 

Salmon Creek South 35 – 55 35 – 55 

 

Seismic Line – West Sunny Point North 
West Sunny Point North is on the Juneau side of the proposed crossing, oriented on a north-south 
axis and approximately perpendicular to Egan Drive. The SRT and the MASW 2D profiles agree 
well. Consolidated geomaterials were observed at depths of 75 to 95 feet. The consolidated 
geomaterials slope towards the channel at an approximate slope of 2.6 percent. Materials with s-
wave velocities greater than 1,300 feet per second ranged in depths of 75 to 110 feet in the MASW 
1D profiles.  

Seismic Line – East Sunny Point North 
East Sunny Point North is on the Juneau side of the proposed crossing, oriented on a north-south 
axis and approximately perpendicular to Egan Drive. The SRT profile illustrates evidence of a 
potential fault within the first third of the profile. The edges of the SRT profile show artifacts of 
higher velocities that should be ignored during interpretation. However, the fault is not apparent 
in the 2D MASW profile. Seismic investigations typically have better resolution vertically than 
laterally, which may explain why the potential fault is not apparent within the MASW 2D profile. 
The depth to consolidated geomaterials ranges from 35 to 45 feet with an approximate slope of 
1.9 percent dipping towards the channel. The MASW 1D indicates consolidated geomaterial at 
approximately 50 feet below the ground surface.  

Seismic Line – Sunny Point South 
Sunny Point South is on the Douglas side of the proposed crossing, oriented on a south-north 
axis and approximately perpendicular to North Douglas Highway. The SRT and the MASW 2D 
profiles agreed well. Consolidated geomaterials were observed at depths of 25 to 30 feet. Bedrock 
did outcrop at variable locations throughout the Douglas Island coastline. The edges of the SRT 
profile show artifacts of higher velocities that should be ignored during interpretation. The 
consolidated geomaterial slopes toward the channel at approximately 2.5 percent. The MASW 
1D shows consolidated geomaterial at an approximate depth of 25 feet. 
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Seismic Line – Vanderbilt North 
Vanderbilt North is on the Juneau side of the proposed crossing, oriented on a northeast-
southwest axis and approximately perpendicular to Egan Drive. The SRT and the MASW 2D 
profiles do not agree well as the interpreted depths to consolidated geomaterials differ. For SRT, 
the interpreted depths to consolidated geomaterials range from 25 to 40 feet. For MASW 2D, the 
interpreted depths to consolidated geomaterials range from 35 to 40 feet. From the MASW 2D 
profile, the consolidated geomaterial slopes toward the channel at approximately 4.4 percent. The 
MASW 1D data shows consolidated geomaterial at depths ranging from 40 to 50 feet.     

Seismic Line – Vanderbilt South 
Vanderbilt South is on the Douglas side of the proposed crossing, oriented on a southwest-
northeast axis and approximately perpendicular to North Douglas Highway. The SRT and the 
MASW 2D profiles agree well. The consolidated geomaterials were observed at depths of 15 to 
35 feet. The edges of the SRT profile show artifacts of higher velocities that should be ignored 
during interpretation. The consolidated geomaterial slope towards the channel at an approximate 
slope of 6.2 percent. The MASW 1D indicates consolidated geomaterial at depths ranging from 
25 to 40 feet. 

Seismic Line – Twin Lakes North 
Twin Lakes North is on the Juneau side of the proposed crossing, oriented on a northeast-
southwest axis and approximately perpendicular to Egan Drive. The SRT and the MASW 2D 
profiles disagree. SRT indicates a depth to consolidated geomaterials at 70 to 75 feet. The MASW 
2D suggests consolidated geomaterials at depths ranging from 75 to 85 feet. The consolidated 
geomaterial slopes toward the channel at approximately 2.5 percent within the SRT profile. The 
MASW 1D data shows consolidated geomaterial at depths ranging from 80 to 90 feet.     

Seismic Line – Salmon Creek North 
Salmon Creek North is on the Juneau side of the proposed crossing, oriented on a northeast-
southwest axis and approximately perpendicular to Egan Drive. The SRT and the MASW 2D 
profiles agree well. Consolidated geomaterials were observed at depths of 55 to 65 feet. The 
consolidated geomaterials slope towards the channel at approximately 4.2 percent. The MASW 
1D indicates consolidated geomaterial at depths of approximately 65 feet. 

Seismic Line – Salmon Creek South 
Salmon Creek South is on the Douglas side of the proposed crossing, oriented on a southwest-
northeast axis and approximately perpendicular to North Douglas Highway. The SRT and the 
MASW 2D profiles agree well. Consolidated geomaterials were observed at depths of 35 to 55 
feet. The consolidated geomaterials slope towards the channel at approximately 8.3 percent. The 
MASW 1D indicates consolidated geomaterial at depths of 35 to 45 feet. 

Resistivity Analysis 

The ERT method utilizes differences and contrasts in electrical resistivity to identify the 
subsurface materials, depth to water, and subsurface structures. This method measures the 
subsurface bulk (apparent) electrical resistivity providing information about changes in subsurface 
lithology and groundwater saturation. The measured apparent resistivity is a function of different 
parameters, such as porosity, groundwater salinity, clay content, water saturation, and how the 
subsurface conducts electricity.  
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Resistivity Line Summary 

The following descriptions provide a summary of each electrical resistivity line and an 
interpretation of the estimated depth to bedrock or consolidated geomaterial: 

Table 7: Resistivity Line Summary 

Seismic Transect 

Depth to Interpreted 
Consolidated geomaterial - 

ERT (feet below ground 
surface) 

West Sunny Point North 75 - 90 

East Sunny Point North 40 - 50 

 Resistivity Line – West Sunny Point North 
West Sunny Point North is on the Juneau side of the proposed crossing, oriented on a north-south 
axis and approximately perpendicular to Egan Drive. The ERT profile illustrates consolidated 
geomaterials observed at depths of 75 to 90 feet. The consolidated geomaterial slope towards 
the channel at an approximate slope of 2.6 percent. The ERT data agrees well with the seismic 
data at this location.  

Resistivity Line – East Sunny Point North 
East Sunny Point North is on the Juneau side of the proposed crossing, oriented on a north-south 
axis and approximately perpendicular to Egan Drive. The ERT profile illustrates evidence of a 
potential fault within the first third of the profile; this feature was also observed within the seismic 
data. The ERT profile suggests consolidated geomaterials at depths of 45 to 55 feet. The ERT 
profile at this location doesn’t indicate the layering observed at West Sunny Point North. The 
consolidated geomaterials slope towards the channel at an approximate slope of 2.1 percent.  
 

Limitations 

DOWL prepared this memo for the DOT&PF and their Consultants’ use on this project. DOWL 
prepared this memo, including figures specifically for the above-referenced sites. The data does 
not apply to other sites. Do not separate the figures from the text or appendices for independent 
use. 

DOWL performed these services consistent with the level of care and skill ordinarily exercised by 
members of the profession currently practicing in this area under similar time and budgetary 
constraints. No warranty is made or implied. 

Any conclusions made by a construction contractor or bidder relating to construction means, 
methods, techniques, sequences, or costs based upon the information provided in this memo are 
not the responsibility of DOT&PF or DOWL.  

Attachments: 

Appendix A: Geophysical Data Collection Maps  
Appendix B: Seismic 2D Tomograms and Resistivity Profiles  
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