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March 30, 2016 
 
Ms. Ann Borgonovo, P.E. 
Vice President 
ESA | Environmental Hydrology 
550 Kearny Street, Suite 800 
San Francisco, CA 94108 
ABorgonovo@esassoc.com 
 
RE: Sites 2C and 2D Seismic Refraction Investigation 

Dry Creek Habitat Enhancement Phase III, Mile Three Project 
Sonoma County Water Agency 
Sonoma County, California 

 
Dear Ms. Borgonovo: 
 
This report presents the results of the seismic refraction investigation performed at Sites 2C and 2D for 
the Dry Creek Habitat Enhancement Phase III, Mile Three project in Sonoma County, California. Sites 2C 
and 2D are located immediately south of the Westside Road Bridge near Healdsburg, California (Figure 
1).  Additional geotechnical and geologic information relevant to the project can be found in the Draft 
Geotechnical Report dated June 29, 2015 which was prepared by A3GEO. A3GEO’s services during this 
phase of the project were authorized under the ESA Subconsultant Amendment No. 2 of our Agreement 
for Subconsultant Services (#D130163.00) which references our November 5, 2015 proposal.   
 
Purpose and Scope of Services   
 
The purpose of our investigation was to evaluate subsurface conditions and estimate the depth to 
bedrock using seismic refraction. Borings and/or test pits were not authorized. Our November 5, 2015 
proposal outlined a scope of services that consisted of the following: 

 
 Conducting a site reconnaissance to select survey locations; 
 Exploring subsurface conditions at Sites 2C and 2D by conducting 6 seismic refraction surveys; 

and 
 Preparing a report summarizing the results.   

 
Seismic Refraction Investigation 
 
On February 12 and 13, 2016, NORCAL Geophysical Consultants, Inc., (a subconsultant to A3GEO) 
explored subsurface conditions by performing a seismic refraction investigation at Sites 2C and 2D. 
The investigation consisted of conducting a total of six seismic refraction surveys. Three surveys 
(designated 2C-1, 2C-2 and 2C-3) were conducted at Site 2C at the locations shown on the Site 2C Site 
Plan, Figure 2. Three surveys (designated 2D-1, 2D-2 and 2D-3) were conducted on Site 2D at the 
locations shown on the Site 2D Site Plan, Figure 3. The profiles surveyed ranged in length from 150 feet 
to 250 feet long and extended to depths between 30 and 50 feet below the ground surface. All of the 
surveys, except two, were conducted near the creek channel close to Elevation +80 feet. Survey lines 2C-
2 and 2C-3 at Site 2C were conducted at the top of bank close to Elevation +95 feet due to inaccessibility 
near the channel. 
 
Seismic refraction is a non-invasive, surficial, geophysical method used to determine primary wave (p-
wave) velocities of near-surface materials. The p-wave velocities are then used to interpret the physical 
properties (e.g., density and hardness) of the materials. The survey method involves placing a continuous 
line of geophones on the ground surface and recording the arrival of p-waves, which are induced into the 
ground by a hammer striking a steel plate. More information regarding the methodology and procedures 
used can be found in NORCAL’s report which follows this letter. 
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Results Summary 
 
The results of the investigation are presented in Sections 4.0 and 5.0 of NORCAL’s seismic refraction 
investigation report (attached) and include the interpreted pressure wave (P-wave) velocity profiles for the 
six surveys performed (Plates 2 through 5). In general, low to moderate velocities (i.e., < 5,000 
feet/second) were measured in materials above an approximate Elevation of +70 feet, and higher 
velocities (i.e., 5,000 to 6,500 feet/second) were measured in materials below an approximate Elevation 
of +70 feet, with the exception of the north end of Line 2D-3. The north end of Line 2D-3 encountered 
5,000 feet/second at about Elevation +77 feet.  Low to moderate velocities are interpreted to represent 
loose to more consolidated sedimentary formations (i.e., sands, gravels, silts and clays), and higher 
velocities (5,000 to 6,500 feet/second) are interpreted to represent either saturated sedimentary deposits 
or highly weathered bedrock.    
 
Correlation to Previous Investigations and Construction 
 
We have been informed by the Sonoma County Water Agency (SCWA) that bedrock was encountered 
near the ground surface at river Station 380+00 during construction of the Demonstration Reach in 
September 2012. The bedrock apparently prevented installing elements to their full depth and design 
modifications were required. Prior to construction, a seismic refraction survey had been performed by 
NORCAL in the same general area by another consultant team. We reviewed the report and noted that 
P-wave velocities measured were about 7,000 feet/second very close to the ground surface.  The 
maximum p-wave velocity measured at Sites 2C and 2D is about 6,500 feet/second and this occurs at 
depths greater than 10 feet, except at the north end of Line 2D-3 where relatively high velocities were 
measured at 2 feet below the ground surface. 
 
Limitations 
 
This report has been prepared for the exclusive use of the Sonoma County Water Agency and their 
consultants for specific application to the proposed Dry Creek Habitat Enhancement project.  We 
performed our services in a manner consistent with the standard of care ordinarily exercised by members 
of the profession currently employing similar methods. No other warranty, expressed or implied, is made. 
Our scope was limited to geophysical services and did not include drilling borings, excavating test pits or 
conducting an environmental assessment or investigation of the site for the presence of hazardous, toxic 
or corrosive materials.  
 
The findings of this report are valid as of the present date. However, the passing of time will likely change 
the conditions of the existing property due to natural processes or the works of man. In addition, due to 
legislation or the broadening of knowledge, changes in applicable or appropriate standards may occur. 
Accordingly, the findings of this report may be invalidated, wholly or partly, by changes beyond our 
control. Therefore, this report should not be relied upon after a period of three years without being 
reviewed by this office. 
 
If you have any questions concerning this report, please do not hesitate to call us. 
 
Very truly yours, 

   

Dona K. Mann, P.E., G.E.  
Principal Engineer 
(415) 425-0247 

 

Attachments:  A3GEO Figures 1-3 
   NORCAL Seismic Refraction Investigation Report – Sites 2C and 2D 
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