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INTRODUCTION

The purpose of this document is to present a quality assurance project plan (QAPP) for a geophysical
orientation survey within the West Plains area of Spokane County. The West Plains is located just
west of the City of Spokane, at the boundary of WRIA 54 (Lower Spokane River Watershed),
WRIA 56 (Hangman Creek Watershed) and WRIA 34 (Palouse River Watershed) and includes land
within these three Water Resource Inventory Areas (WRIAs). The project is funded by the
Washington Department of Ecology (Ecology).
The project objective is to identify geophysical tool(s) that have the potential to delineate the top of
the basement rocks across the West Plains.
This QAPP describes the quality assurance program associated with the geophysical survey, and
presents details regarding the project organization, data quality objectives, data acquisition and
documentation, response actions and data validation. The QAPP is intended to outline a systematic
approach to data collection and management that will help ensure project data collected for Spokane
County is reliable for meeting the project purpose.
1.1

Project Background

The West Plains area is located west of the City of Spokane and includes the City of Airway Heights,
the City of Medical Lake, the City of Four Lakes and Fairchild Air Force Base. ). A formal boundary
for the West Plains does not exist. However, the West Plains is generally considered as the relatively
low lying land that occurs west of the Spokane River and is surrounded by low lying hills and buttes
that occur north of Cheney, east of Rearden and south of Four Mound Prairie. Two primary
drainages, Deep Creek and Coulee Creek, flow in an easterly direction across the northern portion of
the West Plains and discharge into the Spokane River.
The geology of West Plains is comprised of (from the youngest to the oldest units): sand and gravel
deposits that occur within palaeochannels; the Columbia River Basalt Group; and, crystalline
basement rocks (such as granite and quartzite). The crystalline basement rocks are exposed on a
number of topographic highs such as Olson Hill (just north of Medical Lake), Booth Hill and Fancher
Butte (west of Medical Lake) and McDowell Hill (south of Coulee Creek and north of Deep Creek).
The crystalline basement rocks also underlie the basalts and the sand / gravel units across the West
Plains. Recent geologic mapping by Washington State Department of Natural Resources (DNR) and
by Eastern Washington University (EWU) has improved understanding of the distribution and
occurrence of geologic units across the West Plains. However the topography and nature of the
subsurface contact between the basement rocks and overlying basalts / sediments are not well
understood.
The primary aquifers in the West Plains area occur within the paleochannel deposits and within the
Wanapum and Grande Ronde Basalt flows. The basement rocks generally provide poor yield to wells
and are considered as aquitards (i.e., barriers to groundwater flow). Recharge to the West Plains
aquifers is from precipitation (rain and snowmelt) and occurs at about 15 to 19 inches annually. The
Washington State Department of Ecology (Ecology) has compiled groundwater level information for
a number of wells located across the West Plains and has concluded that in some areas groundwater
levels within the basalt aquifers are declining (Covert, 2007). Documented groundwater level
declines between 2001 and 2003 range from about 15 feet in a Medical Lake well to about 120 feet in
a Four Lakes well between 1997 and 2005 (TetraTech and GeoEngineers, 2007). Aquifer testing data
also suggests that well interference occurs between some of West Plains municipal wells
(Covert, 2007). The conceptual model for the West Plains hydrogeology suggests that the nature and
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topography of the bedrock surface controls groundwater flow and that the basalts are divided into
small, compartmentalized aquifers.
1.2

Project Description and Schedule

The purpose of this project is to identify and test geophysical technique(s) that could be used to
delineate the contact between the basalt and the crystalline basement rock beneath the West Plains.
The geophysical techniques (including equipment and processing) will need to consider cultural
interference associated with development (e.g., roads, power lines and buried utilities) as well as the
geophysical attributes of the geologic contacts. For example, the contact between the basement rock
and the basalt at the Medical Lake Craig Road well is beneath about 500 feet of clay. Clay deposits
have also been noted in areas where the contact between the basement granite and basalt is exposed at
the surface (e.g., around West Medical Lake). Geophysics (primarily seismic reflection) has been
used across the West Plains to delineate the configuration of the Deep Creek, Airport and Airway
Heights palaeochannels (McCollum, 2009; Budinger, 2001; GeoEngineers, 2002;
GeoEngineers, 2007). However, this investigation did not identify deeper reflectors that may have
been associated with the basalt – basement contact.
A pilot study was conducted in December 2008 at a site where basement rock ranged between an
outcrop to less than 100 feet below the ground surface with overlying basalts and fluvial sediments.
The site provided ideal conditions for evaluating the effectiveness of various geophysical methods.
Seismic refraction, seismic reflection, time-domain electromagnetics, electrical resistivity imaging,
and gravity methods were tested during the pilot study. Only seismic refraction, seismic reflection
and gravity methods proved successful in mapping the depth and topography of the surface of the
basement rock.
1.3

Project Organization

Project oversight and review will be provided by Mike Hermanson of Spokane County. Mr.
Hermanson will be responsible for reviewing and approving the QAPP, the work plan, and the final
project report.
The Golder Associates project manager is Matthew Benson. Mr. Benson will be responsible for
managing project costs, schedule, and quality control for all geophysical activities. This includes
ensuring that this QAPP is adhered to by project personnel and that all project activities are properly
documented in the project file. The project manager is also responsible for informing the County on a
regular basis the technical and financial progress of the project.
The Golder Associates quality manager is Richard Sylwester. Mr. Sylwester will be responsible for
project quality assurance including following this QAPP and for verifying that the geophysical data
collected meets quality objectives.
1.4

Project Schedule

This project is expected to be finished in June of 2009. Major field activities are scheduled to begin
in March 2009. The table below summarizes the schedule of project activities.
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TABLE 1
Project Schedule
Date

Monitoring Activities

January 2009

Submission of Quality Assurance Project Plan and Work Plan

March 2009

May 2009

Begin geophysical field trials at select locations
Complete geophysical field trials at select locations, process data from all field trials and
prepare orientation survey draft report.
Drill confirmation borehole, prepare orientation survey final report

June 2009

Submit final project deliverables

April 2009

1.5

Data Quality Objectives

Data quality objectives (DQOs) for geophysical surveys are used to outline procedures that help
ensure data quality is sufficient to meet project objectives. Data quality objectives for this project
focus on properly functioning equipment, properly trained personnel, data management, and
documentation of project activities.
1.5.1

Equipment Function

At the beginning of each survey day, each geophysical system will be assembled, properly warmedup, calibrated, and tested according to the manufacturer’s specifications and recommendations as
listed in the operating manual.
1.5.2

Staff Training

No special training or certifications are required for the field data collection team on this project;
however, adherence to standard operating procedures described in Section 2.0 and Appendix A of the
QAPP is required to ensure compliance with DQOs. The Golder project manager is responsible for
training personnel.
1.5.3

Data Management

At the end of each survey day, a back-up copy will be made for each electronic data file, field
notebook, and quality control form. Raw geophysical data files will be copied to the Golder network
server and archived in the project database. Paper field documents will be scanned and saved in pdf
format and stored on the Golder network in the project documents folder.
1.5.4

Project Documentation

The geophysical fieldwork will be documented in the following ways:
Field Notebooks. Bound notebooks with all-weather paper will be used by field staff to document
daily field activities. Field notebooks will include:
Golder project number
Date
Names of field personnel
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Survey location
Weather conditions
Health and Safety briefing documentation
Site visitors
Quality Control Forms. Field staff will use forms to document data collection details related to
data processing. Quality control forms will include:
Golder project number
Date and time of measurement
Location information
Data File Names
Instrument, equipment, and model calibration and maintenance information
All other field information pertinent to the project
Project Reports. The Golder Project Manager will provide weekly project status reports to the
client. These reports will detail current technical and financial progress, and any unusual
situations or events impacting the project.
Additional project files may be generated during the course of the project, and will be maintained by
the project manager. These files will be a combination of paper and electronic files, and may include
such items as communications (telephone, fax, e-mail and written correspondence) between project
team members, processed field data, interpretations.
At the completion of the project, Golder will provide field notebooks, quality control forms, project
status reports and other communications and electronic data files to the client, if requested.
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DATA ACQUISITION AND PROCESSING

The geophysical survey will be completed in accordance with Golder Associates Technical
Procedures and ASTM International standard guides for seismic refraction, seismic reflection, and
gravity methods. Golder Associates Technical Procedures for these methods are included in
Appendix A. Due to copyright restrictions, the ASTM standard guidelines are not included in an
appendix.
Geophysical data collection procedures allow for flexibility in the survey design and equipment
requirements. Specific equipment and techniques may vary depending on site conditions. Survey
techniques and instrument settings may be changed during the course of the survey as required.
2.1

Seismic Refraction

Perform equipment set-up procedures and functional tests of the equipment as outlined in the
operator’s manual. Lay out the spread of geophones at equal spacing along the line. Properly
connect all geophones to the geophone cable, and connect the geophone cable and trigger wire to the
seismograph. Perform a test shot to verify the seismic source triggers the seismograph. Inspect the
seismogram to confirm all seismograph channels are recording data and that all geophones are
connected and functioning.
Record the following instrument parameters and field geometry in the field notebook.
Refraction line location; orientation and length
Geophone interval and location of geophone 1
Shot number, location and distance to closest geophone
File name
Line number and spread number
Seismic record length in milliseconds
Sample rate of the seismograph
Elevation of each geophone
Use a sledgehammer to strike the metal plate on the ground at the first shot location. Verify first
arrival shot energy on all channels in the record. If the record is of poor quality more shots may be
averaged into the record to enhance the signal-to-noise ratio. When the first arrivals are clearly
visible, record the shot in the notebook, store the data file in the memory of the seismograph, and
proceed to the next shot location. Normally two forward, one middle, and two reverse shots are
recorded for each geophone spread. The distance of the far offset forward and reverse shots will
generally be one full length of the geophone spread. When data from the final shot location is
recorded, the spread can be moved forward on the same line or picked up and moved to a new line.
Seismic refraction data will be processed using seismic refraction software packages such as SIPT2
(Rimrock Geophysics), FirstPix/Gremix (Interpex Ltd), and SeisImager 2D (Geometrics). The basic
data processing procedure is as follows:
Assign field geometry to each seismic record in the spread
Enter elevation data for each geophone

041709mb1_083-93096 West Plains Geophysics QAPP.doc

Golder Associates

April 17, 2009

-6-

083-93096.200

Pick first arrival times
Assign each arrival time to a seismic layer
Determine seismic velocities for each seismic layer
Calculate a depth model
Plot seismic model
Variations in this procedure may occur, particularly if the Generalized Reciprocal Method (GRM) is
used for data processing. Consult the appropriate software manuals for specific details on processing
the seismic refraction data.
2.2

Seismic Reflection

Perform equipment set-up procedures and functional tests of the equipment as outlined in the
operator’s manual. Lay out geophones at equal spacing along the line. Connect all geophones to the
geophone cable, and connect the geophone cable and trigger wire to the seismograph. Perform a test
shot to verify the seismic source triggers the seismograph. Inspect the seismogram to confirm all
seismograph channels are recording data and that all geophones are connected and functioning.
Record the following instrument parameters and field geometry in the field notebook or seismic
observer notes.
Reflection line location; length and orientation
Geophone interval and location of geophone 1
Shot number, shot location, and locations of first and last active geophone
File name
Line number and spread number
Seismic record length in milliseconds
Sample rate of the seismograph
Elevation information for each geophone
Perform a walk-away test to determine optimum recording parameters, specifically geophone spacing,
source offset, source type, record length, and sampling interval. Use a sledgehammer to strike the
metal plate on the ground at the first shot location. Verify first arrival shot energy is visible on all
channels in the record. If the record is of poor quality more shots may be averaged into the record to
enhance the signal-to-noise ratio. When the first arrivals are clearly visible, record the shot in the
notebook, store the data file in the memory of the seismograph, and proceed to the next shot location.
Common mid-point reflection profiling is a technique used to produce a continuous profile along the
seismic line. Source and geophone locations are generally equally spaced. Source spacing should
remain constant at a whole number increment. Each shot location should be offset from the
geophones so the optimum range of source-to-receiver offsets is recorded. Each progressive move of
the source location along the line should be accompanied by a move of the geophone locations such
that the source-geophone geometry remains fixed. This results in a seismic record for each source
location. Rolling forward of the source-receiver array can be accomplished using a mechanical rollalong box or within the acquisition software, depending on the seismograph.
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Seismic reflection data may be processed using software packages such as Seismic Processing
Workshop (Parallel Geosciences), Seistrix (Interpex Ltd.), and Winseis (Kansas Geological Survey.
The basic data processing procedure is as follows:
Reformat field data to proper format for specific software package
Trace editing
First arrival muting
Surgical muting
Assign field geometry
Static corrections
CMP sorting
Velocity analysis
Spectral analysis
Normal move out correction
Band pass filtering
CDP stack
Correct to proper datum
Plot seismic model
Variations in this procedure may occur. Consult the appropriate software manuals for specific details
on processing the seismic refraction data.
2.3

Gravity

Perform equipment set-up procedures and functional tests of the equipment as outlined in the
operator’s manual. This includes checking the levels, sensitivity, temperature, and reading line of the
meter. Determine the location of the regional base station to be used to tie the local survey to gravity
station network. Identify a suitable location at each specific survey site to use as a local base station.
This should be a relatively flat area on a hard surface, such as a concrete pad or rock outcrop.
Record the following instrument parameters and field geometry in the field notebook.
Regional base station name, location, and gravity value
Serial number and calibration constant of gravity meter
Local base station coordinates and elevation
For each gravity station, record the following:
Station number
Station coordinate and elevation
Gravity measurement 1
Gravity measurement 2
Measurement time
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Lay out the line or grid of gravity stations. Visit the regional base station and record gravity
measurements. Immediately proceed to the local base station and record two measurements. Begin
the loop of gravity measurements, recording two measurements for each gravity station. The operator
should ensure that the meter is not bumped, regardless of whether the meter’s mass is clamped or not.
If the gravity meter is bumped during a survey and/or a tare is suspected, the operator must re-occupy
the local base station and begin a new loop with the station where the tare is suspected. The local
base station should be re-occupied every 3 hours during the survey day. Following the last
measurement of the survey day, the local base station, the operator must return to the regional base
station to complete final loop of stations.
Gravity data may be processed using seismic refraction software packages such as GravMaster (AOA
Geophysics) and Montaj (Geosoft). The basic data processing procedure is as follows:
Import gravity station data into spreadsheet
Instrument drift correction
Earth tide correction
Latitude correction
Free-air (elevation) correction
Calculate a gravity anomaly map or profile
Calculate gravity depth model
Variations in this procedure may occur. Consult the appropriate software manuals for specific details
on processing the gravity data.
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A quality assurance review process will be performed to identify potential problems with the
geophysical data and to initiate corrective actions that re-establish DQO’s. The assessment will
include routine evaluation of the field data with respect to documentation in the field notebook,
quality control forms used during data collection, file name, file size, and proper back-up. A field
audit may also be performed to confirm data acquisition procedures conform to the technical
procedures and ASTM guidelines.
3.2

Quality Assurance Response Actions

Should the assurance review process detect deficiencies with project data or documentation, a
response action will be initiated. The nature of a response action will depend upon the severity of the
problem, but will begin with a review of field procedures. Generally, there are two types of response
action, preventive and corrective. Preventive response actions are measures designed to prevent the
problem from being repeated. Corrective response actions are designed to correct the problem.
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DATA VALIDATION

Project documentation will be reviewed on a monthly basis by the quality manager through detailed
examination of raw data files, field notebooks, observer logs, and health and safety forms. The
quality manager will work with the project manager and field staff members to correct any identified
deficiencies in work product.
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QUALITY ASSURANCE PROJECT PLAN IMPLEMENTATION

5.1

Review and Approval Process
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This QAPP will be distributed to all personnel and organizations listed on the distribution list. All
personnel involved are to sign and date the Approval section of this QAPP and return the signed
portion to the Golder project manager. By signing the Approval section, the signatory agrees that
he/she has read and understands their role in the geophysical orientation survey, and will adhere to all
sections of the QAPP. Additionally, all personnel involved in the project should retain the QAPP for
reference throughout the project.
5.2

Review and Revision Process

The QAPP will be periodically reviewed by the Golder project manager who will propose changes, if
needed. Any modification to this QAPP will require formal approval by those listed in the Approval
section of this QAPP.
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GOLDER ASSOCIATES TECHNICAL PROCEDURES
TP 1.1-9 – TEM Surveying
TP 1.1-14 - Land Seismic Refraction Survey
TP 1.1-15 - Land Seismic Reflection
TP 1.1-17 - Microgravity Surveying
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