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1.0 INTRODUCTION 

The West Plains area is located 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) 

(Figure 1).  The study objective is to determine the feasibility of various geophysical methods to 

delineate the top of the basement rocks across the West Plains.   

 

The project is funded by the Washington Department of Ecology (Ecology) as Grant No. G080030.  

Table 1 presents the project budget. 

 

TABLE 1 

 

Project Budget 

 

Budget Task 

$1,700.00 Project Management 

$28,100.00 Project Work Plan and Quality Assurance Project Plan 

$57,100.00 Geophysical Orientation Survey 

$40,000.00 Installation of Confirmation Borehole 

$13,100.00 Orientation Survey Report 

$140,000.00 Total Project Budget 

 

This Work Plan presents details regarding the locations of each of the field trials and the geophysical 

methods to be employed at each of the sites.  The Work Plan is intended to outline a systematic 

approach that will help ensure the geophysical data collected for Spokane County will achieve the 

project objective.   

 

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 (Figure 1).  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 

 Columbia River Basalt Group 

 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 and gravel deposits.  Recent geologic mapping by Washington State Department 
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of Natural Resources (DNR) and by Eastern Washington University (EWU) has improved the 

understanding of the distribution and occurrence of geologic units; however, the topography and 

nature of the subsurface contact between the basement rocks and overlying basalts and 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, defined as metamorphic and 

intrusive igneous rocks, are low permeability units that provide poor yield to wells and are considered 

to be an aquitard (i.e., barrier to groundwater flow).  Recharge to the West Plains aquifers is from 

precipitation (rain and snowmelt) and totals 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 topography of the 

top of basement controls groundwater flow and that the basalts are divided into small, 

compartmentalized aquifers.  

 

1.2 Project Description 

The purpose of this project is to evaluate several geophysical methods in order to select one or more 

methods that can be used to determine the depth to basement beneath unconsolidated sediment and to 

delineate the contact between the basalt and the crystalline basement rock.  The geophysical methods 

(including equipment, field operations and processing) will need to consider cultural interference 

associated with development (e.g., roads, power lines and buried utilities), depth to the contact, and 

the geophysical attributes of the geologic contacts.  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 be 

associated with the basalt – crystalline basement contact.  

 

1.3 Project Schedule 

Field activities are scheduled to begin in March of 2009 and to be finished in June of 2009.  The table 

below summarizes the schedule of project activities.  

 

TABLE 2 

 

Project Schedule 

 

Date Monitoring Activities 

March 2009 Submission of Quality Assurance Project Plan and Work Plan 

March 2009 Begin geophysical field trials at select locations 

April 2009 
Complete geophysical field trials at select locations, process data from all field 

trials and prepare orientation survey draft report. 

May 2009 Drill confirmation borehole, prepare orientation survey final report 

June 2009 Submit final project deliverables 
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2.0 SITE SELECTION 

Figure 1 shows the approximate location of the geophysical lines at the five proposed study areas.  

Additional information in the immediate vicinity of the lines, e.g. the approximate location of nearby 

wells, is included in Figures 2 through 6.  Lithologic logs for wells associated with each of the lines 

are included in Appendix A and summarized in the following section that describes each of the sites.   

 

The five lines, their general location, and order of priority as determined with Spokane County, are:  

 

 Line 1: Craig Road and Highway 902 towards Hayford Road  

 Line 2: Ventura Road 

 Line 3: Craig Road  

 Line 4: Wood Road  

 Line 5: Meadow Lake Road 

 

The actual location of the lines will be confirmed with Spokane County and Ecology once Spokane 

County has confirmed landowner permission to access the land. 

 

The following section provides a brief description of the lines, the general geology and the objective 

of the geophysical investigation. 

 

2.1 Line 1 - Craig Road and Highway 902 to Hayford Road 

This line runs in a northeasterly direction from the Delegans well (166859), also known as the Airway 

Heights Park West well, through a significant exposure of granite that is located about 3,000 feet 

south of Thorpe Road (Figure 2).  This line is approximately 5,500 feet long (Figure 2). 

 

The Mayhan well (166590) is anticipated to be the closest residential well to this line, based on 

information available from Ecology’s on-line well viewer.  It was logged as basalt from 9 feet to 

303 feet below ground surface.  

 

The granite exposure located approximately three-quarters of the way along the line has been recently 

mapped by the Washington State Department of Natural Resources (DNR) as basement rock.  

However, there is no evidence of crystalline bedrock, at a depth of less than 300 feet, in the three 

wells closest to this outcrop.  Below is a summary of the stratigraphy in the three wells. 

 

Mayhan well (166590) 

0 to 9 feet overburden 

9 to 105 feet basalt 

105 to 145 feet scoria 

145 to 260 basalt, medium hardness 

260 to 303 feet scoria 

 

Delegans well (166859)  

0 to 42 feet gravel, sand and clay 

42 to 301 feet basalt 
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Medical Lake well (417068) 

0 to 64 feet gravel and sandy clay 

64 to 805 feet basalt 

805 to 1301 feet clay  

1301 to 1404 feet quartzite / granite 

 

Geophysics will be conducted to determine if the basalt – clay – basement contact, noted in the 

Medical Lake well (417068) log, can be detected with geophysics, and to determine if the granite 

exposure located at the northeast end of the line is an basement outcrop or float.   

 

It should be noted that the borehole control along this line is poor and that a monitoring well could be 

considered this line to improve our understanding of the stratigraphy in the area and provide 

additional control for geophysics.  However, the contact between the basalt and granite may be 

located at considerable depth (greater than 800 feet) along the northeastern end of this line and a 

monitoring well penetrating the contact may be expensive to drill and install (i.e., up to $60,000 or 

more). 

 

2.2 Line 2 - Ventura Road 

Ventura Road is one block east of Rambo Road on the north side of Highway 2 (Figure 3).  The 

Ventura Road line runs northwards through an open field, crosses Highway 2 and then along Venture 

Road.  It is approximately 4,250 feet long.  Several of the well logs north of Highway 2 and in the 

vicinity of Ventura Road indicate that the basalt – granite contact occurs at a depth between 90 and 

543 feet (Figure 3).  Below is a summary of the stratigraphy of two wells close to the line. 

 Harding well (170106) 

0 to 5 feet sand and clay 

5 to 55 feet basalt 

55 to 182 feet clay 

182 to 205 granite 

 

 Audett well (173290) 

0 to 9 feet sand and clay 

9 to 190 feet basalt 

190 to 260 feet clay 

260 to 543 feet basalt 

543 to 600 feet granite 

 

Geophysical data will be acquired along this line to attempt to produce a 2D profile of the basement 

high.  Based on the well log data, the contact with basement rock is clay in the north that transitions 

to basalt near the center of the line.  The Fairchild Air Force Base well (371438) did not encounter 

basement rock in the upper 439 feet, so the data obtained on this line will be used determine to what 

depth the top of bedrock can be detected.  

 

2.3 Line 3 - Craig Road (Highway 902 to Four Lakes) 

This line is approximately 5,600 feet long and runs south to north from near the Four Lakes well 

(468689) to White Road (Figure 4).  The Four Lakes well (468689) located just north of Interstate 90, 
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logged the basalt-basement contact at a depth of 285 feet.  Below is a summary of the stratigraphy in 

two wells close to the line. 

 

The approximate location of the Keys well, based on information available from the Ecology’s on-

line well viewer, which was drilled to a depth of 225 feet, is shown on Figure 2.   

 

 Keys (170665) well  

0 to 17 feet gravel, sand and clay 

17 to 225 feet basalt 

 

 Southern Four Lakes well (468689)  

1 to 178 feet basalt 

178 to 198 feet clay and sand 

198 to 234 feet basalt 

234 to 244 feet clay 

244 to 285 feet basalt 

285 to 300 feet decomposed granite 

 

Geophysics will be conducted at this location to attempt to map the top of the basement rock from the 

Four Lakes well (468689) north to White Road where it is expected to be 1,000 feet below the ground 

surface.  

 

2.4 Line 4 - Wood Road (between Bowie and Euclid Roads) 

The Wood Road line runs in a southeasterly direction from Bigler well (175566) to the Hutterian well 

(172973) located just north of Euclid Road (Figure 5).  Line 4 is approximately 3,500 feet long.  The 

two most northerly of the three Hutterian wells notes quartz sand 230 and 240 feet bgs.  This may 

indicate a contact with granite since granite decomposes to a quartz-dominant sand.  The Bigler well 

(175566) is located on the southeastern edge of McDowell Hill, a basement high. Below are the 

summaries of the stratigraphy in the Bigler and Hutterian wells. 

 

 Bigler well (175566) 

0 to 30 feet sand and gravel 

30 to 320 feet granite 

 

 Northern Hutterian well (172973) 

1 to 230 feet basalt 

230 to 240 feet fine quartz sand 

 

Geophysics data will be obtained at this location to delineate the basalt - basement contact as it dips 

in an easterly direction from McDowell Hill.  

 

2.5 Line 5 - Meadow Lake Road 

Line 5 runs from west to east along Meadow Lake Road, a gravel road about 0.75 miles long located 

between Murphy Road and Hwy 904 (Figure 6).  The line begins near the KimLee well (419003) and 

ends near the Harmon well (168343).  The well logs (see Appendix A) indicate that basement rock 

occurs on the eastern (Schulter well) and western (Schroeder well) extent of the traverse and that 

basalt occurs in between  The Schroeder well (173276) encountered granite at a depth of 
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248 feet while the Schluter well (175937) encountered granite at a depth of 392 feet.  It should be 

noted that the locations of the wells shown on Figure 6 are approximate and are based on information 

available from Ecology’s on-line well viewer. Below are the stratigraphy in the KimLee and Harmons 

Wells. 

KimLee well (419003)   

1 to 18 feet clay 

18 to 98 feet basalt 

98 to 105 feet clay 

105 to 120 feet granite 

 

 Harmon well (168343)  

3 to 23 feet clay 

23 to 110 feet basalt 

110 to 213 feet clay 

213 to 240 feet basalt 

 

The purpose of obtaining geophysical data on this line is to attempt to map the contacts that are 

indicated in the well logs and also to determine the presence of a fault.   
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3.0 GEOPHYSICAL METHODS 

The selection of the geophysical methods to be used for the West Plains study was based on a 

literature search and a pilot test that was conducted in December of 2008.  The following table 

summarizes the methods that were considered and their application.  The important selection criteria 

for this study was focused on methods that would be most likely able to detect the contact between 

different rock types, e.g. basalt over granite and to determine the depth to the top of competent rock 

covered by unconsolidated overburden, e.g. sand and gravel over granite.  Also of importance were 

the expected depth of subsurface penetration and the resolution of each method. 

 

TABLE 3 

 

Geophysical Methods and Applications 

 
(Adapted from ASTM Guide D 6429-99 Standard Guide for Selecting Surface Geophysical Methods) 
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Seismic refraction S P P S C S     

Seismic reflection P P P S S      

Ground penetrating radar (GPR) S P P S P  S S P  

Electrical resistivity imaging (ERI) S S S S S P S P   

Induced polarization (IP)   S S S   S   

Spontaneous potential (SP)       P    

Very low Frequency EM (VLF)  S S P       

Frequency domain EM  S S P S S S P S S 

Time domain EM (TEM) S S S S    P P P 

Gravity  P  S P      

Magnetics    S      S 

P. Denotes primary choice of method for application. 

S. Denotes secondary choice of method for application. 

 

The geophysical methods listed in Table 3 that are the most appropriate for the West Plains study area 

based on the stated criteria are: seismic refraction, seismic reflection, GPR, ERI, gravity, and TEM.  

 

Seismic Methods 

There is an increase in velocity with depth and a significant acoustic impedance contrast between 

basalt and granite suggesting seismic methods, reflection and/or refraction, are a good choice for most 

geologic conditions on the West Plains.  The typical depth of penetration for the seismic refraction 

method is less than 100 feet unless explosives are used as the source.  This limits it’s applicability 

within the West Plains area, although refraction data, with some limitations, can be collected 

simultaneously with seismic reflection data and could be used to map the alluvial-bedrock contact at 

depths less than 100 feet.  The typical depth of penetration for seismic reflection measurements 

ranges between 50 and 1,000 feet; measurement at depths beyond 1,000 feet often require seismic 

sources not common to hydrogeologic investigations.   
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GPR Method 

The depth of GPR measurements in most soil and rock conditions is generally less than 30 feet, and 

may be less than 3 feet in mineralogical clays or materials containing conductive pore fluids.  The 

depth limitation of GPR indicates that this method would only have applications for rapid 

reconnaissance mapping of the top of shallow bedrock such as in the vicinity of known bedrock or 

basalt outcrops.  

 

ERI Method 

Electrical resistivity is a secondary choice to map rock layers and the depth to bedrock.  The depth of 

signal penetration and resolution of ERI measurements are primarily related to the electrode spacing.  

This method is a good choice to use in areas where the top of basement rock is in contact with 

unconsolidated sediments at depths less than 200 feet.   

 

TEM Method 

The TEM is a secondary choice to map rock layers and the depth to bedrock.  The depth of 

measurements can be as shallow as 20 feet and as great as 3,000 feet.  Measurements for depths 

greater than 500 feet require a large loop size.  Horizontal resolution can be problematic because large 

loops often cross lateral discontinuities, such as dramatic increase in the depth to bedrock, which 

produces erroneous measurements.  TEM could be a good choice for mapping depths to deeper rock 

layers and basement in most areas in the West Plains.        

 

Gravity Method 

Gravity measurements are primarily used to map regional geologic structure including the depth to 

bedrock.  Vertical resolution is a function of the accuracy of density estimates for the geologic units.  

Lateral resolution is a function of station spacing.  Because there is a large contrast in the density of 

unconsolidated sediments and granitic basement rocks, as well as good density estimates for the 

basalt and granite, gravity is a good choice for the West Plains area.   

 

Test of Geophysical Methods 

A pilot geophysical study was conducted by Golder in December 2008 as a component of the project. 

At the pilot site the depth to basement rock ranged from zero feet at an outcrop to greater than 

220 feet below the ground surface at a well just 250 feet to the north.  The site provided fairly 

representative conditions for evaluating the effectiveness of various geophysical methods including 

seismic refraction, seismic reflection, time-domain electromagnetics, electrical resistivity imaging, 

and gravity methods.  However, the top of basement rock dips steeply to the north and is difficult to 

image.  Seismic refraction, seismic reflection, electrical resistivity and gravity methods proved 

successful for mapping the depth and topography of the surface of the basement rock.   

 

The following is a summary of the results from a pilot study that was conducted at the Abel property 

(line P1 on Figure 1).  

  

 Seismic refraction successfully imaged the overburden-granite contact, but did not image the 

basalt-granite contact. 

 Seismic reflection successfully imaged the overburden-granite contact, but did not image the 

basalt-granite contact with certainty.   

 Electrical resistivity imaging successfully imaged the overburden-granite contact, but did not 

image the basalt-granite contact.   
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 TEM did not work well for detecting the basalt – granite; results are inconclusive.  There 

appeared to be a sharp lateral variation in the electrical resistivity imaging data coincident 

with the locations of the time domain loops.  

 Gravity successfully imaged the overburden-granite contact, but was not able to image the 

basalt-granite contact with certainty. 

 

The geophysical methods selected as the most appropriate to investigate the West Plains area includes 

seismic refraction, seismic reflection, ERI, and gravity.  Because the TEM results from the Pilot Test 

were inconclusive, it will be evaluated along with the previously listed methods.   

3.1 Seismic Refraction 

Seismic refraction, using sledgehammers and portable weight drop energy sources, is used for 

geologic investigations to map stratigraphy and the depth to bedrock where the top of bedrock is less 

than 150 feet.  The method requires a seismic energy source to introduce seismic waves into the 

subsurface.  The seismic waves penetrate the overburden, are refracted by the soil or rock and travel 

as head waves along interfaces with higher seismic velocity than the layer above.  This interface can 

be stratigraphic contacts, such as silt to sand, alluvium over bedrock, or at the groundwater table. 

While the head waves are traveling along this interface, they continually produce seismic waves that 

travel to the ground surface where they are detected by geophones.  Geophones convert the acoustic 

energy in the ground to an electric signal that is transmitted by the geophone cable to the 

seismograph.  The seismograph records the arriving electric signals with respect to time and stores the 

first arrivals for future data processing.  The seismic data is processed to determine the seismic 

velocity of the earth material through which the energy has traveled and to model the subsurface 

geology.  This geophysical model depicts the earth in cross-section showing the velocity and 

thickness of the subsurface layers below the seismic line. 

3.1.1 Seismic Refraction Survey Design 

Seismic refraction data will be collected using a 24-channel Geometrics GEODE (or equivalent) 

seismograph.  The 24 geophones will be spaced at 3 meter intervals.  A 16-lb sledge hammer and a 

PEG-40 (or equivalent) elastic weight drop will be used as the seismic source.  A minimum of seven 

shot points will be recorded for each spread, two that are a full spread length off the end geophone, 

two that are a half spread length off the end, two that are 3 meters off the end geophone, and one 

between geophone 12 and 13.  Because imaging deep refractors is often impracticable due to the size 

of the seismic source required, only sites where basement rock is expected to be less than 100 feet 

below the ground surface will be surveyed using seismic refraction. 

3.2 Seismic Reflection 

Seismic reflection is a method commonly used to map stratigraphic or geologic contacts where the 

contacts are greater than 100 feet below the ground surface.  This method involves using a seismic 

energy source to create a seismic wave, which travels into the subsurface.  At interfaces that have an 

acoustic impedance contrast (related to velocity and density), a portion of these waves is reflected 

back to the ground surface, and a portion is transmitted through the interface to be reflected at the 

next interface or contact.  Geophones on the ground surface record the reflected arrivals which are 

then recorded on a seismograph.   
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3.2.1 Seismic Reflection Survey Design 

Seismic reflection data will be collected using a 96-channel Geometrics GEODE (or equivalent) 

seismograph.  Geophones will be spaced at 3 meter intervals and a 16-lb sledge hammer and a PEG-

40 (or equivalent) elastic weight drop will be used as the seismic source.  Shot points will be recorded 

every two geophone intervals along the line.  Because imaging shallow reflectors is impracticable due 

to the relatively high frequency energy source required, only sites where basement rock is expected to 

be greater than 75 feet below the ground surface will be surveyed using seismic reflection. 

3.3 Electrical Resistivity Imaging 

Electrical resistivity imaging is used to map changes in subsurface soil conductivity or resistivity.   

The resistivity values are used to interpret geologic features such as lithology, structure, fractures, and 

stratigraphy.  In an electrical resistivity imaging survey, a direct current, at a specified voltage, is 

passed into the ground through current electrodes.  Because of soil resistance the current produces a 

voltage, and the resulting voltage drop is measured across a pair of potential electrodes.  There are 

several electrode configurations commonly used to map geologic features.  The dipole-dipole array is 

used most commonly to map lateral changes, but is also effective when mapping vertical changes in 

geology.  The measurements of voltage across the current and potential electrodes are used to 

compute electrical resistance.  Electrical resistance is multiplied by the geometric factor associated 

with the particular electrode configuration to derive apparent resistivity values that represent bulk 

average resistivities for the volume of earth being sampled.  Representative resistivity values for 

various geologic layers are interpreted from the apparent resistivity values.  The resistance of the 

alluvium and/or soil is expected to be considerable greater than basalt, particularly if it is fractured 

and weathered to clay.  

3.3.1 Electrical Resistivity Imaging Survey Design 

Electrical resistivity imaging data will be collected using a 96-channel IRIS Syscal PRO system.  

Data will be collected using a dipole-dipole electrode configuration with an electrode spacing of 6 

meters.   

3.4 Gravity 

Gravity is a method that measures small spatial differences in the gravitational pull of the Earth and is 

commonly used to map the depth and topography of basement rocks.  If the bedrock and overburden 

have different densities, the gravity pull will change over bedrock topographic features. This 

instrument does not record the absolute value of the pull of gravity, but measures spatial differences 

in the gravity pull i.e. lateral density changes in the subsurface cause a change in the force of gravity 

at the surface.  The anomalous gravitational field over a bedrock structure (depression or mound) 

depends on the amplitude of the depression, its width and depth, and the density contrast between the 

overburden and the bedrock.  Significant bedrock topography with large density contrasts will 

produce large gravitational anomalies.  Conversely, small amplitude structures at depth, even with 

large density contrasts, may produce only very small anomalies.  

The gravity method involves measurement of the gravitational attraction exerted by the earth at a 

measurement station on the surface.  Gravity data will be collected using a LaCoste and Romberg (or 

equivalent) gravimeter using a station spacing of 50 feet.  Each station will consist of two consecutive 

measurements to ensure repeatability.  
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3.4.1 Gravity Survey Design 

At the start of each day a measurement will be made at the gravity base station located at the 

downtown Spokane Post Office.  The field crew will then drive to the survey line and establish a local 

base station.  From this station, they will record gravity data at each station along the line.  After 

approximately 50 measurements, or three hours, gravity measurements will again be taken at the local 

base station.  This circuit will be repeated up to three times per day.  After the last measurement of 

the local base station, the field crew will return to the gravity base station to record the final 

measurement of the survey day.  The latitude, longitude and elevation of each gravity station will be 

recorded using a Real Time Kinematic GPS. 

3.5 Time-Domain Electromagnetics 

Time-domain electromagnetic surveying (TEM) is used to measure vertical changes in subsurface 

electrical properties by recording the decay rate of an induced electromagnetic signal as it propagates 

through the earth.  Changes in the decay rate are used to model the electrical properties of the 

subsurface.  This model is then used to infer the subsurface soil conditions and stratigraphy.   

TEM surveying requires a transmitter, square loop transmitter coil, a receiving unit and receiver coil.  

The transmitter sends an electrical current through the transmitter coil, which is turned off after a very 

brief time producing an EM field.  This EM field induces eddy currents in the ground, which in turn, 

produce a secondary magnetic field.  As the eddy currents propagate downward and away from the 

transmitter coil, the secondary magnetic field loses strength (decays) at a rate proportional to the 

electrical conductivity of the subsurface.  A receiver measures the decaying secondary magnetic field 

at different points in time (record length).  One sequence of secondary magnetic field measurements 

at a particular location is called a sounding.  In a homogenous earth, the secondary magnetic field will 

decay at a predictable rate.  Deviations from this decay rate correspond to changes in subsurface 

electrical properties.  The TEM method takes advantage of these properties by correlating both the 

magnetic field strength and measurement time with changes in the electrical properties of the 

subsurface.   

During the TEM sounding, the transmitter and receiver are synchronized via a reference cable.  The 

receiver instructs the transmitter to turn on and off at predetermined measurement intervals (time 

gates), and then measures the strength of the decaying secondary magnetic field at up to 30 time gates 

during the transmitter off period.  The signal is enhanced by taking multiple sets of readings and 

averaging them during a user-determined measurement period (from 2 to 64 seconds in length).  The 

total number of measurements available for averaging per measurement period is determined by the 

repetition frequency, with higher frequencies giving a larger sample set at the expense of a shorter 

record length.   

The depth of penetration of the TDEM signal depends on the subsurface electrical properties and the 

area (size) and current strength of the transmitter antenna.  In general, a larger antennae size and 

larger transmitter current strength are required to investigate greater depths.  For a given antenna size 

(and current strength), a greater depth of investigation is achieved in areas underlain by relatively 

resistive material.   

3.5.1 Time Domain Electromagnetics Survey Design 

TEM soundings will be collected using a Zonge TEM system (or equivalent).  Transmitter and 

receiver coil dimensions will be based on available geologic information along each of the proposed 

line locations.  For areas such as Line 2 where bedrock is reported to be as shallow as 90 feet below 
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the ground surface, a 100 foot diameter coil will be used.  For areas such as Line 1 where basalt is 

shallow and the basement is reported to be approximately 1,300 feet below the ground, a 1000 foot 

diameter coil will be used.  The size of the coil will control the number of soundings performed along 

each line.  The presence of cultural features such as roads, driveways, fencing, pipelines, and power 

lines restrict the use of TEM to areas of open agricultural fields.      
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4.0 MONITORING WELL INSTALLATION 

One monitoring well installation is planned to augment the geophysical program.  Specific plans for 

this well will be developed as soon preliminary geophysical results are available.  These plans will 

include a specific location for the well, a target depth for drilling, and a target depth for a screened 

interval.   

 

4.1 Goals of the Monitoring Well 

The goals for drilling and installation of the monitoring well are as follows: 

 

1. Provide information to support interpretation of the geophysical data. 

2. Provide information on the nature and depth of geologic units down to the crystalline 

basement. 

3. Construct a 2-inch diameter monitoring well across an aquifer zone that will provide useful 

groundwater level monitoring data. 

4. Construct the monitoring well in accordance with Washington State well construction 

standards. 

 

4.2 Potential Sites 

The monitoring well will be installed along one of the geophysical lines to conform to the goals for 

the well.    

  

Potential sites for the monitoring well include: 

 

 Along Line 1 in the vicinity of the surface exposure of granite 

 Along Line 3, between the two Four Lakes wells 

 Along Line 4, southeast of the Bigler (175566) well 
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APPENDIX A1 

WELL LOGS 

LINE 1: CRAIG ROAD AND HIGHWAY 902 TO HAYFORD ROAD 











 

 

 

 

 

 

APPENDIX A2 

WELL LOGS 

LINE 2: VENTURA ROAD 































 

 

 

 

 

 

APPENDIX A3 

WELL LOGS 

LINE 3: CRAIG ROAD (HWY 902 TO FOUR LAKES) 











 

 

 

 

 

 

APPENDIX A4 

WELL LOGS 

LINE 4: WOOD ROAD 















 

 

 

 

 

 

APPENDIX A5 

WELL LOGS 

LINE 5: MEADOW LAKE ROAD 
















