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INLAND SALTWATER INTRUSION  
MONITORING WELLS PROJECT 

 
1.0 EXECUTIVE SUMMARY 

________________________________________________________________________ 
 
 
This report presents the results of the assessment of the geologic and hydrogeologic 
conditions in the central portion of the Niles Cone Groundwater Basin.  Key goals of this 
project were to: 1) gain a better understanding of the geological process that formed the 
Niles Cone aquifer system; 2) allow long term monitoring of Centerville and Fremont 
Aquifers in the central portion of the Niles Cone; 3) evaluate the extent of and the risk of 
brackish water impacting ACWD’s active water supply wells in the Mowry Wellfield; 4) 
determine the relationship between the Centerville and Fremont Aquifers; and 5) to 
increase ACWD’s understanding of the locations of inferred major depositional channels 
in the area. 
 
On November 14, 2008, the Alameda County Water District (ACWD) entered into an 
agreement with the State of California Department of Water Resources (DWR) for the 
installation of seven monitoring wells at six sites in the central portion of ACWD’s 
service area. Due, in part, to the economic downturn, ACWD received several 
competitive bids below its estimated costs.  Subsequently, on December 9, 2008, ACWD 
submitted a request for four additional monitoring wells and one additional drilling site.  
This request was approved by DWR on December 19, 2008.  The eleven monitoring 
wells at the seven proposed drilling sites were all located within the City of Fremont right 
of ways or properties.  The wells were proposed in these areas due to the identification of 
brackish water near ACWD’s wellfields, lack of geologic and hydrogeologic information 
in this region, and the need for long-term groundwater monitoring points to evaluate 
groundwater quality trends. 

Field activities began on January 12, 2009, and were completed on June 9, 2009.  The 
following summary table describes the original proposed well locations, the approved 
revised well locations, the actual well installation locations, and explanation of changes: 
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Original Proposed 
Location 

Revised Well 
Location Actual Well Location Reason for Change 

Blacow @ Brophy - F Blacow @ Brophy - F Blacow @ Brophy - F No Change 

--- Blacow  @ Brophy- C Blacow  @ Brophy- C Due to lower than expected drilling costs, well added to complete 
cluster. 

Fremont @ Saint 
Leonards - F 

Fremont @ Saint 
Leonards - F --- Not installed due to underground utilities. 

--- Fremont @ Saint 
Leonards - C --- Due to lower than expected drilling costs, well added to complete 

cluster. Not installed due to underground utilities. 

Fremont Library - F Fremont Library - F Fremont Library - F No Change 

Fremont Library - C Fremont Library - C --- Eliminated due to space limitation and underground utilities. 

--- --- Margery @ Blanchard - 
F Replacement well for Fremont @ Saint Leonard -F 

--- --- Margery @ Blanchard - 
C Replacement well for Fremont @ Saint Leonard -C 

--- Heritage Village -F --- Not installed due to access issues. 

--- --- Meyer Park - F Replacement for proposed additional well at Heritage Village -F 
that could not be installed due to access issues. 

__ --- Meyer Park - C Replacement for proposed well Fremont Library - C that could 
not be install due to underground utilities. 

Noll Park - F Noll Park - F Noll Park - F No Change 

Robin @ Ladner - F Robin @ Ladner - F Robin @ Ladner - F No Change 

__ Robin @ Ladner - C Robin @ Ladner - C Due to lower than expected drilling costs, well added to complete 
cluster. 

Serra Place - C Serra Place - C Serra Place - C No Change 

7 Wells 11 Wells 11 Wells 4 Additional Wells 
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Detailed lithologic characterizations and electric logs were conducted at five of the seven 
drill sites.  The other two drill sites, Serra Place and Noll Park, already had existing logs.  
The locations of the drill sites were selected based on their proximity to inferred limits of 
brackish groundwater and available access.  Significant amounts of sands and gravels 
were encountered in the logged borings at depths typical of the Centerville (180 to 230 
feet below ground surface (bgs)) and Fremont (290 to 325 feet bgs) Aquifers. 
 
Beneath the study area, the Centerville and Fremont Aquifers consist primarily of coarse 
grained gravelly sands and sandy gravels.  The Centerville Aquifer ranges in thickness 
from 35 feet (Margery @ Blanchard and Fremont Library) to 50 feet (Serra Place and 
Noll Park).  The Fremont Aquifer ranges in thickness from 15 feet (Noll Park) to 75 feet 
(Meyer Park).  The Centerville and Fremont Aquifers are separated by the Mission 
Aquitard which consists of silty or sandy clay and ranges in thickness from 25 feet 
(Blacow @ Brophy and Fremont Library) to 84 feet (Robin @ Ladner).     
 
Seventeen samples of fine grained material (aquitards) between water-bearing zones that 
are equivalent in elevation to the Newark, Centerville, Fremont, and Deep 1 Aquifer were 
collected for permeability testing.  A summary of the ranges of permeability is 
documented in the following table: 
 
 Permeability Range (cm/sec) Between Aquifers 
Irvington Aquitard  5.36 X 10-4 to 1.33 X 10-8 Newark and Centerville Aquifers 

Mission Aquitard  4.22 X 10-7 to 3.16 X 10-8 Centerville and Fremont Aquifers 

Deep 1 Aquitard  3.05 X 10-8 to 6.40X 10-9 Fremont and Deep 1 Aquifers 
cm/sec= centimeters/second 
 
The results indicate a low vertical transmission rates in the Mission and Deep 1 
Aquitards.  In general the Irvington Aquitard also exhibits low vertical transmission rates 
with the exception of samples collected at the Meyer Park well site where the 
permeability values are significantly higher (5.36 X 10-4 to 2.08 X 10-5 cm/sec). 

Groundwater samples collected from the monitoring wells were analyzed for chloride, 
hardness, and total dissolved solids.  A summary table of the range of analytical results is 
presented below: 
 
 Centerville Aquifer (5 samples) Fremont Aquifer (6 samples) 

Chloride 133.8 to 660.0 ppm 147.5 to 1,331.3 ppm 
Hardness 380.0 to 980.0 ppm 220.0 to 1,400.0 ppm 
Total Dissolved Solid 674.0 to 1,565.0 ppm 708.0 to 2,460.0 ppm 
ppm = parts per million 
 
Aquifer thickness maps of the Centerville and Fremont Aquifers reveal two distinct 
geologic patterns.  When combined, the two geologic patterns generally correspond with 
the deposition map of the Centerville and Fremont Aquifers presented in DWR Bulletin 
118-1.  But when separated, the Centerville Aquifer pattern generally follows the 
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southern branches of the main southern depositional axis and the Fremont Aquifer 
generally follows the northern branches of the main southern deposition axis. 
 
Differences in water level elevations between the Centerville and Fremont Aquifers (that 
vary between 0.29 and 0.91 feet) and the relatively low permeability values documented 
in the Mission Aquitard (between the Centerville and Fremont Aquifers) indicate that a 
hydraulic separation exists between the two aquifers beneath the study area.  Although 
there are areas within the Niles Cone Groundwater Basin that indicate there are hydraulic 
connections between the Centerville and Fremont Aquifers, it appears that within the 
study area of the brackish water plume, the two water bearing zones are distinct.  
Originally, it was believed that, in general, the Centerville and Fremont Aquifers were 
two separate aquifers acting as one water bearing unit (since there was only a slight 
difference in water level elevations), thus the aquifers have been collectively referred to 
as the Centerville-Fremont Aquifer.  The geologic and hydrologic data collected during 
this project indicates that the aquifers are not acting as one water bearing unit within the 
study area.  It is likely that in order to effectively address the brackish water plume near 
the Mowry Wellfield, the Centerville and Fremont Aquifers may need to be treated as 
separate water bearing units. 
 
The data collected during this study made a significant contribution to the understanding 
of the brackish water bulge located in the vicinity of the Mowry Wellfield.  On-going 
monitoring of the wells will allow ACWD to develop a plan to prevent brackish water 
intrusion from reaching the Mowry Wellfield and yield a better understanding of chloride 
movement and groundwater flow direction over time. As a result of DWR’s Local 
Groundwater Management Assistance Grant Program, all of the key goals of the Inland 
Saltwater Intrusion Monitoring Wells Project were accomplished. 
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2.0 INTRODUCTION 
________________________________________________________________________ 
 
 
2.1 Background 
 
The goals of this project were to gain a better understanding of the geological process 
that formed the Niles Cone aquifer system, allow long term monitoring of Centerville and 
Fremont Aquifers in the central portion of the Niles Cone, evaluate the extent of and the 
risk of brackish water impacting ACWD’s active water supply wells in the Mowry 
Wellfield, determine the relationship between the Centerville and Fremont Aquifers, and 
to increase ACWD’s understanding of the locations of inferred major depositional 
channels in the area.  To obtain these goals, ACWD installed 11 groundwater monitoring 
wells in and around an identified brackish groundwater plume in the vicinity of ACWD’s 
Mowry Wellfield (Figure 1).  The locations were selected based on areas where critical 
data gaps exist, available open space, and long term access. 
 
2.2 Original Proposal 
 
The original proposal called for the installation of seven monitoring wells at six sites (two 
with existing wells and four new locations).  One monitoring well (Fremont Aquifer) was 
planned at each of three new sites (Blacow @ Brophy, Robin @ Ladner, and Fremont @ 
St. Leonards).  Two monitoring wells (one in the Centerville and one Fremont Aquifer) 
were proposed at one new site (Fremont Library).  A Centerville Aquifer well was 
proposed next to an existing Fremont Aquifer well (Serra Place), and a Fremont Aquifer 
well was proposed next to an existing Centerville Aquifer monitoring well (Noll Park).  
The locations are presented on Figure 2.  One pilot boring was to be drilled at each of the 
four new sites to a total depth of 400 feet below ground surface or to bedrock, whichever 
came first, to obtain a detailed geologic profile of the alluvial material.  The two existing 
well locations (Serra Place and Noll Park) already had pilot borings drilled in 2007.  Each 
of the pilot borings were planned to be converted into monitoring wells screened within 
the Fremont Aquifer. 
 
2.3 Revised Proposal 

 
A Notice of Commitment from DWR for a $250,000 grant was received by ACWD on 
June 26, 2008.  On November 14, 2008, ACWD and DWR entered into an agreement 
(No. 4600008186) for implementation of the Inland Saltwater Intrusion Monitoring Wells 
Project.   
 
When preparing the original scope of work, ACWD outlined a program that would 
delineate the brackish water identified in the Centerville and Fremont Aquifers while 
considering the constraints of available space in a highly urbanized area.  Based on 
historic costs for well installation, this ideal scope of work could not be implemented 
within DWR’s grant allocation.  Subsequently, ACWD adjusted the scope of work to 
maximize coverage, focusing on the Fremont Aquifer, while keeping within the budget.  
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When the bid costs for implementing the approved scope of work was much lower than 
expected, ACWD reviewed the project and determined that the addition of four 
monitoring wells would significantly increase ACWD’s understanding of the basin in this 
area, especially the relationship between the Centerville and Fremont Aquifers.  On 
December 9, 2008, ACWD submitted a memorandum outlining the proposed revised 
scope of work to DWR for approval.  The revised scope of work proposed to add one 
additional Centerville Aquifer monitoring well to each of the three proposed Fremont 
Aquifer monitoring well drilling locations, thus creating well clusters at each location.  
One additional Fremont Aquifer monitoring well was proposed at ACWD’s Heritage 
Village location.  This would increase the number of monitoring wells proposed under 
the project from seven to eleven.  The additional scope of work would significantly 
increase ACWD’s understanding of the basin while not changing the amount of the grant.  
The proposal was verbally approved by DWR (Harley Davis) on December 19, 2008.   
 
2.4 Project Goals and Objectives 

 
The primary goals of this project were to drill and install groundwater monitoring wells 
in the central portion of ACWD’s service area to obtain geologic and hydrogeologic 
information in this critical area and to evaluate the extent of brackish groundwater 
identified in the area.  The specific objectives of the project as stated in ACWD’s 
proposal and approved change of scope memorandum are summarized below: 

 
• Drill five 400 foot exploratory borings and install monitoring wells completed in the 

Fremont Aquifer zone. 
 
• Install Centerville Aquifer monitoring wells next to proposed or existing monitoring 

wells to evaluate water quality and vertical transmissivity. 
 

• Collect undisturbed core samples from the fine grained material between the water-
bearing zones for the purposes of conducting vertical permeability analysis. 

 
• Collect aquifer specific groundwater elevation data from the newly installed 

monitoring wells. 
 

• Collect aquifer specific groundwater quality data from the newly installed monitoring 
wells. 

 
• Gain a better understanding of the geology and hydrogeology of the central region of 

the Niles Cone Groundwater Basin.  
 

• Add needed groundwater monitoring points to the groundwater monitoring network 
that will provide long term aquifer specific groundwater elevation and groundwater 
quality monitoring. 

 
• Share and discuss groundwater elevation and groundwater quality information 

obtained from the monitoring sites. 
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• Share information with other interested parties by including the results in ACWD’s 
annual Groundwater Monitoring Report. 

 
2.5 Project Scope 

 
The above objectives were met by drilling and constructing groundwater monitoring 
wells to obtain detailed geologic and hydrogeologic data of the area, and to provide long 
term monitoring points to evaluate groundwater flow and quality.  The sites were selected 
based on the identification of areas where ACWD needed additional information to 
improve our understanding of the localized geology, groundwater flow, and water quality 
conditions.  The wells were also located in areas that will have long term accessibility, 
thus providing long term groundwater monitoring points.  The original proposed drill 
sites are presented in Figure 2. 
 
Several modifications were made to the original proposed project scope due to lower than 
expected contractor costs and previously unidentified utility lines.  A summary of the 
changes to the scope of work are as follows: 
 

• Three additional Centerville Aquifer monitoring wells and one new Fremont 
Aquifer monitoring well were added to the project.   

• During utility clearance operations at the Fremont Library site, a previously 
unidentified storm drain lateral and parking lot lighting electrical wiring were 
encountered.  The identification of these structures limited the available space for 
well installation from the planned two monitoring wells to one monitoring well.  
Upon completion of the pilot boring and electronic log, it was determined that a 
Centerville Aquifer monitoring well was not necessary at this location.   
 

• A Fremont Aquifer monitoring well was planned to be installed at Heritage 
Village (new location).  Because of property access issues, the monitoring well 
proposed for Heritage Village was relocated to a planter area on Glenmoor Drive 
@ Eggers Drive (Meyer Park). 

 
• Given the proximity of the Meyer Park site to the brackish groundwater plume, a 

Centerville Aquifer monitoring well was also completed.  Since a Centerville 
Aquifer monitoring well was not installed at the Fremont Library site, the addition 
of a Centerville Aquifer monitoring well at this site did not change the overall 
scope of work. 

 
• The identification of previously unidentified utility lines at the Fremont @ St 

Leonards Way site prompted relocation of the drill site to a planter area along 
Margery Drive @ Blanchard Street. 

 
The changes in location of the drilling sites were approved by DWR (Harley Davis and 
Christy Spector) and satisfy the objectives of the project in that it is within the vicinity of 
the identified brackish groundwater plume where there is a lack of geologic and 
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hydrogeologic data.   As a result, the final project scope was expanded to include the 
installation of 11 wells at seven sites. The locations for the final well sites and well 
identifications are presented in Figure 3 and the drilling activities at each site are 
described below.   

 
      Monitoring Well Drill Site: Fremont Library                    

 
A single boring was drilled to 400 feet below ground surface (bgs).  The boring was 
sampled and geophysically logged for the purpose of creating a detailed geologic 
record for the site.  The log is being used to further understand the geology and 
hydrogeology of the Niles Cone aquifer system.  Upon completion of drilling and 
logging of the exploratory boring, a monitoring well, 4S/1W-28R003 (Fremont 
Library-F), was installed to a depth of 295 feet bgs.  This depth generally corresponds 
to the Fremont Aquifer identified regionally throughout much of the Niles Cone 
Groundwater Basin.   

 
      Monitoring Well Drill Site: Robin @ Ladner                   

 
A single boring was drilled to 400 feet bgs.  The boring was sampled and 
geophysically logged.  Upon completion of drilling and logging of the exploratory 
boring, a monitoring well, 5S/1W-4H005 (Robin-F), was installed to a depth of 365 
feet bgs.  An additional monitoring well, 5S/1W-4H004 (Robin-C), was completed to 
a depth of 255 bgs.  These depths generally correspond to the Fremont and 
Centerville Aquifers.   

 
      Monitoring Well Drill Site: Blacow @ Brophy                      

 
A single boring was drilled to 400 feet bgs.  The boring was sampled and 
geophysically logged.  Upon completion of drilling and logging of the exploratory 
boring, a monitoring well, 4S/1W-32N002 (Blacow-F), was installed to a depth of 
350 feet bgs.  An additional monitoring well, 4S/1W-32N001 (Blacow-C), was 
completed to a depth of 250 feet bgs.  These depths generally correspond to the 
Fremont and Centerville Aquifers.   

 
      Monitoring Well Drill Site: Meyer Park                    

 
A single boring was drilled to 400 feet bgs.  The boring was sampled and 
geophysically logged.  Upon completion of drilling and logging of the exploratory 
boring, a monitoring well, 4S/1W-32E012 (Meyer Park-F), was installed to a depth of 
340 feet bgs.  An additional monitoring well, 4S/1W-32E011 (Meyer Park-C), was 
completed to a depth of 240 bgs.  These depths generally correspond to the Fremont 
and Centerville Aquifers.   
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      Monitoring Well Drill Site: Margery @ Blanchard                     
 
A single boring was drilled to 400 feet bgs.  The boring was sampled and 
geophysically logged.  Upon completion of drilling and logging of the exploratory 
boring, a monitoring well, 4S/1W-33R008 (Margery-F), was installed to a depth of 
350 feet bgs.  An additional monitoring well, 4S/1W-33R007 (Margery-C), was 
completed to a depth of 250 bgs.  These depths generally correspond to the Fremont 
and Centerville Aquifers. 

 
      Monitoring Well Drill Site: Serra Place                     

 
In March 2007 a single boring was drilled to 400 feet bgs.  The boring was sampled 
and geophysically logged.  Upon completion of drilling and logging of the 
exploratory boring, a monitoring well, 4S/1W-32K011 (Serra Place-F), was installed 
to a depth of 360 bgs.  Based on the log generated for this boring, an additional 
monitoring well, 4S/1W-32K014 (Serra Place-C), was completed during this drilling 
project.  Monitoring well Serra Place-C was installed to a depth of 250 feet. The 
completion depth of Serra Place-C and Serra Place-F generally corresponds to the 
Centerville and Fremont Aquifers.  The installation of monitoring well Serra Place-C 
completes the well cluster at this location. 

 
      Monitoring Well Drill Site: Noll Park                     

 
In February 2007, a single boring was drilled to 400 feet bgs.  The boring was 
sampled and geophysically logged.  Upon completion of drilling and logging of the 
exploratory boring, a monitoring well, 4S/1W-33N002 (Noll Park-C), was installed to 
a depth of 270 bgs. Based on the log generated for this boring, an additional 
monitoring well, 4S/1W-33N003 (Noll Park-F), was completed during this drilling 
project.  Monitoring well Noll Park-F was installed to a depth of 350 feet. The 
completion depth of Noll Park-C and Noll Park-F generally corresponds to the 
Centerville and Fremont Aquifers.  The installation of monitoring well Noll Park-F 
completes the well cluster at this location. 
 

The installation of the well clusters allows long term monitoring of the Centerville and 
Fremont Aquifers and determination of trends in vertical flow and water quality between 
the two aquifers over time. 
 
2.6 Geology and Hydrogeology 

 
The Niles Cone Groundwater Basin is an alluvial aquifer system consisting of 
unconsolidated gravel, sand, silt, and clay. The gravel and sand deposits have the highest 
permeability and thus comprise the aquifers; conversely, silt and clay layers have low 
permeability and form the aquitards. An aquifer is a water-bearing geologic formation 
which will yield an appreciable or economically beneficial supply of water. In 1968, 
DWR used the term aquiclude, a saturated geologic unit that is incapable of transmitting 
significant quantities of water under ordinary hydraulic gradients, for the low 
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permeability beds that confine the aquifers. In 1973, DWR reclassified these confining 
beds as aquitards, which are relatively low permeability geologic beds in a stratigraphic 
sequence that store water, but will not transmit it rapidly enough to supply wells or 
springs. These beds may be permeable enough to transmit water in quantities that are 
significant for the study area, even though water movement per acre is insignificant.  
 
The Niles Cone Groundwater Basin is divided by the Hayward Fault. The Hayward Fault 
is an active fault with low permeability that impedes the lateral flow of groundwater. 
Large differences in water levels on either side of the fault demonstrate the relatively 
impermeable nature of the fault.  ACWD manages both the Above Hayward Fault and the 
Below Hayward Fault sub-basins. The AHF sub-basin on the east side of the Hayward 
Fault is composed of highly permeable sediments referred to as the AHF Aquifer. The 
BHF sub-basin is composed of a series of relatively flat lying aquifers separated by 
extensive clay aquitards (Figure 4). 
 
Over time, the alluvial/fluvial depositional environment produced thick coarse grain 
sediments along present day Alameda Creek and also along historic stream channels 
(now buried). With distance westward, both the thickness and grain size of the aquifers 
decreases while the intervening clay aquitards become thicker. The aquitards appear to be 
absent just west of the Hayward Fault in the hydrogeologic region called the forebay 
area. 
 
The shallowest regional aquifer in the BHF sub-basin, the Newark Aquifer, is an 
extensive permeable gravel and sand layer between 40 and 140 feet below ground surface 
(bgs), except in the forebay area where it begins at the surface. The thickness of the 
Newark Aquifer ranges from less than 20 feet at the western edge of the basin to more 
than 140 feet at the Hayward Fault. The Newark Aquifer is overlain in most of the sub-
basin by a thick layer of silt and clay called the Newark Aquiclude. The Newark 
Aquiclude is absent in the forebay area, allowing direct recharge to the Newark Aquifer 
from Alameda Creek and the recharge ponds. Within the Newark Aquiclude, layers of 
sand and silt comprise a non-regional hydrogeologic unit known commonly as the 
shallow water-bearing zone. 
 
An extensive thick clay aquitard separates the Newark Aquifer from the Centerville 
Aquifer.  The Centerville Aquifer, the top of which lies at an average depth of 180 to 230 
feet bgs, overlies a thick clay aquitard, which in turn overlies the Fremont Aquifer which 
exists in the interval of 290 to 390 feet bgs. Although the Centerville and Fremont 
Aquifers are separate aquifers, they have been considered as one water bearing unit 
(Centerville-Fremont Aquifer), based on historical water level data that indicated that 
they are in good hydrogeologic connection (Figure 4).  However, water level and water 
chemistry results from this program indicate that in the study area of the brackish water 
bulge, these two aquifers are isolated from each other. Lithologic analysis also confirms 
their separation in this portion of the basin. This isolation is best seen at some of the well 
clusters with wells screened in each aquifer. 
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Saltwater from San Francisco Bay and the adjacent salt ponds intruded into the Newark 
Aquifer as a result of over pumping of groundwater and was first noted in the 1920’s.  
The Newark Aquifer became unsuitable for irrigation.  Deeper wells were drilled and also 
over pumped.  Brackish water appeared in the deeper aquifers in the 1940’s. Intrusion 
occurred as far inland as the Hayward Fault.  

 
Starting in 1962, ACWD began to supplement local recharge with water purchased from 
the State Water Project to raise groundwater levels.  By 1972, the groundwater head in 
the Newark Aquifer had been restored to above sea level and the natural bayward flow 
direction was re-established.  In 1974, ACWD implemented the Aquifer Reclamination 
Program to expedite the removal of brackish water from the Newark, Centerville, and 
Deep Aquifers.  The brackish water from the Aquifer Reclamination Program pumping 
was originally discharged to flood control channels that flowed into San Francisco Bay.  
In 2003, ACWD began operating a desalination facility to treat the brackish water 
pumped from the Aquifer Reclamination Program wells (Figure 4) prior to its addition to 
the distribution system.  This has been a highly successful program which has resulted in 
substantial improvement in water quality in both the Newark and Centerville Aquifers as 
well as creating a beneficial use for the brackish groundwater. However, brackish water 
still remains in all the aquifers.  
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3.0 METHODOLOGY 
________________________________________________________________________ 

 
 

This section presents the field methodology that was implemented to obtain the data 
necessary to meet the project objectives.  Information presented in this section includes a 
description of pre-field activities such as permitting and underground utility clearance, as 
well as soil boring and groundwater well installation procedures, and soil and 
groundwater sampling methodologies. 
 
3.1 Pre-Field Mobilization Activities 
 

 3.1.1 Drilling Permits 
 
ACWD obtained 11 drilling permits from the Alameda County Water District.  Copies of 
the permits are presented in Appendix A. 
 

 3.1.2 Access Agreements 
 
ACWD obtained 7 encroachment permits and one access agreement from the City of 
Fremont for the installation of monitoring wells.  Nine of the monitoring wells were 
installed within the City of Fremont right-of-ways and two monitoring wells were 
installed on City of Fremont property.  Copies of the permits and access agreement are 
presented in Appendix B. 
 

 3.1.3 Underground Utility Surveys 
 
Prior to drilling activities, ACWD personnel visited the drill sites to mark the proposed 
locations for the wells and met with the facility contacts to discuss the location of 
underground utilities.  Underground Service Alert (USA) was contacted, after the field 
locations were marked, at least 72 hours prior to field mobilization.   
 
3.2 Soil Boring and Well Installation Procedures 
 

 3.2.1 Subsurface Drilling 
 
Drilling of the borings and installation of the monitoring wells were performed by 
Precision Sampling, Inc. (Precision) of Stockton, California.  The borings were drilled 
with a Delta Base 540 mud rotary drilling rig with an 8.75-inch diameter drill bit.  At 
each new drilling location, pilot holes were drilled to a maximum depth of 400 feet bgs.  
The pilot holes were drilled for the purposes of creating a lithologic log of the boreholes, 
running geophysical logs, and designing the monitoring wells.  Samples of geologic 
material were collected at five foot intervals, examined, and documented on a field log 
data sheet.  Undisturbed soil samples were collected of the fine grained material between 
aquifers for permeability testing.  The undisturbed soil samples were collected by 
advancing the boring to a point immediately above the desired sampling depth and then 

12 



pushing a Modified California Split Spoon Sampler lined with three brass tubes, into the 
undisturbed soil.  The sampler was then extracted from the borehole, the ends of the 
bottom tube were covered with plastic end caps, the vertical orientation of the sample 
was noted (which end was up), and labeled with a unique identification number.  Samples 
not retained for analytical testing were used for lithologic evaluation. 
 

 3.2.2 Well Installation 
 
Eleven new monitoring wells were installed as part of this project.   Nine of the wells 
(4S/1W-32K014 (Serra Place-C), 4S/1W-32N002 (Blacow-F), 4S/1W-32N001 (Blacow-
C), 4S/1W-32E012 (Meyer Park-F), 4S/1W-32E011 (Meyer Park-C), 5S/1W-04H005 
(Robin-F), 5S/1W-04H004 (Robin-C), 4S/1W-33R008 (Margery-F), and 4S/1W-33R007 
(Margery-C)) were installed within the City of Fremont right-of-ways.  Two new 
monitoring wells, (4S/1W-33N003 (Noll Park-F) and 4S/1W-28R003 (Fremont Library-
F)) were installed on City of Fremont property.  Well construction details are discussed 
below and summarized in Table 1.  Unless otherwise stated, well installations were 
conducted using the following general specifications: 
 

• Installation of monitoring wells within the pilot borings (4S/1W-32N002 
(Blacow-F), 4S/1W-32E012 (Meyer Park-F), 5S/1W-04H005 (Robin-F), 4S/1W-
33R008 (Margery-F), and 4S/1W-28R003 (Fremont Library-F)) were done upon 
completion of geophysical logging (resistivity, spontaneous potential, 
conductivity, gamma, and temperature) of the wells by Welenco of Bakersfield 
California.  Neat cement was tremied from the bottom of the boring to within 10 
feet of the designed bottom of the well.  The neat cement was allowed to cure a 
minimum of 24-hours prior to reaming out the borehole with an 8.75-inch 
diameter drill bit to the designed well depth.  Upon completion of reaming, 
installation of the monitoring well casing and material was performed. 

 
• Casing and screen for all the monitoring wells were constructed of 2-inch 

diameter Schedule 80 polyvinyl chloride (PVC) plastic with factory slotted well 
screen (slot size 0.020-inch).   

 
• All sand packs were constructed using coarse aquarium (4x12) sand.  Due to the 

density of the drilling fluid and sealing depths, it was not practical to place the 
fine separator sand as proposed.  Instead, additional coarse aquarium sand was 
placed between 15 to 20 feet above the top of the designed screened portion of the 
monitoring well.  The additional thickness of coarse aquarium sand sufficiently 
retarded the intrusion of the sand-cement slurry, keeping it out of the screened 
portion of the well.  

 
• All the wells were grouted from the top of the sand pack to the surface using a 

sand-cement slurry. 
 

• Drilling mud displaced by the well installation activities was placed in a trailer 
mounted storage tank and transported to ACWD’s storage site. 
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• For wells installed within the City of Fremont right-of-way, a traffic-rated well 

cover was installed flush to the existing grade with a concrete pad surrounding the 
well cover that extended from sidewalk to curb.   

 
• For wells installed on City of Fremont property, a traffic-rated well cover was 

installed flush to the existing grade with a concrete pad surrounding the well 
cover. 

 
 3.2.3 Well Development 

 
The sand-cement slurry was allowed to cure 72-hours prior to well development.  The 
goals of development were to remove fine sediment from the well casing and screen, to 
stabilize the filter pack, and to maximize water flow between the well and the aquifer.  
Well development was performed using the drop pipe and air lift method.  The drop pipe 
was moved up and down the well to agitate sediment in the well and to set up a surging 
action within the well screen.  The well was then purged using compressed air to lift both 
water and sediment out of the well.  Field parameters (temperature, pH, electrical 
conductivity, and turbidity) were measured at approximately 500 to 1,000 gallon 
intervals.  Development continued until turbidity was reduced to 5 nephelometric 
turbidity units (NTU) or removal of 2,000 gallons, whichever came first.    Development 
water containing drilling mud was placed in a truck mounted storage tank and transported 
to ACWD’s property for storage.   
 
3.3 Monitoring Well Survey Procedures 
 
The monitoring wells were surveyed by ACWD using a Trimble R8 GPS (Global 
Positioning System).  The monitoring wells were located, within limitations of the 
equipment, to approximate vertical and horizontal accuracies of + 0.2 and + 0.1 of a foot, 
respectively.  The survey data is presented in Table 2. 
 
3.4 Storm Water Protection and Emergency Response Plans 
 
ACWD required Precision to prepare a Storm Water Protection and an Emergency 
Response Plan for the project.  The plans were prepared and in place prior to 
implementing field activities.   ACWD required the preparation of plans to minimize the 
effects of sediment runoff and potential unauthorized spills to the environment.  Copies 
of the plans are presented in Appendix C. 
 
3.5 Sampling and Analysis Procedures 

 
3.5.1 Soil Permeability Testing 
 
Selected soil samples were collected using a 24-inch long Modified California Split 
Spoon Sampler with 2.5-inch brass liners.  The sampler was pushed 24 inches into the 
underlying sediment using a hydraulic slide hammer on the drilling rig. The sampler was 
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then removed and the sample liners removed.  The sample retained for testing was 
capped with plastic end caps, labeled, packaged, and delivered to a soils laboratory 
certified by the American Association of State Highway and Transportation Officials 
(AASHTO) for soil permeability testing.  No preservation procedures were required.  The 
testing laboratory used was SIGNET Laboratories of Hayward, California.  The soil cores 
were analyzed by Falling-Head Flexible Wall Permeability Testing by ASTM Method D-
5084.  Soil samples were collected in fine grained material for the purposes of evaluating 
the vertical permeability between identified aquifers. 
 
3.5.2 Groundwater Testing 
 
General groundwater quality samples were collected and analyzed for physical 
characteristics, chlorides (EPA Method 300), total dissolved solids (Standard Methods 
2540C), and hardness (Standard Methods 2340B).  The wells were purged by air lifting 
with a minimum of three casing volumes removed prior to sampling. Upon completion of 
purging, the samples were collected in unpreserved 250 milliliter glass Teflon-capped 
laboratory-supplied bottles and delivered under chain of custody record to ACWD’s 
water quality laboratory.   ACWD’s laboratory is a state certified laboratory and is part of 
the Environmental Laboratory Accreditation Program. 
 
3.6 Soil Disposal Procedures 
 
Soil and drilling mud generated during field operations were removed from the well 
locations and transported to ACWD’s storage site located on Mission Boulevard next to 
Alameda Creek in Fremont, California.    
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4.0 RESULTS 
________________________________________________________________________ 

 
 

4.1 Geology  
 
The geological data collected from this project is consistent with an alluvial channel 
deposition. The general lithology consists of inter-bedded clays, sands, and gravels with 
intermingled silts.   The lithologic data is fairly consistent with the general first 
encountered depth below ground surface of the Newark (40 to 50 feet bgs), Centerville 
(180 to 230 feet bgs), and the Fremont (290 to 325 feet bgs) Aquifer zones.  Aquifer 
zones in the vicinity of the Fremont Library appear to be shallower in depth than 
encountered at the other drill sites.  This may be, in part, due to the close proximity of the 
Fremont Library drilling location to the source area of the Niles Canyon Alluvial Fan.  In 
general, the alluvial depositional bedding becomes shallower in depth as it nears the 
source area since the source area is at a higher elevation than the surrounding topography.  
Geologic well logs presenting the lithologic log, geophysical log, and well completion are 
presented in Appendix D. 
 
4.2 Groundwater Elevations 
 
Water level measurements were collected in the monitoring wells within a 10 day 
window from August 31, 2009 to September 9, 2009.  Groundwater elevations within the 
Centerville Aquifer ranged from -3.3 feet Mean Sea Level (MSL) to -6.0 feet MSL in 
monitoring wells Robin-C (5S/1W-04H004) and Blacow-C (4S/1W-32N001), 
respectively.    Groundwater elevations within the Fremont Aquifer ranged from –3.6 feet 
MSL to -6.5 feet MSL in monitoring wells Robin-F (5S/1W-04H005) and Blacow -F 
(4S/1W-32N002), respectively (Table 3).  Water level elevations collected at each of the 
cluster well sites that have Centerville and Fremont Aquifer monitoring wells 
consistently documented lower groundwater elevations in the Fremont Aquifer well.  The 
elevation difference ranged from 0.23 foot to 0.91 foot difference in the Meyer Park and 
Noll Park clusters, respectively.  A summary table is presented below: 
 

Well Cluster 
Difference in Water Level Elevation  

between Centerville and Fremont Aquifers 
(feet) 

Blacow @ Brophy 0.46 
Margery @ Blanchard 0.47 
Meyer Park 0.23 
Noll Park 0.91 
Robin @ Ladner 0.29 
Serra Place 0.79 

 
4.3 Groundwater Analytical Testing 
 
Upon completion of well construction, the wells were developed to remove sediment that 
had accumulated in the well as a result of well construction activities.  All the wells were 
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developed to the goal of 5 NTUs or 2,000 gallons removed, whichever came first.  
Appendix E contains the development records for the monitoring wells.   
 
Upon completion of development and purging, samples were collected and delivered to 
the analytical laboratory under chain-of-custody record for testing.  The table below 
matches each well to the aquifer monitored: 
 
Well Name State Identification Number Aquifer Monitored 
Blacow-C 4S/1W-32N001 Centerville Aquifer  
Margery–C 4S/1W-33R007 Centerville Aquifer  
Meyer Park-C 4S/1W-32E011 Centerville Aquifer  
Robin-C 5S/1W-04H004 Centerville Aquifer  
Serra Place-C 4S/1W-32K014 Centerville Aquifer  
Blacow-F 4S/1W-32N002 Fremont Aquifer  
Fremont Library-F 4S/1W-28R003 Fremont Aquifer  
Margery-F 4S/1W-33R008 Fremont Aquifer  
Meyer Park-F 4S/1W-32E012 Fremont Aquifer  
Noll Park-F 4S/1W-33N003 Fremont Aquifer  
Robin-F 5S/1W-04H005 Fremont Aquifer  
 
Laboratory results for water samples collected from the monitoring wells installed during 
this program are presented in Table 3.  Data from two monitoring wells (Serra Place–F 
and Noll Park–C) were used in the analysis of the brackish water plume but were not 
installed under this project.  ACWD’s standard semiannual sampling does not encompass 
the analysis for hardness, thus the hardness analysis for Serra Place-F and Noll Park-C 
are not included in Table 3. The table below summarizes the ranges of analytical results 
for the Centerville and Fremont Aquifers: 
 
 Centerville Aquifer (5 samples) Fremont Aquifer (6 samples) 

Chloride 133.8 to 660.0 ppm 147.5 to 1,331.3 ppm 
Hardness 380.0 to 980.0 ppm 220.0 to 1,400.0 ppm 
Total Dissolved Solids 674.0 to 1,565.0 ppm 708.0 to 2,460.0 ppm 
ppm=part per million 
 
The Laboratory Analytical Report is presented in Appendix F. 

 
4.4 Soil Permeability Testing 
 
A total of 17 soil samples were collected and tested for evaluation of vertical 
permeability (Table 4).  The samples were collected from the aquitards between the 
Newark and Centerville Aquifers (Irvington Aquitard), Centerville and Fremont Aquifers 
(Mission Aquitard), and Fremont and Deep 1 Aquifers (Deep 1 Aquitard).  Below is a 
summary table presenting the results of the permeability testing: 
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 Permeability Range Between Aquifers 
Irvington Aquitard  5.36 X 10-4 to 1.33 X 10-8 cm/sec. Newark and Centerville Aquifers 

Mission Aquitard  4.22 X 10-7 to 3.16 X 10-8 cm/sec. Centerville and Fremont Aquifers 

Deep 1 Aquitard  3.05 X 10-8 to 6.40X 10-9 cm/sec. Fremont and Deep 1 Aquifers 
cm/sec= centimeters/second 
 
 
The results indicate low vertical transmission rates in the Mission and Deep 1 Aquitards.  
In general the Irvington Aquitard also exhibits low vertical transmission rates with the 
exception of samples collected at the Meyer Park well site where the permeability values 
are significantly higher (5.36 X 10-4 to 2.08 X 10-5 cm/sec).  The shallower sample (fine 
sand), collected at131 feet bgs, appears to have been collected in the lower portion of the 
Newark Aquifer and not the Irvington Aquitard.  The lower sample (silty clay), collected 
from 161 feet bgs, and appears to be more characteristic of the Irvington Aquitard.  
Laboratory Reports are presented in Appendix G. 
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5.0 CONCLUSIONS 
________________________________________________________________________ 

 
 

The drilling locations were selected based on work previously conducted by DWR 
(documented in DWR Bulletin No. 118-1, Evaluation of Ground Water Resources South 
Bay, Appendix A: Geology, August 1967), analytical data collected during ACWD’s 
semiannual groundwater monitoring program, and available drilling locations in the 
vicinity of the brackish water plume.  The locations were selected to further define the 
boundaries of the brackish water plume and to evaluate water quality.  Although two of 
the drill sites were relocated (Fremont @ St Leonards to Margery @ Blanchard and 
Heritage Village to Meyer Park), the new locations still satisfied these goals.    
 
Overall, the geological data collected during the drilling of the soil borings is consistent 
with the alluvial channel depositional environment in the Niles Cone Groundwater Basin.  
Significant amounts of sands and gravels were encountered in the logged borings at 
depths comparable to the Centerville and Fremont Aquifers.  In the monitoring wells 
installed during this project, the Centerville and Fremont Aquifers ranged in thickness 
from 35 to 50 feet and 15 to 75 feet, respectively.  A graphical presentation of the 
relationship and makeup of the Centerville and Fremont Aquifers beneath the study area 
are presented in two hydrologic formation cross-sections (Figure 5).   The cross-sections, 
A-A’ and B-B’, are presented in Figures 6 and 7, respectively.  These cross-sections 
present the generalized zones which characterize the hydrogeologic formations above 400 
feet bgs.  Within each of the aquifers zones, there are relatively thicker areas that contain 
a higher percentage of gravels.  These zones appear to generally correspond to the 
depositional axis within the Centerville and Fremont Aquifers as identified in DWR 
Bulletin No 118-1. 
 
One of the goals of the project was to evaluate and refine the predominate direction and 
axis of major aquifer deposition in the Centerville and Fremont Aquifer systems, as 
identified in DWR Bulletin No 118-1, that may be influencing the brackish water  plume.  
Aquifer thickness calculations were made of both the Centerville and Fremont Aquifers 
from the new and existing wells in the vicinity of the brackish water plume (Table 5).  
These calculations were then combined into contour maps of lines of equal thickness for 
the Centerville Aquifer (Figure 8) and Fremont Aquifer (Figure 9).  These maps appear to 
represent two distinct hydrogeologic formation patterns.  Figure 8 (Centerville Aquifer) 
shows two predominant depositional axes that generally correlate to the two southern 
axes of the major southern leg as presented in DWR Bulletin No 118-1, Plate 13 (Figure 
10).  Figure 9 (Fremont Aquifer) also shows two predominant depositional axes, but they 
generally correlate to the two northern axes of the major southern leg as presented in 
DWR Bulletin No 118-1, Plate 13 (Figure 10).    
 
In addition to evaluating the effect of the geology on the brackish water plume, water 
samples were collected from the newly installed wells to determine water quality in the 
Centerville and Fremont Aquifers during ACWD’s fall monitoring program.  The 
purpose of the fall monitoring program is to evaluate water quality parameters in wells 
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located throughout the basin and within the individual aquifer zones when water levels 
tend to be at their lowest levels.  The primary constituent of concern tested for during the 
program is chloride.  Analytical testing of groundwater samples collected from the 
monitoring wells installed during Inland Saltwater Intrusion Monitoring Wells Project 
documented the presence of chloride concentrations above the secondary maximum 
contaminant level (MCL) for drinking water (250 ppm) in several of the wells.  To better 
understand the distribution of chloride in and around the brackish water plume, chloride 
data collected from both the newly installed monitoring wells and existing wells (Figure 
11) that were sampled during the fall monitoring program, within the Centerville and 
Fremont Aquifers, have been presented in Figures 12 and 13, respectively.  The chloride 
concentrations in the Centerville Aquifer appear to be concentrated along two axes 
following a south-southwest trend.  The chloride concentration map for the Fremont 
Aquifer appears to be concentrated along a single axis trending to the west-southwest.   
 
Permeability results from soil samples collected during the project documented low 
permeability values in Aquitards separating water-bearing zones that are equivalent in 
elevation to the Newark, Centerville, Fremont, and Deep Aquifers within the study area.  
The permeability values for the samples collected in the Mission (between the Centerville 
and Fremont Aquifers) and Deep 1 (between the Fremont and Deep 1 Aquifers) 
Aquitards revealed similar results, ranging from 4.22 X 10-7 cm/sec to 6.40 X 10-9 
cm/sec.  For comparison, the requirement for a liner beneath a Class 1 Hazardous Waste 
Landfill is 1.0 X 10-7 cm/sec. This information suggests considerable natural resistance to 
vertical flow between these aquifers.  The samples collected from the Irvington Aquitard 
(between the Newark and Centerville Aquifers) also documents considerable natural 
resistance to vertical flow, except in samples collected from the Meyers Park site.  The 
upper sample, collected from 131 feet bgs, is more characteristic of the overlying Newark 
Aquifer (fine sand).  The lower sample, collected at 161 feet bgs, is more characteristic of 
the Irvington Aquitard (silty clay).  It appears the Irvington Aqutard in the vicinity of the 
Meyers Park site is more vertically transmissive than in other locations within the study 
area.  
 
The geologic, chloride, hydrologic, and permeability data seem to generally correlate 
well.  Basically, the aquifer thickness maps for the Centerville and Fremont Aquifers 
compare closely to their respective chloride concentration maps.  One variance of note is 
a slight shift to the west of the western chloride concentration axis with the corresponding 
aquifer thickness axis in the Centerville Aquifer.   This apparent shift may be due to the 
decades of Aquifer Reclamation Program pumping that has occurred in the Centerville 
Aquifer in this area.  Hydraulically, differences in water level elevations vary between 
0.29 and 0.91 feet between the Centerville and Fremont Aquifers.  Combining this 
information with the relatively low permeability values documented in the Mission 
Aquitard (between the Centerville and Fremont Aquifers), support (in concert with the 
geologic and chloride data) the inference that a hydraulic separation exists between the 
two aquifers beneath the study area.  The data also indicates that close to the Niles Cone 
source area, the Centerville and Fremont Aquifers appear to converge (Figure 7).  This 
convergence of aquifer zones is characteristic of the forebay area of the Niles Cone 
alluvial fan. 
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Although there are areas within the Niles Cone Groundwater Basin that indicate 
hydraulic connection between the Centerville and Fremont Aquifers, it appears that 
within the study area of the brackish water plume, the two water bearing zones are 
distinct.  Due to the limited data that existed when DWR Bulletin No. 118-1 was 
published, it was originally believed that although the Centerville and Fremont Aquifers 
were individual aquifers, the groundwater elevation levels did not have sufficient change 
in elevation to warrant being treated as separate water bearing units, thus were combined 
and treated as one water-bearing zone.  As documented by the data collected during this 
project, this may not be the case in the area of the brackish water plume.  It is likely that 
in order to effectively address the issue of the brackish water plume near the Mowry 
Wellfield, the Centerville and Fremont Aquifers may need to be treated as separate water 
bearing units. 
 
The installation of monitoring wells during this project has already provided valuable 
information to ACWD.  Limited information existed on the geology and hydrogeology in 
the vicinity of the brackish water plume.  The only available source of information from 
this area was from two nested well clusters within the plume (installed in 1997 and 2000) 
and four widely scattered monitoring wells around the cluster wells (installed in 2007).  
The installation of the wells associated with this project has greatly increased our 
understanding of the brackish water plume and yielded valuable data to assist ACWD in 
its management of the Niles Cone Groundwater Basin.  ACWD has incorporated these 
wells into its spring and fall monitoring programs so that water level and water quality 
information can be collected on a regular basis.  At the end of each year, this information 
will be used to construct water level and water quality contour figures that are included in 
the annual Groundwater Monitoring Report. This report will allow ACWD to assess the 
effectiveness of groundwater basin management activities related to saltwater intrusion.  
A copy of the annual groundwater monitoring report is submitted to DWR as part of 
ACWD’s groundwater management plan annual update. 
 
The Inland Saltwater Intrusion Monitoring Wells Project final report will be posted on 
ACWD’s website for all interested parties, stakeholders, agencies and the general public 
to access. 
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6.0 RECOMMENDATIONS 

________________________________________________________________________ 
 
 

Data collected during the project, significantly increased ACWD’s understanding of the 
geologic depositional history of the area in the vicinity of the brackish water plume.  
Analytical data collected for groundwater quality and soil permeability evaluation have 
identified areas of high chloride concentrations and significantly refined the boundaries 
of the brackish water plume in the Centerville and Fremont Aquifers near the Mowry 
Wellfield.   Unfortunately, monitoring wells installed in the west/southwest portion of the 
study area (Blacow @ Brophy) documented elevated concentrations of chlorides.  To 
assist in evaluating whether the brackish water plumes in the Centerville and Fremont 
Aquifers are limited in extent or are aerially extensive along the interpreted axes of 
deposition, additional Centerville and Fremont Aquifer monitoring wells will need to be 
installed west, southwest, and south in the Centerville Aquifer and west and southwest in 
the Fremont Aquifer.  Presently, only two sets of monitoring wells, 5S/2W-14E007 
(DE1–C (Centerville Aquifer)) and 5S/2W-14E006 (DE1-F (Fremont Aquifer)), and 
5S/1W-16M006 (Automall-C (Centerville Aquifer)) and 5S/1W-16M007 (Automall-F 
(Fremont Aquifer)), exist to the southwest and south, respectively, of the brackish water 
plume.  These two monitoring well clusters (Figure 11) assist in bracketing the brackish 
water plume in both the Centerville and Fremont Aquifers but large data gaps still exist.  
Both of these monitoring well sets were installed during the 2004-2005 DWR grant 
project.   
 
Additionally, aquifer hydraulic characteristics for the Fremont Aquifer have not been 
determined.  The Fremont Aquifer chloride contour map (Figure 13) indicates that the 
leading edge of the brackish water plume (250 ppm contour) is relatively close to the 
Mowry Wellfield.  To design a plan to mitigate the risk the Fremont Aquifer brackish 
water plume poses to the Mowry Wellfield, a test well will need to be installed in the 
Fremont Aquifer and an aquifer pump test performed.  The collection of this data will 
yield information on optimal pumping rates, zone of influence, and system design 
characteristics.   
 
Finally, continued monitoring of the existing well network is imperative to document the 
movement of the brackish water plume over time. The evaluation of the data will 
determine if the mitigation plan resulting from the work conducted under this project is 
sufficient or if additional corrective action will need to be implemented. 
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7.0 SCHEDULE INFORMATION 
_______________________________________________________________________ 

 
 
The original implementation schedule for the project was 24 months with approximately 
seven months of field operations scheduled to begin in November 2008 (Figure 14).  Due 
to delays in approval of the agreement between ACWD and DWR (November 2008), an 
expansion of the original scope of work, and obtaining access approval for the additional 
monitoring wells from the City of Fremont and property owners, field operations did not 
begin until January 12, 2009.  A revised schedule was submitted and approved by DWR 
on January 12, 2009 (Figure 15).  Even with the delayed start of the project, additional 
wells (included in the revised scope of work), and equipment downtime, field operations 
were completed by July 9, 2009, approximately two weeks ahead of the revised 
scheduled completion date.   
 
The original and revised scheduled completion date for the project (submittal of the final 
report) is May 10, 2010.  Submittal of this report constitutes a completion of the project 
approximately two weeks ahead of schedule.  The actual implementation schedule is 
presented in Figure 16. 
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8.0 BUDGET INFORMATION 

________________________________________________________________________ 
 

 
The original total proposed budget amount was $383,700.00 with DWR grant funding 
covering $250,000.00 of these costs and with ACWD responsible for the remaining costs 
of $133,700.00.  The highly competitive environment, attributed to the economic 
downturn, manifested itself in the bid costs submitted by the drilling contractors.  The 
winning bid was both significantly lower than expected and lower than previous drilling 
contracts.  Consequently, due to the lower costs for well drilling and installation, ACWD 
reviewed the scope of work and determined that four additional monitoring wells would 
significantly increase ACWD’s understanding of the basin while keeping the costs 
covered by the DWR grant the same. A memorandum outlining the additional scope of 
work was submitted to DWR for approval on December 18, 2008, and was verbally 
approved by DWR (Harley Davis) on December 19, 2008.  This addition to the scope of 
work increased the total modified budget amount to $414,205.00 with DWR grant 
funding remaining the same at $250,000.00. 
 
Additional ACWD labor time associated with the installation of the four additional wells 
(permits, communications with the City of Fremont, public notification, additional 
geologic data collection and well installation time, additional time for data evaluation, 
GPS surveying of the additional wells, and additional report preparation time) increased 
the overall project budget to $491,914.36.  As stated in ACWD’s original proposal, DWR 
grant funding was used only for contractor expenses and not for ACWD labor costs.  As 
presented in Table 6, contractor costs (drilling contractor and outside laboratory costs) 
and ACWD labor costs were $253,881.00 and $238,033.36, respectively.  ACWD is 
responsible for all remaining costs above the $250,000 grant amount. 

 



                      
 
 
 

Tables 



ACWD* ID Number Well Completion Date ACWD * Elevation 
Equivalent Aquifer Borehole Depth (feet) Well Completion Depth 

(feet) Screen Interval (feet) State ID Number

Serra Place - C 1/6/2009 Centerville 250 250 210 - 250 4S/1W-32K014
Blacow - F 2/11/2009 Fremont 400 350 310 - 350 4S/1W-32N002
Blacow - C 2/25/2009 Centerville 250 250 200 - 240 4S/1W-32N001

Meyer Park - F 3/9/2009 Fremont 400 340 290 - 330 4S/1W-32E012
Meyer Park - C 3/12/2009 Centerville 240 240 190 - 230 4S/1W-32E011

Robin - F 3/26/2009 Fremont 400 365 330 -360 5S/1W-04H005
Robin - C 4/1/2009 Centerville 260 255 230 - 255 5S/1W-04H004

Margery - F 4/15/2009 Fremont 400 350 310 - 340 4S/1W-33R008
Margery - C 4/23/2009 Centerville 250 250 200 - 240 4S/1W-33R007
Noll Park - F 5/5/2009 Fremont 350 350 320 - 340 4S/1W-33N003

Fremont Library - F 5/19/2009 Fremont 400 295 260 - 290 4S/1W-28R003

** = Alameda County Water District

Table 1
Well Completion and Well Identification Summary Sheet

Table 2
Survey Data

State ID Number ACWD* ID Number Well Completion Date ACWD* Elevation 
Equivalent Aquifer

Reference Elevation 
(feet msl) Northing Easting

4S/1W-32K014 Serra Place - C 1/6/2009 Centerville 43.281 2022222.279 6128573.970
4S/1W-32N002 Blacow - F 2/11/2009 Fremont 37.591 2021890.098 6126130.441
4S/1W-32N001 Blacow - C 2/25/2009 Centerville 37.649 2021886.979 6126135.090
4S/1W-32E012 Meyer Park - F 3/9/2009 Fremont 43.886 2024399.608 6126010.653
4S/1W-32E011 Meyer Park - C 3/12/2009 Centerville 43.683 2024405.155 6126002.265
5S/1W-04H005 Robin - F 3/26/2009 Fremont 44.917 2018920.527 6134992.811
5S/1W-04H004 Robin - C 4/1/2009 Centerville 45.106 2018926.828 6134987.422
4S/1W-33R008 Margery - F 4/15/2009 Fremont 53.181 2021783.973 6135470.421
4S/1W-33R007 Margery - C 4/23/2009 Centerville 53.252 2021776.000 6135465.884
4S/1W-33N003 Noll Park - F 5/5/2009 Fremont 46.641 2020816.608 6131650.002
4S/1W-28R003 Fremont Library - F 5/19/2009 Fremont 59.704 2025882.346 6134997.992

* = Alameda County Water District



Table 3
Summary of Groundwater Sampling Results

Well Numbers ACWD* Well I.D.

ACWD* 
Elevation 

Equivalent 
Aquifer

Date of 
Water 
Level

Depth to 
Water 
(feet)

Reference 
Elevation 
(feet msl)

Water 
Elevation 
(feet msl)

Water 
Sample 

Date

Chloride 
Result 
(ppm)

TDS (ppm) Hardness 
(ppm)

4S/1W-32K011 Serra Place - F Fremont 9/9/2009 49.7 43.39 -6.31 8/25/2009 795 1,655.00 
4S/1W-32K014 Serra Place - C Centerville 9/9/2009 48.8 43.281 -5.519 8/25/2009 660.00    1,565.00 980.00      
4S/1W-32N002 Blacow - F Fremont 9/8/2009 44.1 37.591 -6.509 8/20/2009 1,331.30 2,460.00 1,400.00   
4S/1W-32N001 Blacow - C Centerville 9/8/2009 43.7 37.649 -6.051 8/20/2009 152.50      674.00      380.00      
4S/1W-32E012 Meyer Park - F Fremont 9/9/2009 50.0 43.886 -6.114 9/9/2009 445.00    1,145.00 614.00      
4S/1W-32E011 Meyer Park - C Centerville 9/9/2009 49.5 43.683 -5.817 9/9/2009 375.00    910.00      502.00      
5S/1W-04H005 Robin - F Fremont 8/31/2009 48.6 44.917 -3.683 8/27/2009 232.50      708.00      220.00      
5S/1W-04H004 Robin - C Centerville 8/31/2009 48.5 45.106 -3.394 8/27/2009 350.00    992.00      670.00      
4S/1W-33R008 Margery - F Fremont 9/3/2009 57.3 53.181 -4.119 8/17/2009 192.50      804.00      500.00      
4S/1W-33R007 Margery - C Centerville 9/3/2009 56.9 53.252 -3.648 8/17/2009 133.80      826.00      510.00      
4S/1W-33N003 Noll Park - F Fremont 9/8/2009 49.0 43.641 -5.359 8/26/2009 290.00    820.00      580.00      
4S/1W-33N002 Noll Park - C Centerville 9/8/2009 48.2 43.75 -4.45 8/26/2009 1,137.50   2,540.00   
4S/1W-28R003 Fremont Library - F Fremont 9/1/2009 64.2 59.704 -4.496 8/17/2009 147.50    842.00    540.00    
Secondary MCL 250.00    1,000.00 

* = Alameda County Water District
MCL =  Maximum Contaminant Levels
2,460 = value in bold above Secondary Maximum Contaminant Levels 
Noll Park - C = Well not installed as part of this program



Sample Date ACWD* Aquitards Between Date of Delivery to Lab Received by Date of Lab Report Sample Results
Sample ID the Following Aquifers (per COC**) (at lab) (cm/sec)

Signet Testing Laboratories
1/30/2009 Blacow-F-121.5 Newark - Centerville 2/2/2009 Signet Testing Labs 2/27/2009 1.33E-08
2/4/2009 Blacow-F-261.5 Centerville - Fremont 2/11/2009 Signet Testing Labs 3/3/2009 4.22E-07
2/6/2009 Blacow-F-391.0 Fremont - Deep 1 2/11/2009 Signet Testing Labs 3/3/2009 1.92E-08
2/27/2009 Meyer Park-F-131.0 Newark - Centerville 3/5/2009 Signet Testing Labs 4/14/2009 5.36E-04
2/27/2009 Meyer Park-F-161.0 Newark - Centerville 3/5/2009 Signet Testing Labs 4/14/2009 2.08E-05
3/2/2009 Meyer Park-F-271.0 Centerville - Fremont 3/5/2009 Signet Testing Labs 4/14/2009 2.73E-08
3/4/2009 Meyer Park-F-381.0 Fremont - Deep 1 3/5/2009 Signet Testing Labs 4/14/2009 3.05E-08
3/18/2009 Robin-F-141.0 Newark - Centerville 3/24/2009 Signet Testing Labs 4/20/2009 3.51E-07
3/19/2009 Robin-F-281.0 Centerville - Fremont 3/24/2009 Signet Testing Labs 4/20/2009 4.01E-08
3/20/2009 Robin-F-400.0 Fremont - Deep 1 3/24/2009 Signet Testing Labs 4/20/2009 2.21E-08

Permeability Data Summary Spreadsheet 
Inland Saltwater Intrusion Monitoring Wells Project

Table 4

3/20/2009 Robin-F-400.0 Fremont - Deep 1 3/24/2009 Signet Testing Labs 4/20/2009 2.21E-08
4/8/2009 Margery-F-110.0 Newark - Centerville 4/14/2009 Signet Testing Labs 5/22/2009 8.20E-08
4/9/2009 Margery-F-250.0 Centerville - Fremont 4/14/2009 Signet Testing Labs 5/22/2009 2.52E-08
4/10/2009 Margery-F-350.0 Fremont - Deep 1 4/14/2009 Signet Testing Labs 5/22/2009 1.17E-08
5/11/2009 FL-F-161.0 Newark - Centerville 5/18/2009 Signet Testing Labs 6/11/2009 3.14E-08
5/12/2009 FL-F-241.0 Centerville - Fremont 5/18/2009 Signet Testing Labs 6/11/2009 7.11E-08
5/12/2009 FL-F-300.0 Centerville - Fremont 5/18/2009 Signet Testing Labs 6/11/2009 3.16E-08
5/13/2009 FL-F-370.0 Fremont - Deep 1 5/18/2009 Signet Testing Labs 6/11/2009 6.40E-09

*  = Alameda County Water District
** = Chain of Custody



C

Table 5
Aquifer and Aquitard Thickness Measurements

Well Numbers ACWD* Well I.D.
Total 

Borehole 
Depth (feet)

Well Depth 
(feet)

Centerville 
Aquifer 
(feet)

Mission 
Aquitard 

(feet)

Fremont 
Aquifer 
(feet)

4S/1W-19N004 Westridge Park - F (Well I) 325 310 20 80
4S/1W-19N005 Westridge Park - C (Well J) 240 230 50
4S/1W-28P004 Beacon - C 473 295 60
4S/1W-28P007 Beacon - F (Well F) 385 380 36 65
4S/1W-28R003 Fremont Library - F** 400 290 35 35 45
4S/1W-31B011 Willowood #2 - CF 335 320 35 68 19
4S/1W-31N001 Cedar #1 - C 268 248 25
4S/1W-32K011 Serra Place - F** 400 340 60 25
4S/1W-32K014 Serra Place - C 250 250 50
4S/1W-32N002 Blacow - F** 400 350 25 95
4S/1W-32N001 Blacow - C** 250 250 45
4S/1W-32E012 Meyer Park - F** 400 340 47 75
4S/1W-32E011 Meyer Park - C** 240 240 40
4S/1W-33R008 Margery - F** 400 350 76 28
4S/1W-33R007 Margery - C** 250 240 35
4S/1W-33N003 Noll Park - F** 350 350 56 15
4S/1W-33N002 Noll Park - C 250 250 50
4S/2W-13P006 Roland - F (Well H-1) 365 360 30 80
4S/2W-13P007 Roland - C (Well I-1) 290 280 100
4S/2W36A007 Darvon #2 - CF 344 329 29 26
4S/2W-36N010 Montclam - F (Well-T) 425 310 65 40
4S/2W-36N0114S/2W 36N011 Montclam - C (Well-U)Montclam   (Well U) 230230 220220 2020
5S/1W-04H005 Robin - F** 400 365 84 25
5S/1W-04H004 Robin - C** 260 255 40
5S/1W-05C001 Farwell Arp - C 265 253 30
5S/1W-05H004 Farwell  - F 350 340 65 20
5S/1W-05H005 Farwell  - C 265 260 40
5S/1W-06H004 Bellflower - C 295 279 61
5S/1W-07B036 Silliman Center - C 505 245 85 75 75
5S/1W-07J005 Site A-MW - F 752 360 20 50 50
5S/1W-16M006 Automall - C*** 270 265 35
5S/1W-16M007 Automall - F*** 340 330 70 20
5S/2W-01R014 Desal Plant - MW - C 255 240 20
5S/2W-02F003 Bridgepointe - C (Well W) 200 165 25
5S/2W-14E006 DE1 - F*** 310 300 50 50
5S/2W-14E007 DE1 - C*** 220 210 25

*  = Alameda County Water District
** = Well Installed Under Present DWR Agreement
***= Well Installed Under Past DWR Agreement



Task 
No. Description from Approved Budget Budget Amount 

by Task
Contractor 

Costs Accrued
ACWD Labor 

Costs Accrued
Amount Over 

Budget
1.1 Finalize well locations $9,363.00 $0.00 $12,882.43 ($3,519.43)
1.2 Drilling contract selection $12,284.00 $500.00 $13,133.09 ($1,349.09)
1.3 Permitting process $13,068.00 $0.00 $16,684.96 ($3,616.96)
1.4 Public notification $4,075.00 $0.00 $4,432.38 ($357.38)
2.1 Drill and collect lithologic data for 5 boreholes to 400 feet $88,356.00 $59,500.00 $34,829.55 ($5,973.55)
2.2 Geophysical logs $22,251.00 $15,000.00 $3,867.48 $3,383.52
2.3 Install four 2-inch monitoring wells to 350 feet $34,836.00 $28,644.00 $16,604.66 ($10,412.66)
2.4 Install one 2-inch monitoring well $6,771.00 $12,880.00 $10,484.94 ($16,593.94)
2.5 Drill 5 boreholes and install one 2-inch monitoring well to 250 feet $56,697.00 $36,800.00 $16,747.36 $3,149.64
2.6 Drill 1 borehole and install one 2-inch monitoring well to 250 feet $19,132.00 $9,200.00 $11,621.08 ($1,689.08)
2.7 Collect and classify samples $11,119.00 $0.00 $19,159.07 ($8,040.07)
2.8 Review logs and finalize well design $1,205.00 $0.00 $6,604.14 ($5,399.14)
2.9 Grout boreholes $24,819.00 $9,000.00 $5,478.60 $10,340.40
2.10 Develop wells $29,819.00 $27,500.00 $14,130.50 ($11,811.50)
2 11 Dispose of drilling fluids and cuttings $11 902 00 $9 429 00 $5 618 89 ($3 145 89)

Table 6
DWR Cost Summary Sheet

2.11 Dispose of drilling fluids and cuttings $11,902.00 $9,429.00 $5,618.89 ($3,145.89)
2.12 Install security fencing $13,608.00 $9,743.00 $3,542.97 $322.03
2.13 Install surface completion well boxes $6,569.00 $3,850.00 $4,519.36 ($1,800.36)
2.14 GPS new well locations $1,576.00 $0.00 $2,146.40 ($570.40)
2.15 Mobilization, bonding, and construction schedules $27,685.00 $26,735.00 $481.85 $468.15
3.1 Collection and permeability testing of sample cores $6,573.00 $5,100.00 $6,628.00 ($5,155.00)
3.2 Collect and analyze groundwater samples upon well completion $1,087.00 $0.00 $2,658.07 ($1,571.07)
4.1 Submit quarterly progress reports to DWR $2,964.00 $0.00 $1,279.13 $1,684.87
4.2 Submit final project summary to DWR $6,446.00 $0.00 $22,498.45 ($16,052.45)
4.3 Distribute report to stakeholders $2,000.00 $0.00 $2,000.00 $0.00

SUBTOTALS $253,881.00 $238,033.36
TOTALS $414,205.00 ($77,709.36)$491,914.36
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FIGURE 2: ORIGINAL PROPOSED WELL LOCATIONS
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FIGURE 3:  PROPOSED AND ACTUAL WELL LOCATIONS
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FIGURE 5: HYDROLOGICAL FORMATION CROSS SECTION LOCATIONS
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ID Task Name Duration Start

1 Authorization to Proceed 0 days Mon 6/2/08
2 Task 1-Pre-Construction Activities 103 days Fri 6/6/08
3 Task 1.1- Finalize well locations 8 days Fri 6/6/08
4 Task 1.2  Drilling contractor selection 79 days Wed 6/18/08
5 Task 1.3-Permitting process 97 days Mon 6/16/08
6 Task 1.4-Public notification 97 days Mon 6/16/08
7 Completion of pre-field activities 0 days Wed 10/29/08
8 Task 2-Drilling, Well Construction, and Development 127 days Fri 11/14/08
9 Task 2.1-Drill and collect lithologic data for 4 boreholes to 400 feet 127 days Fri 11/14/08
10           Task 2.1.1-Boring 1 to 400 feet 12 days Mon 11/17/08
11           Task 2.1.2-Boring 2 to 400 feet 16 days Thu 12/25/08
12           Task 2.1.3-Boring 3 to 400 feet 12 days Mon 1/26/09
13           Task 2.1.4-Boring 4 to 400 feet 12 days Thu 2/19/09
14      Task 2.2- Conduct geophysical logs 69 days Wed 12/3/08
15           Task 2.2.1-Boring 1 1 day Wed 12/3/08
16           Task 2.2.2-Boring 2 1 day Fri 1/16/09
17           Task 2.2.3-Boring 3 1 day Wed 2/11/09
18           Task 2.2.4-Boring 4 1 day Mon 3/9/09
19      Task 2.3-Install 4 2-inch monitoring wells to 350 feet 72 days Thu 12/4/08
20           Task 2.3.1-Boring 1 5 days Thu 12/4/08
21           Task 2.3.2-Boring 2 6 days Mon 1/19/09
22           Task 2.3.3-Boring 3 4 days Thu 2/12/09
23           Task 2.3.4-Boring 4 4 days Tue 3/10/09
24      Task 2.4-Drill 2 boreholes and install 2 2-inch monitoring wells to 250 feet 6 days Mon 3/30/09
25           Task 2.4.1-Site 1 6 days Thu 12/11/08
26           Task 2.4.2-Serra Place 4 days Wed 4/1/09
27      Task 2.5-Drill 1 borehole and install 1 2-inch monitoring well to 350 feet 10 days Mon 3/16/09
28           Task 2.5.1-Noll Park 10 days Mon 3/16/09
29      Task 2.6-Collect and classify samples 80 days Mon 11/17/08
30      Task 2.7- Review of logs and finalize well designs 68 days Wed 12/3/08
31      Task 2.8-Grout boreholes 80 days Mon 11/17/08
32      Task 2.9-Develop wells 90 days Mon 12/15/08
33      Task 2.10-Dispose of drilling fluids and cuttings 115 days Mon 11/17/08
34      Task 2.11-Install security fencing 5 days Mon 4/27/09
35      Task 2.12-Install surface completion well box 5 days Tue 5/5/09
36      Task 2.13-GPS new well locations 2 days Mon 5/11/09
37      Completion of Field Activities 0 days Tue 5/12/09
38 Task 3-Analytical Testing and Evaluation 212 days Fri 11/7/08
39 Task 3.1-Collect and test permeability of sample cores 90 days Fri 11/7/08
40 Task 3.3-Collect and analyze groundwater samples upon well completion 5 days Tue 8/25/09
41 Task 4- Reporting 409 days Wed 10/15/08
42 Task 4.1-Submit quarterly progress reports to DWR 392 days Wed 10/15/08
43           Task 4.1.1-Third Qt 2008 progress report 0 days Wed 10/15/08
44           Task 4.1.2-Fourth Qt 2008 progress report 0 days Thu 1/15/09
45           Task 4.1.3-First Qt 2009 progress report 0 days Wed 4/15/09
46           Task 4.1.4-Second Qt 2009 progress report 0 days Wed 7/15/09
47           Task 4.1.5-Third Qt 2009 progress report 0 days Thu 10/15/09
48           Task 4.1.6-Fourth Qt 2009 progress report 0 days Fri 1/15/10
49           Task 4.1.7-First Qt 2010 progress report 0 days Thu 4/15/10
50 Task 4.2-Submit final project summary to DWR 261 days Mon 5/11/09
51 Well Installation Project Completed 0 days Mon 5/10/10
52      Task 4.3  Distribute report to stakeholders 0 days Tue 5/11/10
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Figure 14
Project: Inland Saltwater Intrusion  Monitoring Wells Project (Original Sch
Date: December 10, 2007



ID Task Name Duration Start Finish

1 Authorization to Proceed 0 days Mon 8/4/08 Mon 8/4/08
2 DWR Contract Review and Finalization 28 days Mon 8/25/08 Wed 10/1/08
3 Task 1-Pre-Construction Activities 104 days Wed 8/6/08 Mon 12/29/08
4 Task 1.1- Finalize well locations 8 days Wed 8/6/08 Fri 8/15/08
5 Task 1.2  Drilling contractor selection 79 days Mon 8/18/08 Thu 12/4/08
6 Opening of Bids 0 days Thu 10/16/08 Thu 10/16/08
7 Task 1.3-Permitting process 52 days Mon 8/18/08 Tue 10/28/08
8 Task 1.4-Public notification 96 days Mon 8/18/08 Mon 12/29/08
9 Completion of pre-field activities 0 days Mon 12/29/08 Mon 12/29/08
10 Task 2-Drilling, Well Construction, and Development 150 days Mon 12/29/08 Fri 7/24/09
11 Task 2.1-Drill and collect lithologic data for 4 boreholes to 400 feet 84 days Mon 12/29/08 Thu 4/23/09
12      Task 2.1.1-Boring 1 to 400 feet 12 days Mon 1/19/09 Tue 2/3/09
13      Task 2.1.2-Boring 2 to 400 feet 12 days Wed 2/25/09 Thu 3/12/09
14      Task 2.1.3-Boring 3 to 400 feet 12 days Thu 4/2/09 Fri 4/17/09
15      Task 2.1.4-Boring 4 to 400 feet 12 days Tue 5/5/09 Wed 5/20/09
16      Task 2.1.5-Boring 5 to 400 feet 12 days Fri 6/5/09 Mon 6/22/09
17 Task 2.2- Conduct geophysical logs 69 days Tue 2/3/09 Fri 5/8/09
18      Task 2.2.1-Boring 1 1 day Wed 2/4/09 Wed 2/4/09
19      Task 2.2.2-Boring 2 1 day Mon 3/16/09 Mon 3/16/09
20      Task 2.2.3-Boring 3 1 day Mon 4/20/09 Mon 4/20/09
21      Task 2.2.4-Boring 4 1 day Thu 5/21/09 Thu 5/21/09
22      Task 2.2.5-Boring 5 1 day Tue 6/23/09 Tue 6/23/09
23 Task 2.3-Install 4 2-inch monitoring wells 72 days Wed 2/4/09 Thu 5/14/09
24      Task 2.3.1-Boring 1 to 350 feet 4 days Thu 2/5/09 Tue 2/10/09
25      Task 2.3.2-Boring 2 to 350 feet 4 days Thu 3/19/09 Tue 3/24/09
26      Task 2.3.3-Boring 3 to 350 feet 4 days Tue 4/21/09 Fri 4/24/09
27      Task 2.3.4-Boring 4 to 350 feet 4 days Fri 5/22/09 Wed 5/27/09
28 Task 2.4-Install 1 2-inch monitoring well to 250 feet 4 days Wed 6/24/09 Mon 6/29/09
29 Task 2.5-Drill 2 boreholes and install 2 2-inch monitoring wells to 250 feet 6 days Mon 6/1/09 Mon 6/8/09
30      Task 2.5.1-Fremont Library - C (Site 1) 6 days Wed 2/11/09 Wed 2/18/09
31      Task 2.5.2-Fremont @ St. Leonards - C (Site 2) 6 days Wed 3/25/09 Wed 4/1/09
32      Task 2.5.3-Ladner @ Robin - C (Site 3) 6 days Mon 4/27/09 Mon 5/4/09
33      Task 2.5.4-Blacow @ Brophy - C (Site 4) 6 days Thu 5/28/09 Thu 6/4/09
34      Task 2.5.5-Serra Place - C 6 days Tue 6/30/09 Tue 7/7/09
35 Task 2.6-Drill 1 borehole and install 1 2-inch monitoring well to 350 feet 10 days Mon 5/18/09 Fri 5/29/09
36      Task 2.6.1-Noll Park - F 10 days Wed 7/8/09 Tue 7/21/09
37 Task 2.7-Collect and classify samples 132 days Mon 1/19/09 Tue 7/21/09
38 Task 2.8- Review of logs and finalize well designs 120 days Wed 2/4/09 Tue 7/21/09
39 Task 2.9-Grout boreholes 132 days Mon 1/19/09 Tue 7/21/09
40 Task 2.10-Develop wells 112 days Mon 2/16/09 Tue 7/21/09
41 Task 2.11-Dispose of drilling fluids and cuttings 132 days Mon 1/19/09 Tue 7/21/09
42 Task 2.12-Install security fencing 138 days Mon 1/12/09 Wed 7/22/09
43 Task 2.13-Install surface completion well box 117 days Tue 2/10/09 Wed 7/22/09
44 Task 2.14-GPS new well locations 2 days Thu 7/23/09 Fri 7/24/09
45 Completion of Field Activities 1 day Fri 7/24/09 Fri 7/24/09
46 Task 3-Analytical Testing and Evaluation 169 days Wed 1/7/09 Mon 8/31/09
47 Task 3.1-Collect and test permeability of sample cores 143 days Wed 1/7/09 Fri 7/24/09
48 Task 3.2-Collect and analyze groundwater samples upon well completion 5 days Tue 8/25/09 Mon 8/31/09
49 Task 4- Reporting 343 days Thu 1/15/09 Mon 5/10/10
50 Task 4.1-Submit quarterly progress reports to DWR 326 days Thu 1/15/09 Thu 4/15/10
51 Task 4.1.1-Fourth Qt 2008 progress report 0 days Thu 1/15/09 Thu 1/15/09
52 Task 4.1.2-First Qt 2009 progress report 0 days Wed 4/15/09 Wed 4/15/09
53 Task 4.1.3-Second Qt 2009 progress report 0 days Wed 7/15/09 Wed 7/15/09
54 Task 4.1.4-Third Qt 2009 progress report 0 days Thu 10/15/09 Thu 10/15/09
55 Task 4.1.5-Fourth Qt 2009 progress report 0 days Fri 1/15/10 Fri 1/15/10
56 Task 4.1.6-First Qt 2010 progress report 0 days Thu 4/15/10 Thu 4/15/10
57 Task 4.2-Submit final project summary to DWR 216 days Mon 7/13/09 Mon 5/10/10
58 Draft Final Report to DWR 0 days Fri 4/2/10 Fri 4/2/10
59 Well Installation Project Completed 0 days Mon 5/10/10 Mon 5/10/10
60      Task 4.3  Distribute report to stakeholders 0 days Tue 5/11/10 Tue 5/11/10
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Figure 15
Project: Inland Saltwater Intrusion  Monitoring Wells Project (Revised)
Date: December 18, 2008



ID Task Name Duration Start Finish

1 Authorization to Proceed 0 days Mon 8/4/08 Mon 8/4/08
2 DWR Contract Review and Finalization 28 days Mon 8/25/08 Wed 10/1/08
3 Task 1-Pre-Construction Activities 104 days Wed 8/6/08 Mon 12/29/08
4 Task 1.1- Finalize well locations 8 days Wed 8/6/08 Fri 8/15/08
5 Task 1.2  Drilling contractor selection 79 days Mon 8/18/08 Thu 12/4/08
6 Opening of Bids 0 days Thu 10/16/08 Thu 10/16/08
7 Task 1.3-Permitting process 52 days Mon 8/18/08 Tue 10/28/08
8 Task 1.4-Public notification 96 days Mon 8/18/08 Mon 12/29/08
9 Completion of pre-field activities 0 days Mon 12/29/08 Mon 12/29/08
10 Task 2-Drilling, Well Construction, and Development 129 days Mon 1/12/09 Thu 7/9/09
11 Task 2.1-Drill and collect lithologic data for 4 boreholes to 400 feet 84 days Fri 1/23/09 Wed 5/20/09
12      Task 2.1.1-Blacow - F 12 days Wed 2/11/09 Thu 2/26/09
13      Task 2.1.2-Meyers Park - F 12 days Mon 3/9/09 Tue 3/24/09
14      Task 2.1.3-Robin - F 12 days Wed 3/25/09 Thu 4/9/09
15      Task 2.1.4-Margery - F 12 days Wed 4/15/09 Thu 4/30/09
16      Task 2.1.5-Fremont Library - F 12 days Tue 5/19/09 Wed 6/3/09
17 Task 2.2- Conduct geophysical logs 69 days Tue 2/3/09 Fri 5/8/09
18      Task 2.2.1-Blacow - F 1 day Fri 2/27/09 Fri 2/27/09
19      Task 2.2.2-Meyers Park - F 1 day Wed 3/25/09 Wed 3/25/09
20      Task 2.2.3-Robin - F 1 day Mon 4/13/09 Mon 4/13/09
21      Task 2.2.4-Margery - F 1 day Mon 5/11/09 Mon 5/11/09
22      Task 2.2.5-Fremont Library - F 1 day Thu 6/4/09 Thu 6/4/09
23 Task 2.3-Install 4 2-inch monitoring wells 72 days Wed 2/4/09 Thu 5/14/09
24      Task 2.3.1-Blacow - F 4 days Mon 3/2/09 Thu 3/5/09
25      Task 2.3.2-Meyers Park - F 4 days Thu 3/26/09 Tue 3/31/09
26      Task 2.3.3-Robin - F 4 days Tue 4/14/09 Fri 4/17/09
27      Task 2.3.4-Margery - F 4 days Tue 5/12/09 Fri 5/15/09
28      Task 2.3.4-Fremont Library - F 4 days Fri 6/5/09 Wed 6/10/09
29 Task 2.4-Install Heritage Village  (well not installed) 0 days Tue 5/12/09 Tue 5/12/09
30 Task 2.5-Drill boreholes and install 2 2-inch monitoring wells to 250 feet 6 days Mon 6/1/09 Mon 6/8/09
31      Task 2.5.1-Blacow - C 6 days Fri 3/6/09 Fri 3/13/09
32      Task 2.5.2Meyers Park - C 6 days Wed 4/1/09 Wed 4/8/09
33      Task 2.5.3- Robin - C 6 days Mon 4/20/09 Mon 4/27/09
34      Task 2.5.4-Margery - C 6 days Mon 5/18/09 Mon 5/25/09
35      Task 2.5.5-Serra Place - C 6 days Fri 1/23/09 Fri 1/30/09
36 Task 2.6-Drill 1 borehole and install 1 2-inch monitoring well to 350 feet 10 days Mon 5/18/09 Fri 5/29/09
37      Task 2.6.1-Noll Park - F 10 days Fri 5/1/09 Thu 5/14/09
38 Task 2.7-Collect and classify samples 100 days Thu 1/22/09 Wed 6/10/09
39 Task 2.8- Review of logs and finalize well designs 100 days Mon 1/19/09 Fri 6/5/09
40 Task 2.9-Grout boreholes 104 days Mon 1/19/09 Thu 6/11/09
41 Task 2.10-Develop wells 95 days Mon 2/16/09 Fri 6/26/09
42 Task 2.11-Dispose of drilling fluids and cuttings 115 days Mon 1/19/09 Fri 6/26/09
43 Task 2.12-Install security fencing 121 days Mon 1/12/09 Mon 6/29/09
44 Task 2.13-Install surface completion well box 97 days Tue 2/10/09 Wed 6/24/09
45 Task 2.14-GPS new well locations 2 days Wed 7/8/09 Thu 7/9/09
46 Completion of Field Activities 1 day Thu 7/9/09 Thu 7/9/09
47 Task 3-Analytical Testing and Evaluation 169 days Wed 1/7/09 Mon 8/31/09
48 Task 3.1-Collect and test permeability of sample cores 143 days Wed 1/7/09 Fri 7/24/09
49 Task 3.2-Collect and analyze groundwater samples upon well completion 5 days Tue 8/25/09 Mon 8/31/09
50 Task 4- Reporting 331 days Thu 1/15/09 Fri 4/23/10
51 Task 4.1-Submit quarterly progress reports to DWR 272 days Thu 1/15/09 Fri 1/29/10
52 Task 4.1.1-Fourth Qt 2008 progress report 0 days Thu 1/15/09 Thu 1/15/09
53 Task 4.1.2-First Qt 2009 progress report 0 days Wed 4/15/09 Wed 4/15/09
54 Task 4.1.3-Second Qt 2009 progress report 0 days Wed 7/15/09 Wed 7/15/09
55 Task 4.1.4-Third Qt 2009 progress report 0 days Thu 10/15/09 Thu 10/15/09
56 Task 4.1.5-Fourth Qt 2009 progress report 0 days Fri 1/15/10 Fri 1/15/10
57 Task 4.2-Submit final project summary to DWR 3 days Wed 4/14/10 Fri 4/16/10
58 Draft Final Report to DWR 0 days Fri 4/16/10 Fri 4/16/10
59 Well Installation Project Completed 0 days Fri 4/23/10 Fri 4/23/10
60      Task 4.3  Distribute report to stakeholders 0 days Fri 4/30/10 Fri 4/30/10
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Figure 16
Project: Inland Saltwater Intrusion  Monitoring Wells Project
Date: March 10, 2010
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LITHOLOGIC DESCRIPTION

Spontaneous Potential (mV)
Gamma Ray (GAPI) Short Normal  (Ohm-m)

Long Normal  (Ohm-m) Point Resistivity  (Ohm)

GEOPHYSICAL DATA

Guard (Ohm-m)
Temperature (Farenheit)

JOB NUMBER:

Inland Saltwater Intrusion Monitoring Wells Project
6367

BORING

1 of 3

LOGGED BY: DRILLER:
DRILLING METHOD:

HOLE DIAMETER:
ELECTRIC LOG BY:

TOTAL DEPTH:DATE: SHEET:LOCATION:

STATE ID:

TOPSOIL

CL: Silty Clay; dark yellowish-brown (10 YR 4/2), moderate plasticity, some sand, moist
@5' Moderate to pale yellowish-brown (10 YR 6/2), highly plastic, organics

GC:  Clayey Gravel; gravel up to 0.6'', angular to sub-angular, poorly sorted

SW: Gravelly Sand; up to 0.2'', sub-angular to angular, poorly sorted

GP: Gravel; course gravel up to 1.2'', well sorted, well rounded, highly plastic, trace clay, moderate yellowish-brown (10YR 5/4)

@35' Gravelly Sand, gravel up to 0.3'', angular to, sub-rounded, moderatly sorted, clay highly plastic yellowish-brown (10YR 5/8

SP: Course Sand; poorly sorted sand with course, rounded gravel up to 1.1''

@45' Gravel fines downward, silty clay light-brown (5 YR 6/4)

GP: Gravel; Course gravel up to 1.3'', well sorted, sub rounded

SC: Gravelly Sand; poorly sorted up to 1.0'', sub-angular to angular

GC: Clayey Gravel; moderatly sorted coarse gravel up to 1.3'', sub-rounded
@65' gravel fines down up to 1.0'', poorly sorted

@75' gravel fines downward up to 0.7''

@85' gravely fines downward up to 0.4'', clays are highly plastic

SW: Gravely Sand up to 0.8'', angular, poorly sorted

GW: Sandy Gravel; gravel up to 1.0'', sub-rounded, poorly sorted

@107' gravel fines donwward up to 0.4'', angular, some clay, olive color (5Y5/6), highly plastic clay

@115' gravel coarsening downward up to 0.6'', well sorted

SW: Gravely Sand; poorly sorted, sub-angular up to 0.7'', some clay, olive color (5Y 5/6), highly plastic clay

@125' gravel fines downward up to 0.3''

GW: Sandy Gravel; moderatly sorted, sub-rounded up to 0.3''

Stevenson Blvd @Paseo Padre Parkway 5/192009

Douglas Young and Brian Grace
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Precision Sampling, Inc.
Mud Rotary

400 feet
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JOB NUMBER:

Inland Saltwater Intrusion Monitoring Wells Project
6367

BORING

2 of 3

LOGGED BY: DRILLER:
DRILLING METHOD:

HOLE DIAMETER:
ELECTRIC LOG BY:

TOTAL DEPTH:DATE: SHEET:LOCATION:

STATE ID:

CL: Silty Clay; moderate olive-brown (5 Y 4/4), moderate plasticity.

@165' coarse sand and gravel up to 0.4''.

SW: Gravely Sand; multicolored, subrounded to angular/broken, up to 0.4''

GW: Gravel; poortly sorted up to 0.5'', well rounded to sub-angular/broken

CL: Gravely Clay; moderate yellowish-brown (10 YR 5/4), moderate to high plasticity, gravel up to 0.6'', poorly sorted, well rounded to
sub-angular

SW: Gravely Sand, multicolored, coarse sand, gravel up to 0.3'', sub-angular, moderatly sorted
@195' gravel coarsening downward up to 0.5'

SC: Clayey Sand; clay grayish-orange (10 YR 7/4 ), poorly sorted course sand

GC: Clayey Gravel; clay olive- gray (5Y 4/2), gravel moderatly sorted up to 0.5'', sub-angular

CL: Silty Clay, olive-brown (2.5Y 4/4), moderate to high plasticity

GC: Clayey Gravel; dark yellowish-brown (10 YR 4/2), highly plastic clay, gravel moderatly sorted up to 0.2'', sub-angular.

@250' increasing clay and silt content.

SC: Clayey Sand; olive color (5Y 5/6), moderate plasticity, sand well sorted, some silt.

@265' some sub-angular gravels up to 0.4''.
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JOB NUMBER:

Inland Saltwater Intrusion Monitoring Wells Project
6367

BORING

3 of 3

LOGGED BY: DRILLER:
DRILLING METHOD:

HOLE DIAMETER:
ELECTRIC LOG BY:

TOTAL DEPTH:DATE: SHEET:LOCATION:

STATE ID:

SP: Gravely Sand; poorly sorted up to 0.4'', some clay peds moderate yellowish-brown ( 10 YR 4/2), moderate to high plasticity.

@275' sand well sorted, gravel up to 0.3'',

@280' much less gravel and no clay

SC: Clayey Sand; multicolor, well sorted, clay is dark yellowish-brown (10 YR 4/2), moderate plasticity, silty.
@295' sand coarsening downward, clay is olive-gray (5Y 4/2), moderate to high plasticity.

@310' poorly sorted sand with some angular gravel.

CL: Sandy Clay;  gray-brown (2.5Y 4/2), moderate plasticity.

@330' clay is olive-brown (2.5 Y 4/4), high plasticity.

GC: Clayey Gravel; gray-brown (2.5Y 4/2), highly plastic clay, gravel is angular, poorly sorted.

SC: Gravely Sand; multicolored, poorly up to 0.4'', angular.

CL: Clay; gray-brown (2.5Y 4/2), very fat, dense, highly  plastic.

@ 375' sandy clay, gray-brown (2.5 Y 4/2), coarse angular sands, moderate plasticity.

ML: Silty clay/ clayey silt; gray-brown (2.5Y 4/2), moderate plasticity.

Stevenson Blvd @Paseo Padre Parkway 5/192009

Douglas Young and Brian Grace
Welenco, Inc.

8.75''

Precision Sampling, Inc.
Mud Rotary

400 feet
4S/1W 28R003 Fremont Library-F



Lith
ologic 

Patt
ern

(0                                                          50)

(0                                                        100)

(60                                                        70)

(0                                                        100)

(0                                                        100)

(-                                                              +)

(0                                                         200)

0

-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

-110

-120

-130

0

-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

-110

-120

-130

0

-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

-110

-120

-130

0

-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

-110

-120

-130

0

-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

-110

-120

-130

Well
 C

onstr
ucti

on

Geo
phys

ica
l S

am
ple

Dep
th (in

 fe
et)

LITHOLOGIC DESCRIPTION

Spontaneous Potential (mV)
Gamma Ray (GAPI) Short Normal  (Ohm-m)

Long Normal  (Ohm-m) Point Resistivity  (Ohm)

GEOPHYSICAL DATA

Guard (Ohm-m)
Temperature (Farenheit)

JOB NUMBER:

Inland Saltwater Intrusion Monitoring Wells Project
6367

BORING

1 of 3

LOGGED BY: DRILLER:
DRILLING METHOD:

HOLE DIAMETER:
ELECTRIC LOG BY:

TOTAL DEPTH:DATE: SHEET:LOCATION:

STATE ID:

TOPSOIL

CL: Silty Clay; dark yellowish-brown (10 YR 4/2), moderate to high plasticity, mottled dark brown
@10' Increasing fine sand, clay low placticity

@20' Decreasing silt/ sand content, moderate plasticity

@30' Low silt content, high plasticity

SP: Course Sand; well sorted, sub-rounded to sub-angular

SW: Gravelly Sand; gravel up to 0.3'', poorly sorted, sub-rounded to angular/ fractured

@50' Gravel up to 0.4''

GW: Gravelly Sand; gravel up to 0.7'', angular to sub-angular/ fractured, poorly sorted

@60' gravel up to 0.5''

@70' gravel fine downward

@85' gravel up to 0.3''

GP: Gravel; small amount of sand, gravel up to 0.7'', angular/ fractured, moderatly sorted, some clay present.

GC: Clayey Gravel; gravel up to 0.4'',gravel angular to sub-rounded, poorly sorted,some coarse sand

@105' gravel angular, moderatly sorted

CL: Clay; Gray (2.5 Y N5/) fat-high plasticity

GC: Sandy, Clayey, Gravel; olive gray clay (5Y 4/2), angular gravel up to 0.3'', sand sub-rounded, poorly sorted

CL: Silty Clay; olive-gray (5Y-4/2), moderate to high plasticity

@125' gravely clay, moderate plasticity, gravel sub-angular up to 0.2''

@135'  Increasing silt content

Margery Drive and Blanchard Street 04/15/2009
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Welenco, Inc.

8.75"

Precision Sampling, Inc.
Mud Rotary
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JOB NUMBER:

Inland Saltwater Intrusion Monitoring Wells Project
6367

BORING

2 of 3

LOGGED BY: DRILLER:
DRILLING METHOD:

HOLE DIAMETER:
ELECTRIC LOG BY:

TOTAL DEPTH:DATE: SHEET:LOCATION:

STATE ID:

SC: Gravelly Sand; gravel up to 0.2'', gravel angular to sub-rounded, sand in angular, some silty clay sticking to the sand and gravel, poorly
 sorted
@138' gravel sub-rounded up to 0.1''

CL: Sandy Clay; olive-brown (2.5Y 4/4) to gray-brown (2.5Y 4/2), silty clay, medium plasticity, gravel rounded to angular (fractured) up
to 0.1''

@155' clay, olive gray (5Y 4/2) to olive brown  (2.5Y 4/4), high plasticity

@160' gravel fines downward, mid-to high plasticity

SM: Silty Sand; multi-color, well sorted, angular, medium sand

SP: Sand; Muti-color, well to moderatly sorted, coarse, angular

CL: Sandy Clay; gray-brown (2.5Y 4/2), low plasticty, sand is fine to coarse sand, angular, well sorted

@195' gray (2.5YR N5/), medium plasticty

@200' moderate yellowish brown (10YR 5/4), medium sand, angular

SC: Clayey Sand; gray (2.5YR N5/), medium sand, angular,  well sorted

@210' sand with very little clay, coarse, angular, moderatly sorted

@215 sand angular, no clay

GW: Gravel; up to 0.3'', sub-angular to angular, poorly sorted.

@230' sandy gravel, up to 0.5'', angular

@235' angular gravel up to 0.7''

CL: Clay; gray-brown (2.5Y4/2), high plasticity, very little silt

GC: Clayey Gravel; gray-brown (2.5Y 4/2), gravel up to 0.4'', angular to sub-rounded, moderate to high plasticity

CL: Sandy Clay; gray-brown (2.5Y 4/2), moderate to moderate plasticity, coarse sand, sub-angular, moderatly sorted
@270' olive (5Y 5/6), high plasticity, medium sand, angular

Margery Drive and Blanchard Street 04/15/2009

Douglas Young and Brian Grace
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JOB NUMBER:

Inland Saltwater Intrusion Monitoring Wells Project
6367

BORING

3 of 3

LOGGED BY: DRILLER:
DRILLING METHOD:

HOLE DIAMETER:
ELECTRIC LOG BY:

TOTAL DEPTH:DATE: SHEET:LOCATION:

STATE ID:

@277' olive-brown (2.5Y 4/4), high plasticity, fine to coarse sand, angular

@300' color change to olive  (5Y 5/6),

@305' color change to olive-brown (2.5Y 4/4) medium to high plasticity, some silt

SW: Gravelly Sand; poorly sorted, course, angular grains, up to  0.1''

@325' gravel sub-angular up to 0.2''

GW: Sandy, Clay; dark yellowish brown (10YR 4/2), clay peds have medium plasticity, gravel is sub-rounded, up to 0.5'', coarse sand, sub-
angular

SW: Clayey Sand; dark yellowish brown (10YR 4/2), fine to coarse, angular sand, gravel is sub-angular to sub-rounded up to 0.4'',
moderatly sorted

CL: Silty Clay; olive-gray (5Y 4/2), medium to high placticty

SW: Gravely Sand; multi-color sand, Increasing gravel content up to 0.5'', sub-rounded to sub-angular

SP: Sand; sub-angular, well sorted sand

CL: Sandy Clay; gray-brown (2.5Y 4/2), medium to high plasticity,sub-angular, well sorted sand

@390' gray (2.5Y N5/) highly plastic, very little sand and silt
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JOB NUMBER:

Inland Saltwater Intrusion Monitoring Wells Project
6367

BORING

1 of 2

LOGGED BY: DRILLER:
DRILLING METHOD:

HOLE DIAMETER:
ELECTRIC LOG BY:

TOTAL DEPTH:DATE: SHEET:LOCATION:

STATE ID:

*Based on Log From: Margery-F

TOPSOIL

CL: Silty Clay; dark yellowish-brown (10 YR 4/2), moderate to high plasticity, mottled dark brown
@10' Increasing fine sand, clay low placticity

@20' Decreasing silt/ sand content, moderate plasticity

@30' Low silt content, high plasticity

SP: Course Sand; well sorted, sub-rounded to sub-angular

SW: Gravelly Sand; gravel up to 0.3'', poorly sorted, sub-rounded to angular/ fractured

@50' Gravel up to 0.4''

GW: Gravelly Sand; gravel up to 0.7'', angular to sub-angular/ fractured, poorly sorted

@60' gravel up to 0.5''

@70' gravel fine downward

@85' gravel up to 0.3''

GP: Gravel; small amount of sand, gravel up to 0.7'', angular/ fractured, moderatly sorted, some clay present.

GC: Clayey Gravel; gravel up to 0.4'',gravel angular to sub-rounded, poorly sorted,some coarse sand

@105' gravel angular, moderatly sorted

CL: Clay; Gray (2.5 Y N5/) fat-high plasticity

GC: Sandy, Clayey, Gravel; olive gray clay (5Y 4/2), angular gravel up to 0.3'', sand sub-rounded, poorly sorted

CL: Silty Clay; olive-gray (5Y-4/2), moderate to high plasticity

@125' gravely clay, moderate plasticity, gravel sub-angular up to 0.2''

@135'  Increasing silt content
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JOB NUMBER:

Inland Saltwater Intrusion Monitoring Wells Project
6367

BORING

2 of 2

LOGGED BY: DRILLER:
DRILLING METHOD:

HOLE DIAMETER:
ELECTRIC LOG BY:

TOTAL DEPTH:DATE: SHEET:LOCATION:

STATE ID:

*Based on Log From: Margery-F

SC: Gravelly Sand; gravel up to 0.2'', gravel angular to sub-rounded, sand in angular, some silty clay sticking to the sand and gravel, poorly
 sorted
@138' gravel sub-rounded up to 0.1''

CL: Sandy Clay; olive-brown (2.5Y 4/4) to gray-brown (2.5Y 4/2), silty clay, medium plasticity, gravel rounded to angular (fractured) up
to 0.1''

@155' clay, olive gray (5Y 4/2) to olive brown  (2.5Y 4/4), high plasticity

@160' gravel fines downward, mid-to high plasticity

SM: Silty Sand; multi-color, well sorted, angular, medium sand

SP: Sand; Muti-color, well to moderatly sorted, coarse, angular

CL: Sandy Clay; gray-brown (2.5Y 4/2), low plasticty, sand is fine to coarse sand, angular, well sorted

@195' gray (2.5YR N5/), medium plasticty

@200' moderate yellowish brown (10YR 5/4), medium sand, angular

SC: Clayey Sand; gray (2.5YR N5/), medium sand, angular,  well sorted

@210' sand with very little clay, coarse, angular, moderatly sorted

@215 sand angular, no clay

GW: Gravel; up to 0.3'', sub-angular to angular, poorly sorted.

@230' sandy gravel, up to 0.5'', angular

@235' angular gravel up to 0.7''

CL: Clay; gray-brown (2.5Y4/2), high plasticity, very little silt

Margery Drive and Blanchard Street 4/23/2009

Douglas Young and Brian Grace
Welenco, Inc.

8.75"

Precision Sampling, Inc.
Mud Rotary

250 feet
4S/1W-33R007 Margery-C































 
 

Appendix E 
Well Development Logs 

 

 























 
 

Appendix F 
Groundwater Sample 
Laboratory Results

 





 

 
 

Appendix G 
Permeability Laboratory 
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