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SOUTHWEST NILES CONE  

MONITORING WELLS PROJECT 
 

1.0 EXECUTIVE SUMMARY 
________________________________________________________________________ 

 
This report presents the results of the assessment of the geologic and hydrogeologic 
conditions in the southwest portion of the Niles Cone Groundwater Basin (NCGB).  Key 
goals of this project were to: 1) collect geologic and hydrogeologic data, 2) characterize 
existing groundwater quality and evaluate the potential for saltwater intrusion within the 
water-bearing zones encountered, and 3) establish long-term groundwater monitoring 
points.   
 
On June 1, 2005, the Alameda County Water District (ACWD) entered into an agreement 
with the State of California Department of Water Resources (DWR) for the installation of 
eight monitoring wells at two sites in the southwestern portion of ACWD’s service area. 
The two proposed drilling sites were located within the Don Edwards National Wildlife 
Refuge operated by the U.S. Fish and Wildlife Service.  The wells were proposed in these 
areas due to the lack of geologic and hydrogeologic information in this region and the 
need for long-term groundwater monitoring points to establish groundwater quality. 
 
Field activities at the first drill site, DE1, were conducted between September 2006 and 
January 2007.  Due to the discovery of an additional deep aquifer zone, an additional 
monitoring well was completed at this location.  During implementation of field 
activities, ACWD was made aware that the second drill site, DE2, historically became 
submerged during extreme high tide conditions.  Subsequently, drill site DE2 was 
abandoned. Based on project goals, site availability, and site access, an alternate drilling 
location was identified at the end of AutoMall Parkway along the southern side of the 
road within the City of Fremont right-of-way (identified as the AutoMall drill site).  The 
location of this alternate drilling site satisfied the requirements of the well installation 
project since it is in the southwest portion of the Niles Cone Groundwater Basin where 
there is a lack of geologic and hydrogeologic data.  Due to the existence of an upper 
aquifer monitoring well (Newark Aquifer) in the vicinity of the drill site, the proposed 
upper aquifer monitoring well originally proposed for the second drill site was 
eliminated. Therefore, the total number of wells in the project (8) remained unchanged.  
Drilling at the alternate location was conducted between December 2006 and February 
2007.   
 
Detailed lithologic characterzations and electric logs were conducted at each of the two 
drill sites.  The locations of the drill sites were selected based on their proximity to 
inferred major depositional channels identified in DWR’s Bulletin No. 118-1.  Significant 
amounts of sands and gravels were encountered in both logged borings at depths 
comparable to the Newark, Centerville, and Fremont Aquifers.  In the boring at the DE1 
drill site, a thick Fremont Aquifer zone was encountered (105 feet thick) separated by 
relatively low permeable silt (20 feet thick) indicating a potential sub-division of the 
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aquifer.  In addition to the relatively high permeable sand and gravel zones encountered 
above, moderately permeable sands and gravels were encountered at depths at both of the 
drilling sites which correspond to the Deep 1 and Deep 2 Aquifers.  The thickness of the 
sands and gravels encountered and the observed high permeability of the zones indicate 
the project was successful in intercepting the targeted inferred depositional channels.   
 
Nine samples of fine grained material (aquitards) between water-bearing zones that are 
equivalent in elevation to the Newark, Centerville, Fremont, and Deep Aquifers were 
collected for permeability testing.  Results of the testing ranged from 1.85 X 10-9 

centimeters/second (cm/sec) to 2.26 X 10-7 cm/sec.  The results indicate a low vertical 
transmission rate between aquifers. 
 
Groundwater samples collected from the monitoring wells were analyzed for chloride, 
hardness, and total dissolved solids.  The three samples collected from the Deep Aquifers 
documented chloride, hardness, and total dissolved solids concentrations ranging from 
12.5 parts per million (ppm) to 113.6 ppm, 26 ppm to 80.62 ppm, and 370 ppm to 548 
ppm, respectively.  The two samples collected from the Centerville Aquifer documented 
chloride, hardness, and total dissolved solids concentrations ranging from 81.44 ppm to 
494.38 ppm, 105.49 ppm to 1,440 ppm, and 417 ppm to 1,791 ppm, respectively.  The 
two samples collected from the Fremont Aquifer documented chloride, hardness, and 
total dissolved solids concentrations ranging from 13.0 ppm to 113.6 ppm, 209.58 ppm to 
386 ppm, and 74 ppm to 627 ppm, respectively.  The single sample collected from the 
Newark Aquifer documented chloride, hardness, and total dissolved solids concentrations 
of 37,000 ppm, 14,600 ppm, and 64,046 ppm, respectively.   
 
The data collected during this study made a significant contribution to the understanding 
of the southwest portion of the NCGB.  On-going monitoring of the wells will 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 Southwest Niles Cone Monitoring Wells Project were accomplished. 
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2.0 INTRODUCTION 
________________________________________________________________________ 

 
The purpose of this project was to collect geologic data, supplement the existing 
groundwater monitoring network, and evaluate groundwater quality.  To obtain these 
goals, ACWD installed eight groundwater monitoring wells in locations where there is a 
lack of geologic and hydrogeologic information in the southwest region of the NCGB 
(Figure 1).    
 
The original proposal called for the installation of eight monitoring wells at two sites, 
each consisting of a cluster of four wells (Figure 2).  One pilot boring was to be drilled at 
each site to a total depth of 800 feet below ground surface or to bedrock to obtain a 
detailed geologic profile of the alluvial material.  Each of the pilot borings would then be 
converted into monitoring wells screened within the aquifers encountered above 600 feet.  
Each cluster would consist of monitoring wells completed in four separate water-bearing 
zones. 

  
 2.1 Background 
 

On June 1, 2005, ACWD was awarded a DWR Local Groundwater Management 
Assistance Program Grant for implementation of the Southwest Niles Cone Monitoring 
Wells Project.   A Notice of Commitment from DWR was received by ACWD on July 
30, 2005 along with the grant agreement (4600004071).   DWR’s grant agreement was 
approved by ACWD’s Board of Directors on August 18, 2005.   

 
 2.2 Project Goals and Objectives 
 

The primary goals of this project were to drill and install eight groundwater monitoring 
wells in the southwest portion of ACWD’s service area and to obtain geologic and 
hydrogeologic information in this critical area.  The specific objectives of the project as 
stated in ACWD’s proposal are summarized below: 

 
 

• Drill two 800 foot exploratory borings and install monitoring wells completed in the 
lowermost water-bearing zone above depths of 600 feet below ground surface (bgs) in 
two locations as identified in Figure 2. 

 
• Install an additional three monitoring wells in separate water-bearing zones above 

400 feet bgs at each proposed well cluster location in Figure 2. 
 

• 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 eight wells. 

 
• Collect aquifer specific groundwater quality data from the eight wells. 
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• Gain understanding of the geology and hydrogeology of the southwest region of the 

NCGB.  
 

• 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 with stakeholders. 
 

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

 
 2.3 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, water quality 
conditions, and to provide 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 the 
discovery of an additional deep aquifer zone and relocation of one of the drilling sites due 
to occasional flooding during the highest tide conditions.  Subsequently, an additional 
monitoring well was added to the first drill site, DE1, and the second drill site, DE2, was 
relocated and the new drill site identified as AutoMall (Figure 3).   The alternate drilling 
location was identified at the end of AutoMall Parkway along the southern side of the 
road within the City of Fremont right-of-way.  The location of this drilling site satisfies 
the requirements of the well installation project in that it is in the southwest portion of the 
Niles Cone Groundwater Basin where there is a lack of geologic and hydrogeologic data.  
Additionally, there exists an upper aquifer monitoring well near the AutoMall drill site, 
making it unnecessary to complete the proposed upper aquifer monitoring well for this 
cluster.    
 
As a result, the final overall project scope remained unchanged with the installation of 
eight wells at two sites, five monitoring wells in a cluster at one site, and three 
monitoring wells in a cluster at the other site. The locations for the well sites and well 
identifications are presented in Figure 3.   

 
      Monitoring Well Drill Site DE1                     

 
A single boring was drilled to bedrock which was encountered at 635 feet bgs.  The 
boring was sampled and geophysically logged for the purpose of creating a detailed 
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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, 5S/2W-14E009 (DE1-D2), was 
installed to a depth of 565 feet bgs.  Additional monitoring wells 5S/2W-14E005 
(DE1-D1), 5S/2W-14E006 (DE1-F), 5S/2W-14E007 (DE1-C), and 5S/2W-14E008 
(DE1-N) were completed to depths of 450 feet below ground surface (bgs), 300 feet 
bgs, 210 feet bgs, and 85 bgs respectively.  These depths generally correspond to the 
Deep 2, Deep1, Fremont, Centerville and Newark Aquifers identified regionally 
throughout much of the NCGB.   

 
Monitoring Well Drill Site AutoMall 
 
A single boring was drilled to 800 feet bgs. Bedrock was not encountered with the 
depth explored.  The boring was sampled and geophysically logged for the purpose of 
creating a geologic record for the site.  Upon completion of drilling and logging of the 
exploratory boring, a monitoring well 5S/1W-16M008 (AutoMall-D1), was installed 
to a depth of 500 feet bgs. Two additional monitoring wells, 5S/1W-16M007 
(AutoMall-F) and 5S/1W-16M006 (AutoMall-C) were installed at this site in water-
bearing zones identified by the geologic log created from the exploratory boring.  The 
monitoring wells were installed to depths of 320 feet and 250 feet, respectively. 
These depths generally correspond to the Deep 1, Fremont, and Centerville Aquifers 
identified regionally throughout much of the NCGB.   
 
The installation of the well clusters allows long term monitoring of all the aquifers 
and determination of trends in vertical flow between aquifers over time. 

 
2.4 Geology and Hydrogeology  

 
The project area is underlain by sediments of the Niles Cone (Figure 4).  The Niles Cone 
is an alluvial fan formed by Alameda Creek and by interfingering sediments of San 
Francisco Bay. Water-bearing deposits are composed of Quaternary alluvium comprised 
of varying mixtures of gravel, sand, silt and clay.  The NCGB beneath the study area is 
composed of gently westward-dipping aquifers separated by clay aquitards.  The aquifers 
are gravels and sands from Alameda Creek (fluvial and alluvial).  Aquitards are silts and 
clays from distal fan deposits and the Bay.  Primary aquifers in the Niles Cone 
Groundwater Basin include the Newark Aquifer (between 40 to 140 feet bgs), Centerville 
Aquifer (between 180 and 280 feet bgs), Fremont Aquifer (between 300 and 390 feet 
bgs), and Deep Aquifers (between 400 and 600 feet bgs).  Bedrock is encountered 
beneath the NCGB at depths of approximately 800 feet bgs (DWR, 1967). 

 
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.  
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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.  There has been substantial improvement in water quality in 
all aquifers; 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 eight drilling permits from the Alameda County Water District.  Copies 
of the permits are presented in Appendix A. 
 

 3.1.2 Access Agreements 
 
ACWD obtained permits from the United States Fish and Wildlife Service and the City of 
Fremont for the installation of monitoring wells.  Five of the monitoring wells were 
installed within the City of Newark at the Don Edwards National Wildlife Refuge and 
three monitoring wells were installed at the end of AutoMall Parkway within the City of 
Fremont right-of-way.  Cargill Salt granted ACWD permission to use their property as an 
access to the Don Edwards drill site.  Copies of the access agreements are presented in 
Appendix B. 
 

 3.1.3 Underground Utility Surveys 
 
Prior to drilling activities, ACWD personnel visited the drilling locations to stake/mark 
the locations and met with the facility contacts to discuss the location of underground 
utilities.  Underground Service Alert (USA) was contacted, after the field locations were 
staked/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 
Maggiora Bros. Drilling, Inc. (Maggiora Bros.) of Watsonville, California.  The borings 
were drilled with an Ingersoll Rand TH-60 mud rotary drilling rig with an 8.75-inch 
diameter drill bit.  At each location, pilot holes were drilled to bedrock or a maximum 
depth of 800 feet bgs, whichever came first.  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, 
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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 pushing a Modified California Split Spoon 
Sampler lined with three brass tubes, into the undisturbed soil.  The sampler was then 
removed from the bottom of the boring.  The ends of the bottom tube were covered with 
plastic end caps, identified by the orientation of the sample, and labeled with a unique 
identification number.  Samples not retained for analytical testing were used for 
lithologic evaluation. 
 

 3.2.2 Well Installation 
 
Eight new monitoring wells were installed as part of this project.   Five of the wells 
(5S/2W-14E009 (DE1-D2), 5S/2W-14E005 (DE1-D1), 5S/2W-14E006 (DE1-F), 5S/2W-
14E007 (DE1-C), 5S/2W-14E008 (DE1-N)) were installed within the Don Edwards 
National Wildlife Refuge property on levees used for salt production.  Three new  
monitoring wells, (5S/1W-16M008 (AutoMall-D1), 5S/1W-16M007 (AutoMall-F), 
5S/1W-16M006 (AutoMall-C)) were installed at the end of Automall Parkway within the 
City of Fremont right-of-way.  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 (5S/2W-14E009 (DE1-
D2) and 5S/1W-16M008 (AutoMall-D1)) were done upon completion of 
geophysical logging (resistivity, spontaneous potential, conductivity, gamma, and 
temperature) of the wells by Newman Well Surveys of Prundale California.  The 
borings were reamed with an 8.75-inch diameter drill bit to total depth to clean 
out the borehole.  The driller then tremmied 11-sack sand-cement slurry from the 
bottom of the boring to within 10 feet of the designed bottom of the well.  The 
sand-cement slurry was allowed to cure a minimum of 24-hours prior to 
installation of the monitoring well casing. 

 
• 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 11-

sack sand-cement slurry. 
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• Drilling mud displaced by the well installation activities was placed in a truck 

mounted storage tank and transported to ACWD’s storage site. 
 

• For wells installed at the Don Edwards National Wildlife Refuge, a traffic-rated 
well cover was installed flush to the existing grade with a 4-foot by 4-foot 
concrete pad surrounding the well cover. 

 
• A 6-inch diameter marker post with the state well identification number was 

installed at the wells at the Don Edwards National Wildlife Refuge. 
 

• For wells installed on City of Fremont right-a way, a traffic-rated well cover was 
installed flush to the existing street grade. 

 
 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.  No detergents, soaps, acids, bleaches, or other additives were used to develop 
the monitoring wells.  Development continued until turbidity was reduced to 5 
nephelometric turbidity units (NTU) or less.  The one exception to this procedure was 
monitoring well 5S/2W-14E008 (DE1-N).  We were only able to develop the well to 85 
NTU due to the high sediment content in the water bearing zone.  Over 5,250 gallons of 
water were removed during development of 5S/2W-14E008 (DE1-N).  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 Maggiora Bros. to prepare a Storm Water Protection (SWP) and an 
Emergency Response Plan for the project.  The plans were prepared and in place prior to 
Maggiora Bros. implementing field activities.   ACWD required the preparation of plans 
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to minimize the effects of 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 the hydraulics of the drilling rig. The sampler was 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 
 
As outlined in the permit requirements for U.S. Fish and Wildlife Service, 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.   In the eastern portion of the study area (AutoMall drill site), the 
lithologic data is fairly consistent with the general depth below ground surface (bgs) of 
the Newark (40 feet bgs) Fremont (290 feet bgs), and Deep 2 (500 feet bgs) Aquifer 
zones.  The Centerville (235 feet bgs) and Deep 1 (470 feet bgs) Aquifer zones appear to 
be lower in depth than expected.  In the western portion study area (DE1 drill site), the 
lithologic data is fairly consistent with the general depth below ground surface (bgs) of 
the Newark (50 feet bgs) Centerville (185 feet bgs), and Fremont (280 feet bgs) Aquifer 
zones.  The Deep 1 (435 feet bgs) and Deep 2 (550 feet bgs) Aquifer zones appear to be 
lower in depth than expected.   Bedrock in the boring for 5S/2W-14E009 (DE1-D2), 
which is closest to San Francisco Bay, consists of weathered Franciscan Graywacke 
material and was encountered at 635 feet.  Bedrock was not encountered at a depth of 800 
feet at the other location, boring 5S/1W-16M008 (AutoMall-D1). Geologic well logs 
presenting the lithologic log, geophysical log, and well completion are presented in 
Appendix D. 
 
4.2 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 
developed to the goal of 5 NTUs except wells DE1-N (86).  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 (Appendix F) for testing.  One 
well was completed in the Newark Aquifer (5S/2W-14E008 (DE1-N)), two completed in 
the Centerville Aquifer (5S/2W-14E007 (DE1-C) and 5S/1W-16M006 (AutoMall –C)), 
two completed in the Fremont Aquifer (5S/2W-14E006 (DE1-F) and (5S/1W-16M007 
(AutoMall-F)), two in the Deep 1 Aquifer (5S/2W-14E005 (DE1-D1) and 5S/1W- 
16M008 (AutoMall-D1)), and one in the Deep 2 Aquifer (5S/2W-14E009 (DE1-D2)).  
Laboratory results (Appendix F) document Total Dissolved Solids (TDS), hardness, and 
chloride concentrations in the Newark Aquifer were 64,046 parts per million (ppm), 
14,600 ppm, and 37,000 ppm, respectively.  TDS, hardness, and chloride concentrations 
in the Centerville Aquifer ranged from 417 ppm to 1,791 ppm, 105.49 ppm to 1,440 ppm, 
and 81.44 ppm to 494.38 ppm, respectively.   TDS, hardness, and chloride values in the 
Fremont Aquifer were 74 ppm to 627 ppm , 209.58 ppm to 386 ppm, and 13 ppm to 
113.6 ppm, respectively.   TDS, hardness, and chloride values in the Deep 1 Aquifer were 
370 ppm to 426 ppm, 26 ppm to 72.62 ppm, and 12.5 ppm to 68.13 ppm, respectively.  
(TDS), hardness, and chloride concentrations in the Deep 2 Aquifer were 548 parts per 
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million (ppm), 80.62 ppm, and 113.6 ppm, respectively.  A summary of the results are 
presented in Table 3. 

 
4.3 SOIL PERMIBILITY TESTING 
 
A total of 9 soil samples were collected and tested for evaluation of vertical permeability.  
The single samples collected from the aquitards between the Newark and Centerville 
Aquifers and between the Centerville and Fremont Aquifers documented values of 2.76 
X 10-8 cm/sec and 9.56 X 10-9 cm/sec, respectively.  Two samples collected from the 
aquitards between the Fremont and Deep Aquifers documented of 2.52 X 10-8 cm/sec and 
9.81 X 10-9 cm/sec.  Five samples collected from the clay zone within the Deep Aquifers 
documented values ranging from 1.85 X 10-9 cm/sec to 2.26 X 10-7 cm/sec.  Laboratory 
reports are presented in Appendix G and a summary of the results of the testing are 
presented in Table 4. 
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5.0 CONCLUSIONS 
________________________________________________________________________ 

 
The two original locations were selected based on work previously conducted by DWR 
that was documented in DWR Bulletin No. 118-1, Evaluation of Ground Water 
Resources South Bay, Appendix A: Geology, August 1967.  The locations were selected 
to confirm the inferred major depositional channels in those vicinities and to evaluate 
water quality.  Although one of the drill sites was relocated (DE2 to AutoMall), the new 
location 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 both logged borings at 
depths comparable to the Newark, Centerville, and Fremont Aquifers.  In the boring at 
the DE1 drill site, a thick Fremont Aquifer zone was encountered (105 feet thick) 
separated by relatively low permeable silt (20 feet thick) indicating a potential sub-
division of the aquifer.  In addition to the relatively high permeable sand and gravel zones 
encountered above 400 feet bgs, moderately permeable sands and gravels were 
encountered at depths at both of the drilling sites which correspond to the Deep 1 and 
Deep 2 Aquifers.  The thickness of the sands and gravels encountered and the observed 
high permeability of the zones indicate the project was successful in intercepting the 
targeted inferred depositional channels.   
 
Additionally, bedrock was encountered in the boring at drill site DE1 at 635 feet bgs and 
not encountered at a depth of 800 feet in the boring at the AutoMall drill site.  This data 
appears to correspond with the aerial geology subsurface bedrock interpretation map 
presented in DWR Bulletin 118-1.  The DE1 drill site is located west of the inferred 
Silver Creek Fault and the AutoMall drill site is located on the east side of the fault.  
DWR Bulletin 118-1 interpreted that bedrock should be encountered approximately 600 
feet below sea level (bsl) west of the fault and greater than 1,000 feet (bsl) east of the 
fault.   
 
One of the main goals of this project was to collect water samples from the newly 
installed wells to determine water quality in each aquifer.  Given the locations of these 
wells near San Francisco Bay and existing salt evaporator ponds, the primary constituent 
of concern was chlorides.  Analytical testing of groundwater collected from the 
monitoring wells documented the presence of chloride concentrations above secondary 
maximum contaminant levels (MCL) for drinking water (250 ppm) in several of the 
wells.   The Newark Aquifer well installed at drill site DE1, 5S/2W-14E008 (DE1-N), 
documented a chloride concentration of 37,000 parts per million (ppm).  This result 
seems to support the suspicion that the Newark Aquifer near the bay margin is in 
hydraulic communication with San Francisco Bay and/or the salt evaporator ponds.  The 
source of the chloride concentration detected above the MCL in the Centerville Aquifer 
(494 ppm in well 5S/1W-16M006 (Automall-C)) is being evaluated.  Concentrations in 
the water samples collected from the other monitoring wells were below the secondary 
MCL. 
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Permeability results from soil samples collected during the study 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 revealed similar results, ranging from 2.6 X 10-7 centimeters per 
second (cm/sec) to 9.81 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 installation of these monitoring wells is a valuable asset to ACWD.  Very little actual 
information exists on the geology or hydrology along the southwest edge of the Niles 
Cone Groundwater Basin.  The only available source of information from these areas was 
from two nested well sites that were destroyed due to operational changes in the levee 
road system by Cargill Salt and as a result of the South Bay Salt Pond Restoration 
Project.  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.  
The 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. 
 
This report will be posted on ACWD’s website and all interested parties, stakeholders, 
agencies and the general public will be notified of its location. 
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6.0 SCHEDULE INFORMATION 
________________________________________________________________________ 

 
 
The original implementation schedule for the project was 15 months with the assumption 
that drilling would occur during the winter of 2005 and 2006 (Figure 5).  Due to the rainy 
season, the availability of equipment, and the need to complete the Northwest Niles Cone 
Monitoring Wells Project, the completion schedule for the study was delayed and 
extended the field activities beyond the original contracted time frame.  The rains 
saturated the access roads to the drilling locations making them impassable.  These delays 
would have required field work during the nesting season of endangered species located 
within the Don Edwards National Wildlife Refuge.  As required by the permit 
requirements for access to the Refuge, field operations were suspended through the 
nesting season, February 1 to August 31, 2006, and did not begin until September 7, 
2006.  Drilling operations were completed on February 8, 2007.  The actual 
implementation schedule is presented in Figure 6. 
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7.0 BUDGET INFORMATION 

________________________________________________________________________ 
 

 
Actual total costs for the project was $382,654.30.  The original total proposed budget 
amount was $345,441.00 with DWR grant funding covering $249,943.00 of these costs 
and with ACWD responsible for the remaining costs of $95,498.00. Therefore, the costs 
incurred by ACWD during this project were $37,213.30 over that of the original 
proposed budget.  The contract bidding process resulted in higher unit costs for well 
drilling and installation than originally proposed.  Additional costs were also incurred due 
to the additional time needed to find a new drilling location and in obtaining additional 
permits.  These additional costs were covered by ACWD.  Table 5 presents the original 
budgeted amount and compares it to actual accrued costs by task.  
 



 
 

                      
 
 
 

Tables



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

(feet) Screen Interval (feet) State ID Number

DE1-D2 9/25/2006 Deep2 655 565 545-565 5S/2W-14E009
DE1-D1 10/12/2006 Deep1 460 450 430-450 5S/2W-14E005
DE1-F 10/24/2006 Fremont 310 300 280-300 5S/2W-14E006
DE1-C 10/31/2006 Centerville 220 210 190-210 5S/2W-14E007
DE1-N 11/1/2006 Newark 90 85 65-85 5S/2W-14E008

AutoMall-D1 1/24/2007 Deep1 800 490 470-490 5S/1W-16M008
AutoMall-F 1/29/2007 Fremont 330 320 290-320 5S/1W-16M007
AutoMall-C 2/2/2007 Centerville 260 250 235-250 5S/1W-16M006

** = Alameda County Water District

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

Reference Elevation 
(feet msl) Easting Northing

5S/2W-14E009 DE1-D2 9/25/2006 Deep2 10.631 6109677.206 2008481.704
5S/2W-14E005 DE1-D1 10/12/2006 Deep1 10.665 6109687.251 2008481.019
5S/2W-14E006 DE1-F 10/24/2006 Fremont 10.708 6109695.963 2008478.578
5S/2W-14E007 DE1-C 10/31/2006 Centerville 10.519 6109703.856 2008473.422
5S/2W-14E008 DE1-N 11/1/2006 Newark 10.496 6109711.65 2008467.202
5S/1W-16M008 AutoMall-D1 1/24/2007 Deep1 14.606 6130890.657 2007159.908
5S/1W-16M007 AutoMall-F 1/29/2007 Fremont 14.659 6130882.504 2007154.113
5S/1W-16M006 AutoMall-C 2/2/2007 Centerville 14.421 6130874.502 2007148.428

* = Alameda County Water District

Table 1
Well Completion and Well Identification Summary Sheet

Table 2
Survey Data



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)

5S/2W-14E009 DE1-D2 Deep 2 3/27/2007 Artesian 10.631 Artesian 11/20/2006 113.60       548.00       80.62         
5S/2W-14E005 DE1-D1 Deep 1 3/27/2007 Artesian 10.665 Artesian 12/20/2006 68.13         426.00       72.62         
5S/2W-14E006 DE1-F Fremont 3/27/2007 Artesian 10.708 Artesian 11/20/2006 113.60       627.00       209.58       
5S/2W-14E007 DE1-C Centerville 3/27/2007 Artesian 10.519 Artesian 11/20/2006 81.44         417.00       105.49       
5S/2W-14E008 DE1-N Newark 3/27/2007 4.7 10.496 5.796 1/30/2007 37,000.00 64,046.00 14,600.00  
5S/1W-16M008 AutoMall-D1 Deep1 3/28/2007 10.3 14.606 4.306 3/2/2007 12.50         370.00       26.00         
5S/1W-16M007 AutoMall-F Fremont 3/28/2007 8.8 14.659 5.859 3/6/2007 13.00         74.00         386.00       
5S/1W-16M006 AutoMall-C Centerville 3/28/2007 10.1 14.421 4.321 3/5/2007 494.38     1,791.00  1,440.00    

Secondary MCL 250.00     1,000.00  

* = Alameda County Water District
MCL =  Maximum Contaminant Levels
37,000 = value in bold above Secondary Maximum Contaminant Levels 



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
9/18/2006 DE1-D2-450.5-451 Deep 1 - Deep 2 9/21/2006 Signet Testing Labs 10/16/2006 2.72E-09
9/20/2006 DE1-D2-490.5-591 Deep 2 - Deep 3 9/21/2006 Signet Testing Labs 10/16/2006 2.28E-09
10/18/2006 DE1-D1-461 Deep 1 - Deep 2 10/19/2006 Signet Testing Labs 11/3/2006 2.35E-08
1/11/2007 Automall D1-385 Fremont - Deep 1 1/17/2007 Signet Testing Labs 2/8/2007 2.52E-08
1/16/2007 Automall D1-512 Deep 1 - Deep 2 1/17/2007 Signet Testing Labs 2/8/2007 2.26E-07
1/16/2007 DE1-N-91.5 Newark - Centerville 1/17/2007 Signet Testing Labs 2/8/2007 2.76E-08
1/18/2007 Automall D1-603 Deep 2 - Deep 3 2/14/2007 Signet Testing Labs 3/9/2007 1.85E-09
1/31/2007 Automall F-330 Fremont - Deep 1 2/14/2007 Signet Testing Labs 3/9/2007 9.81E-09
2/7/2007 Automall C-265 Centerville - Fremont 2/14/2007 Signet Testing Labs 3/9/2007 9.56E-09

*  = Alameda County Water District

Permeability Data Summary Spreadsheet 
 Northwest Niles Cone Monitoring Wells Project

Table 4



Task 
No. Description from Approved Budget Budget Amount 

by Task
Actual Costs 

Accrued
Amount Over 

Budget
1.1 Finalize Well Locations $5,962.00 $5,988.38 ($26.38)
1.2 Public Notice and Drilling Contract Selection $5,161.00 $5,163.46 ($2.46)
1.3 Permitting Process $13,329.00 $13,975.19 ($646.19)
2.1 Drill and collect lithologic data for 2 boreholes to 800 feet $100,570.00 $69,161.24 $31,408.76
2.2 Geophysical logs $3,000.00 $7,000.00 ($4,000.00)
2.3 Drill 2 boreholes and install one 2-inch monitoring well to 500 $56,549.00 $88,517.46 ($31,968.46)
2.4 Drill 2 boreholes and install one 2-inch monitoring well to 400 feet $39,012.00 $60,017.46 ($21,005.46)
2.5 Drill 2 boreholes and install one 2-inch monitoring well to 300 feet $28,980.00 $36,680.79 ($7,700.79)
2.6 Drill 2 boreholes and install one 2-inch monitoring well to 150 feet $13,926.00 $9,794.91 $4,131.09
2.7 Collect and classify samples $17,376.00 $19,604.75 ($2,228.75)
2.8  Review logs and finilize well design $2,183.00 $3,269.19 ($1,086.19)
2.9 Develop wells $8,000.00 $19,299.30 ($11,299.30)
2.1 Dispose of drilling fluids and cuttings $29,592.00 $21,577.15 $8,014.85
2.11 Install stove pipes and protective standards $4,200.00 $5,000.00 ($800.00)
2.12 GPS new well locations $1,752.00 $1,757.10 ($5.10)
3.1 Collection and permeability testing of sample cores $5,087.00 $2,715.90 $2,371.10
3.2 Collect and analyze groundwater samples upon well completion $2,484.00 $2,883.22 ($399.22)
3.3 Collect and analyze groundwater samples during the Fall Monitoring Program $2,484.00 $2,542.63 ($58.63)
4.1 Submit quarterly progress reports to DWR $2,000.00 $2,172.16 ($172.16)
4.2 Submit final project summary to DWR $3,594.00 $4,761.71 ($1,167.71)
4.3 Public Disbursement of Groundwater Monitoring Report $200.00 $772.30 ($572.30)

TOTALS $345,441.00 $382,654.30 ($37,213.30)

Table 5
DWR Cost Summary Sheet
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ID Task Name Duration Start Finish

1 Authorization to Proceed 0 days Fri 4/1/05 Fri 4/1/05

2 Task 1-Pre-construction Activities 130 days Tue 4/5/05 Mon 10/3/05

3 Task 1.1- Finalize Boring Locations 7 days Tue 4/5/05 Wed 4/13/05

4 Task 1.2 Public Notice and Drilling Contract Selection 81 days Tue 4/12/05 Mon 8/1/05

5 Task 1.3-Permitting Process 99 days Tue 5/3/05 Thu 9/15/05

6 Completion of pre-field activities 0 days Mon 10/3/05 Mon 10/3/05

7 Task 2-Drilling, Well Construction, and Development 54 days Mon 10/3/05 Thu 12/15/05

8 Task 2.1-Drilling and logging 3 boreholes 54 days Mon 10/3/05 Thu 12/15/05

9           Task 2.1.1-Boring 1 to 800 feet (site SWP 1) 12 days Mon 10/3/05 Tue 10/18/05

10           Task 2.1.2-Boring 2 to 800 feet(site SWP 2) 12 days Thu 11/17/05 Fri 12/2/05

11      Task 2.2-Geophysical Logs 1 day Fri 12/16/05 Fri 12/16/05

12           Task 2.2.1-Boring 1(Site SWP 1) 1 day Wed 10/19/05 Wed 10/19/05

13           Task 2.2.2-Boring 2 (Site SWP 2) 1 day Mon 12/5/05 Mon 12/5/05

14      Task 2.3-Construct 2 2-inch monitoring wells to 500 feet 1 day Tue 11/29/05 Tue 11/29/05

15           Task 2.3.1-Boring 1 (Site SWP 1) 4 days Thu 10/20/05 Tue 10/25/05

16           Task 2.3.2-Boring 2 (Site SWP 2) 4 days Tue 12/6/05 Fri 12/9/05

17      Task 2.4-Drill and Construct 2 2-inch wells to 400 feet 1 day Fri 12/2/05 Fri 12/2/05

18           Task 2.4.1-Site SWP 1 4 days Wed 10/26/05 Mon 10/31/05

19           Task 2.4.2-Site SWP 2 4 days Mon 12/12/05 Thu 12/15/05

20      Task 2.5-Drill and Construct 2 2-inch wells to 300 feet 1 day Wed 12/21/05 Wed 12/21/05

21           Task 2.5.1-Site SWP1 4 days Tue 11/1/05 Fri 11/4/05

22           Task 2.5.2-Site SWP 2 4 days Fri 12/16/05 Wed 12/21/05

23      Task 2.6-Drill and Construct 2 2-inch wells to 200 feet 1 day Fri 12/9/05 Fri 12/9/05

24           Task 2.6.1-Site SWP 1 3 days Mon 11/14/05 Wed 11/16/05

25           Task 2.6.2-Site SWP 2 3 days Thu 12/22/05 Mon 12/26/05

26      Task 2.7-Collect and classify samples 70 days Mon 10/3/05 Fri 1/6/06

27      Task 2.8- Review of logs and finalize well designs 68 days Wed 10/5/05 Fri 1/6/06

28      Task 2.9-Develop monitoring wells 59 days Tue 11/1/05 Fri 1/20/06

29      Task 2.10-Dispose of Drilling fluids and cuttings 80 days Mon 10/3/05 Fri 1/20/06

30      Task 2.11-Install stovepipes and protective standards 2 days Mon 1/16/06 Tue 1/17/06

31      Task 2.12-GPS new well locations 3 days Wed 1/25/06 Fri 1/27/06

32      Completion of Field Activities 0 days Fri 1/27/06 Fri 1/27/06

33 Task 3-Analytical Testing and Evaluation 124 days Wed 10/5/05 Mon 3/27/06

34 Task 3.1-Collection and geophysical testing of sample cores 64 days Wed 10/5/05 Mon 1/2/06

35 Task 3.2-Collection and testing of groundwater samples (Spring installation) 5 days Mon 1/9/06 Fri 1/13/06

36 Task 3.3-Collection and testing of groundwater samples (Fall monitoring) 5 days Tue 3/21/06 Mon 3/27/06

37 Task 4- Reporting 145 days Mon 1/9/06 Mon 7/31/06

38 Task 4.1-Quarterly Reporting 65 days Mon 1/9/06 Fri 4/7/06

39           Task 4.1.1-Fourth Qt 2004 progress report 0 days Mon 1/9/06 Mon 1/9/06

40           Task 4.1.2-First Qt 2005 progress report 0 days Mon 4/10/06 Mon 4/10/06

41 Task 4.2-Final Project Summary Report 80 days Mon 4/10/06 Fri 7/28/06

42 Well Installation Project Completed 0 days Mon 7/31/06 Mon 7/31/06

43      Task 4.3 Public  Disbursement of Groundwater Monitoring Report 0 days Sun 12/31/06 Sun 12/31/06
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Figure 5
Project: Southwest Niles Cone Monitoring Well Project
Date: December 1, 2004



ID Task Name Duration Start Finish

1 Authorization to Proceed 0 days Fri 4/1/05 Fri 4/1/05

2 Task 1-Pre-construction Activities 369 days Tue 4/5/05 Thu 8/31/06

3 Task 1.1- Finalize Boring Locations 7 days Tue 4/5/05 Wed 4/13/05

4 Task 1.2 Public Notice and Drilling Contract Selection 81 days Tue 4/12/05 Mon 8/1/05

5 Task 1.3-Permitting Process 99 days Tue 5/3/05 Thu 9/15/05

6 Completion of pre-field activities 239 days Mon 10/3/05 Thu 8/31/06

7 Task 2-Drilling, Well Construction, and Development 54 days Fri 9/1/06 Wed 11/15/06

8 Task 2.1-Drilling and logging 3 boreholes 54 days Fri 9/1/06 Wed 11/15/06

9           Task 2.1.1-Boring 1 to 800 feet (site SWP 1) 12 days Fri 9/1/06 Mon 9/18/06

10           Task 2.1.2-Boring 2 to 800 feet(site SWP 2) 12 days Thu 12/28/06 Thu 1/11/07

11      Task 2.2-Geophysical Logs 1 day Fri 12/15/06 Fri 12/15/06

12           Task 2.2.1-Boring 1(Site SWP 1) 1 day Tue 9/19/06 Tue 9/19/06

13           Task 2.2.2-Boring 2 (Site SWP 2) 1 day Fri 1/12/07 Fri 1/12/07

14      Task 2.3-Construct 2 2-inch monitoring wells to 500 feet 1 day Mon 12/18/06 Mon 12/18/06

15           Task 2.3.1-Boring 1 (Site SWP 1) 4 days Wed 9/20/06 Mon 9/25/06

16           Task 2.3.2-Boring 2 (Site SWP 2) 4 days Mon 1/15/07 Thu 1/18/07

17      Task 2.4-Drill and Construct 2 2-inch wells to 400 feet 1 day Fri 12/15/06 Fri 12/15/06

18           Task 2.4.1-Site SWP 1 4 days Tue 9/26/06 Fri 9/29/06

19           Task 2.4.2-Site SWP 2 4 days Fri 1/19/07 Wed 1/24/07

20      Task 2.5-Drill and Construct 2 2-inch wells to 300 feet 1 day Fri 12/22/06 Fri 12/22/06

21           Task 2.5.1-Site SWP1 4 days Mon 10/2/06 Thu 10/5/06

22           Task 2.5.2-Site SWP 2 4 days Thu 1/25/07 Tue 1/30/07

23      Task 2.6-Drill and Construct 2 2-inch wells to 200 feet 1 day Tue 12/26/06 Tue 12/26/06

24           Task 2.6.1-Site SWP 1 3 days Fri 10/6/06 Tue 10/10/06

25           Task 2.6.2-Site SWP 2 3 days Wed 1/31/07 Fri 2/2/07

26      Task 2.7-Collect and classify samples 100 days Tue 10/3/06 Fri 2/16/07

27      Task 2.8- Review of logs and finalize well designs 98 days Fri 10/6/06 Mon 2/19/07

28      Task 2.9-Develop monitoring wells 89 days Fri 11/3/06 Tue 3/6/07

29      Task 2.10-Dispose of Drilling fluids and cuttings 140 days Mon 9/4/06 Thu 3/15/07

30      Task 2.11-Install stovepipes and protective standards 25 days Thu 2/15/07 Wed 3/21/07

31      Task 2.12-GPS new well locations 3 days Wed 3/21/07 Fri 3/23/07

32      Completion of Field Activities 0 days Sun 3/25/07 Sun 3/25/07

33 Task 3-Analytical Testing and Evaluation 242 days Fri 10/6/06 Fri 9/7/07

34 Task 3.1-Collection and geophysical testing of sample cores 64 days Fri 10/6/06 Tue 1/2/07

35 Task 3.2-Collection and testing of groundwater samples (Spring installation) 5 days Mon 3/12/07 Fri 3/16/07

36 Task 3.3-Collection and testing of groundwater samples (Fall monitoring) 5 days Mon 9/3/07 Fri 9/7/07

37 Task 4- Reporting 331 days Mon 1/9/06 Fri 4/13/07

38 Task 4.1-Quarterly Reporting 65 days Mon 1/9/06 Fri 4/7/06

39           Task 4.1.1-Fourth Qt 2005 progress report 0 days Fri 1/13/06 Fri 1/13/06

40           Task 4.1.2-First Qt 2006 progress report 0 days Mon 4/10/06 Mon 4/10/06

41           Task 4.1.3-Second Qt 2006 progress report 0 days Fri 7/14/06 Fri 7/14/06

42           Task 4.1.4-Third Qt 2006 progress report 0 days Fri 10/13/06 Fri 10/13/06

43           Task 4.1.5-Fourth Qt 2006 progress report 0 days Fri 1/12/07 Fri 1/12/07

44 Task 4.2-Final Project Summary Report 75 days Mon 1/1/07 Fri 4/13/07

45 Well Installation Project Completed 0 days Fri 4/13/07 Fri 4/13/07

46      Task 4.3 Public  Disbursement of Groundwater Monitoring Report 0 days Mon 12/31/07 Mon 12/31/07
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Figure 6
Project: Southwest Niles Cone Monitoring Well Project
Date: January 12, 2007



 

 
 
 
 

 

Appendix A 
Permits 



OoCOocoU
J

a.co

o<



to8
¥<S

c
0

2
cc g
o

f

to

CD 
en

to 
o

o 
o

z
 z

.* b

il0) C
Z

 D
:]o 

"5 -5
LU

 >
• >

 
>

\>
 o

 o
 o

DISTRICT
Box 5110

o(OtotoCO
LU

 
o

;
o

S
-

R
O

ATUNTY

T
J 

",' 
—

>
 r~

- ̂
5

8
 
c

w 
q- o>

to en c
E

ra 
r

O
 

I 
E

 
g
.

U
 

A
 

£
5

00
 

O
7

to 
ii

«* u

^ S
.S

_ 
<A

 2 
'5

c 
c
 5

 
s

.2 
<5 o

8
'*

a o
3 J *1

1
-

I 
i

^

! 
l 

I

\

^

U
33N

I3N
3

• SNinnsNoo $

%mc>i
C

O

Cxcr

Q
.

OOCOceo111Q
.

CO

0
0

C
O

inTT*QO<



CO
 

(O
 

CJ)
<O

 
C

O
 

O
O

>
 

t—
 

1—
I
I
I 

.
.
.

O
O

 
O

 
O

z
 z

 z

<
 

£

E
\v 

—
-«

 1
1

O
li 

Z
 3

U
J >

 
>

 >
.

S
O

 
O

 O

O
 
o

P5co g
Q tn
DC 

O

668-4460

W
 

a
-'o

o

i<UN

94

O
 
|

Q
 
a

<
 
£

T
- 

U
5

U
3 

>—
•

N
 
^

CO
 

*-
in

 c4)

*ic s>- 
o.

ia3?

ill£
 
cLU

•o r>£
%

 « 
-S

 - 
Q

 5-
05 

U
 

.") 
-^ 

C
 

|7i 
01

« 
a

 v
. 

S
 || 

.S
 
S

 ^
 f

"  r
a
l l-lo

^
l-l i

u

s

H
3N

M
O

/U
U

3dO
cld

I^
Kk
ui

H
33N

I3N
3

Q
N

in
n
S

N
O

D

a
a
u

U
T

i-t-

I

boU
J

Oo_

.  
a-

<

U013VH1NOQ

-s

r-C
/}

OUJUgU
l

U
J

>z2zo

___, 
=

 
«

J

s
i
s

I
 1

1
X

I 
O

 
03

ti 
S

i 2
.

to 
"Si "5 

=

.E
 

.S
 

.E
 

-5
S
 

S
 

o
 

^

1
 
1
 
1
 
|

S
 
E

 
S

 
3

"a i

°
 

'E
 

c
rt

Exploratory Hole

Monitoring Wells

Monitoring Wells

mping) WELL-

i 
i 

i

U&

|v$1 
c

* fll<

•^'ic

v g\
<

ni*.

fa 
^

fe.Q

Q
-

OOCOO
LgOU
J

Q
.

CO

^rQO<



to m
 o

O
) 

T
-
 
f

,
6

6
6

|z
 z

 z
: 

2-
:E

*
O

O
S
 

«
 
c

u. z
 
3

_j ._ _ »_
j 

O
 O

 
O

LU
 >

 
>

 >
•

3
»

O
 

O
 O

O
 

o

t
s

CO
 

g
Q

 
C

D

CC 
O

LU 
o:

otocototo
o

 o
"

5
 

• £
5

^J 
• 

If) 
*

s—
'•

£
 
?

r
ir

-

581
0) 

O
 

£

=5 
£
 «

 t
S

 
E

 E
 "B

O
 

•=
 
£
 Q

-
?
\ 

.̂
 

O
 (U

^
 

O
 S

 
Q

QLU

i £
 Q

I3
f

5
| I

S
 i

 c

§
 I
 
a

3
L
. 

C
LL 

U
J 1I S

c 
en

S-Q.SS g-sg ^
"s

r^
' &

|!°
5

'§
 1

*1
^

<u 
qj 

o 
.c 

Q
) Q

, 
nj

-

"

^
 ' 9

0
§; 5

0.^J

I/O

.-»
6
"

.O
J-Hs

Q§d3N
M

O
M

U
3dO

U
d

G
3«?

£(M

Lr

S
"'d

H
33N

I3N
3

S
N

innS
N

O
Q

tr>
tr,

w^

•4

O
c

^jd
fv

iIJ
l

(NrF
.

cxf

S
N

nllU
Q

 113M

siO3uu

o) 
3

35* sSU
J

"3c'a.

f
t

—
 ' 

S
 

c
o

o
 
o

 
o

 
>

i
 i
 i
 i

o> 
en 

CD
 

EH
c: 

c: 
c: 

-tt

a
 

o
 

a'-a

w
 

—
 

a 
—

I
 
i
1
 
1

 
S

&
 
t
 
I
 
I

\\*w 
i=

s
i

»- »

1
1
1

1
1
1

a S
'•a

Q
,

8COccoQ
.

COZ

ta 
D. 

V- 
CL

.- 
C

D
 

^ 
—

-
g

o
 

|
£

.±= 
S

 
c
 

P
§ 

™
 

.o> 
ra

g
o

o
] 

z
°-£

-
w

 C
D

JZ ^~
d
 
P

0
 
=

S
f^

ia
- =

§s 
S

° «
 —

 '
CO 

CD 
"̂

-c
-1
 

"
f
o
 
,

->
"D

 
{

IN" ra
 S

.

*
*
$

<u cc
S

>
0
)&

^
Q

•S
'S 

.. 0>̂J5J

b
)

.£"c0
)

a
JT o

 
F

s00o<



U
J

o<



ID
 

O
>

CO
 

O

U
J

O2
'

<S
 =
°
i

a: I
0

£

^
o

111 >
5

o

o
 

o
z
 z

x
 O

CO 
=\

s °
S

 
c

Z
 D

<*»
 

*̂
o 

o
£

2
-

o
 o

— i£ —

£ ?
e

5
£ g
Q

 
C

D

cc 
6

LU
 

cu

i<f

668-4460

Bl

31o 5
< J=
o

u
California 94537-51
ing Oepartment 1 (5

^ «
i s

S 
ill 1

<
 
3

iiS

1̂I14!

§

s: li 
s
 if

-1
1

0 
S

I ̂
^

-

-8 
*

.̂
. fe Q

 
fc

fc 
Q

.

>T«-1̂U
3N

M
O

R

H

/A erH•4
-,3f

03

H
U

J
3Q£U

J

£

g^ U
J

>z2Uo

uj 
5

ui 3U
]

U
J

>-I<(Jzo

GEO

m13

Monitoring Well Const. (Chemical Leak)

Monitoring Well Const. (Compliance We

Monitoring Well Const. (Baseline Study

Vapor Extraction Well

*

.

I
l
l
s

structs

truction

Explor

Monit

Monit

.1 
i 

i

t
i§

a
 

r

(3 
tr 

Q

=
 
s

e
 
1 S

1lii«
if

«
1

;ES
1

0_OOCOa:OLLl
a.CO

C
O

ooQO<



C
O

co 
to 

en
(O

 
n
 
o

O
 

T
-
 
T

-

o
d

d

4
-
 

—

'£
z
 
=

I "8 
o "o

\&
ifg

[o
 o

 o

a ?
DC 

E
r 

^
w

 
g

Q
 

m
DC 

C)
UJ 

^
o

o o<OC
O

toto

f
^

! '
2

-
Is
 |

l
 h

i
•s' 

p
 'E

 «
O

 
•=

 £
 Q

.
O
 
5
 |
 a

^
f 

£
 

(Q
 

O
)

Q
 

=
°.=

LU 
° *-" !r,

•= 
w

 =
 $

<
 

S
3
 g

 I
^
 

en
 £

 c
<

 
5t U

- U
J ^IIia^0

4

I
BisK-is

.
r
^

-
^

: 
Q

) *
c

L
/l

.-.- =
 -2
 
|
 |

^
 

-C
 

<
J
j C

 
g
;

liilSi
"°

 ft 5
 .5

 i 
t

g 
" '

>a

<rCi

S
 

aU
3N

M
O

A
lU

adO
dd

0}

.̂r-f..'V
1-

S

H
33N

I3N
3

3N
innS

N
O

O

J

o(3£111>

CHEMICAL
*Oijd 

Z
5 o
U

J 
^

2
1

811uZIuH
I

sU
l

odU
J

-
1 

p
 

tn
S
 

J
 

£
'e 

&
 =s

03 
E

 
W

Wfil

WeiM

Va

£
 
0

 
=

—
 

*>
-3= 

c3) 
^=:

f
t
 
'

&
 

e
I
 
?

"^

atory

iring

^_
;

JJ

II 1!;

O<



g
§

O
i

U
J
^

to 
di

CO
 

O

0
 
o

z
 z2-

x
 O

m
 

C
1
 .2

0) 
C

Z
 
D

•5 
O

>< 
>.

O
 
O

oECOQITUJ

I>
-

ZDOQUJ

g(0

—
~ 

co 
•*-•

m
 S

 c
^ 

^> a)
d) 

G
) 

C
E

 
<o t

E
C

™
.:: 

i_
 Q

.
*- 

Q
 

(D
C3 r G
£
 

«
 o

>

l^'i^ 
o JB

3
£

iii *?E
 =

|3§: -S

.
-

§ &
| 

8
§

1

^^^
r-

H3NM
O

^^»u^̂L
U

 
Q

-

S
 

Q
<

 
QU
33N

I9N
3

SNinnsNoo

J
"
"

r

IQ

jh*̂U
4

 
O

C
5

 
a

<
 

Q

U013VU1NOO bo

geg(f!
U

I
>UUJo

o
 
g

s 5
S

 i-
51S_

l

ozoLUsLUa

0
.
 

0
.

c: 
=

- 
-

J
 t

 £
 iS

.£
 

0
)

^
 

g
 'E

3
 
i
 
3

l\J
Constructi

Destructio

oratory H

itoring We

itoring W

Expl

M

M

CCs 
=

1
1

jJ4J
T

ST
* ,.<

ooCO{£.

eLUQ
.

COZ

oCDCOin4t=

Q



 

 
 

Appendix B 
Access Agreements 



roC
O

o 
°

O
 

I

-5 
*°

E 
01

•n! 
°

q
 

^
v
f

2
 

(0

) 
T

""
-Q

IIBg55

CDO0CNfr-j
U

U

J
,

^01raQ

C
D

 
f"--

o
 
°

O
 
°

CM
 

CN

CD 
>
,

JD
 

i-
^
 

c
 ra

01 
,T* 

— ̂
>

 
C

D
 

c
'to 

"Q_ 
CD

•5
 

m
 

~
°

c 
C

/)

01U
l

Z
)a'c
 

o
 

I —
.01 

,'r
CL 

"-

£OU
J 

|

-u
j 
f
r
 
°
 

^
^
^
 

f 1
 

^
^
 

l-O
 

f^
T

p
l—

 
Q

 
,.,

 
-̂

J- 
i.

 
l,.m

17 f? 
w

 
DlCT> 

1 1 1
o uj 

p tjj Q
 

n
1
-
 w

 
ro

 
K

 
- fg

2
 

L
U

 
L
L

 0
) "^

 ^
 

III
1 1 1 UL 

^^ 
'i 

ro 
f~"i 

. ' 
* *

8L d
 

.e
n
 H

 Z- o
 

—
^

^^ 
^>

 
T

j 
C

O
 

^f 
T —

 
•

Q
 Z

 
C

| 
'•£

 g
 

H
<
C

<
 jj; 

""a
 

^H
- 

Q
(3-U

UJ 
Q

 
U

D
 

<
z

§
rc

 
S

V
 

-~*r

O'C•4—
 ' 

•
W

 
7
3

?
 D

Q
. 

°

-i- 1 
C

D
 

LO
F

 
i

>,.i 
S

•4"- 1 
^~

"
 /̂

"^ 
f̂

D
. 

T
-
 
5
'-

s o "5 *-" o
-a

 
O

 X
 

-
-a

 
C

u
 /./i 

,-̂
 

-(-•
<

 
T

3
 
a
 J O

 C
01 

C
D

 
in

 
C

D
 

O
tu 

F
 °o

 
. F

e
 

b
 co

 o
 m

I
I
 5
 i

 £
0
-

Permittee Name

Robert Shaver
(510)668-4423

T
303C0'01raO1
_C
O

Q
}

0) 
, 

. -

- 
QJ
cn

^CD

1 li
§ «i
.E

 
co >-

"1
 

>
 
v
r

^
 

• 
—

_ "^
3

 
c
' 

0
 

- 
•

T
3
 

-
C
 
"

o
 

o
 .53

&
.••£

£
.

'B
 

°
 2

.42 
E

1^
1
 

a
 S

3
 

ra
 

c
/j

o
 

-1
 - w

•n
 

i"
5

S
 

0
 
S

S
 

oi-o
3

 
-p

U
J

c 
|§ 

"-
CO 

p
.

01
 

,- 
"-

1

O
l 

•—
 
0
1

•c 
'ra

 o

-
 

E
 r
a

ra
 

~o 
o

ca 
ro 

ra

.E
 
f
 
-

.̂
*
 

flj 
o
^

'u
 

°-co
i*"i 

- W

-§
 

"§
c

03 
i! ,?

01 
cn U

-
0

 
C

 *
-;

P
- 

O
 C

D
3

 
O

 W
D

-

cra"c

oi"co
'cu .y
.E

 
"̂

E'In
CO 

CU

c5 
"

a- "
O

 
^

- 
D

.

tn
 

c 
•

^~ 
o

c-. 
•" 

"ra 
•'.-.. 

.
g
. 

Q
 
g

to
 

x: ^o
O

l ' 
3
 

^
-

'r2 
—

 "° 
' 

'
"°

 
>
, §

01 
C

o 
. . 

: • 
•

^2
 

>
 

0
1
 

• 
;:", 

•
CD 

3
. 

^
 

. 
"

 
-:•'•

N
 

5
 
0

0
1

 
C

O
 fP

0
 

0
3
 
-

O
 

C
Z

 "O

£
 

T
-
 —

s 
^ 'S

^
 

C
O
 
|

u
. 

W
 
E

°. 
c
 
3
 

.. 
, :::

W
O

O
1

"O
 

n • "O
§ 

—
 92

E
 

«f 
•

•o
 

s
=
 "

C
 

D
1"O

ra 
™

 CD

CO
 

O
 
^

"55 
42 

to
F

 
+

-• ̂

J
O
 

Q
 

W

/^ 
*. —

 i m
•^

 
T

3
 —

E 
ra 

C
D

E
 

S
 o

,^
•* 

?
 
c
 S

i_
 

«
jr 

-^- 
r—

—
i 

Q
j 

*—
 

|—
* 

O
 

T~T
^

 
0
3
 
•
*

 
c

u
 

5
' o

 it!
CO 

u
±
 c

 
t

Q
. . «

 
^
 ra

'-S
 

"3
 -g

 
o-

Q
. 

M
 ^

 
c
u

HL_ 
03 

-^ 
t/3

So 
a B. "§

* 
<

 
0
1

 cn

• 
9

' 
: 

. 
'•,.,••-'•,..

ra
 

01
-. U

 
• 

jjj 
• • 

.
.

.
.

•• "B '• -a; i ' 
.

.t; 
ai 

• ••

ra
 

!s 
' 

••

"co 
'I 

^
•- 

c
 

=
t̂

i 
0
3

 
,O

*O
 

"^
ffl 

_
g
 

«

»
 

S
 

-S
-tT 

^ 
e
g

£
 

-a
 

E
E

 
S

 
°>

>> 
^
 

-°
T

O
 ^

3
 

0
a
. 

=
 

-P
-o

 
8
 

4
5

CD 
c

x
 

JS
 

§
'P

 
C

O
 

F
co 

Q
 

g
.

*- 
ra

1
 I
 t

S
O

)

—
 

t*=
 

c

a
 

ro
-1-3 

CD
i 

i

•B
. 

^

01 
^ 

E
 co

tr 
C

D
 T

O
 —

° 
E

r:--e
§

 
ra

 
"5

 ra
n

 
n
. u

. n
.

|
 

E
D

O

-;••.•- 
• 

-. 
-

:'i 
..-,

'Record of Payments

W\

•'

"fiSUJS3
JZ03t/3 

'
C.Q

co 
i

IS"g
 

ro

8
'|

ra
 

W
'n

 
0
3

O
l 

01
C

L
 

W
to

oi
-a

-'ui
i
 
0
1

- i/l

PU
 

01
.n

t
 Q

B
 01

01
 
.§

£
 ra

0
 |

"o ra
•S

i,J3

ra ™
•a" 01
o) 

•—
c 'D
cn cr
S
 
"

oi -a
"D

 
C

c
 ra

5
 «

01
 

C
£
 °

^1•o
 
o

01 
O

a. Q
i

01 £
u

 -^
O

 
o

ra
 •=

n
 ~

°
c
 
^

ra
 ra

8
|

si
CO' 

"
D

,E <u

II-a
 
°

c
 -a

ra 
01

r- 
"1

igC/3 
CU

^
 w

0
) 

C
£
 .9

>
,̂

?S 
>

X
I 

0
1

01
 

"1
=

 
P

in 
"-

U
l "O

—
 

c

This permit is
obligations, a

A;^

£
 

^

r~
 

-̂i.
l —T

Dcra
 

(
01!=

 
\

9
 

\

0
1
 

\

in01oCD
 

!»
^

cnc/1
J2

j
_

c
V>

v
^J

k

^1\^
\

Permittee ji&g nature*

c401

COC
Oo

_
L

L 1



42cuEZ
JC
J
0T
3£
-

0•ss—
 •

exD
.

ro(n"cucu03
CL03cTDcu_guCO03
T
D03CroE01
£c

s (continued) - Permit # 11640-2006-033

n project will take place in the locations and i
;ial Condition:

ie constructic

5
 
p

5 
' 

frf 
•

•
I

CO
T
DC03raacoc03

iCOC
L

03
.£"oQ

.
OUraL_ra0irmittee must

CLCM

42toooc<£CD 
CD

O
 

(D
'5
 
t!

L_ 
—

<1) 
tfll

U
 C

L
-M

 
<D

J >.
IT'S
>

 C
L

£
 >

>

s!CL cn
ra Q

;

l
o_2

E
 >

E ~§

,th of issuance of this Special Use Permit per
processing the Right-of-Way and the apprais

si
•*"* 

Q
]

co S

i —0co0
3

O§

ng season :

-aCO03

.a'racoD
.

ra"
0T

30303D
lot construct proposed wells during the Endarc103

S1C
L•<t

03

£c00303D
l

m1/5E'0
3ra0T

DCCOCO03

'co"5O
3

c•r~'oposed monitoiibtain permission from Cargill for access to pi
/out so as not to impact Cargill's operation.

-^
 

ra
CO11S
 0

1
—

 .c
§
 o

r?
 

C
*
^
 

Q

iri E

cgS03C
O

03>.CCOCOE-ê

vill not access surrounding tidal marsh or disle Permittee v

HC
O

w03
T
D

'-̂03

•̂"(0COra
T

303COoc.a 
-

to03
_
CCOraToCOcCO

^
3

'coc:-cur within 2 hours of high tide at constructioi
-;t as measured at the Golden Gate Bridge.

O
 

0
3

O
 L

OC
O

•
?
|

O
 

>
-

?
•£tJ

J

to"QQ
.

O
)

.£-£±b
:

_cCD

•4- 1

-MSralinimize imp
sekends.

1
1

c
 

Q
 '

03. 
C

O
-
^
 
3

ra
 o

;are should bet
Eire most numer

ng season will be from October - January. C
of hunters using boats in sloughs. Hunters i

aterfowl hunti
as disruptior

5
-5

o
o

 
co

. 
0
3

•£
03

 
ra

-a
 -o

'
—

 
01

™
 
-M

5
 E

CO
 

03
0
3
 
~

~
 J

D
CO

 
Q

C
D

 
C

D
.£

 
-Q

^
 
2

. . o

1
 
E

±
^
 

L
-

•D
 

03
C

 JQ

8 «

'i!|=
 

0
3

 
'

^
 E

T
O

 
JS

C
 
C

L

03 
±^ 

"- -

-. 
0
3

£• > 
•

CO
 

O
 

C
O

g and maintenance will be allowed as neces::
ds by the construction of a berm that will be <:
-) and be returned to pre-construction contoui

hide refuelin
cted from flui
ruction phast

-SJ ^ T
n

>
 B

 c
.
 
C

 
0

O
3
 

C
L
 
O

03ni~fl)CD0)D
l

^3
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according to the respective BMPs.

•

«Md
, 

_
 

O
«
 

c
! j3

ii 
o

 *
.4-. 

"" 
C

J
C

! 
f 3 

=
3

I
 
-
S

 -

A filtration devise may be substituted for a desilting basin or sedi
the Contractor can demonstrate, to the RE's satisfaction, that the 1
device provides equivalent or greater removal of suspended solid:
basin.

•

C
O

C_O1<ua,o%11•Sw"sC
O

13i-tcS13u03

1>%M

• saC3
J
3tH4>

E•

VH

*—
 

O
a 

iti
g

-
g

O
 

u
.

1_1 
rt̂

Prior to completion of permit application, notify the District Envii
Unit to perform testing requirements and complete necessary pap<
the permit.

•TD
 

C
C

x""l
_, .2
m

"
5

0
 
®

¥
 

Q
-

b W
c

-E
CD

_CCO
S

"SSG
 .

û
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w^Minimize the material inventory stored on-site (e.g., only a few
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Have proper storage instructions posted at all times in an open
conspicuous location.

Do not store hazardous chemicals, drums, or bagged materials
the ground. Place these items on a pallet and when possible, in
secondary containment.

Keep hazardous chemicals well labeled and in their original co

Keep ample supply of appropriate spill clean up material near s

Also see BMP WM-6, "Hazardous Waste Management", for st
hazardous materials.

rial Delivery Practices

Keep an accurate, up-to-date inventory of material delivered ar
site.

Employees trained in emergency spill clean-up procedures shai
when dangerous materials or liquid chemicals are unloaded.
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Clean-up

Contain and clean up any spill immediately.
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See BMP WM-4, "Spill Prevention and Control", for spills of i
and/or hazardous materials.
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clean-up supplies as appropriate for the materials being stored.
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Material Safety Data Sheets (MSDS) shall be supplied to the Resident
Engineer (RE) for all materials.
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Latex paint and paint cans, used brushes, rags, absorbent materials, and
drop cloths, when thoroughly dry and are no longer hazardous, may be
disposed of with other construction debris.

•

-oDo not remove the original product label, it contains important safety ar
disposal information. Use the entire product before disposing of the

•

container.

j_Mix paint indoors, or in a containment area. Never clean paintbrushes c•

rinse paint containers into a street, gutter, storm drain or watercourse.
Dispose of any paint thinners, residue and sludge(s), that cannot be
recycled, as hazardous waste.

C3For water-based paint, clean brushes to the extent practical, and rinse to•

CO4>
_CC

O

drain leading to a sanitary sewer where permitted, or into a concrete
washout pit or temporary sediment trap. For oil-based paints, clean bru
to the extent practical and filter and reuse thinners and solvents.

c3Use recycled and less hazardous products when practical. Pvecycle resit
paints, solvents, non-treated lumber, and other materials.

r

e —Use materials only where and when needed to complete the constructio
activity. Use safer alternative materials as much as possible. Reduce o
eliminate use of hazardous materials on-site when practical.

M
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Do not over-apply fertilizers and pesticides. Prepare only the amount
needed. Strictly follow the recommended usage instructions. Apply
surface dressings in smaller applications, as opposed to large applicatio
to allow time for it to work in and to avoid excess materials being carrii
off-site by runoff.

•

•sApplication of herbicides and pesticides shall be performed by a licensi
applicator.

•

"COnContractors are required to complete the "Report of Chemical Spray Fc
when spraying herbicides and pesticides.

•

Keep an ample supply of spill clean up material near use areas. Train
employees in spill clean up procedures.

•

•yAvoid exposing applied materials to rainfall and runoff unless sufficiei
time has been allowed for them to dry.

•

s

Spot check employees and subcontractors monthly throughout the job 1
ensure appropriate practices are being employed.
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^ri3on and Control

This BMP only applies to spills caused by the contractor.
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Procedures and practices presented in this BMP are general. Contractoi
shall identify appropriate practices for the specific materials used or sto
on-site.

•

D-0To the extent that it doesn't compromise clean up activities, spills shall
covered and protected from storm water run-on during rainfall.

Spills shall not be buried or washed with water.
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Used clean up materials, contaminated materials, and recovered spill
material that is no longer suitable for the intended purpose shall be stor
and disposed of in conformance with the provisions in these special
provisions.

•

wSt^Water used for cleaning and decontamination shall not be allowed to et
storm drains or watercourses and shall be collected and disposed of in
accordance with BMP WM-10, "Liquid Waste Management".

•

Q
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_
QWater overflow or minor water spillage shall be contained and shall no

allowed to discharge into drainage facilities or watercourses.

•

£
3
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Proper storage, clean-up and spill reporting instruction for hazardous
materials stored or used on the project site shall be posted at all times i:
open, conspicuous and accessible location.

•

•S'SWaste storage areas shall be kept clean, well organized and equipped v
ample clean-up supplies as appropriate for the materials being stored.
Perimeter controls, containment structures, covers and liners shall be
repaired or replaced as needed to maintain proper function.
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Educate employees and subcontractors on what a "significant spill" is 1
each material they use, and what is the appropriate response for
"significant" and "insignificant" spills.
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OEducate employees and subcontractors on potential dangers to humans

the environment from spills and leaks.

Hold regular meetings to discuss and reinforce appropriate disposal
procedures (incorporate into regular safety meetings).
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1 . Contain the spread of the spill
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Notify the local emergency response by dial
to 91 1, the contractor will notify the proper
the contractor's responsibility to have all em
numbers at the construction site.
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ServicesNotify the Governor's Office of Emergency
Center, (805) 852-7550.
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For spills of federal reportable quantities, in
requirements in 40 CFR parts 1 10,1 19, and
shall notify the National Response Center at
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£fInstruct employees and subcontractors on identification of solid waste ;
hazardous waste.

•
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MOEducate employees and subcontractors on solid waste storage and clisp•

procedures.

Hold regular meetings to discuss and reinforce disposal procedures
(incorporate into regular safety meetings).

•

rĈ3&
nRequire that employees and subcontractors follow solid waste handlin]•

storage procedures,

Prohibit littering by employees, subcontractors, and visitors.•

Wherever possible, minimize production of solid waste materials.•

llection, Storage, and Disposal

pO

Littering on the project site shall be prohibited.•

"c3gTo prevent clogging of the storm drainage system litter and debris rerr
from drainage grates, trash racks, and ditch lines shall be a priority.

•
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>Trash receptacles shall be provided in the Contractor's yard, field trail•

areas, and at locations where workers congregate for lunch and break
periods.
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be collected and placed in water tight dumpsters at least weekly regan
of whether the litter was generated by the Contractor, the public, or ot
Collected litter and debris shall not be placed in or next to drain inlets
storm water drainage systems or watercourses.

£

Dumpsters of sufficient size and number shall be provided to contain•

solid waste generated by the project.
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Full dumpsters shall be removed from the project site and the content;
be disposed of outside the highway right of way in conformance with
provisions in Section 7-1.13 of the Standard Specifications.

•

Litter stored in collection areas and containers shall be handled and•

disposed of by trash hauling contractors. r4

Materials that are disposed of or temporarily stockpiled outside the hi
right-of-way but are visible from the Highway, shall be in a neat and
orderly fashion to the satisfaction of the Resident Engineer (RE).
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through the use of measures to elevate waste form site surfaces.

• Solid waste storage areas shall be located at least 15m from drainage
facilities and watercourses and shall not be located in areas prone to

0
0

3On,o00

'-a0o

• Except during fair weather, construction and highway planting waste not
stored in watertight dumpsters shall be protected from wind and rain by
securely covering the waste with tarps or plastic sheeting or protected in
conformance with the applicable Disturbed Soil Area protection.
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• Notify trash hauling contractors that only watertight dumpsters are
acceptable for use on-site.

ri• Plan for additional containers during the demolition phase of constructio]

dM Plan for more frequent pickup during the demolition phase of constructio
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rn• Segregate potentially hazardous waste from non-hazardous construction :
waste.

•a(U

• Make sure that toxic liquid wastes (used oils, solvents, and paints) and
chemicals (acids,, pesticides, additives, curing compounds) are not dispos
of in dumpsters designated for construction debris.

Ro• Dispose of non -hazardous waste in accordance with Standard Specificati
7-1.13, Disposal of Material Outside the Highway right-of-way.

• For disposal of hazardous waste, see BMP WM-6, "Hazardous Waste
Management". Have hazardous waste hauled to an appropriate disposal
and/or recycling facility.

fi a

H Salvage or recycle useful vegetation debris, packaging and/or surplus
building materials when practical. For example, trees and shrubs from IE
clearing can be used as a brush barrier, or converted into wood chips, the
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• The WPCM shall monitor on-site solid waste storage and disposal
procedures.
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Designate hazardous waste storage areas on site away fn
watercourses and away from moving vehicles and equip:
accidental spills.
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crete Slurry Wastes

PCC and AC waste shall not be allowed to enter storm drains or
watercourses.
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PCC and AC waste shall be collected and disposed of outside the highwa;
right-of-way in conformance with section 7-1.13 of Standard Specificatio
or placed in a temporary concrete washout facility.

•

Disposal of hardened PCC and AC waste shall be in conformance with
Section 15-3.02 of the Standard Specifications.

•

A sign shall be installed adjacent to each temporary concrete washout
facility to inform concrete equipment operators to utilize the proper
facilities.

•

tnBelow grade concrete washout facilities are typical. Above grade facilitie
are used if excavation is not practical.

•

Do not allow slurry residue from wet coring or saw-cutting AC or PCC tc
enter storm drains or receiving waters by:

•

Placing temporary berms or sandbags around coring or saw-cutting
locations to capture and contain slurry runoff.
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Vacuum slurry residue and dispose in a temporary pit (as described in On
Site Temporary Concrete Washout Facility, Concrete Transit Truck
Washout Procedures, below) and allow slurry to dry. Dispose of dry slur
residue in accordance with BMP WM-5, "Solid Waste Management", or,
for on-site disposal, in accordance with Standard Specification 15-3.02,
Removal Methods.

Collect residue from grooving and grinding operations in accordance wit]
Standard Specifications Section 42-1. 02 and 42-2.02, "Construction."

;/te Temporary Concrete Washout Facility, Transit Truck
hout Procedures

Temporary concrete washout facilities shall be located a minimum of 15 :
(50 ft) -from storm drain inlets, open drainage facilities, and watercourses,
unless determined unfeasible by the RE. Each facility shall be located av
from construction traffic or access areas to prevent disturbance or trackin
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&CDA sign shall be installed adjacent to each washout facility to inform conci
equipment operators to utilize the proper facilities. The sign shall be
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:>,shall be sufficient to contain all liquid and concrete waste generated b
washout operations. The length and width of a facility may be
increased, at the Contractor's expense, upon approval of the RE. Latl
and flagging shall be commercial type.

Removal of Temporary Concrete Washout Facilities

*—
 < 

CO

• When temporary concrete washout facilities are no longer required for the
work, as determined by the RE, the hardened concrete shall be removed ar
disposed of in conformance with the provisions in Section 15-3.02 of the
Standard Specifications. Materials used to construct temporary concrete
washout facilities shall become the property of the Contractor, shall be
removed from the site of the work, and shall be disposed of outside the
highway right-of-way in conformance with the provisions in Section 7-1.1
of the Standard Specifications,

0>r
-» Holes, depressions or other ground disturbance caused by the removal of tl

temporary concrete washout facilities shall be backfilled and repaired in
conformance with the provisions in Section 15-1.02, "Preservation of
Property," of the Standard Specifications.

• The Contractor's Water Pollution Control Manager (WPCM) shall monitoi
on site, concrete waste storage and disposal procedures at least weekly.

T5 
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• The WPCM shall monitor concrete working tasks, such as saw cutting,
coring, grinding and grooving at least weekly to ensure proper methods are
employed.

• Temporary concrete washout facilities shall be maintained to provide
adequate holding capacity with a minimum freeboard of 100mm for above
grade facilities and .300mm for below grade facilities. Maintaining
temporary concrete washout facilities shall include removing and disposing
of hardened concrete and returning the facilities to a functional condition.
Hardened concrete materials shall be removed and disposed of in
conformance with the provisions in Section 15-3.02, "Removal Methods,"
of the Standard Specifications.

•a• Existing facilities must be cleaned, or new facilities must be constructed an
ready for use once the washout is 75% full.
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Fabric Fence - The filter fabric fence (Type
age 4. Similar to constructing a silt fence.
Do not place filter fabric underneath the inlet
lent may fall into the drain inlet when the

DI Protection Type 1 - Filter
1) protection is illustrated in P
See BMP SC-1, "Silt Fence",
grate since the collected sedur
fabric is removed or replaced.

•
ated Drop Inlet Sediment Trap - The
trap (Type 2) is illustrated in Page 5. Similar
t fence, See BMP SC-1, "Silt Fence". Size

DI Protection Type 2 - Excav,
excavated drop inlet sediment
to constructing a temporary sil
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Appropriately stabilize all bare areas around the inlet.
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GENERAL DEFINITION
Stacking sand twigs along a level contour creates a barrier which detains sediment-laden
water, ponding water upstream of the barrier and promoting sedimentation.

SUITABLE APPLICATIONS
• Along the perimeter of the site,
• Check dams across streams and channels,
• Along streams and channels.
• Barrier for utility trenches in a channel.
• Across swales with small catchments.
• Division dike or berm.
» Below the toe of a cleared slope.
• Create a temporary sedunent trap.

Around temporary spoil areas.
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• Below other small cleared areas.

INSTALLATION/APPLICATION CRITERIA
• May be used in drainage areas up to 5 acres.
• Install along a level contour.
• Base of sand bag barrier should be at least 48 inches wide.
• Height of sand bag barrier should be at least 18 inches high.
« 4 inch PVC pipe may be installed between the top layer of sand bags to drain large

flood flows.
• Provide area behind barrier for runoff to pond and sediment to settle, size according to

sediment trap BMP criteria (ESC55).
• Place below the toe of a slope.
• Use sand bags large enough and sturdy enough to withstand major flooding.

REQUIREMENTS

CMin0C
O

H
I

• Maintenance
Inspect after each rain.
Reshape or replace damaged sand bags immediately.
Remove sediment when it reaches six inches in depth.

Managements
Practices'^-* j

• Cost
Sand bag barriers are more costly, but typically have a longer useful life than
other barriers.

LIMITATIONS
• Sand bags are more expensive than other barriers, but also more durable.
• Burlap should not be used for sand bags.
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1 Additional Information — Sand Bag Barrier
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Suitable Applications
Sand bag beims may be used during construction activities in stream beds and utility construction in ch<
channel crossing for construction equipment, etc. Sand bag benns may alio be installed parallel to road
tion. Sand bag benns may also be used to create temporary sediment traps, retention basins and in place
or silt fences Examples of applications include:

• Check dams across stream channels.
• Barriers for utility trenches or other construction in a stream channel.
• At temporary channel crossings.
• May be used on a slope where straw bales and silt fences are not appropriate.
• .As a diversion dike.

•• Embankment for a temporary sediment basin or retention basin.
Sediment barriers near the toe of slopes.

• At construction perimeter.

Arlvantflpes
• Provides a semi-permeable barrier in potentially wet areas.
• More permanent than silt fences or straw bales.
• Allows for easy relocation on site to meet changing needs during construction.

Installation/ AuDli cation
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Sand bag barriers may be used for sediment trapping hi locations where silt fences and straw bale barrier
enough, hi addition, sand bag barriers are appropriate to use when construction of check dams or sumps i
undesirable. The sand bag benns can provide the same function as a check dam without disturbing the st
vegetation. The sand bag berm will also allow a small sediment retention area to be created prior to cons
detention basins. For installation of a sand bag bemij the following criteria should be observed:

• Drainage -Area - Up to five (5) acres.

• Height of Berm - 18 inches minimum height, measured from the top of the existing ground at the ups
tcp of the barrier.

• Width of lienn - 48 inches minimum width measured at the bottom of the barrier, 18 inches at the to
• Sand bag Size - Length 24 to 30 inches, width 16 to 18 inches and thickness six (6) to eight (8) inche

125 pounds.

• Sand bag Material - Polypropylene, polyethylene or polyamide woven fabric, minimum unit weight f
per square yard, mullen burst strength exceeding 300 psi and ultraviolet stabih'ty exceeding 70 percet
burlap is discouraged since it rots and deteriorates easily.

• Grade of Sand - Coarse sand, gravel.

• Runoff waier should be allowed to flow over the tops of the sand bags or through four (4) inch polyvi
pipes embedded below the top layer of bags.

Area behind the sand bag barrier should be established acconling to sizing criteria for sediment trap E
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Appendix D 
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Appendix E 
Well Development Logs 
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Appendix F 
Groundwater Sample 

Chain-of-Custody Records 
And Laboratory Results
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JĈ
L--tcC

CuU
J

oo;C
L

DATE COMPLETED: // - Z- -O Qy \C

3
c

£mQLULUoLUa:

Client's P.O. #: \
Client's Project*: »• SP\nW \ ij•3c

Client's Project Name:
5 W 4J; iaZ

)
aJ

1^
J

/
l̂

-^

|

Subtotal ||1i3o•ooo

RemarksWork To Be Performedc•2.9"u(A01
QU)0)
1-

INDEX TESTS

NCN

(Moisture CNCNCNCNI Moislure/Density "U" Type

COCNCNCN(Moisture/Density Piston

NCNI Moislure/Density Shelby/Pitcher

NNCN(Liquid & Plastic Limits (Dry)

(OCNCNCN(Liquid & Plastic Limits (Wet)

NCNCN|% passing #200 sieve

COCNCNCN(Sieve (from 1/2" to #200)

enCNCNCN(Sieve (from 1" to #200}

NCN2CN.52

CONCN^75Eo•ax*3a.

CN<0CNCN(Specific Gravity

COoCNCN(Organic Content SCN(NCOitnO3

nCNO
J-C5!

COMPACTION TESTS

oCNCN( Standard Proctor 4" moid

NCN(Standard Proctor 6" mold en(OCNCN(Modified Proctor 4" mold
0•q-
CN
C

N(Modified Proctor 6" mold

CNCN(Sinaie Point 4" mold

CNCNCNtb1

COCN
CN[C».... Impact test (Calif 216)eu'u

i

1150?

HYDRAULIC CONDUCTIVm'

Rigid wall toS1u1u"c0
1

ioo

SCNU<uQ
.

0
)

-Cf"raU
.

COCNCN(Additional stress level =0
1NCN(Remold test specimen

Flexible wall

oCNCN(Sandy soil -I

I Clayey soil 1

(Additional stress level

COm81(Remold test specimen 5

ICompatabilily

CONSOLIDATION PROPERTIES

(O>n(NCMaTID6|To"ooU

o

(Additional Time-Rate cuive

nNCN(Unload-Reload cycle

enmCNC
N(Trim to test from 3" samole

0tOCNCN(Remold test specimen

DCNCN(Expansion Index 3C
NCNt
f
j

aC
NCN|% Collapse

N

|Shrink-Sweli inCOCNCN(Expansion pressure
STRENGTH TESTS

CNS1or

N

(Unconfined compression

CO8

|Lpu "ane shear w/MD

CDCOCNCN(1 je / P. Penetrometer

Triaxial Compression oK

(Unconsolidated-Undramud UU ,_X

(Consolidated-Undramed CU

CNCNCN(Consolidated-Undrained with PP ;=toCNCN(Consolidated-Drained CO (sandy) ^C
N

C
N| Consolidated-Drained CD (clayey)

inC
N

CNc(DH
I

O
.

V
)

COU
,a
.

cua
t

=COCNCN| Remold for test specimen s
;NCN|Mufti-stage, ea. Add. Stress level

Direct Shear

oNCNlUnconsolidated-Undramed UU

7>NCNi Consolidated-Undrained CU i oCOCNCNiConsolidated-Drained CD (sandy) j

oN

(Consolidated-Drained CD (clayey)

CNCOCNCNPrep. For 3" dia. Specimen )

oCNCNRemold for test specimen j sN03iraO
)

:>

DCNCN&ra*

H

ling Notes: 1

m

LUO<Q
.OLUODCOL



:3I/\IIJL

('013 'NOIlVAH3S3dd
'NOIilQNOO aidlAIVS) '-S1N3WIMOO AHOlVHOaVl:31VQ

(•o}8 'sajnpaoojj p|ay'J8LHB8M)

JS;BAA Aaunoo



jau6|s

80-39£'Z

80-3ZZ'Z
80-30£'Z
80-3£f'Z
90-39Z'Z

£'9^
Z'9f
Z'9f
9'9fr
O'Zf

096'0
^6'0
Z86'0
W6'0
E96'0

00600'D
frZGOO'O
zeeoo'o
zoeoo'o
Z9800'0

6'989
i-'eeg
9'669
l-'90Z
9'Zl-Z

l.'C69
9'669
l-'90Z
9'ZU
Z'81-Z

OOH
00'I-
wv
00'I-
9Q'0

02,'Z
OQ'Z
OQ'Z
OQ'Z
06'Z

pas/mo) oz»

* u
0009 0009 000t> OOOE OOOZ 0001

pd
pd

•3-3
urbs

suiB

OZ'Z
OQ'Z
06'Z
OQ'Z
09'Z

•IU3 'bs g^8'0

9'96
L69'0

6'90I-
l-'QZl.
6'OZ
LLW

966'9
Q'Ql-6

O'OEt'l-
0'0/H
O'OZI'l-

0'09Zl-

:suo|pnpaj

OZ = £B!S

99Q'0 = sauadjd p EBJV

%

(pauinssv)
AJQ

Aep ABJB
90/02/01.

i- -a
1.-3Q

Qi'LQZ
auoo sa|!N MS

8AV

= 'IH

:uauipads
adAj II.DS
^saj jo; dnjas
(y) qidaa
# 3|dlUBS

# Buuog

'06-^8050 IAI1SV ) 1S31 AiniaV3IAlH3d



N*y
<j
j

vD/
^
\dzJDCO

•""

!_1oE0)
Q

.

r̂"*}<N^^^—
 •

o0

(LOH?

V

-~
.

10Eco"o0'oC
L

r

;t Numberm"o"
a!

U
J

^

q Number

CbCD

A

e Numbera.ECO
CO

^5x-~>

•̂
-̂H0Q

'coa.A.A1̂

II

'coCL

-̂.r
II 

- - 
- -

O
 

"a 
>>

D
) 
^
 

-
°

fT
i 

C
O

 
T

3
W

J
 

0
 

0

S
 

a>
CO 

(̂
Q

;Orr-.

"

ssificationCO

0"cow>

CDCOXsN.CO• 
T3

W
 

^
~

. 
®

. 
"0

" ]=
!

V
3JT5 

ir
cv

1 S
. 

o

s rt§
= 

rvj 
/ -U

^
 

X
 

3
S

^
 

\ 
•*—

 '

• 
C

O
 

\~

cvi 
p

0
 

C
O

Q
. 

C
>
. 

g

0
 

T
D

H
 

°0"a.
ECO

CO

000o

encEE'lMh
-

0
 
to

*: 
0

<
 H

£
 
-

"0 
i—

CQ 
^

r*j

j\na>c0E"o0Q
.

CO!

e>*ii50Eo0CL
CO

$1

r,IIQ
.

0i
rf^-^
CegQ

>IMII

•aEi

-rvin|i

On3H"6£O
)

C<D™rv̂-ii*CO

b

2̂OOCQ-r0̂*«*ncoT
3

'5CO
•1—

 '

1

yis
)

«r-nX
—

 *
.

ECT
-̂

^
-̂

coTD'5CO

Q

CDa
.

*—
 

m
 

CD
0

 
5
! 

C
D

 
£

b
 

£
 
•§

 
2

^
 

C
D

 
^
 

S
x 

-c 
C

D
 

£:
CO^
 

"
o
 
~

 
"
i^

cj 
-53 c 

f5
en 

^i 
n
 

E
CO 

W
 

y
 

.3
5
 

C
D

 C
 

9
CD 

CO 
CD

:t. x1 
i

co 
£
- 

e
n

 
m

CO 
CO 

CO 
CD

3=
 

<N
 

5
 

C
D

K0
 

f^
^

oz_JU
J

0

II"E5coT
Jo

T
3c

CD 
CD

3
 

o
JB

 
C

D

T
3
 

^
CD 

4^

?
 
-S

*
CD 

OJ
•a 

^
C

 
oc

•a 
o

®
 

°
ffl 

O

'5 
co

S
 

5

QCCO^
 ̂

^

o s-
i —CO

-a0)
^oCD

6I 
I

4:.caT
3CUNQ
.

OO

caC
3)

C
/)

D
)

CO



0Zn

(0roQCO0>O2oA«j

-4 "
roc.ao
*

5
5
**1C5

1
Oz:®

 
rt

cdc/)

4-j 
O

.5
 
"o

"

b ct

POen ~
 

o
•E 

w
 

z
O

 
—

 "CD
CD 

O
 

O

d
,

C
L_

Ozo03

03D
)

ICD
DC0CDwa

.

03CD
al-oCD
"5.
D

.

WCD
-t—

l

OZ

CD
m

 -3
F

 (0

•SQ:
ch =
6
 O

.^C
L

o
 o

.
CL

a
.

'coT3CO
. 

0
3

O0
 
tt

CO 
O

CD 
ii.

oo0)EcoQ

Vr»

I"

O

inA

Q

P
O

6

r

ovn
-H

rI A•x
.

r\vn

O
 )

\Ao

V
A

r
r

o•v

0
VA

.

r-

V
A

r^rj

or
0

C
T

C0)

'S?CO



N
-

OOC
N

C
OraQ
)

U
J

g
a
s**

***=
L
iJ

f
\

C
3

C
\i

0
.

U
J

.Q

§
2

O
O(-U

en
 

.-f'iy
CO

rv\ 
^-^

O
 C

D
CO

 
O

T—
 "̂

J"
O

 C
D

O
 C

O

•: 
..

9
 O, 2

i=!o
CO 

Q.

C
O

oCDr^o6z£oa.U
J

£

1II
J

/
*** 

LI

H^
jCOUNTY WATER DIS<^
^

<
^

6Q
i

0Q
.

U
J

a;

tfa
1C

Qo:<1 1 1

YOUNG
ITH GRIMMER BOULE

o
 ->

"̂̂
 

C
/)

oO

a--"̂
 

"*C
J"

0
0

coinr̂0><oiU
-

^*<sC3

U
J

QU
J

DOUG YOUNG
ITH GRIMMER BOUL

C
D
 

O
<f 

C
O

-
1
 in

W
 

C
O

O
/ 

"
^

..

0U
J

—>OQLa.

O

REMONT

U
-

CDZf f\

UJh-^NICAL LABORATORY5EOTECH

01HOU
J

mZ
)

CO

CDr^Ora-4—
 '

4
—

 '
raCD
_n•̂CDCDcnCDCOraCD

C
L•dCD

'o"
cojĈ
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"rao'cj=o0)
"oCD
CD

3O>
-

CD30Qa:1a:O
T

QccU
J

5§>-i-R
vl̂ MEDA (

F:ILE COP
<
 .

_^iXjp 
<j

C
L 

O

COQOT<O<Q_qcjIts

01(NrocoorHinXrau.ISCOCOin*f01T
JL_raraX.nro



A

4 f

/ . Ij

.,)/ .."'..••/-''/.<• ^ fvrOf
313 ' (%#+ DIMO IB nniAl 10

000

M
M
CO
CO

0

r*

TT
M
CO
NJ

0

O

0

£o

0

;o

0

r-

Tl
M
CO
M

0

;&

0

fro! hO
en
— ̂

0

M
hO

M̂

0

LJH
HH

o /r# /r*

T7|
to
-J
o

0

~^

M
ro
en
CD

0

O

0

D

"FT
ro
0)
•-4

0

C

TT
hO
N>
CD

0

•D

TT
M
CO

0

3:

ro
hO
N)
CO

0

Co

ro
ro
-g

0

>? 1

M
N>
ro

0

*?

KM

0

,5?/
•̂MCO/

ONmia
13N9IS

snvioi loarodd

/
/
7t*i

S1V101 39Vd

CD/

'".j 1 __*

t^' \\o
,9^9-

0 1

^\q
,co /

-V'sQ.

rr
ji
°\

r
v OJ /

%##
'peon siey aujji = S1OSNOO

'speoi IBIUJON = JdV3HS
'(dSd) aJnssaJd 6u|ui]uoo= 3,00X1

ZU -NOISN31X3 9V1
i.s)

 ;
xvd

i99(Ol.S)
9WW VO '
30N3AVO

woo'dyoosyn©sNi>ioaoH-
:
NiAvns viomivd nivw-3

NIAV1S VlOiyiVd '-NllV
9V1 ONI1S31



04.

'NOI1IQNOO 31dlAIVS) :
013 'NOLLVAd3S3yd

O AdOlVHO9VH

(•o}8 'IQJIUOO AIIIERO 'uoisajnpaoojj("OJ8 'J9L|}B9M)

-V
SC'-b

Apcasro jo
MunoD epatueiv



sqe-]

80-3Z9'Z

80-39l.'Z
80-389'Z
80-388'Z
80-39Z'Z
80-30Z'Z

(oas/uio) oz*

foz zoo' i.
Z'OZ fr86'0
I'll t>96'0
Z'\L 896'0
£HZ l-86'O

luaipBJO >y

6Zl-00'0
ooeoo'o
W-OO'O
ZUOO'O
Efl-00'0

izii/mjin

9'£LZ 9'frl-/
9'frl-Z 01ZZ
O'l-ZZ O'ZZZ
O'ZZZ 8'ZZZ
8'ZZZ 6'£ZZ

(LUO) £1) (LL13) l-M

00' I/
00' 1.
9Z'I-
9Z'0
9Z-I-

r™

Ofr'O O^'O
08'Z 08'Z
oro O9'o
Of'O OE'O
Of'O 09'0

Moy^no M0[ju|

•LUO 'bs ggg-Q

0'09l.
0'998
O'OZl-
O'OZl-
O'OEl

(UJLU) aujji

OZ =

698'0

:suo|pnpaj

£B|S

sa^adidjOEJ

\
\

\

oc

•\.

\.

frl. OOZl 0001. 008 009 OOf OOZ

•S'O

l n

0

»

9'E

E 2

S'Z §
c

Z it

pd
pd

urbs
Ul

u;
siuB

DE9H

O/'Z
0'9H-
9'ZEl-

I-'86Z
£99'f

966'£

(paoinssv)
Ajisuap AJQ

O'OEl-
YZ\r

I'GQZ

000'V
O'tZQ

•E]p

1H

Asp AEJB 3AJIO

98E
I--Q

AAVM 8UOQ S8|IN MS
Ajunoo i

|ios
i ju.} unjss

(y)
#
#

pa[oj<j

wisv) iS3i



6u!)saj_ )auB|s

ZO-39Z'Z :a6EJ3AE ||BJ8AO

ZO-396%
ZO-3Z6%
ZO-3£1-'Z
ZO-3ZZ'Z
ZO-39fZ

9'Wl-
9'W
9'tOI-
0'90t.
t-'QOl-

£10%
6LO%
9ZO%
9ZO%
6ZO%

69l.00'0

esmo'o
991.00'Q
Zfl-00'0
9Zl-00'0

YLU
Q'QU.
Z'61-Z
9'OZZ
6%ZZ

9'81-Z

Z'6LZ
9'OZZ
6%ZZ
9'ZZZ

•T! 1 ?-?

00%
00%
00%

Z9%

pas/wo) oz»

09'0
09'0
09'0
oro
OE'O

(•O'O)

Aomno

'liio 'bs

pd
pd
%

'O'O

urbs
Uj

Uj

SLUB

lfl|M l||S

09'0
09'0
09'0
09'0
09'0

(
-
0'0) 1

M0|ju|

ZZ9'0
l!ej_

g'OOl-
999'0

Z'901-
Z'OEl.
Z'OZ
Z'ZOZ
IQS'V

90Z'Z
9'ezfr

ApUBS u/wojq i

AAl^aJ

O'H
(W
o'ei-
0'6
0'6

[ujiii) aujji
pasdBia

OZ =

ZZ8'0
PE3H

o-eo^ =
fr99'0 =
OZ'Z

Z'ZOl-
6

-
oei.

9%Z
Z'EOZ =
9Z9'fr =
E^'Z
O^Z

-
Z

£'9Zfr
|Bj^lU|

qsjABjB >JJBQ
1 rt /c*^ / 1 n

I-Q

QVLQZ
DO sa|!N MS

Ajunoo BpaiiiB|v

:suo|pnpaj

= uojiBjniBS %

= (paiunssv) sg

= Ajjsuap |Bjoi
= ajnis(oiM

= -)H

:uaiuioads
I!OS

(W)
#
#

poqiaiu '06-t'80Sa IAI1SV ) 1S31 AiniaV3IAiy3d



sqe-) Bu|)sax jauBjs

80-39Z'Z

80-3£9'Z
80-3£9'Z
80-3S9'Z
80-3Z9'Z
80-3frZ'£

9'OSl-
8'09l-
0-1-91.
Z'l-51.
9' 1-9 1-

OZ6
-
0

fZ6'0
l-86'O
Z66'0
£00' I-

09l-00'0
09l-00'0
09I-00'0
091.00'Q
6Z|.00'0

VBB9
Z789
Z'889
Z'689
£'069

3789
Z'889
Z'689
£'069
9' 1-69

00' \r

00' L
00' I
00' 1-
00' [•

09'0
09'0
09'0
09'0
09'0

(oas/aio)

09'0
09'0
09'0
09'0
09'0

O'OZ
O'OZ
O'OZ
O'OZ
O'OZ

:suo|pnpaj

•LUO 'bs \.j_G'Q
PI

S'l

- S'Q

pd
pd

%
'O'O

urbs
Uj

Uj

siuB

) aoi|i

Z'66
Z69'0

8'90l-
6'8Zl-
ZHZ

QZS'V

VSLZ

oz =

696'0 = sawadidjo

0'9ZI-
t-09'0
OZ'Z

Z'8Z

t-99't-
ZOI^'Z
008' I-
968Z

%
0|}EJ P|

(paiunssv)
AJQ

= B8JV

= 'BJP 8AV

= '}M |B;OI

9' 1-6
N

AA1AI auoo sa|!N

dnjas

'OB-t'BOSCI W1SV ) 1S31 AiniaV3IAJH3d



T
>

6ff
j(T0CD
ZCO
_

j

"55H>
i

*^ <— •mPerme.

\i/J£IP
/-*y=;

/"

''̂c*•->(Jts

&"cCD

0

Q
.

P

\^ **.̂J
'̂<-^'--

(V~

.

^

.

CDcoZ/n

\

' r»_^--

[̂7cr/L̂1 Number

*•'iif-

,-̂
T"'̂] Numbet

\-^

?

3 Number

VX

xUf*^_^

•*—
 •

Q03
Q

O
3

Q
.

a"t/3Q
-ro:i

II

O
 
°

0) 
03

rn
 

O
T

U
J 

C
D•>-•03

-*-* .j.\ 
*

&T
3CD

•i-»w03

\

J

^-]/-~V^

.̂

g'w

"*

CDCOXF*.
°°

 
-D

C
\J 

0
Ĵ—
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Ĵ
--

'
1
1

ITO"r<Number

-*—ct
'oCL

!f

\<
*

L
;

1

NumberacoCO

(Cb
JDEZ

J 
CDQEcaen

'"
i

[
f

j~~*
t-••»—

•'

fCD
Q

V» 
Y

_ 
Tf

'w
l 

-<i{
°t 

^

1 
^

^
 

^
1

1̂\ \

II 
;̂

,-V
.

"w
 

-.,^
t

tS
'i'y

* 
r\ 

p?
"N

r" 1-*
i"

1 
"D

 
>
*
 
C

C
D
 
^
 

-
°
 

0
r/5 

w
 

"a 
"•{«

J 
C

D
 

C
D

 
;X

-j_t 
-^_<

 
L
J

CO
 

(—
 

W
Q

 
ca0

—
 •

=C
D

C
O

b̂o 
.j-.

C
vj 

^
 

C
D

X
N

 
C

D
 

"°

A
§
 
|

lr 
CD 

CD
S

 
"9

 
D

C
I C

M
 ,0

. 
o

b
 

f 
<
u

^ 
C

vj 
-Q

_
x 

= 
"w

CM
 
^
 

^
CM 

IDy__-V
 

J

CD 
0)

Q
. 

C

H
 

i
CD 

T^
_
Q

 
C

n
 

o
H

 
°CDEca

CDoJD

01cE•~h-

! —
 

-(—
i

CD 
W

-*-* 
m

H
_

 
U

J

<
 H

2 
-

5
 C

D
CD 

U
l

m

O
v,

1
II*r~
+
.

EC
J

**—*

^CD

'oCDaW

?SII^HtrXcCDE"T
7

CDQ

^

||ao-i—
 •
i

-
 —

 .
Ccab

1
HT
JE

^r>ni

0)

»*—o_
£

"ai
cCD

t̂
.)N
^||

*(f.

b

-a
^
 

c
2

 
C

D
 

C
D

 
C

D

O
Q

. 
•

§
£

.
•

•
. 

E
 

^
 

°
i 

!=
; «

J
 

S
 

a
>

 S
|_

 
o
 

w
 

C
D

 
£

 
-c

 
a

O
 

b
 

S
 
•§

 
C

D
 

S
 

°
m

 
w
 

2
 

t! 
C

D
 

-a
 
=

x 
"I 

^
 

J
: 

C
D

 
^

C
O
 

j-
 

t!
 

B
 
^
 

-
^

"^" 
o

 
-—

 ' 
t- 

^ 
p
j

C
J 

"5
 

cz
 

iS
 

T
3
 

^
w
 

^
 

5
 

E
c

a
.

ca 
w

 
j- 

-, 
ca

 
g

£ 
8

 
S

 
° 

1
 

° 
'

1
 x
 
f
l
 
§
 
I
 1

en 
en 

ca 
CD 

'5 
ca

It: 
C

J 
5
 

C
Q

 
e
n

 
S

?K 
î 
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