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Executive Summary 

This report presents the results of a groundwater assessment performed by Shaw Environmental, 
Inc. (Shaw) in the vicinity of three soil stockpiles located at the intersection of State Route (SR) 
99 and Kansas Avenue in Modesto, California. The stockpiles were generated during 
construction of SR 99 through Modesto around 1961 when Caltrans excavated property 
purchased from FMC, Inc. that contained a waste pond.  The assessment is based primarily on 
the results of two groundwater sampling events conducted in June and October of 2006.  
Information from Caltrans, the FMC site, and the Department of Water Resources (DWR) was 
also reviewed. 

A Preliminary Site Investigation (PSI) in 2004 found that samples from two of the stockpiles 
contained elevated concentrations of barium.  In their review of the PSI report, the California 
Environmental Protection Agency Department of Toxic Substances Control (DTSC) 
recommended that Caltrans evaluate groundwater quality beneath the stockpiles and complete a 
Preliminary Endangerment Assessment.  This groundwater assessment was conducted in 
response to the DTSC recommendation.  The work was conducted at the request and 
authorization of Mr. Richard Stewart of Caltrans under Contract No. 06A0752. 

During the groundwater assessment, eight monitoring wells were installed adjacent to the three 
soil stockpiles on the Caltrans Modesto Site (Site).  The wells were installed to a depth of 5 feet 
below first-encountered groundwater using a hollow-stem auger drilling rig.  Monitoring wells 
were constructed of 2-inch schedule 40 polyvinyl chloride casing, in accordance with procedures 
and construction parameters provided in the Work Plan.  The wells were subsequently developed 
as outlined in the Work Plan.  The geologic and hydrologic characteristics of the Site were 
interpreted from information derived during the well installations, subsequent monitoring events, 
and FMC site assessments. 

Two post-installation groundwater-sampling events were conducted: one in June and a second in 
October of 2006. Samples were collected from all eight wells during each sampling event.   
Samples collected in June 2006 were submitted for analysis of dissolved metals, nitrate, sulfate, 
sulfide, and polycyclic aromatic hydrocarbons (PAHs). General groundwater chemistry analytes 
(calcium, magnesium, potassium, and sodium; anions; alkalinity; and total dissolved solids) were 
added to the analytical suite during the October 2006 event.  Findings from the investigation 
include the following: 

• Site lithology is dominated by silty soils with laterally discontinuous lenses of 
interbedded sands, silty sands, and clays.  Groundwater was encountered at a depth of 
approximately 35 feet below ground surface (approximately 50 feet above mean sea 
level), under semi-confined conditions. 
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• Groundwater flows to the southeast with a gradient of approximately 0.001 foot/foot. 

• Antimony, beryllium, cadmium, mercury, and thallium were not detected above their 
respective reporting limits in any groundwater samples. 

• Of the 13 metals detected in samples collected from one or more wells during the two 
sampling events, no metal exceeded its primary Maximum Contaminant Level (MCL) 
and only manganese exceeded the secondary consumer acceptance limit MCL. 

• Barium was detected in all groundwater samples from the June and October 2006 
events.  None of the concentrations exceeded the barium MCL.  Seven of the June  
and five of the October (2006) samples exceeded the barium the adjacent FMC 
Corporation (FMC) site groundwater background value. Samples collected from well 
MW-5 produced the maximum concentrations during both sampling events.  

• The chromium concentration exceeded the FMC background value in all samples 
collected during both sampling events.  Chromium did not exceed MCL criteria. 

• The concentration of nitrate was below the primary MCL in all samples during both 
events, but the samples from well MW-6 exceeded the FMC  background value during 
both events.  

• The concentration of sulfate in samples collected from all wells was below the 
secondary recommended MCL but above the FMC background value in samples 
collected from one well.  No primary MCL is established for sulfate.  

• Total dissolved solids concentrations in samples exceeded the secondary 
recommended MCL but did not exceed the secondary upper limit MCL. 

• There were no detections of PAHs in any groundwater samples. 

• Sulfide was not detected in any of the samples collected from Site monitoring wells. 

• Samples collected from monitoring wells MW-5 and MW-6 had the largest number of 
detections and highest concentrations of metals, nitrate, sulfate, and general 
groundwater chemistry constituents.  

• General groundwater chemistry suggests that two distinct groundwater types are 
present at the Site. The two water types differ with respect to increased sodium and 
alkalinity in MW-5 and MW-6 as compared to the other wells. The variation suggests 
that groundwater intercepted by these wells originates from a different source.  

The groundwater assessment has produced a characterization of the Site hydrogeology and water 
quality.  Although some of the constituents detected exceeded FMC background concentrations, 
the exact source of the elevated concentrations and differing water types is presently unknown.  
The installation of another well within Caltrans’ right of way northwest of MW-6 adjacent to the 
SR 99 northbound onramp from Kansas Ave. may provide additional water quality data useful to 
further assess Site hydrogeology.   



     

SIR_TO-35_Final 1-1  

1.0 Introduction 

This report presents the results of the groundwater assessment performed by Shaw 
Environmental, Inc. (Shaw) in the vicinity of three soil stockpiles located at the intersection of 
State Route (SR) 99 and Kansas Avenue in Modesto, California (Figure 1).  The assessment 
evaluates the potential effects of the three soil stockpiles on Site groundwater quality 
immediately adjacent to, and downgradient from, the three stockpiles. 

1.1 Site History and Hydrogeology  
The stockpiles were generated during construction of SR 99 through Modesto around 1961 when 
the California State Department of Transportation (Caltrans) excavated property purchased from 
FMC, Inc. that contained an evaporation pond. The construction of a highway interchange is 
proposed on the Caltrans Modesto Site (Site). 

During the 1930s, Barium Products Ltd. occupied property at 1200 Barium Road (now Graphics 
Drive) in Modesto, just east of SR 99 between Woodland and Kansas Avenues.  Barium 
Products Ltd. was a chemical manufacturing company processing a variety of ores and minerals, 
including barite (barium sulfate) and celestite (strontium sulfate).  Materials produced included 
barium and strontium compounds; these were used in greases, lubricating oil, and pigment 
blanks.  Sodium sulfide generated as a byproduct of barite processing was sold as a caustic and 
also used as a reagent in the mining industry.  

Barium Products Ltd. was purchased by Westvaco Chlorine Products Corporation in 1943.  In 
1948, Westvaco merged with Food Machinery and Chemical Corporation (FMC).  From the 
1950s to the late 1970s, a liquid residue from the processing operations was discharged to 
unlined evaporation ponds along the western portion of the FMC site. 

In 1961, a 4.3-acre parcel at the southwest corner of the FMC site was purchased by the State for 
right-of-way needed to construct SR 99.  Aerial photographs from 1957 indicate that a portion of 
the southernmost holding pond on the FMC property was within the area purchased for right-of-
way. Soil in and around the impoundments was excavated during construction and, according to 
provisions of the construction contract, stockpiled within the current Caltrans right-of-way at the 
location of the future SR 99/132 interchange project.  Three distinct stockpiles are present at the 
Site (as shown on Figure 2): 

• Stockpile 1, located south of Kansas Avenue and west of North Emerald Avenue 
• Stockpile 2, south of Kansas Avenue, between North Emerald Avenue and SR 99 
• Stockpile 3, south of Kansas Avenue and east of SR 99 
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The GeoTrans January 2004 report, “Comprehensive Remedial Investigation Report, FMC 
Corporation, 1200 Graphics Drive, Modesto, Stanislaus County, California” (GeoTrans, 2004) 
describes the initial investigation conducted to characterize the adjacent FMC site .   

Site Hydrogeology 
The hydrogeology of the FMC site has been characterized by numerous studies beginning in the 
early 1980s.  The GeoTrans January 2005 report, “Addendum to the Comprehensive Remedial 
Investigation Report, FMC Corporation, 1200 Graphics Drive, Modesto, Stanislaus County, 
California” (GeoTrans, 2005), provides a description of the FMC site hydrogeology.  This 
description is as follows; 

“The site is underlain by laterally discontinuous and unconsolidated sand and silty sand 
associated with the Modesto and Riverbank Formations.  First encountered 
groundwater is approximately 30 feet below ground surface (bgs) under unconfined to 
semi-confined conditions.  A deeper aquifer is present at a depth of 165 feet bgs and 
separated from the upper zone by a blue clay aquitard.  The upper water bearing unit 
has been divided into two zones: a shallow zone from first encountered groundwater to 
120 feet bgs and a deeper zone from 140 feet bgs to the top of the aquitard.  
Groundwater flow within the upper zone is toward the southeast under a gradient of 
0.002 ft/ft.” 

The lithology at the Caltrans Site includes interbedded (laterally discontinuous) sands, silts, and 
clays.  In the areas investigated, the vadose zone was dominated by silty soils.  Groundwater 
beneath the stockpiles was encountered at a depth of approximately 35 feet bgs (elevation 
approximately 50 feet), under semi-confined conditions.  Groundwater beneath the Site flows to 
the southeast under a gradient of approximately 0.001 foot/foot.  The shallow aquifer conditions 
beneath the Caltrans Site and the FMC site appear similar and are likely representative of the 
local area.    

Background groundwater metals and general chemistry concentrations were presented in the 
Parsons 2006 report, “Revised Semi-Annual Groundwater Monitoring and Groundwater 
Remediation Report. FMC Corporation, 1200 Graphics Drive, Modesto, Stanislaus County, 
California” (Parsons, 2006) and are presented on Table 1.  Background concentrations 
established at the FMC site represent statistical values based on sampling from 1980 to 2005. 

1.2 Project Objective  
Based upon the analytical results of a Preliminary Site Assessment in 2004, which detected 
elevated concentrations of total and soluble barium in samples from the soil stockpiles, the 
California Environmental Protection Agency Department of Toxic Substances Control (DTSC) 
directed Caltrans to assess groundwater beneath the Site for potential water quality impacts 
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(DTSC, 2005).  Caltrans intends to use the stockpiles in construction of the State Route 132 
expressway.  Consequently, the objective of the assessment was to evaluate groundwater quality 
beneath the Site relative to constituents of concern (COCs) in the stockpiles, and to establish 
groundwater concentrations of COCs and selected other constituents for use in a human health 
risk assessment.  

1.3 Project Description 
The groundwater assessment involved the installation of eight groundwater monitoring wells. 
Representative samples of the first-encountered groundwater adjacent to the stockpiles were 
collected from the installed wells and analyzed for chemical constituents.  Sample analysis 
included heavy metals, polycyclic aromatic hydrocarbons (PAHs), sulfate, nitrate, and sulfide 
and other general groundwater chemical analytes.  Two groundwater sampling events were 
conducted for the groundwater assessment, one immediately after well installation in June 2006 
and a second in October 2006. 

The introduction of the groundwater assessment work plan (Shaw, 2006a) referred to the 
collection of surface water and ambient air data for use in the risk assessment.  However, 
upon further consultation with Dr. Kimi Klein at DTSC, these media were found not to be 
applicable to the risk assessment. 

This investigation was conducted at the request and authorization of Mr. Richard Stewart of 
Caltrans under Contract No. 06A0752, Task Order No. 35 (Caltrans, 2006).  The work was 
performed in accordance with the “Work Plan for Groundwater Assessment, Caltrans Modesto 
Soil Stockpiles, State Route 99/132 Project, Stanislaus County, California” (Shaw, 2006a), and 
the procedures contained therein. 
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2.0 Scope of Work 

The investigation scope of work was presented in Shaw’s Work Plan dated January 26, 2006 
(Shaw, 2006a), which was approved for implementation by Caltrans.  The following scope of 
work was conducted: 

• Permitting and Planning 
• Drilling and Well Installation 
• Well Development 
• Groundwater Sampling 
• Laboratory Analyses 
• Department of Water Resources Well Survey 
• Groundwater Monitoring Reports 

These work elements are described in the following text. 

2.1 Planning and Permitting 
A pre-work site visit was conducted at the Site on September 21, 2005, and was attended by 
Mr. Tim Ault and Ms. Barbara Matz of Shaw and Mr. Richard Stewart of Caltrans.  During the 
site visit, a field reconnaissance of the project area was conducted and the work scope was 
discussed.    

The Work Plan (Shaw, 2006a) was submitted for review to the DTSC and was approved for 
implementation on February 8, 2006.  A site-specific health and safety plan (HSP) (Shaw, 
2006b) was also prepared for the Site in general accordance with 29 Code of Federal 
Regulations 1910.120 and Title 8, California Code of Regulations, Section 5192.  The HSP 
included safety procedures for work to be performed at the Site, chemical hazard information, 
identification of site safety officers, and preferred medical emergency locations. 

A subsurface drilling permit was required by Stanislaus County Environmental Health 
Department and was obtained prior to commencement of well installation.  A copy of the drilling 
permit is included in Attachment A. 

2.2 Well Drilling and Installation 
Monitoring well installation was conducted in May and June of 2006.  On May 8 and 9 
monitoring wells MW-4, MW-6, and MW-8 were installed into the shallow aquifer.  Water level 
measurements were then collected from these wells to determine the static groundwater surface 
and flow direction across the Site.  Following this determination, the locations of the remaining 
five wells were selected.  Their locations were approved by Caltrans, and the wells were installed 
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on May 22, June 2, and June 6, 2006.  Well locations were selected adjacent to the soil stockpiles 
rather than on the stockpiles; these locations were selected to minimize any disturbance to the 
wells from any future construction work for the bypass on the stockpiles. 

Well installation was conducted in accordance with the procedures provided in the Work Plan 
(Shaw, 2006a).  The deepest of the wells (MW-7) was drilled to 48 feet bgs, and the screen 
interval was completed to between 35.5 and 45.5 feet bgs. The remaining seven wells were 
installed with maximum screen depths ranging between to 39 feet bgs and 45 feet bgs (Table 2).  
The locations of the eight wells installed during the project are shown on Figure 2.  

The wells were installed using a hollow-stem auger rig with 8-inch diameter augers.  Soil 
samples were collected at 5-foot intervals for the purpose of describing the subsurface soil.  The 
soil lithology is a mixture of sand and silt with intermittent clayey zones.  The depth to first-
encountered groundwater varied from 33 to 40 feet bgs.  Wells were drilled to a total depth of 
approximately 5 feet below the first-encountered groundwater.  Static water levels were 
generally above the depths of the first-encountered water.  Boring logs are presented in 
Attachment B.  Figure 3 illustrates a cross-sectional view of Site lithology. 

The wells were constructed of 2-inch diameter schedule 40 polyvinyl chloride riser and screen.   
A 10-foot length of 0.010-inch slot size screen was installed in each well and a blank riser was 
installed to the surface.  Well completion information is provided in Table 2.  A small drain hole 
(1/32-inch [0.03-inch]) was drilled in each bottom of each end cap.  A filter pack of #2/12 silica 
sand was emplaced around the screen to a height of between 2 and 5 feet above the top of the 
screen.  A seal consisting of a 1-foot thickness of bentonite pellets was placed above the filter 
pack and hydrated in place, followed by installation of bentonite-cement grout to the surface.  
The wells were secured using a flush-mount surface completion and a lockable well cap.  The 
wells were surveyed by Espinoza Surveying to accuracies of 0.01 foot vertically and 0.1 foot 
horizontally.  The surveyed locations are presented on Table 2.   

2.3 Well Development 
Following the completion of monitoring well installation, the wells were developed to restore 
natural hydraulic conditions and to provide sediment-free water samples representative of the 
groundwater in the formation.  Well development was performed between 48 hours and seven 
days after well installation.  The screened interval of each well was gently surged for at least 10 
minutes and sediment-laden water was removed with a bailer.  Surging continued until all 
sediment was removed from the well.  After surging and bailing were completed, the water level 
and total depth were measured in each well, and the measurements were used to calculate the 
total volume of the well.  Groundwater was pumped from the well until the well was adequately 
developed and suitable for sampling, as indicating by the following conditions: 
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• The water appeared clear to the unaided eye. 

• Sediment thickness in the bottom of the well was less than 0.2 foot. 

• At least three well volumes, but no more than five volumes, had been removed. 

• Water quality parameters had stabilized such that three successive measurements met 
the following criteria: 

− pH + 0.1 pH unit  
− Turbidity had been reduced to 10 nephelometric turbidity units or less 
− Temperature + 1 degree Fahrenheit (oF) 
− Electrical Conductivity (EC) + 10 percent 

Monitoring wells MW-5 and MW-6 produced groundwater at very low rates and development 
consisted of bailing wells until dry.  Water quality parameters were measured during bailing but 
insufficient water was available to allow for stabilization of parameters. Turbidity levels 
remained high in wells well MW-5 and MW-6 throughout the development process.  

2.4 Groundwater Sample Collection 
Two groundwater sampling events were conducted as part of the groundwater assessment.  The 
first groundwater sampling event was conducted on June 13 and 14, 2006 and included all eight 
wells.  A second groundwater sampling event was conducted in October 2006 with groundwater 
samples collected on October 4 and 5.  Water levels were measured prior to sampling wells on 
June 13 and 14, 2006 for the first event and on October 4 and 5 for the second event. The 
groundwater samples were collected and shipped in accordance with the procedures presented in 
the Work Plan (Shaw, 2006a). 

Groundwater samples were collected from the well using a low-flow pump.  The samples were 
collected directly into laboratory-prepared containers with preservatives outlined in the Work 
Plan (Shaw, 2006a).  Water level and water quality parameters (temperature, pH, EC, dissolved 
oxygen) were measured in each well throughout purging. Sample collection began when 
successive purge measurements met the following criteria: 

• pH + 0.1 pH unit 
• Temperature + 1 oF 
• EC +  5 percent 
• Dissolved oxygen + 10 percent 

Monitoring well MW-6 was purged dry during the June groundwater sampling event and was 
allowed to recover prior to sampling. In addition to the required purge parameters, turbidity was 
measured during the pre-sample purging. The turbidity remained high in monitoring wells 
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MW-1, MW-5, and MW-6 throughout the purge process.  The samples were collected once the 
required parameters had stabilized.   

Analytical suites for all the wells were similar for each of the respective sampling events. During 
the June sampling event, one groundwater sample was collected from each well and analyzed for 
dissolved metals, sulfide, sulfate, nitrate, and PAHs.  The October sampling event was similar, 
except that general water quality analyses were added to the analytical suite.  

The groundwater sample fraction for analysis of dissolved metals was passed through a 
0.45-micron filter in the field to remove suspended sediment and the associated total metals 
adsorbed onto the sediment particles. 

Sampling equipment was washed in a detergent rinse, a clear water rinse, and a final deionized 
(DI) water rinse prior to sample collection.  One equipment blank sample was collected each 
field day to check the effectiveness of decontamination.  The equipment blank sample was 
collected by pouring DI water through/over the decontaminated sampling equipment into 
laboratory-prepared containers.  The equipment blank sample was analyzed for the same 
constituents as the groundwater samples.   

All groundwater samples were labeled, packaged, and stored in an insulated chest for transport 
under chain-of-custody manifest to Creek Environmental Laboratories in San Luis Obispo, 
California, a California-certified analytical laboratory.  Samples were shipped to the laboratory 
via overnight courier.   

2.5 Laboratory Analysis 
The groundwater samples were submitted to the analytical laboratory via overnight courier 
within 24 hours of collection.  The analyses were conducted in accordance with U.S. 
Environmental Protection Agency (EPA 1983, 1986) specified holding times, and on a normal 
turnaround basis.  General water quality parameters, which include total dissolved solids (TDS), 
alkalinity (total carbonate-bicarbonate) and chloride concentrations, were evaluated during the 
October event only.  Calcium, magnesium, sodium, and potassium were also added to the 
requested analyte list for the October 2006 event to provide data for general water quality 
evaluation.  Analyses were performed in accordance with the following methods, for the analytes 
listed:  
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Analyte1 Groundwater 
Samples Method Sample 

Preservation 
Dissolved Metals 

(field-filtered through 
0.45-micron filter) 

8 samples/event EPA 6020B/7470A HNO3; 4 ± 2°C 

Chloride 8 samples (October only) EPA Method 9056/300 4 ± 2°C 

Nitrate 8 samples/event EPA Method 9056/300 4 ± 2°C 

Sulfate 8 samples/event EPA Method 9056/300 4 ± 2°C 

Sulfide 8 samples/event EPA Method 9030B/376 NaOH; ZnOAc; 4 ± 2°C 

Alkalinity  8 samples (October only) 
Carbonate and 
Bi carbonate 4 ± 2°C 

Total Dissolved Solids 8 samples (October only) EPA 160.1 4 ± 2°C 

PAHs 8 samples/event EPA Method 8270C-SIM 4 ± 2°C 

Note 1:   calcium, magnesium, sodium, and potassium analyzed in October 2006 
HNO3 = nitric acid 
oC = degrees Celsius 
NaOH = sodium hydroxide 
ZnOAc = zinc acetate 

The results of the requested analyses are presented in Tables 3 through 6 and certified analytical 
laboratory reports are presented in Attachment C.   

2.6 Department of Water Resources Well Survey   
The groundwater assessment included a survey of groundwater wells located in the vicinity of 
the Site.  A request was submitted to the Department of Water Resources, San Joaquin District, 
to identify existing wells within a 1-mile radius of the Site. The results of this request are 
presented on Figure 1 of Attachment D and discussed in Section 3.0. 
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3.0 Site Investigation Results 

The groundwater analytical results for the June and October 2006 sampling events are presented 
on Table 3 (metals), Table 4 (nitrate, sulfate, and sulfide), Table 5 (PAHs) and Table 6 (general 
groundwater chemistry) and are summarized below. 

3.1 Metals 
Analytical results for dissolved metals are presented on Table 3 along with the California 
maximum contaminant levels (MCLs) and the FMC site groundwater background values 
(Parsons, 2006).  Antimony, beryllium, cadmium, mercury, and thallium were not detected above 
their respective reporting limits in any groundwater samples.  The maximum concentrations 
reported in samples and the associated monitoring wells were as follows:  

Analyte Number of Samples with 
Detection >RL Maximum Concentration (μg/L) Well with Maximum Concentration 

Sampling Event June 2006 October  2006 June 2006 October  2006 June 2006 October  2006 

Arsenic 8 8 3.6 5.2 MW-6  MW-6 

Barium 8 8 400 410 MW-5 MW-5 

Chromium 8 8 16 29 MW-6 MW-6 

Cobalt 2 0 3 ND MW-6 ND 

Copper 3 8 6.2 2.1 MW-6 MW-4 

Lead 2 0 3.4 ND MW-6 ND 

Manganese 8 5 260 130 MW-5 MW-6 

Molybdenum 6 4 13 14 MW-6 MW-5 

Nickel 8 5 7.1 3.4 MW-5 MW-5 

Selenium 6 1 3 1.2 MW-6 MW-7 

Silver 0 1 ND 2.1 ND MW-5 

Vanadium 8 8 33 34 MW-6 MW-6 

Zinc 1 0 15 ND MW-6 /ND 
 Note: μg/L = micrograms per liter; RL = reporting limit, ND=no detections 
 

Analytical results for the June and October 2006 sampling events were comparable, showing 
some variability but similar concentrations of nearly all constituents.  No metals exceeded their 
respective primary MCLs (State of California, 2003) in samples collected during the 
groundwater assessment sampling.  Manganese was detected in three samples (MW-4, MW-5 
and MW-6) in excess of the secondary consumer acceptance MCL criteria (50 μg/L) during the 
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June event.  Samples from only two of the wells (MW5 and MW-6) exceeded the secondary 
MCL criteria for manganese during the October sampling event.  

Three metals (cobalt, lead, and zinc) detected in June (at maximum concentrations of 3 μg/L, 3.4 
μg/L and 15 μg/L, respectively) were not detected in any groundwater samples during the 
October event.  Silver, which was not detected in June, was detected in October at a 
concentration of 2.1 μg/L in the sample from monitoring well MW-5. 

Copper was detected in samples collected during both June and October, with maximum 
concentrations of 6.2 ug/L and 2.1 ug/L, respectively.  Three of the June 2006 copper results 
were qualified as non-detected due to equipment blank contamination.   

Molybdenum, nickel, and selenium were detected sporadically during the groundwater 
assessment sampling at concentrations well below their MCL criteria.  No FMC background 
values are established for these metals.  

Arsenic was detected in samples collected from all eight wells during both sampling events at 
concentrations below the MCL (10 μg/L) and FMC background level (5.9 μg/L).  Concentrations 
ranged between 1.8 μg/L and 3.6 μg/L during the June event and from 2.1 μg/L to 5.2 μg/L 
during the October event.  The highest arsenic concentrations detected during the sampling 
events were in the samples collected from monitoring well MW-6.  

Barium was detected in all samples during both the June and October events.  Barium detections 
ranged from 60 μg/L to 400 μg/L during June and between 57 μg/L and 410 μg/L during 
October.  All of the sample concentrations were well below the barium MCL of 1,000 μg/L.  
Seven of the June samples and five of the October samples exceeded the FMC barium 
background concentration of 76 μg/L. Samples from monitoring well MW-5 produced the 
maximum detected barium concentrations during both the June and October events.  

Chromium was detected at concentrations below the MCL (50 μg/L) but above the FMC 
background level (5.3 μg/L) in all samples collected during the June and October 2006 sampling 
events.  The June event concentrations ranged between 7 μg/L and 16 μg/L.  The October 2006 
results were similar, although the chromium concentrations were slightly higher, ranging from 
7.9 μg/L to 29 μg/L. The highest detected chromium concentrations for both monitoring events 
were in the samples collected from monitoring well MW-6.    

Metal concentrations detected in Site wells are from two sampling events as compared to 
statistical FMC background values from twenty-five years of sampling. 
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3.2 Nitrate, Sulfate, and Sulfide  
Nitrate and sulfate concentrations varied somewhat between sampling events but were generally 
within the same concentration ranges for both events.  Statistical values for FMC were used to 
compare the nitrate and sulfate concentrations at the Site. 

Nitrate was detected in all groundwater samples collected during June and October 2006 at 
maximum concentrations of 12,000 μg/L in June and 15,000 μg/L in October.  All nitrate 
detections were well below the MCL of 45,000 μg/L.  The maximum nitrate concentrations for 
both events were detected in samples from well MW-6 which exceeded the adjacent FMC site 
nitrate background value of 11,000 μg/L.  Monitoring well MW-6 was the only well that 
produced samples exceeding the background concentration. 

Sulfate was also detected in all samples during both sampling events, with concentrations 
ranging from 11,000 μg/L to 76,000 μg/L. The sulfate content of the groundwater samples 
generally decreased between June and October 2006 with one exception, the sample from well 
MW-6, in which sulfate increased slightly.  No primary MCL has been established for sulfate, 
but the secondary recommended MCL for sulfate is 250,000 μg/L.  All samples collected from 
the Site wells were well below the secondary recommended MCL concentration.  The sulfate 
concentration in samples collected from well MW-6 exceeded the FMC site background value 
(46,000 μg/L) during both sampling events.  

Sulfide was not detected in any of the samples collected from Site monitoring wells. 

3.3 General Chemistry 
Analyses were added to the analytical suite during the October 2006 sampling event to provide 
general groundwater chemistry data.  These analytes included calcium, magnesium, potassium, 
and sodium, TDS, total carbonate-bicarbonate alkalinity, and chloride. The results of these 
analyses are presented on Table 6.  General groundwater chemistry provides insight into the 
origin and chemical condition of the aquifer waters.  These parameters are graphically 
represented as Stiff diagrams presented in Attachment E.  The Stiff diagrams were used to 
evaluate the relative composition of groundwater with respect to major anion and cation species. 
Similarities in the Stiff diagrams indicate possible similarities in a groundwater’s origin. 
Conversely, differences may reflect distinct origins or the influence of source areas.   General 
groundwater chemistry results suggest that multiple water types are present at the Site with 
variations in sodium content and alkalinity being the principal difference between the types. 

No primary MCLs are established for the above-mentioned general groundwater chemistry 
parameters, although secondary MCLs have been established for chloride and TDS.  Chloride 
was detected in all eight of the October 2006 groundwater samples at concentrations ranging 
from 7,400 μg/L to 28,000 μg/L.  The highest chloride concentrations were detected in samples 
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from wells MW-2 and MW-5 (23,000 μg/L and 28,000 μg/L, respectively).  The lowest 
concentration was 7,400 μg/L detected in a sample from well MW-7.  The secondary 
recommended MCL for chloride is 250,000 μg/L, with a secondary upper-limit MCL designated 
at 500,000 μg/L.  None of the October 2006 groundwater samples exceeded the secondary 
recommended MCL for chloride.  No background value has been established for chloride at the 
FMC site. 

The secondary recommended MCL for TDS is 500,000 μg/L, with an upper limit designated at 
1,000,000 μg/L. Groundwater samples from three wells (MW-1, MW-5, and MW-6) contained 
TDS at concentrations equal to or exceeding the recommended MCL (500,000 μg/L) but no 
collected samples exceeded the 1,000,000 μg/L upper limit.  Samples from wells MW-5 and 
MW-6 exceeded the FMC site background statistical value of 563,000 μg/L.  The two highest 
TDS concentrations for the October event were detected in samples collected from wells MW-5 
and MW-6 (730,000 μg/L and 700,000 μg/L, respectively).     

The remaining general groundwater chemistry analytes (calcium, magnesium, potassium, 
sodium, and bicarbonate) were detected in groundwater samples from all eight monitoring wells. 
The maximum detected concentrations for calcium, magnesium, potassium, sodium, and 
bicarbonate were reported in the sample collected from well MW-5.  Sodium concentrations in 
samples from wells MW-5 and MW-6 were higher than in samples from other Site wells.  
Sodium concentrations in samples from both these wells were 160,000 μg/L with the next 
highest concentration (77,000 μg/L) detected in a sample from well MW-8.        

Standard indicators for general groundwater chemistry (anion-cation balance, TDS and EC 
ratios) are presented for each well along with Stiff diagrams (Attachment E).  The anion-cation 
balances were, with the exception of MW-5, below 15 percent indicating a reasonable balance 
given analytical uncertainties. Well MW-5 slightly exceeded the range at 16.4 percent. Ratios of 
measured/calculated concentrations for TDS and EC are slightly out of expected ranges.  The 
TDS ratios for groundwater samples are slightly below the ideal (1.0 to 1.2.), implying either a 
high bias in one or more elemental analyses or a low bias in the TDS measurements. The EC 
ratios are also slightly outside the ideal range (0.9 to 1.1), potentially resulting from assumptions 
made about aqueous speciation and redox conditions.   

The Stiff diagrams for the groundwater analyses from the Site indicate variations in the 
potassium+sodium and alkalinity composition between Site wells. The variations are primarily 
related the groundwater’s sodium content with the potassium content being less variable between 
wells. Samples from monitoring wells MW-1 and MW-7, which are located at opposite ends of 
the Site, have compositions that are similar, being deficient in sodium content in comparison to 
samples from other Site wells.   
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Samples from wells MW-5, MW-6, and MW-08 represent contrasting groundwater compositions 
with higher proportions of sodium.  Samples from monitoring wells MW-2, MW-3, and MW-4 
are intermediate with respect to sodium-potassium content, potentially the result of mixing two 
distinct groundwater types.  This suggests, although not conclusively, that Site groundwater may 
be derived from two sources and mixing of these waters is occurring on site.  The location of the 
similar groundwater types, at opposite ends of the Site, presents complications with respect to 
determining the origin of the distinct groundwater types.   

3.4 Polycyclic Aromatic Hydrocarbons 
Sixteen groundwater samples were analyzed for PAHs during the two sampling events as shown 
on Table 5.  There were no detections of PAHs in any of the groundwater samples.  

3.5 Department of Water Resources Well Survey   
At the request of Shaw, the Department of Water Resources conducted a well survey for all wells 
within a 1-mile radius of the Site.  The survey identified 43 existing or former wells.   
Attachment D depicts wells identified in the survey and indicates their current status. 
Information for all but eight of the recorded wells provided sufficient detail to identify their 
locations.  These eight wells are approximately located on the location map (Figure D-1 in 
Attachment D).  Nineteen of the wells were noted as abandoned and nine are monitoring wells 
that are not designed for domestic or commercial use. Within the area of the well survey, there 
were no active water supply wells identified in the general (southeast) flow direction from the 
Site. 

3.6 Hydrogeology 
The installation, measurements of water levels, and sampling of wells provide a characterization 
of lithology, groundwater flow, and water quality at the Site. The monitoring wells, which are 
completed in first-encountered groundwater adjacent to the stockpiles, provide data for an 
assessment of groundwater conditions.  The data provide information which may assist in 
evaluating the effects (if any) of soil stockpiles on the underlying groundwater. 

Eight monitoring wells were installed into the unconsolidated sand, silty sand, and silt layers 
within the Modesto Formation which underlies the Site.  The wells were installed into the first-
encountered water within the shallow zone aquifer of the upper aquifer (shallow zone).  The 
shallow zone groundwater is present in unconfined to semi-confined water-bearing zones under 
the Site.  Semi-confined conditions may be indicated in some Site wells by static water levels 
shallower than the first-encountered water observed during drilling (Figure 3).  

The results of water level measurements for the June and October 2006 sampling events are 
presented on Table 2 and are illustrated on Figures 4 and 5. The groundwater depths beneath the 
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Caltrans Site ranged from approximately 30 to 41 feet bgs during the groundwater investigation. 
The water level declined 2 to 3 feet from initial levels in June 2006 to the October 2006 levels, 
reflecting what is considered to be seasonal variation.  

The potentiometric surface (Figure 4), although higher than originally anticipated, is comparable 
to historic groundwater elevations in the shallow zone wells at the FMC site.  The elevation of 
the shallow water table in June 2006 ranged from 50.44 feet above mean sea level (msl) in the 
western well MW-1, to 47.61 feet msl in well MW-8 at the southeastern Site boundary. The 
potentiometric surface observed during the October 2006 sampling event was similar in 
configuration, although generally deeper (lower in elevation).  The potentiometric surface ranged 
from 47.91 to 44.78 feet msl in October, representing a decline of between 2.2 and 2.8 feet since 
June 2006.   

The groundwater flow direction of the shallow-upper aquifer, as indicated by the potentiometric 
surfaces for both June and October, is generally southeast with a hydraulic gradient of 
approximately 0.001 foot/foot (Figures 4 and 5). Localized potentiometric surface anomalies 
may exist near the eastern Site boundary, potentially resulting from preferential flow pathways 
(e.g., buried channel), from off-site pumping, or from the screening of individual wells in 
slightly different depths.   
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4.0 Summary and Conclusions  

Groundwater quality in the shallow-upper aquifer at the Site was assessed through the collection 
and analysis of samples from eight monitoring wells adjacent to the stockpiles during June and 
October 2006.  The monitoring wells were installed just prior to the June 2006 sampling event.  
The regional flow direction in the upper-shallow aquifer is to the southeast, as observed in the 
more widespread FMC monitoring well network (Parsons 2005 and 2006).  The groundwater 
flow regime at the Caltrans Modesto Site generally reflects the current regional southeastly flow 
direction. Similarities in general groundwater chemistry between samples from wells MW-1 (to 
the west) and MW-7 (to the east), as indicated by similar Stiff diagram patterns, suggest 
complexities in groundwater flow, or the screening of wells in semi-isolated geologic units.  The 
isolation of units and flow patterns may influence the observed distribution of groundwater 
constituents at the Site. 

Groundwater constituents analyzed during the assessment did not exceed respective primary 
MCLs for drinking water established by the California Department of Health Services. 
Manganese was detected at a concentration above the secondary consumer acceptance limit 
MCL in samples collected from wells MW-4, MW-5, and MW-6.  TDS exceeded the secondary 
recommended MCL in samples from three wells (MW-1, MW-5, and MW-6) with the highest 
detection found in a sample from well MW-5. Background concentrations established for the 
upper-shallow aquifer at the FMC site (Parsons 2006) were used as a comparison of groundwater 
quality.   

The work conducted during the Caltrans Modesto Site groundwater assessment has produced a 
characterization of the Site geology, groundwater hydrology, and water quality.  The 
groundwater analytical data show distinct trends with respect to the distribution of potential 
COCs.  Samples from monitoring wells MW-5 and MW-6 generally produced the largest number 
and (generally) the highest constituent concentrations during both the June and October events.   

The presence of two distinct groundwater types as illustrated by the Stiff diagrams also suggests 
that subtleties may exist in the groundwater flow regime.  Continued monitoring of temporal 
changes to the local and regional flow regimes would provide additional insight into the 
variability of groundwater flow patterns.  The installation of another well within Caltrans’ right 
of way northwest of MW-6 adjacent to the SR 99 northbound onramp from Kansas Ave. may 
provide additional water quality data useful to further assess Site hydrogeology and COC 
distributions. 
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Table 1
FMC Corporation Site Background Concentrations

Caltrans Modesto Groundwater Monitoring, State Route 99/132 
Stanislaus County, California

Task Order No. 35

Analyte FMC Site Background Value Unit
Antimony 0.7 ug/LMetals
Arsenic 5.9 ug/L

Barium 76 ug/L

Chromium 5.3 ug/L

Nitrate as Nitrogen 11,000 ug/LGeneral Chemisty
Sulfate 46,000 ug/L

Sulfide <100 ug/L

Total Dissolved Solids 563,000 ug/L

Notes:

FMC Corporation = Food Machinery and Chemical Corporation
FMC Site Background Value:  Parsons, 2006.
ug/L = micrograms per liter
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Table 2
Summary of Boring Locations, Well Construction and Water Levels

Caltrans Modesto Groundwater Monitoring, State Route 99/132 
Stanislaus County, California

Task Order No. 35

Boring Longitude Latitude
Location 

Group

Drilled 
Depth 
(ft. bgs)

Screen 
Interval
(ft. bgs)

Sand 
Interval
(ft. bgs)

Seal 
Interval
(ft. bgs)

Top Of 
Casing

(ft. MSL)

GW 
Elevation
(ft. MSL)

GW Date
Measured

GW
Depth

(ft. bgs)
Surface 

Elevation
121.023056679SR99/132-MW-1 37.645141287Stockpile #1 80.62 44 32-42 27-44 25-27 80.26 29.82 50.44 6/14/2006

32.35 47.91 10/5/2006

121.023110425SR99/132-MW-2 37.644619564Stockpile #1 81.33 40 29.0-39 27.5-40 25.5-27.5 81.1 30.72 50.38 6/13/2006

33.35 47.75 10/5/2006

121.018265697SR99/132-MW-3 37.645190884Stockpile #2 82.13 41 31-41 28-41 26.5-28 81.76 32.28 49.48 6/13/2006

34.88 46.88 10/5/2006

121.020984836SR99/132-MW-4 37.644596871Stockpile #2 82.53 42 30-40 26-42 23-26 82.36 32.39 49.97 6/13/2006

35.05 47.31 10/4/2006

121.016421214SR99/132-MW-5 37.644601236Stockpile #2 88.03 45 35-45 33.7-46.5 31-33.7 87.73 38.79 48.94 6/14/2006

41.4 46.33 10/5/2006

121.014319224SR99/132-MW-6 37.645079394Stockpile #3 84.55 46.5 33-43 30-46.5 28-30 84.37 36.35 48.02 6/14/2006

38.55 45.82 10/5/2006

121.012913369SR99/132-MW-7 37.644428102Stockpile #3 83.88 48 35.5-45.5 34.5-48 30.5-34.5 83.64 35.59 48.05 6/14/2006

38.32 45.32 10/4/2006

121.011423619SR99/132-MW-8 37.643547007Stockpile #3 83.97 45 31-41 27-45 23-27 83.73 36.12 47.61 6/14/2006

38.95 44.78 10/4/2006

Notes:

bgs = below ground surface
MSL = mean sea level
GW = Groundwater
Horizontal datum = California State Plane Zone NAD83
Vertical datum = North American Vertical Datum 1988
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Table 3
Summary of Dissolved Heavy Metals Results

Caltrans Modesto Groundwater Monitoring, State Route 99/132 
Stanislaus County, California

Task Order No. 35

Units ug/L for all metals

A
nt

im
on

y

A
rs

en
ic

Ba
ri

um

Be
ry

lli
um

C
ad

m
iu

m

C
hr

om
iu

m

C
ob

al
t

C
op

pe
r

Le
ad

M
an

ga
ne

se

M
er

cu
ry

M
ol

yb
de

nu
m

N
ic

ke
l

Se
le

ni
um

Si
lv

er

Th
al

liu
m

V
an

ad
iu

m

Zi
ncSample 

Group
Sample 

Description
Sample 

Date

SR99/132-MW-1 2.1 ND ND 10 ND 1.1 2.9 ND ND NDND ND 23130 2.9 NDND 34Stockpile #1 6/14/2006

2.2 ND ND 16 ND 2 ND ND ND NDND ND 26120 1.5 NDND ND10/5/2006

SR99/132-MW-2 2.1 ND ND 8.5 ND 1.2 U 3.3 1.3 ND NDND ND 2287 2 NDND 24Stockpile #1 6/13/2006

2.6 ND ND 11 ND 1.7 ND ND ND NDND ND 2784 1.2 NDND ND10/5/2006

SR99/132-MW-3 3 ND ND 7.1 ND 1 U ND 1.4 ND NDND ND 2560 1.4 NDND 4.7Stockpile #2 6/13/2006

3.3 ND ND 7.9 ND 1.5 2.2 ND ND NDND ND 2958 ND NDND 1810/5/2006

SR99/132-MW-4 1.8 ND ND 8.9 ND 1.6 U 2.5 ND ND NDND ND 19130 2.4 NDND 62Stockpile #2 6/13/2006

2.1 ND ND 9.9 ND 2.1 ND ND ND NDND ND 24100 ND NDND 4.110/4/2006

SR99/132-MW-5 1.8 ND ND 9.6 2.2 4.8 9.9 2 ND NDND ND 23400 7.1 ND1.4 260Stockpile #2 6/14/2006

2.5 ND ND 18 ND 1.9 14 ND 2.1 NDND ND 24410 3.4 NDND 12010/5/2006

SR99/132-MW-6 3.6 ND ND 16 3 6.2 13 3 ND 15ND ND 33160 5.9 ND3.4 190Stockpile #3 6/14/2006

5.2 ND ND 29 ND 1.5 13 ND ND NDND ND 34120 1.7 NDND 13010/5/2006

SR99/132-MW-7 2.3 ND ND 7 ND ND 2.6 1.1 ND NDND ND 1780 2.2 NDND 9Stockpile #3 6/14/2006

2.7 ND ND 10 ND 1.6 ND 1.2 ND NDND ND 2373 1.4 NDND 1.110/4/2006

SR99/132-MW-8 2.7 ND ND 8.8 ND ND ND 1.6 ND NDND ND 2584 1.2 NDND 5.8Stockpile #3 6/14/2006

4 ND ND 9.7 ND 1.7 2 ND ND NDND ND 3257 ND NDND ND10/4/2006

Notes:
-- = not applicable
ug/L = micrograms per liter
U = The result was qualified as a non-detect due to equipment blank contamination .
FMC = Food Machinery and Chemical (Corporation)
MCL = Maximum Contaminant Level, Sept. 12, 2003, California Title 22
    = Secondary Drinking Water Standard
FMC Site Background Value:  Parsons, 2006.
ND = not detected

1 1 1 1 1 1 1 1Reporting Limit 1 0.21 11 1 1 2 1 10
1000 50 -- 1000 15 100 100 2Maximum Contaminant Level 10 25 506 4 50 -- -- 5000

76 5.3 -- -- -- -- -- --FMC Site Background Value 5.9 ---- --0.7 -- -- -- -- --

(1)

(1) (1) (1) (1)
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Table 4
Summary of Nitrate, Sulfate, and Sulfide Results

Caltrans Modesto Site Groundwater Monitoring, State Route 99/132 
Stanislaus County, California

Task Order No. 35

Sample 
Description
(site-boring)

Nitrate
(ug/L)
Sulfate Sulfide

(ug/L) (ug/L)
Sample 
Group

Sample 
Date

SR99/132-MW-1 5000 18000 NDStockpile #1 6/14/2006

6800 18000 ND10/5/2006

SR99/132-MW-2 5500 21000 NDStockpile #1 6/13/2006

6100 16000 ND10/5/2006

SR99/132-MW-3 5400 18000 NDStockpile #2 6/13/2006

5000 17000 ND10/5/2006

SR99/132-MW-4 3500 15000 NDStockpile #2 6/13/2006

3500 11000 ND10/4/2006

SR99/132-MW-5 8300 37000 NDStockpile #2 6/14/2006

10000 32000 ND10/5/2006

SR99/132-MW-6 12000 70000 NDStockpile #3 6/14/2006

15000 76000 ND10/5/2006

SR99/132-MW-7 3000 29000 NDStockpile #3 6/14/2006

3100 26000 ND10/4/2006

SR99/132-MW-8 9200 26000 NDStockpile #3 6/14/2006

7800 21000 ND10/4/2006

100 500Reporting Limit 100

Notes:

- = not applicable
ug/L = micrograms per liter
FMC = Food Machinery and Chemical Corporation
MCL = Maximum Contaminant Level, Sept. 12, 2003, California Title 22
     Secondary MCL - recommended = 250,000 ug/L
ND = not detected

Maximum Contaminant Level
FMC Site Background Value

45,000 250,000 -
11,000 46,000 100

(1)

(1)
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Table 5
Summary of Polycyclic Aromatic Hydrocarbons (PAH) Results

Caltrans Modesto Groundwater Monitoring, State Route 99/132 
Stanislaus County, California

Task Order No. 35

Sample 
Description

Units ug/L for all PAHs
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Sample 
Group

Sample 
Group

SR99/132-MW-1 ND ND ND ND ND ND ND ND ND NDND NDND NDND NDNDStockpile #1 6/14/2006

ND ND ND ND ND ND ND ND ND NDND NDND NDND NDND10/5/2006

SR99/132-MW-2 ND ND ND ND ND ND ND ND ND NDND NDND NDND NDNDStockpile #1 6/13/2006

ND ND ND ND ND ND ND ND ND NDND NDND NDND NDND10/5/2006

SR99/132-MW-3 ND ND ND ND ND ND ND ND ND NDND NDND NDND NDNDStockpile #2 6/13/2006

ND ND ND ND ND ND ND ND ND NDND NDND NDND NDND10/5/2006

SR99/132-MW-4 ND ND ND ND ND ND ND ND ND NDND NDND NDND NDNDStockpile #2 6/13/2006

ND ND ND ND ND ND ND ND ND NDND NDND NDND NDND10/4/2006

SR99/132-MW-5 ND ND ND ND ND ND ND ND ND NDND NDND NDND NDNDStockpile #2 6/14/2006

ND ND ND ND ND ND ND ND ND NDND NDND NDND NDND10/5/2006

SR99/132-MW-6 ND ND ND ND ND ND ND ND ND NDND NDND NDND NDNDStockpile #3 6/14/2006

ND ND ND ND ND ND ND ND ND NDND NDND NDND NDND10/5/2006

SR99/132-MW-7 ND ND ND ND ND ND ND ND ND NDND NDND NDND NDNDStockpile #3 6/14/2006

ND ND ND ND ND ND ND ND ND NDND NDND NDND NDND10/4/2006

SR99/132-MW-8 ND ND ND ND ND ND ND ND ND NDND NDND NDND NDNDStockpile #3 6/14/2006

ND ND ND ND ND ND ND ND ND NDND NDND NDND NDND10/4/2006

0.2 0.2 0.2 0.2 0.2 0.2 0.2Reporting Limit 0.2 0.20.2 0.20.2 0.2 0.2 0.2

Notes:

-- = not applicable
ug/L = micrograms per liter
ND = not detected

-- -- -- -- -- -- --Maximum Contaminant Level -- --0.2 ---- -- -- --
0.2
--

0.2
--
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Table 6
Summary of General Groundwater Chemistry Results

Caltrans Modesto Site Groundwater Monitoring, State Route 99/132 
Stanislaus County, California

Task Order No. 35

Sample 
Description

Units ug/L for all analytes

Sample 
Group

Sample 
Group C
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SR99/132-MW-1 34000 14000 360000 ND 36000088000 3700 50000022000Stockpile #1 10/5/2006

SR99/132-MW-2 16000 23000 250000 ND 25000049000 2700 39000056000Stockpile #1 10/5/2006

SR99/132-MW-3 15000 11000 220000 ND 22000042000 2500 34000043000Stockpile #2 10/5/2006

SR99/132-MW-4 13000 6600 250000 ND 25000043000 2600 34000043000Stockpile #2 10/4/2006

SR99/132-MW-5 37000 28000 540000 ND 540000100000 7500 730000160000Stockpile #2 10/5/2006

SR99/132-MW-6 22000 21000 420000 ND 42000067000 5600 700000160000Stockpile #3 10/5/2006

SR99/132-MW-7 21000 7400 270000 ND 27000069000 2900 37000016000Stockpile #3 10/4/2006

SR99/132-MW-8 6800 12000 200000 ND 20000022000 2400 36000077000Stockpile #3 10/4/2006

40 40 10,000 1,000 2,000Reporting Limit 40 1,00040 1,000

Notes:

CaCO3 = calcium carbonate
-- = not analyzed
n/a = not applicable
ug/L = micrograms per liter
FMC = Food Machinery and Chemical Corporation
MCL = Maximum Contaminant Level, Sept. 12, 2003, California Title 22
     Secondary MCL - recommended = 250,000 ug/L
     Secondary MCL - recommended = 500,000 ug/L;  upper limit = 1,000,000 ug/L
FMC Site Background Value:  Parsons, 2006.
ND = not detected

-- -- 1,000,000 -- --Maximum Contaminant Level -- ---- 250,000 (1) (2)

(1)
(2)

-- -- 563,000 -- --FMC Site Background Value -- ---- --

Page 1 of 1 Revised:  10/31/2006,  Printed:  3/29/2007U:\CALTRANS\Databases\CalTrans Reports.mdb - SR99/132 #2 rptTable6
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SILTY SAND; moderate yellowish brown (10YR 5/4); 80% very fine
sand; 20% fines; medium dense; nonindurated; noncohesive; damp

Sch 40 PVC/0.010 in.

6/2/06

80.26 ft.

80.6 ft. North

Screen: Dia

Type

28.5 ft.

10 ft.

INTERBEDDED SANDY SILT AND SILTY SAND; 50% very fine
sand; 50% fines, nonplastic; cohesive; damp

POORLY GRADED SAND; very fine to fine sand; loose; damp
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32 ft.

Twining Laboratories

See Comments Rig/Core

36.5 ft.

Becomes dry and silt content increases to 90% at 5 feet.

Surface Elev.

65%

Static

Total Hole Depth

0.0

Sand becomes very fine to fine; somewhat cohesive and weak to
nonindurated at 15 feet.
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SANDY SILT; dark yellowish brown (10YR 4/2); 60% fines,
nonplastic; 40% very fine sand; stiff; nonindurated; dry to damp
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Length

Hollow Stem AugerDrill Co.

Type/Size
Sch 40 PVC

Tim Ault PG 7608

Annular Seal - Bentonite-Cement
Grout
Plug - Bentonite Chips
Filter Pack - #2/12 Sand

Static water level measured
6/7/06
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License No.Checked By

Log By

Top of Casing

Fill Material

44.0 ft.
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SILT WITH CLAY; pale yellowish brown (10YR 6/2); nonplastic;
stiff; cohesive; damp to moist

Clay content increases and low plasticity at 29 feet.

SILTY SAND; dark yellowish brown (10YR 4/2); 70% very fine to
fine sand; trace medium sand; 30% fines, nonplastic; dense;
nonindurated; moist; some siltier interbeds

CLAYEY SAND WITH SILT; 60% sand; 40% fines, low plasticity;
cohesive; firm consistency; medium dense; moist to wet

Saturated at 36.5 to 37 feet.

Boring terminated at 44 feet.
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10 ft.

29 ft.

6/2/06

81.10 ft.

81.3 ft. North

Screen: Dia

Type

COMMENTS

33.3 ft. 33.1 ft.

SANDY SILT; moderate yellowish brown; 60% fines, nonplastic;
40% very fine sand; firm; cohesive; damp

SILTY SAND; dark yellowish brown (10YR 4/2); 75% sand; 25%
fines; damp

POORLY GRADED SAND; 98% very fine sand; trace silt; loose; dry

SILT WITH SAND; pale yellowish brown (10YR 6/2); 90% fines,
nonplastic; 10% very fine sand; stiff; cohesive; damp

Surface Elev.

Twining Laboratories

See Comments Rig/Core

Sch 40 PVC/0.010 in.
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James Rodriguez

PG 7608

Annular Seal - Bentonite-Cement
Grout
Plug - Bentonite Chips
Filter Pack - #2/12 Sand

Static water level measured
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Sand content increases to 50% at 25 feet. Becomes mottled (very
dark red) from oxidation staining at 26 feet.

Sand content decreases to 15% at 30 feet. Becomes very stiff.
Remains damp.

Becomes wet near 33 feet.

WELL GRADED SAND WITH GRAVEL; 95% very fine to very
coarse sand, near equal fractions; 5% fine gravel, subangular;
saturated

Boring terminated at 40 feet.

90%
9

Grab

65%
Grab

90%
Grab

0.0

19

5

ML

SW

12

50/6

10

0.0

Drilling Log

G
ra

ph
ic

Lo
g

B
lo

w
 C

ou
nt

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

56

58

Modesto, California
Project

Location

(Color, Texture, Structure)

Proj. No.

Geologic Descriptions are Based on the USCS.

R
ec

ov
er

y

Caltrans TO-35

U
S

C
S

 C
la

ss
.

Monitoring Well

Owner

MW-2

120854

Description

S
am

pl
e 

ID
%

 R
ec

ov
er

y

Continued

D
ep

th
(ft

.)

W
el

l
C

om
pl

et
io

n

P
ID

(p
pm

)

Caltrans

Page:  2  of  2



Mottling at 6 feet.

Screen: Dia

Type

COMMENTS

10 ft.

North82.1 ft.

SILTY SAND; moderate yellowish brown (10YR 5/4); 10% coarse
sand, 25% medium sand, 40% fine to very fine sand; 25% fines,
nonplastic; loose; damp to dry

SANDY SILT; moderate yellowish brown (10YR 5/4); 55% fines,
nonplastic; 45% very fine sand; cohesive; hard; moderate induration

SILTY SAND; light olive gray; 15% coarse sand, 45% medium
sand, 20% fine sand; 20% fines, nonplastic; loose; moist

WELL GRADED "CLEAN" SAND; yellowish gray (5Y 7/2); 30%
coarse sand, 40% medium sand, 30% fine sand; loose; dry

Becomes yellowish gray (5Y 7/2) and hard at 11 feet.

SANDY SILT; dark yellowish brown (10YR 4/2); 55% fines,
nonplastic; 45% very fine sand; cohesive

Twining Laboratories
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See comments Rig/Core

EastSurface Elev.

Length

SILTY SAND; pale yellowish brown (10YR 6/2); <5% medium sand,
10% very fine to fine sand; 35% fines, nonplastic; buttery texture;
dry to slightly damp

75%

Total Hole Depth
32.0 ft.36.0 ft.

Sch 40 PVC/0.010 in.

5/22/06

81.76 ft.
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Loose and moist at 9.5 feet.
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Ground surface-no cover
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Fill Material

Drill Co.

Diameter

Sch 40 PVC31 ft.

Permit #
Tim Ault

Log By
PG 7608Checked By License No.

Date

Annular Seal - Cement Grout
Plug - Bentonite Chips
Filter Pack - #3 Sand

Static water level measured
6/7/06
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Mottling and moist to slightly wet at 26 feet.

CLAYEY SAND; dark yellowish brown (10YR 4/2) to moderate
yellowish brown (10YR 5/4); 60% fine sand; 40% fines, low
plasticity; loose to moderately cohesive; soft

SILTY SAND; moderate yellowish brown (10YR 5/4); 20% medium
sand, 60% fine sand; 20% fines, nonplastic; very little cohesion;
loose; soft; moist to wet

Wet; plasticity increases to Clayey Sand at 34 feet.

WELL GRADED SAND; moderate yellowish brown (10YR 5/4);
25% coarse sand, 60% medium sand, 25% fine sand; saturated

Boring terminated at 41 feet.
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31.9 ft.36.0 ft.

Sch 40 PVC/0.010 in.

5/8/06

82.36 ft. Static
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Top of Casing

Permit #

30.3 ft.

Twining Laboratories

Total Hole Depth

Rig/Core

SILT WITH SAND; damp; grayish olive; firm; nonplastic; weakly
indurated; cohesive; some sampdy interbeds; 80% silt; 20% very
fine sand

100%

EastSurface Elev.

Length

See Comments
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INTERBEDDED SANDY SILT AND SILTY SAND; damp to moist;
olive gray (5Y 4/1); cohesive; nonplastic; nonindurated

Becomes olive gray and damp at 11 feet. Predominantly (90%)
nonplastic silt. Some cohesion. Nonindurated.

Minor oxidation <1-inch thick near 5 feet.

SANDY SILT; dry; dark yellowish brown to moderate yellowish
brown (10YR 5/4); 30% very fine sand; 70% fines; slight to no
cohesion
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Geologic Descriptions are Based on the USCS.

Water Level Initial

Method
James Rodriguez

Casing: Dia

8 in.

Hollow Stem Auger

4559
Drill Co.

Diameter

Sch 40 PVC

Tim Ault PG 7608

Annular Seal - Bentonite-Cement
Grout
Plug - Bentonite Chips
Filter Pack - #2/12 Sand
Bottom Plug - #2/12 Sand

Static water level measured
5/12/06

Date

License No.Checked By

Length

6410827.338
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Becomes damp to dry, stiff, and moderately indurated at 25 feet.
Sand content reduced to trace.
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SANDY SILT WITH CLAY; dark yellowish brown (10YR 4/2); 70%
fines, nonplastic; 30% very fine sand; cohesive; weakly indurated

Becomes damp to moist with some sandier interbeds at 36 feet.
Lost recovery 36 to 36.5 feet due to loose sand.
WELL GRADED SAND WITH GRAVEL; 90% sand; 10% gravel to
10 mm, subrounded; trace silt; loose; heaving; wet to saturated;
recovered handful of sand from plug on rod

Boring terminated at 42 feet.
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Type

38.5 ft.40.0 ft.

Sch 40 PVC/0.010 in.

5/22/06

87.73 ft.

88.0 ft. North

SILT WITH SAND; pale yellowish brown (10YR 6/2) with iron

Screen: Dia

Static

COMMENTS

10 ft.
Top of Casing

Permit #

35 ft.

Twining Laboratories

See comments Rig/Core
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Total Hole Depth

30%

EastSurface Elev.

Length

WELL GRADED SAND; pale yellowish brown (10YR 6/2); 15%
coarse sand, 40% medium sand, 40% fine to very fine sand; 5%
fines, nonplastic
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Some interbedded fine to medium sand layers with clayey sand
intervals around 16 feet.

SILT WITH SAND; pale yellowish brown (10YR 6/2) with iron
oxidation mottling; 70% fines, low plasticity; 5% fine sand, 25% very
fine sand; cohesive; firm to very firm; dry to damp

SILTY SAND; dark yellowish brown (10YR 4/2); 5% coarse sand,
15% medium sand, 60% fine to very fine sand; 20% fines,
nonplastic; loose; damp; some asphalt fragments and vegetation
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Geologic Descriptions are Based on the USCS.
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Water Level Initial Diameter
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Plug - Bentonite Chips
Filter Pack - #3 Sand

Static water level measured
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3-inch Sandy Silt lens at 25.25 feet.

D
R

IL
LI

N
G

 L
O

G
 R

E
V

IS
E

D
   

R
ev

:  
3/

8/
07

   
12

08
54

.G
P

J 
  C

A
LT

R
A

N
S

.G
D

T 
  3

/1
2/

07

100%

15

12

95%

oxidation mottling; 70% fines, low plasticity; 5% fine sand, 25% very
fine sand; soft to very soft; moist
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Location

Monitoring Well

Caltrans TO-35

Boring terminated at 46.5 feet.

WELL GRADED SAND; saturated; loose

SANDY CLAY; moderate yellowish brown (10YR 5/4); somewhat
cohesive; moist

WELL GRADED SAND; moderate yellowish brown (10YR 5/4); 5%
coarse sand, 55% medium sand, 40% fine to very fine sand; loose;
wet

SILT WITH SAND; pale yellowish brown (10YR 6/2) with iron
oxidation mottling; 70% fines, low plasticity; 5% fine sand, 25% very
fine sand; cohesive; firm to very firm; dry to damp

SILTY SAND; dark yellowish brown (10YR 4/2); 5% coarse sand,
15% medium sand, 60% fine to very fine sand; 20% fines,
nonplastic; loose; damp

POORLY GRADED "CLEAN" SAND; pale yellowish brown (10YR
6/2) with iron oxidation; all very fine to fine sand; loose; damp
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Total Hole Depth
35.5 ft.38.0 ft.

Sch 40 PVC/0.010 in.

84.37 ft.
North

Screen: Dia

Type

COMMENTS

Checked By

5/9/06
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Log By

Top of Casing

Permit #

33.5 ft.

Twining Laboratories
Rig/Core

EastSurface Elev.
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SILT; moderate brown (5YR 4/4); damp; firm; nonplastic;
noncohesive

Becomes dark yellowish brown (10YR 4/2) at 15 feet. Remains
consistently damp.

Interbedded silt and silty very fine sand at 10 feet. Dry to damp, stiff,
noncohesive, and nonplastic.

Very fine sand increases to 50% at 6 feet.

SILT WITH SAND; dry; stiff; nonplastic; moderate brown to pale
yellowish brown; 80% silt; 20% very fine sand
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Unpaved, grassy area
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Casing: Dia Length

4559

Fill Material

Drill Co.

Diameter

Sch 40 PVC

Tim Ault PG 7608

Annular Seal - Bentonite-Cement
Grout
Plug - Bentonite Chips
Filter Pack - #2/12 Sand
Bottom Plug - #2/12 Sand

Location: Kansas Avenue at
Econo Lodge

Static water level measured
5/15/06
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Very stiff and indurated at 35.5 feet.
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Stiff, with trace fine sand at 25 feet.

4-inch fine to very fine sand lens at 26 feet.

SANDY SILT; damp; moderate yellowish brown; stiff; cohesive;
nonplastic; 30% very fine sand; 70% silt; trace clay and fine sand
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Location

Monitoring Well

Caltrans TO-35

Boring terminated at 46.5 feet.

Silt at 46 feet. Moist and cohesive (stiff).

Saturated at 44 feet.

Silt content increases at 40 feet. Very moist to wet and dense.
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Type
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Twining Laboratories
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Soft, noncohesive interbeds at 20 feet. Light olive gray (5Y 5/2) and
moderate yellowish brown (10YR 5/4). Remains predominantly
damp, nonplastic silt.
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sand; cohesive; damp
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Joseph Strack
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Geologic Descriptions are Based on the USCS.
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Annular Seal - Bentonite-Cement
Grout
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65%

WELL GRADED SAND WITH SILT; dark yellowish brown (10YR
4/2); 90% very fine to medium sand, trace coarse sand; 10% silt;
medium dense; saturated
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Moist at 25 feet. Light olive gray (5Y 5/2) mottled with light brown
(5YR 5/6) and soft to firm.

SANDY SILT; dark yellowish brown (10YR 4/2) with grayish brown
(5YR 3/2), some staining due to oxidation; 70% fines, nonplastic;
30% very fine sand; firm to stiff; cohesive; damp

Damp to moist at 35 feet. Some siltier interbeds and abundant tiny
mica flakes.

Sand content increases and becomes wet at 40 feet.
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Screen: Dia

Top of Casing 35.9 ft.36.0 ft.

Sch 40 PVC/0.010 in.

5/9/06

83.73 ft.
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Permit #

31.5 ft.

Twining Laboratories

See Comments

SILTY SAND; dusky yellow green (5GY 5/2); 70% very fine sand;
30% nonplastic silt; damp
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EastSurface Elev.
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SILT; moderate olive brown (5Y 4/4); firm to stiff; nonplastic;
nonindurated; some sandy interbeds; damp

SILTY SAND; damp; moderate brown (5YR 4/4); 50% very fine
sand; 50% fines; some cohesion
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SANDY SILT; dark yellowish brown (10YR 4/2); stiff; some
cohesion; nonplastic; nonindurated; some oxidation (light brown
mottling); damp
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Monitoring Well
Drilling Log

Caltrans TO-35

Drill Co.
Joseph Strack

CME 75

(Color, Texture, Structure)

Water Level Initial

Method
James Rodriguez

Casing: Dia

8 in.

Length

Fill Material

4559

Diameter

Sch 40 PVC

Tim Ault PG 7608

Annular Seal - Bentonite-Cement
Grout
Plug - Bentonite Chips
Filter Pack - #2/12 Sand
Bottom Plug - #2/12 Sand

Location: End of Franklin Avenue

Static water level measured
5/12/06

Date

License No.Checked By

Hollow Stem Auger

6413593.455
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Clayey silt with sand at 25 feet. Moist, stiff, and low plasticity.

WELL GRADED SAND; dark yellowish orange (10YR 6/6); 90%
very fine to medium sand, 10% coarser sand, subrounded; trace
silt; loose to medium dense; damp to dry

SILT SAND WITH CLAY; damp to moist; dark yellowish brown
(10YR 4/2); firm; weak to no induration; 60% very fine sand; 40%
fines; cohesive

Becomes moist to very moist at 35 feet.

Wet with very fine to fine sand at 36 feet. Sand coarsens, with trace
micas, from 36.5 feet.

Sticky/clayey interbeds near 39-40 feet. Well graded, loose, and
saturated at 41 feet.

Boring terminated at 45 feet.
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DWR Wells Logs With Address Information 

 
Log No. Description 
86172 1243 Deevon Loop 
128699 815 Maze Blvd 
191130 1219 Kansas Ave (destroyed) 
191135 1012 Lone Palm Ave (destroyed) 
191137 1001 Kansas Ave (2 wells destroyed) 
23559 527 Kansas Ave 
248964 1312 Kansas Ave (destroyed) 
248982 701 Laurel Ave (destroyed) 
248992 1111 Lone Palm Ave (destroyed) 
248998 1155 Lone Palm Ave (destroyed) 
286414 1128 Reno Ave (destroyed) 
286436 233 Tully Rd (destroyed) 
286448 1400 Coldwell Ave (destroyed) 
290583 1060 Reno Ave (destroyed) 
290583 1070 Reno Ave (destroyed) 
290587 1001 Franzia Ct (destroyed) 
290595 539 Locust St (destroyed) 
303957 1324 Bennett Rd 

Log No. Description 
339223 820 Kansas Ave (MW-2) 
339224 820 Kansas Ave (MW-3) 
339250 820 Kansas Ave (MW-1) 
371756 Kansas Ave & Hwy 99 
374514 2524 Kansas Ave 
562283 1200 Graphics Dr (M-110, destroyed)

562284-85 1200 Graphics Dr (E-1) 
562286-88 1200 Graphics Dr (E-2) 
562289-91 1200 Graphics Dr (E-3) 

562292 Kansas Ave (M-116, destroyed) 
562293 Kansas Ave (M-124, destroyed) 
562294 9th St (M-122, destroyed) 
562296 Kansas Ave (M-114, destroyed) 
726307 815 Kansas Ave (MW-1) 
726308 815 Kansas Ave (MW-3) 
726309 815 Kansas Ave (MW-2) 
86906 1219 N Emerald Ave 

 
 

DWR Wells Logs Without Address Information 
 

Log No. Well Type Date 
Installed 

 
Approximate Location 

Proximate to 
Highway 99? 

14285 industrial 8/23/54 Lone Palm Road, ¼ mile south of 
Woodland Avenue yes 

25959 municipal 4/8/67 S30, T3S, R9E unknown 

286403 unknown 
(destroyed) 12/28/88 Vicinity of Coldwell Avenue and 

North 9th Street yes 

32645 municipal 7/5/55 W½ NE¼ S30 T3S R9E unknown 

52246 industrial 9/25/70 Woodland Avenue off Old Highway 
99 unknown 

96163/5 industrial 5/2/62 SE¼ NE¼ S30 T3S R9E unknown 
96172 irrigation 6/18/62 NE¼ S30 T3S R9E unknown 

na industrial 7/3/51 Bennett Street unknown 
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Caltrans TO-35

Modesto, California

FIGURE 1

DWR WELL LOCATIONS
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Table E-1  
Stiff Diagram Input Parameters,  
Caltrans-Modesto, California  
Task Order 35 
October 2006 
 
Sample ID  SR99/132-MW-1 SR99/132-MW2 SR99/132-MW3 SR99/132-MW4 SR99/132-MW5 SR99/132-MW6 SR99/132-MW7 SR99/132-MW8 
Date   10/5/2006 10/5/2006 10/5/2006 10/4/2006 10/5/2006 10/5/2006 10/4/2006 10/4/2006 
 
Calcium µg/L  88000  49000  42000  43000  100000  67000  69000  22000 
Magnesium µg/L  34000  16000  15000  13000  37000  22000  21000  6800 
Sodium µg/L  22000  56000  43000  43000  160000  160000  16000  77000 
Potassium µg/L  3700  2700  2500  2600  7500  5600  2900  2400 
Bicarbonate µg/L1 439024  304878  268292  304878  658536  512195  329268  243902 
Sulfate µg/L  18000  16000  17000  11000  32000  76000  26000  21000 
Chloride µg/L  14000  23000  11000  6600  28000  21000  7400  12000 
TDS µg/L  500000  390000  340000  340000  730000  700000  370000  360000 
Conductivity2              773  601  512  521  1130  1160  577  510 
pH3   6.98  6.94  7.15  7.04  7.12  7.6  7.38  7.2 
Carbonate µg/L  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Nitrate µg/L  6800  6100  5000  3500  10000  15000  3100  7800 
Arsenic µg/L  2.2  2.6  3.3  2.1  2.5  5.2  2.7  4 
Barium µg/L  120  84  58  100  410  120  73  57   
Chromium µg/L  16  11  7.9  9.9  18  29  10  9.7 
Copper µg/L  2  1.7  1.5  2.12  1.9  1.5  1.6  1.7 
Manganese µg/L  0.0  0.0  18  4.1  120  130  1.1  0.0 
Molybdenum µg/L 0.0  0.0  2.2  0.0  14  13  0.0  0.0 
Nickel µg/L  1.5  1.2  0.0  0.0  3.4  1.7  1.4  0.0 
Vanadium µg/L  26  27  29  24  24  34  23  32 
Notes 
1. Bicarbonate as CaCO3  converted to Bicarbonate Alkalinity through division by 0.82.  
2: Conductivity in µmho/cm from pre-sample well purge data. 
3. Data derived from pre-sample well purge data. 
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Figure E-1 
 

Stiff Diagram 
SR99/132 MW-1 

Caltrans-Modesto, California 
Task Order 35 
October 2006 

   
Primary Tests 
Anion-Cation Balance 
 Anions 6.75 
 Cations 8.25 
 % Difference 10.014  
Measured TDS = Calculated TDS 
 Measured 501.299 
 Calculated 627.317 
 Ratio 0.799  
Measured EC = Calculated EC 
 Measured 773.000 
 Calculated 638.329 
 Ratio 1.211  
Secondary Tests 
Measured EC and Ion Sums: 
 Anions 0.872597  
 Cations 1.066804  
Calculated TDS to EC ratio 0.812  
Measured TDS to EC ratio 0.649  
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Figure E-2 
 

Stiff Diagram 
SR99/132 MW-2 

Caltrans-Modesto, California 
Task Order 35 
October 2006 

   
Primary Tests 
Anion-Cation Balance 
 Anions 5.07 
 Cations 6.27 
 % Difference 10.607  
Measured TDS = Calculated TDS 
 Measured 391.046 
 Calculated 475.076 
 Ratio 0.823  
Measured EC = Calculated EC 
 Measured 601.000 
 Calculated 501.769 
 Ratio 1.198  
Secondary Tests 
Measured EC and Ion Sums: 
 Anions 0.843382  
 Cations 1.043536  
Calculated TDS to EC ratio 0.790  
Measured TDS to EC ratio 0.651  
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Figure E-3 
 

Stiff Diagram 
SR99/132 MW-3 

Caltrans-Modesto, California 
Task Order 35 
October 2006 

  
Primary Tests 
Anion-Cation Balance 
 Anions 4.55 
 Cations 5.27 
 % Difference 7.349  
Measured TDS = Calculated TDS 
 Measured 340.925 
 Calculated 405.010 
 Ratio 0.842  
Measured EC = Calculated EC 
 Measured 512.000 
 Calculated 433.635 
 Ratio 1.181  
Secondary Tests 
Measured EC and Ion Sums: 
 Anions 0.888335  
 Cations 1.029267  
Calculated TDS to EC ratio 0.791  
Measured TDS to EC ratio 0.666  
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0 5 10510

Mg SO 4 

Ca HCO 3 + CO3

Na + K Cl 



 4

 

Figure E-4 
Stiff Diagram 

SR99/132 MW-4 
Caltrans-Modesto, California 

Task Order 35 
October 2006 

 
Primary Tests 
Anion-Cation Balance 
 Anions 4.63 
 Cations 5.16 
 % Difference 5.392  
Measured TDS = Calculated TDS 
 Measured 340.925 
 Calculated 428.883 
 Ratio 0.795  
Measured EC = Calculated EC 
 Measured 521.000 
 Calculated 425.041 
 Ratio 1.226  
Secondary Tests 
Measured EC and Ion Sums: 
 Anions 0.888587  
 Cations 0.989882  
Measured TDS to EC ratio 0.654  

 

Cations Anionsmeq/L
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Figure E-5 
 

Stiff Diagram 
SR99/132 MW-5 

Caltrans-Modesto, California 
Task Order 35 
October 2006 

 
Primary Tests 
Anion-Cation Balance 
 Anions 10.9 
 Cations 15.2 
 % Difference 16.388  
Measured TDS = Calculated TDS 
 Measured 731.769 
 Calculated 1036.134 
 Ratio 0.706  
Measured EC = Calculated EC 
 Measured 1130.000 
 Calculated 1045.869 
 Ratio 1.080  
Secondary Tests 
Measured EC and Ion Sums: 
 Anions 0.966423  
 Cations 1.345255  
Calculated TDS to EC ratio 0.917  
Measured TDS to EC ratio 0.648  

 

Cations Anionsmeq/L
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Figure E-6 
 

Stiff Diagram 
SR99/132 MW-6 

Caltrans-Modesto, California 
Task Order 35 
October 2006 

 
Primary Tests 
Anion-Cation Balance 
 Anions 10.4 
 Cations 12.3 
 % Difference 8.232  
Measured TDS = Calculated TDS 
 Measured 701.712 
 Calculated 881.279 
 Ratio 0.796  
Measured EC = Calculated EC 
 Measured 1160.000 
 Calculated 939.124 
 Ratio 1.235  
Secondary Tests 
Measured EC and Ion Sums: 
 Anions 0.896814  
 Cations 1.057709  
Calculated TDS to EC ratio 0.760  
Measured TDS to EC ratio 0.605  
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Figure E-7 
 

Stiff Diagram 
SR99/132 MW-7 

Caltrans-Modesto, California 
Task Order 35 
October 2006 

 
Primary Tests 
Anion-Cation Balance 
 Anions 5.75 
 Cations 5.95 
 % Difference 1.662  
Measured TDS = Calculated TDS 
 Measured 370.998 
 Calculated 476.061 
 Ratio 0.779  
Measured EC = Calculated EC 
 Measured 577.000 
 Calculated 510.769 
 Ratio 1.130  
Secondary Tests 
Measured EC and Ion Sums: 
 Anions 0.996753  
 Cations 1.030454  
Calculated TDS to EC ratio 0.825  
Measured TDS to EC ratio 0.643  
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Figure E-8 
 

Stiff Diagram 
SR99/132 MW-8 

Caltrans-Modesto, California 
Task Order 35 
October 2006 

 
Primary Tests 
Anion-Cation Balance 
 Anions 4.41 
 Cations 5.07 
 % Difference 7.005  
Measured TDS = Calculated TDS 
 Measured 360.973 
 Calculated 394.069 
 Ratio 0.916  
Measured EC = Calculated EC 
 Measured 510.000 
 Calculated 419.643 
 Ratio 1.215  
Secondary Tests 
Measured EC and Ion Sums: 
 Anions 0.864479  
 Cations 0.994712  
Calculated TDS to EC ratio 0.773  
Measured TDS to EC ratio 0.708  

 

Cations Anionsmeq/L
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