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1.0 INTRODUCTION 

On behalf of Lehigh Southwest Cement Company (Lehigh), Strategic Engineering and 
Science, Inc. (SES) submits this proposed workplan for further characterization of 
materials comprised within the East and West Materials Storage Areas (EMSA and 
WMSA) at the Permanente Quarry, located in Cupertino, California (Site). This workplan 
defines the approach that will be implemented to collect and analyze samples from these 
areas. The EMSA and WMSA are further described in subsequent sections. 

1.1 Project Background 

In a letter dated July 20, 2012 (Letter), the San Francisco Bay Regional Water Quality 
Control Board (RWQCB) directed Lehigh to submit a Report of Waste Discharge 
(ROWD) pursuant to Title 27 of the California Code of Regulations and to provide 
additional information related to the EMSA and WMSA. The Letter requested Lehigh to 
characterize material in the EMSA and WMSA for purposes of evaluating whether a 
discharge to waters of the State might occur that may have the potential to cause 
pollution or contamination. 

On behalf of Lehigh, Downey Brand LLP responded to the RWQCB in a letter dated 
October 1, 2012.  This response proposed that Lehigh submit a workplan to further 
characterize the EMSA and WMSA in order to facilitate classification of the materials in 
these areas, and to establish applicable regulatory requirements. 

1.2 Site Description 

The Site consists of a limestone and aggregate mining operation in the unincorporated 
foothills of western Santa Clara County, approximately two miles west of the City of 
Cupertino (Figure 1).  It occupies a portion of a 3,510-acre property owned by Hanson 
Permanente Cement, Inc., and is operated by Lehigh.   

The Site comprises approximately 614 acres (Figure 2) of existing and planned 
operational areas, including an open pit (North Quarry), overburden stockpiles, crushing 
and processing facilities, exploration areas, access roads, administrative offices, and 
equipment storage.  The Site also includes undisturbed areas located south of the North 
Quarry, which buffer the operations from adjacent land uses.  The main operational areas 
of the Site include: 

• North Quarry:  The North Quarry is where mineral extraction currently 
occurs.  It consists of an open pit with elevations ranging from 
approximately 750 to 1,750 feet above mean sea level (amsl).  Limestone 
and other rock types mined from the North Quarry are crushed and either 
used for cement production at the adjacent cement plant or processed into 
aggregate products at the Rock Plant.  Historically, the North Quarry has 
filled with a mixture of surface water and groundwater to an approximate 
elevation of 775 feet amsl, except when it is dewatered for mining.   
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• EMSA:  The EMSA is located east of the North Quarry and is currently the 
primary storage area for overburden which includes the rock removed from 
North Quarry that is not suitable for either cement or aggregate production.  
Reclamation of this area, consisting of grading and capping, will occur 
consistent with the 2012 Amended Reclamation Plan.  Elevations of the 
EMSA range from 550 to 920 feet amsl.   

• WMSA:  The WMSA is a second overburden storage area, located west of 
the North Quarry, which no longer accepts overburden for storage.  
Elevations of the WMSA range from 1,500 to 1,975 feet amsl. During future 
reclamation, most of the materials from the WMSA will be used to backfill 
the North Quarry, and the remaining materials will be regraded and 
reclaimed. 

• Rock Plant:  The Rock Plant is located in the southeast portion of the Site, 
and processes mined material into aggregate products.  The Rock Plant 
occupies gentle slopes and ranges in elevation from 580 to 770 feet amsl.      

The overburden materials described above are composed of non-limestone rock materials 
(i.e., greenstones, metabasalts, and graywacke) and some low-grade limestone not 
suitable for use as aggregate.   

As described in the recently certified Environmental Impact Report (Santa Clara County, 
2011) for the Amended Reclamation Plan (ARP) for the North Quarry, EMSA and 
WMSA, reclamation will occur in three phases.  The first phase is the completion of 
mining in the North Quarry.  During this phase, the EMSA will be reclaimed and 
overburden will be used to backfill and buttress the west wall of the North Quarry.  The 
second phase is the excavation of the WMSA, and backfilling and recontouring of the 
North Quarry to an elevation of 990 ft amsl, and filling the slopes of the south, southwest 
and west sides of the quarry using material from the WMSA.  The third phase occurs 
after backfilling and contouring of the slopes is completed, and consists of re-vegetation, 
maintenance and monitoring in the former mining and overburden storage areas, together 
with the closure of ancillary mining facilities. 

1.3 Site Geology and Hydrogeology  

The Site lies entirely within the Franciscan Terrane (Franciscan) (Golder, 2010b).  The 
Franciscan is an assemblage of rocks, or mélange, comprised primarily of altered meta-
volcanic rocks (i.e., greenstone), graywacke and meta-graywacke units separated by 
zones of highly sheared matrix oftentimes comprised of mudstone or shale (Blake and 
Jones, 1981). At the Site, the “blocks” in the matrix are primarily comprised of limestone 
(with chert interbeds) and graywacke which are “floating” in the highly sheared 
greenstone matrix.  Most major structural boundaries in the Franciscan are fault 
boundaries, as contrasted with depositional geologic contacts.  Within major blocks, i.e., 
a limestone block, geologic contacts can be discerned.  Specific rock types are: 
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• Metabasalt is medium to dark gray and fine-grained, and commonly contains 
abundant milky calcite veins and scattered pyrite crystals. Vesicles are 
present locally and occasionally filled with calcite. Chlorite content is 
variable but generally low. 

• Greenstone developed from the same parent lithologies as metabasalt, but 
has higher chlorite content. It is greenish-gray and contains scattered pyrite 
crystals and opaque minerals. Vesicles, calcite-filled vesicles, and milky 
calcite veins occur locally. 

• Graywacke ranges from yellowish brown to black, and is generally very fine 
grained to fine grained, although local conglomeratic intervals exist. 
Slickensides are common, and may be coated with graphite. Scattered milky 
calcite veins and pyrite occur locally. 

• Limestone is light gray to medium dark gray, and fine to medium grained. 
Stylolites (contacts marked by irregular interlocking penetrations of the two 
sides) are common and black chert nodules are usually present in 
concentrations of 15% or less. The limestone is locally dolomitic.  

• Fault breccia is dark gray to black and may be clast- or matrix-supported.  
The matrix consists of soft, very fine fault gouge.  Clasts are limestone, 
greenstone, graywacke, or metabasalt, or some combination thereof. This 
unit may be highly sheared and deformed, and well-developed slickensides 
are common. Milky calcite veins and scattered pyrite occur locally. 

The occurrence of groundwater at the Site is almost exclusively within secondary 
openings such as joints, fractures, shear zones, and faults.  In general, groundwater occurs 
under unconfined conditions; however, the structural complexity also locally creates 
perched and semi-confined conditions. The hydraulic properties of the Franciscan are 
highly variable. Most published values for hydraulic conductivity of the Franciscan are 
low, and in the range of 1 x 10-5 to 1 x 10-6 cm/sec. Well yields are typically low, in the 
range of a few gallons per minute (gpm) to tens of gpm.  Specific yields are very low, and 
are on the order of less than 3% (DWR Bulletin, 1975). 

The depth to groundwater under the EMSA and WMSA varies due to the undulating 
topography of these areas. Groundwater under the EMSA occurs at depths of between 
100 and 160 feet, and under the WMSA at depths of between 700 and 1,000 feet (Golder, 
2010b). 

1.4 Previous Work and Existing Data 

Recent site characterization work, such as Golder (2010b) and SES (2011), was 
performed to address hydrologic aspects of the ARP. A variety of tests were conducted 
on the geologic materials present in the North Quarry and on the overburden removed as 
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part of previous mining activities.  These tests included determining the total metals 
content and the leachability of general minerals and metals from these materials.  
Leachability was determined using the Modified California Assessment Manual Waste 
Extraction Test (CAM WET) and wall washing tests.  In addition, North Quarry water 
runoff from the west wall was analyzed for general minerals and metals.  Acid-base 
accounting testing was done to confirm that the materials do not have acid generating 
potential (Golder, 2010b). Pertinent pre-existing data that has been used to date to 
characterize the EMSA and WMSA materials, are summarized below. 

1.4.1 Total Metals Results 

Table 1 provides the total concentrations determined from rock boring samples collected 
in the North Quarry, the Exploration Area located immediately south of North Quarry, 
and the EMSA.  Because the Exploration Area has similar rock types to those mined from 
North Quarry, these data are generally applicable to similar material types in the WMSA 
and EMSA.     

These results indicate that the limestone occurrences at the Site are heterogeneous, and 
that single rock samples of North Quarry limestone (B1-1 and B1-2 in Table 1) have 
significantly different concentrations of several trace constituents.  This is due to the 
presence of various grades of limestone at the Site.  Therefore, the composite samples 
which consist of a variety of limestone grades, are representative of overall bulk rock 
composition. 

1.4.2 Modified CAM WET Results 

CAM WET tests were conducted using de-ionized water on the composite boring 
samples described above.  These tests indicate that the mined material (limestone) 
contains leachable molybdenum and selenium (Table 2).  The overburden materials such 
as graywacke, fault breccia, greenstone, metabasalt, and chert have lower leachability for 
molybdenum and very limited selenium leachability.   

These data indicate that the leachable fraction of the total concentrations present in mined 
materials is small.  For example, total concentrations of selenium range from 2.4 to 15 
mg/kg in mined material, whereas the CAM WET leachate results are significantly lower 
at <0.38 to 6 µg/l.  In addition, none of the CAM WET leachate concentrations exceed 
their respective Soluble Threshold Limit Concentration.   

1.4.3 Wall Washing Results 

Wall washing tests were performed on exposed faces within the North Quarry in 2009 
(Golder, 2010b).  These tests involved washing an approximately one-meter square area 
of rock face with a known volume of water.  The resultant wash water was analyzed for 
dissolved and total metal concentrations and general minerals.  The results are provided 
in Table 3. 
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These wall washing samples provide an indication as to the amount of dissolved 
constituents that could be potentially leached out during a rainstorm for the various rock 
types.  The amount of wash water added was approximately equivalent to a 0.25 inch 
rainstorm event.  The measured total recoverable concentrations include the metals 
contained in solid particles washed off the walls as well as dissolved in the wash water, 
and are therefore higher than the dissolved values which reflect the concentrations in the 
wash water only. 

Similar to the CAM WET results above, the dissolved constituent concentrations from 
the wall wash tests are very low compared to the bulk rock concentrations in Table 1.  
The dissolved concentration also is typically less than the total recoverable concentration 
in the wall wash samples (also shown in Table 3). 

1.4.4 Acid Generating Potential 

All the major rock types, included graywacke, limestone, chert, fault breccia, greenstone, 
and metabasalt were found to have no potential for acid generation (Golder, 2010b).  The 
ratio of neutralization potential to acid generation potential ranged from four for fault 
breccia, to the hundreds and thousands for greenstone and metabasalt.  Typically, a ratio 
of greater than three (Hutchison et. al., 1992) indicates there is no acid generating 
potential.   

Net neutralization capacity consists of the difference between the rock’s neutralization 
capacity and its acid generating capacity. Neutralizing capacities for onsite lithologies 
range from 58 kg (calcium carbonate equivalent – CaCO3) per ton (/t) for graywacke to 
867 kg (calcium carbonate equivalent - CaCO3)/t for metabasalt.  Typically, values above 
20 kg (CaCO3)/t are considered non-acid generating. 

1.4.5 Recent Geotechnical Investigations 

Geotechnical investigations were performed on the WMSA and EMSA (Golder, 2008 
and 2010a) to evaluate the stability of these areas. During these investigations, five 
borings were installed in the WMSA and five in the EMSA (Figures 2 and 3). WMSA 
borings were installed through the overburden material and just into the surface of the 
underlying bedrock, to a maximum depth of 158 feet. EMSA borings were installed in 
native soils to a maximum depth of 45 feet. Groundwater was not encountered during 
these investigations.  

1.5 WMSA AND EMSA MATERIAL CHARACTERIZATION OBJECTIVES 
AND SCOPE 

The objectives of the proposed additional sampling and analysis to characterize the 
WMSA and EMSA materials are as follows: 

• Comply with the RWQCB’s request for additional characterization data as 
described in its Letter.  
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• Obtain additional information on the mass and physical and geochemical 
characteristics of the non-limestone materials in the WMSA that can be used 
for construction of overburden disposal unit covers and for the North Quarry 
backfill cover.  

Data collected to meet the first objective will be suitable for classifying the materials in 
accordance with Title 27, Section 22480.  Each waste classification has its own 
prescriptive management requirements (Title 27, Section 22490).  Data collected to meet 
the second objective will be used to further identify materials which do not have leaching 
characteristics that could pose a threat to water quality, and would therefore be suitable 
for use as closure cover.  Section 2.8.7 of the ARP includes provisions for such non-
limestone material covers. 

2.0 FIELD SAMPLING APPROACH 

2.1 Scope of work 

This investigation will be focused on determining metals concentrations and the 
leachability potential of WMSA and EMSA materials. Project objectives will be 
accomplished by conducting five soil borings in the WMSA and three soil borings in the 
EMSA.  

2.2 Sampling Locations and Rationale 

Soil boring locations were selected to provide spatial coverage of the EMSA and WMSA 
and to fill in gaps between prior geotechnical borings performed by Golder (Figures 2 
and 3).  The locations are also biased towards areas where the overburden materials are 
expected to be relatively thick. Actual boring locations may vary slightly from those 
shown, for reasons such as physical access. 

2.3 Pre-field activities 

A Health and Safety Plan (HSP), in compliance with 9 CFR 1910.120 and which 
describes the basic safety requirements for the fieldwork described below, will be utilized 
for this work.  

The Underground Service Alert of Southern California will be notified as is required by 
law. Santa Clara Valley Water District (District) permits will be applied for and obtained 
for soil borings.  Such permits are required for all exploratory soils borings 45 feet deep 
or greater. The District indicates that 10 days should be allowed for approval of 
exploratory soil boring permit applications. 

In accordance with the site-specific requirements, clearance will also be obtained from 
the mine’s management and the field work will be supervised by Mine Safety and Health 
Administration (MSHA) certified personnel since the Site is an operating mine. 
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2.4 Drilling and Sampling Methodology 

A sonic drilling rig will be used to implement this project. The sonic rig was selected 
based on the following rationale: 

• Proven ability to penetrate coarse- and fine-grained sediments that are 
anticipated to be present in the EMSA and WMSA.   

• Ability to penetrate many bedrock materials, resulting in a higher probability 
that the onsite geologist can identify the depth at which native soil occurs. 
Previous works did not explicitly identify this contact. 

• Capability of providing continuous soil samples, which will reduce or 
eliminate the need to infer the nature of lithologies between samples. 

Samples will be terminated upon encountering native geologic materials. Table 4 
describes anticipated depths of each soil boring. Based on existing subsurface data for the 
Site, groundwater will not be encountered.  

Samples will be collected at each change in lithology, or at a minimum frequency of once 
every five vertical feet. A total of approximately 150 to 200 discrete samples will be 
collected.  At the conclusion of each boring, portions of the samples collected from each 
lithology will be composited. Each composite sample will represent a given lithology at a 
given borehole, and will be submitted to the laboratory for the analytical schedule 
described in Section 2.6. The remaining discrete samples will stored, but will not be 
analyzed unless the analyses of the composite samples provided inconsistent results. In 
this case, the discrete samples used for the composites in question would be individually 
analyzed using selected tests. 

2.5 Soil Logging and Field Observations 

The lithologies in each boring will be logged and described using the United Soil 
Classification System (USCS). These descriptions will be logged on graphical boring log 
sheets. In addition, a daily field log will be maintained, which will contain other pertinent 
information. 

A chain-of-custody form will be completed for the samples to document all handlers and 
for sample control.  

2.6 Soil Sample Compositing and Analytical Protocols 

As described in Section 2.4, samples from each observed lithology of a particular soil 
boring will be composited and homogenized before being transferred to the laboratory. 
Sample compositing and homogenizing will be performed in the field pursuant to EPA 
(2011). The basic steps of compositing and homogenizing will be as follows: 
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1. Equal volumes of each subsample collected from each occurrence of a given 
lithology will be combined into a single container. 

2. The container will be shaken by hand for approximately 10 seconds to begin 
the homogenization process. 

3. Further homogenizing will be accomplished by “quartering.” The first step 
of quartering requires that the sample be poured into a pan. 

4. The sample mass in the pan will be divided into four quarters. Each quarter 
will be mixed individually by stirring with a spatula, spoon, or similar 
instrument. 

5. Two of the quarters located diagonally from one another will be combined 
and placed in a bowl, where it will be stirred using a spoon for 
approximately 10 seconds. The remaining two quarters will be discarded. 

6. The homogenized composite sample will be placed in a laboratory 
container. 

2.7 Analytical Protocols 

All composite soil samples will be submitted to a state-certified analytical laboratory. 
Standard analytical turnaround time will be requested. These samples will be analyzed as 
follows: 

• Title 22 Metals (EPA 6010/7470). 

• Samples having Title 22 metals exceeding 10 times the Soluble Threshold 
Limit Concentration (STLC), if any, will undergo a CAM Waste Extraction 
Test (WET) using deionized water. Leachate from the test will be analyzed 
only for metals exceeding ten times the STLC.  

All analyses will be performed using EPA SW-846 methodologies at a California state-
certified environmental laboratory. 

Additional acid-base accounting testing is not warranted and will not be performed 
during this project. As described in Section 1.4.4, results of acid-base accounting 
evaluations performed on all the major rock types occurring at the Site, which included 
graywacke, limestone, chert, fault breccia, greenstone, and metabasalt consistently 
demonstrated that onsite rocks have no potential for acid generation. 

2.8 Laboratory Data Validation and Laboratory Quality Control 

The data received from the laboratory will be reviewed for accuracy, precision, and 
completeness. The data will be checked to verify that all pertinent information is 
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included, all appropriate forms are signed and dated, and holding times and Quality 
Control sample acceptance criteria have been met. 

2.9 Boring Abandonment 

Following drilling activities, all borings will be backfilled in accordance with the boring 
permit conditions defined by the District. In general, we anticipate that this will involve 
backfilling each soil boring with hydrated bentonite, possibly mixed with neat cement or 
similar materials.  

2.10 Equipment Decontamination 

All reusable down-hole equipment used during drilling or sampling will be 
decontaminated. Decontamination will consist of cleaning reusable down-hole tools with 
laboratory grade detergent and rinsing twice with potable water, or with a pressurized 
steam cleaner. Drilling and sampling equipment will be decontaminated between each 
boring. Equipment used for sample compositing and homogenization will be 
decontaminated between each sample. 

2.11 Investigation Derived Waste 

Soil cuttings will be disposed of on the material storage area where they were derived 
from. Decontamination water will be drained onto the surface of the EMSA or WMSA.  
It will not be allowed to flow beyond the perimeter of the applicable material storage 
area. 

3.0 DATA EVALUATION AND REPORTING 

Based upon the results of previous tasks, a report will be prepared. The report will 
summarize the work completed, including the following elements: 

• Description of the field procedures. 

• Tables summarizing analytical data. 

• Discussion of the analytical results and comparison with relevant regulatory 
criteria. 

• A presentation and discussion of the boring logs. 

• Comparison of the soil data with TTLC and STLC criteria. 

• Conclusions and recommendations. 
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TABLE 1
MINED MATERIAL AND OVERBURDEN CONSTITUENT CONCENTRATIONS

C-1 C-2 C-3 C-4 C-5 GT1-2-08-213 B1-1 B1-2 B1-3 B1-4 B2-1 B2-2

SQ Boring 
Composite

SQ Boring 
Composite 

SQ Boring 
Composite

SQ Boring 
Composite

SQ Boring 
Composite

SQ Boring 
Composite

NQ Single 
Sample

NQ Single 
Sample

NQ Single 
Sample

NQ Single 
Sample

Graywacke Limestone Flt. Breccia Greenstone Metabasalt Chert Limestone Limestone Metavolcan. Graywacke
 (7/1/09) (7/1/09) (7/1/09) (7/1/09) (7/1/09) (7/1/09) mg/kg (1/22/10) (1/22/10) (1/22/10)  (1/22/10) (2/10/10) mg/kg (2/10/10)

Antimony mg/kg ND (<1.7) 6.5 4.2 ND (<1.7) ND (<1.7) 5.3 3.09 ND (<1.7) ND (<1.7) ND (<1.7) ND (<1.7) ND (<1.7) ND (<1.7) ND (<1.7)

Arsenic mg/kg 5.1 8.4 2.4 ND (<0.71) 4.8 5.7 4.46 ND (<0.71) 2.7 ND (<0.71) 7.5 2.7 2.7 2.6

Asbestos mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- --

Barium mg/kg 60 800 180 46 110 560 292.7 940 290 590 49 ND (<0.13) 373.8 750

Beryllium mg/kg 0.17 0.3 ND (<0.026) ND (<0.026) 0.032 0.11 0.106 ND (<0.026) ND (<0.026) ND (<0.026) ND (<0.026) ND (<0.026) ND (<0.026) ND (<0.026)

Cadmium mg/kg 0.071 0.068 ND (<0.033) ND (<0.033) ND (<0.033) 0.15 0.056 ND (<0.033) 6.5 ND (<0.033) ND (<0.033) ND (<0.033) 1.3 ND (<0.033)

Chromium IV mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- --

Chromium 
Compounds mg/kg 95 29 260 400 110 6.6 150.1 ND (<0.045) 30 200 35 130 79.0 110

Cobalt mg/kg 20 21 34 93 26 8.4 33.7 ND (<0.18) ND (<0.18) 37 10 27 14.8 23

Copper mg/kg 50 56 56 45 62 27 49.3 ND (<0.13) 48 47 37 44 35 44

Fluoride Salts mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- --

Lead mg/kg 9.7 6.8 8.3 ND (<0.59) 11 2 6.3 ND (<0.59) ND (<0.59) ND (<0.59) ND (<0.59) ND (<0.59) ND (<0.59) ND (<0.59)

Mercury mg/kg 0.033 0.15 0.053 ND (<0.014) ND (<0.014) ND (<0.014) 0.043 ND (<0.014) 0.77 0.16 ND (<0.014) 0.12 0.21 0.11

Molybdenum mg/kg 0.22 2.3 ND (<0.18) ND (<0.18) 1 0.74 0.74 ND (<0.18) 20 ND (<0.18) ND (<0.18) ND (<0.18) 4 ND (<0.18)

Nickel mg/kg 120 120 250 1,200 100 220 335 ND (<0.12) 59 230 71 180 108 150

Selenium mg/kg 10 8.5 15 15 13 2.4 10.7 ND (<0.76) 6.6 ND (<0.76) ND (<0.76) ND (<0.76) 1.6 ND (<0.76)

Silver mg/kg ND (<0.086) 0.63 0.13 ND (<0.086) 0.16 ND (<0.086) 0.17 ND (<0.086) ND (<0.086) ND (<0.086) 0.86 ND (<0.086) 0.21 ND (<0.086)

Thallium mg/kg ND (<0.94) ND (<0.94) 0.97 ND (<0.94) ND (<0.94) ND (<0.94) 0.55 ND (<0.94) 1.2 ND (<0.94) ND (<0.94) ND (<0.94) 0.6 ND (<0.94)

Vanadium mg/kg 64 15 75 53 70 5.9 47.2 ND (<0.062) 560 80 27 67 146.8 56

Zinc mg/kg 250 67 75 64 71 150 112.8 14 180 73 51 72 78 75

Notes:
ND = Not detected at the specified detection limit.
When an ND was included in the calculation of an average value, it was assumed to be one half the detection limit.
If all samples were ND, then the lowest detection limit was retained.

Constituent EMSA OB 
Composite

NQ 
Composite

Average of 
Detections 

for SQ

Average of 
Detections for 

NQunits



TABLE 2
OVERBURDEN LEACHABILITY BY MODIFIED CAM WET

C-1 C-2 C-3 C-4 C-5 GT1-2-08-
213

SQ Boring 
Composite

SQ Boring 
Composite 

SQ Boring 
Composite

SQ Boring 
Composite

SQ Boring 
Composite

SQ Boring 
Composite

Graywacke Limestone Flt. Breccia Greenstone Metabasalt Chert 
 (7/1/09) (7/1/09) (7/1/09) (7/1/09) (7/1/09) (7/1/09) (µg/L)

Antimony µg/L 7.2 1.5 5.8 0.98 8.5 3.2 4.53

Arsenic µg/L 3 1.3 6.2 2.7 7.3 1.2 3.6

Asbestos µg/L -- -- -- -- -- -- --

Barium µg/L 59 220 120 37 120 170 121

Beryllium µg/L ND (<0.18) ND (<0.18) ND (<0.18) ND (<0.18) ND (<0.18) ND (<0.18) ND (<0.18)

Cadmium µg/L ND (<0.13) ND (<0.13) ND (<0.13) ND (<0.13) ND (<0.13) ND (<0.13) ND (<0.13)

Chromium (total) µg/L ND (<0.55) ND (<0.55) ND (<0.55) 1.9 ND (<0.55) ND (<0.55) 0.55

Cobalt µg/L 0.29 0.15 0.13 0.34 0.1 0.25 0.21

Copper µg/L 1.3 ND (<0.68) ND (<0.68) ND (<0.68) ND (<0.68) 1.2 0.64

Fluoride Salts µg/L -- -- -- --- --- -- --

Lead µg/L 1.2 0.11 ND (<0.054) ND (<0.054) 0.09 0.12 0.262

Mercury µg/L ND (<0.016) 0.21 ND (<0.016) ND (<0.016) ND (<0.016) ND (<0.016) 0.042

Molybdenum µg/L 11 27 7.3 2.3 28 12 14.6

Nickel µg/L 1.7 1.7 2 8.1 0.89 3.2 2.93

Selenium µg/L ND (<0.38) 6 ND (<0.38) ND (<0.38) 0.58 ND (<0.38) 1.22

Silver µg/L ND (<0.065) ND (<0.065) ND (<0.065) ND (<0.065) ND (<0.065) ND (<0.065) ND (<0.065)

Thallium µg/L ND (<0.11) ND (<0.11) ND (<0.11) ND (<0.11) ND (<0.11) ND (<0.11) ND (<0.11)

Vanadium µg/L 1.5 ND (<1.2) 12 18 4.9 ND (<1.2) 6.27

Zinc µg/L 22 8.1 11 11 10 37 16.5

Manganese µg/L 5.2 2.5 7.5 3 3.1 1.2 3.8

Calcium mg/L 18 16 13 17 11 14 14.8

Magnesium mg/L 4.3 4.2 6.8 8.3 5.4 14 7.2

Sodium mg/L 8.8 4.0 7.9 5.9 6.6 2.7 6.0

Potassium mg/L 3.7 2.8 3.9 0.96 4.1 2.0 2.9

Total Alkalinity mg/L 37 42 56 76 46 49 51

Chloride mg/L 1.6 1.1 1.3 2.0 1.3 1.4 1.45

Sulfate mg/L 22 12 16 3 8.8 29 15.1

pH number 8.11 8.16 8.24 8.29 8.36 8.27 8.2

EC µmhos/cm 160 130 160 160 130 190 155

Notes:
ND = Not detected at the specified detection limit.
When an ND was included in the calculation of an average value, it was assumed to be one half the detection limit.
If all samples were ND, then the lowest detection limit was retained.

unitsConstituent

Average of 
Detections 

for SQ
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Graywacke Limestone - 
High Grade

Limestone - 
Medium to 

High

Limestone - 
high and 
med/low

Chert Greenstone

Sample GW-01 HG-01 MG-01 HMG-01 CT-01 GS-01

Date 11/24/09 11/24/09 11/24/09 11/24/09 11/24/09 11/24/09 01/13/10 01/13/10

Age > 5 years > 5 years 2 months 1 year < 1 month < 1 month NA NA

Field Parameters

pH s.u. 6.94 7.87 7.53 7.32 7.53 8.95 7.94 7.9

Specific Conductance μS/cm 283 137 42 46 78 94 NA NA

Temperature °C 18.6 16.43 13.78 11.91 17.35 18.36 NA NA

Dissolved Oxygen mg/L 6.57 7.42 7.95 16.5 8.03 7.4 NA NA

ORP 70 -32.7 11.4 25.1 92.8 73.7 NA NA

Lab Parameters - Dissolved

Aluminum μg/L 1,800 220 59 220 1400 650 <38 <38

Antimony μg/L 0.43 0.56 <0.17 0.18 <0.17 <0.17 8.2 0.86

Arsenic μg/L 33 20 21 22 16 12 4.5 1.3

Barium μg/L 150 79 83 180 520 660 41 24

Beryllium μg/L <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18

Boron μg/L 28 19 14 24 52 52 69 31

Cadmium μg/L <0.13 0.2 <0.13 <0.13 <0.13 <0.13 0.53 <0.13

Chromium μg/L <0.55 0.81 <0.55 <0.55 3.6 2.6 <0.55 <0.55

Copper μg/L 2.1 2.1 <0.68 0.86 <0.68 1.1 1.5 1.2

Iron μg/L 720 130 11 160 1400 970 <9.3 <9.3

Lead μg/L 0.29 0.063 <0.054 0.065 <0.054 <0.054 <0.054 <0.054

Manganese μg/L 8.6 19 2.6 1.2 7.9 11 21 14

Mercury μg/L NA NA NA NA NA NA 0.0107 NA

Molybdenum μg/L 2.6 98 6.7 14 1.4 0.37 540 120

Nickel μg/L 1.7 9.9 0.91 4.9 5.9 3.5 160 3.4

Selenium μg/L <0.38 49 14 0.7 <0.38 <0.38 82 29

Silver μg/L <0.065 <0.065 <0.065 <0.065 <0.065 <0.065 <0.065 <0.065

Thallium μg/L 0.22 <0.11 <0.11 <0.11 <0.11 <0.11 0.39 <0.11

Vanadium μg/L 2.9 44 <1.2 6.3 7.3 39 400 2.6

Zinc μg/L 7.5 23 3.6 16 6.6 5.8 120 28

Calcium mg/L 7.8 46 31 34 17 21 210 160

Magnesium mg/L 6.1 1.7 2.2 2.6 6.6 3.1 36 42

Sodium mg/L 4.2 1.6 1.2 2.3 6.1 7.3 22 24

Potassium mg/L 1.2 0.43 0.21 0.85 1.8 0.86 0.85 2

Lab Parameters - 
Total Recoverable
Aluminum μg/L 77,000 40,000 28,000 1,800,000 960,000 990,000 720 87,000

Antimony μg/L <4.0 7.7 6.8 <20 <4.0 <4.0 7.9 1.6

Arsenic μg/L 80 88 81 290 <22 <22 3.7 21

Barium μg/L 2,800 7,900 13,000 140,000 12,000 23,000 59 4,200

Beryllium μg/L 6.7 <4.0 <4.0 92 36 30 <0.20 1.1

Boron μg/L 33 36 86 650 160 230 70 52

Cadmium μg/L 14 45 6.6 680 5.7 5.1 1.3 5.8

Chromium μg/L 120 490 63 4,500 7,000 7,100 6 370

Copper μg/L 160 420 370 17,000 2,000 3,100 3.3 170

Iron μg/L 100,000 83,000 69,000 2,400,000 1,100,000 940,000 1,200 160,000

Lead μg/L 130 25 43 1,300 27 15 0.5 17

Manganese μg/L 3,000 2,000 7,200 56,000 22,000 44,000 38 3,000

Mercury μg/L 0.032 <0.016 <0.016 0.032 <0.016 <0.016 <0.016 1.5

Molybdenum μg/L 16 320 23 <23 <4.6 <4.6 630 140

Nickel μg/L 210 1,300 1,100 150,000 9,300 5,800 180 460

Selenium μg/L <11 230 60 160 <11 <11 73 33

MINED MATERIALS AND OVERBURDEN LEACHABILITY
TABLE 3

Wall Washing Results

North
Quarry

WMSA
Runoff
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Graywacke Limestone - 
High Grade

Limestone - 
Medium to 

High

Limestone - 
high and 
med/low

Chert Greenstone

MINED MATERIALS AND OVERBURDEN LEACHABILITY
TABLE 3

Wall Washing Results

North
Quarry

WMSA
Runoff

Silver μg/L 2 5.4 3.4 <8.8 <1.8 <1.8 <0.088 0.89

Thallium μg/L <2.2 4.3 <2.2 57 <2.2 <2.2 0.24 0.79

Vanadium μg/L 230 960 220 2100 <100 <52 430 350

Zinc μg/L 460 3,300 700 390,000 2,800 2,100 140 600

Calcium mq/L 180 1,000 3,100 33,000 2,300 1,500 230 1,000

Magnesium mq/L 44 67 68 1,700 1,600 1,700 40 160

Sodium mq/L 4.2 3.6 3.9 8.5 5.4 5.6 23 25

Potassium mg/L 13 4.1 4 64 14 4.2 1.0 8.2

General Chemistry

Ammonia as N mg/L 0.22 0.038 0.025 0.16 0.84 4.9 <0.025 0.095

Bicarbonate mg/L 50 25 24 41 68 57 200 71

Carbonate mg/L <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <5.0 <5.0

Chloride mg/L 1.3 0.95 0.97 1.4 1.3 0.44 13 25

Electrical Conductivity μmhos/cm 101 259 199 222 135 160 1,130 1,090

Fluoride mg/L 1.3 0.34 0.46 0.86 2.4 1.2 0.14 0.22

Hardness (as CaCO3) mg/L 45 120 86 96 69 64 673 580

Nitrate as N mg/L-N 0.31 0.28 1.4 12 0.49 6.7 0.73 7.6

Nitrite as N mg/L-N 0.015 0.012 <0.0081 <0.0081 0.049 0.12 <0.0081 <0.0081

pH s.u. 7.89 8.06 7.95 8.09 8.16 8.24 7.94 7.90

Sulfate mg/L 4.9 100 61 15 2.6 3.3 550 550

Total Alkalinity (as CaCO3) mg/L 41 20 20 33 56 47 170 58

Total Dissolved Solids mg/L 61 110 65 91 67 100 790 900

Total Phosphorus mg/L 2.2 4.1 3.7 140 91 100 <0.016 1.8

Total Suspended Solids mg/L 3,400 540 4,800 68,000 35,000 50,000 18 3,600

Turbidity NT Units 1,600 850 2,500 44,000 28,000 23,000 NA NA



 
TABLE 4:  

Summary of Anticipated Boring Elevations and Completion Depths 

 
Western Materials Storage Area Borings 

Boring Approx. Boring 
Elevation 

Estimated Depth to  
Pre-development Elevation 

Estimated Boring 
Depth 

1 1820 1740 80 
2 1950 1820 130 
3 1950 1800 150 
4 1950 1780 170 
5 1980 1700 280 

 

Eastern Materials Storage Area Borings 

Boring Approx. Boring 
Elevation 

Estimated Depth to  
Pre-development Elevation 

Estimated Boring 
Depth 

1 820 780 40 
2 760 700 60 
3 760 660 100 
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