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1.0
INTRODUCTION

This Hydrogeology Report of Findings is to support the off-channel aggregate mining application requirements for the proposed Granite Esparto Facility located at County Road 87 in Esparto, California (Figure 1).  The purpose of this report is to meet the requirements outlined in the Yolo County Ordinance 1190, Off-Channel Surface Mining Ordinance, Article 4, Section 10-4.417 on groundwater quality.  The scope of this investigation includes review of available geology and groundwater hydrology data for Yolo County and the Cache Creek areas, the construction of four on-site groundwater monitoring wells, and the sampling of the four newly installed wells along with two existing groundwater monitoring wells associated with the property.  This report relies on the November 27, 1995 Groundwater Hydrology Report prepared by Wallace-Kuhl & Associates, Inc. (WKA) for the Granite Capay Facility immediately west of the proposed Granite Esparto Facility.

2.0
OBJECTIVE

The objective of this report is perform a groundwater feasibility study to evaluate further gravel mining activities and the relationship that gravel mining will have on the quantity, the flow rate (transmissitivity) and quality of the underground aquifer.  This report summarizes the local and regional groundwater characteristics, addresses potential groundwater impacts of off-channel aggregate mining below the groundwater surface, and recommends mitigation measures which, when implemented, will protect and enhance Yolo County groundwater resources.  To support slope stability and the mining plan, estimated high and low groundwater elevation maps were prepared predicting the groundwater surface elevation during the wet and dry seasons. Additionally, a groundwater monitoring schedule is proposed based on the requirements set forth in Title 10, Chapter 4.417 of the Yolo County Code for Off-Channel Surface Mining.
3.0
SITE BACKGROUND

3.1
Site Description

The site is located at County Road 87, Esparto, California approximately 1.5 miles north of Esparto, California (Figure 1).  The site currently consists of a farmhouse and outbuildings with crops of irrigated sunflowers and onions. The western portion of the site consists of a young almond orchard while established orchards of walnuts cover the southeastern and southwestern portions of the site.  The Granite Esparto Property totals approximately 390 acres and is comprised of Yolo County Assessor Parcel Numbers (APNs) 048-220-221 and 048-220-151.
The Granite Esparto Facility lies within a rural/industrial area of Yolo County.  The West Adams Canal bounds the site to the northwest and north.  County Road 87 bounds the site to the east.  The stream channel for Cache Creek bounds the site to the south.  The existing Granite Construction Company Capay Facility is located west of the site.
3.2
Physiographic and Hydrogeologic Setting

The site is located within the Great Valley geomorphic province of California, a large, elongate, northwest-trending structural trough, generally constrained to the west by the Coast Ranges and to the east by the foothills of the Sierra Nevada (Norris and Webb, 1990).  The Great Valley consists of two valleys lying end-to-end, with the Sacramento Valley to the north and the San Joaquin Valley to the south.  The Sacramento and San Joaquin Valleys have been filled to their present elevations with thick sequences of sediment derived from both marine and continental sources.  The sedimentary deposits range in thickness from relatively thin deposits along the eastern valley edge to more than 25,000 feet in the south central portion of the Great Valley (Norris and Webb, 1990).  The sedimentary geologic formations of the Great Valley province vary in age from Jurassic to Quaternary, with the older deposits being primarily marine in origin.  Younger sediments are continentally derived and were typically deposited in lacustrine, fluvial, and alluvial environments with their main source being the Sierra Nevada.

The California Division of Mines and Geology, Geologic Map of the Santa Rosa Quadrangle, California (Wagner et al, 1999), shows the site to be underlain by Natural Levee and Channel Deposits and the Modesto/Riverbank Formation.  The Cenozoic to Holocene Natural Levee and Channel Deposits consist of unconsolidated clay, silt, sand, and gravel deposited by the existing (active) stream and river systems.  The Pleistocene Modesto/Riverbank Formation consists of semi-consolidated alluvial deposits of sand, silt, clay, and gravel.

According to the United States Geological Survey 7.5 Minute topographic map 1993 Esparto, California Quadrangle, the project site has an approximate elevation of +180 feet above mean sea level (msl).
Based on the Ground Water Elevations, Annual Engineering Report 2004 map prepared by Wood-Rodgers for the Yolo County Flood Control and Works, regional groundwater flow is predicted to be from west to east.  The referenced map’s estimated depth-to-groundwater in the vicinity of the site is 140 to 150 feet above msl or approximately 40 feet below ground surface (bgs).  Additional information on groundwater elevations and direction of groundwater flow is provided in section 5.3.

4.0
FIELD ACTIVITIES

4.1
Monitoring Well Installation

On June 5 through 8, 2007, WKA advanced four soil borings for the construction of groundwater monitoring wells (Figure 2).  Borings MW6, MW7 and MW 9 were installed to an approximate depth of 74.5 feet bgs and MW8 was installed to an approximate depth of 124 feet bgs.  During drilling and sampling, subsurface soils encountered were described and recorded in the field under the direct supervision of a California Professional Geologist, using the Unified Soil Classification System (USCS).  Descriptions of the materials encountered during drilling and well construction details are included in Appendix A.

4.1.1
Groundwater Monitoring Sampling

After well construction and development a groundwater monitoring and sampling event was conducted on the newly installed groundwater monitoring wells (MW6 through MW9) and on existing wells MW4B and MW5 on June 26, 2007.

At each sampling location, groundwater level measurements were measured with an electronic sounder with a tape graduated in 1/100ths of a foot.  Each well was then purged until relatively free of sediment and/or until stabilized pH, temperature, and conductivity readings were obtained and at least three well volumes of groundwater were removed.  Field data sheets are included in Appendix B.

Groundwater samples were then obtained from the wells and decanted into appropriately preserved sample containers provided by the laboratory.  The groundwater samples were immediately placed into an ice chest containing ice and submitted under chain-of-custody documentation to a California-certified laboratory for analysis.  The groundwater samples were analyzed for the following:

· Total Petroleum Hydrocarbons as diesel and motor oil using EPA Method 8015M

· Benzene, toluene, ethylbenzene, and total xylenes using EPA Method 8021A

· Organophophorous pesticides using EPA Method 8141A

· Chlorinated herbicides using EPA Method 8151A

· CAM 17 Metals (total) using EPA 200 series

· Nitrates as Nitrogen using EPA Method 300.0

· General minerals (conventional water quality parameters) using various EPA methods

· Total and fecal coliform including E. Coli using Method SM9221

MW8 was resampled on July 10, 2007 for general minerals and coliform bacteria at the request of Granite to confirm the high coliform originally reported in the June 26, 2007 sample.  In addition to collecting the groundwater from MW8, the remaining five wells associated with the proposed facility were monitored for depth-to-water (DTW) on July 10, 2007.

The West Adams Canal was sampled in the vicinity of MW6 on July 11, 2007 for coliform bacteria at the request of Granite.

5.0
FINDINGS

5.1
Geologic and Hydrogeologic Observations

Subsurface soils encountered during construction of the borings for monitoring wells MW6 through MW9 generally consisted of a 5 to 7 foot layer of brown clay and silt.  A hard dense clay layer was encountered at approximately 70 feet bgs in borings MW6 and MW7. The hard clay layer was found at approximately 49 feet bgs in boring MW9.  The remainder of the subsurface materials encountered consisted of clayey to silty gravels.

Groundwater conditions measured on June 26, 2007 are summarized as follows:

· Groundwater elevations (GWE) based on the DTW measurements collected on June 26, 2007, from the wells and surveyed elevations ranged from 136.64 feet above msl in MW8 to 153.12 feet above msl in MW4B.

· The apparent groundwater flow direction on June 26, 2007 was to the northeast with a calculated gradient of approximately 0.0049.

Groundwater conditions measured on July 10, 2007 are summarized as follows:

· GWE based on the DTW measurements collected on July 10, 2007, from the wells and surveyed elevations ranged from 137.48 feet above msl in MW8 to 153.02 feet above msl in MW4B.

· The apparent groundwater flow direction on July 10, 2007 was to the northeast with a calculated gradient of approximately 0.0044.

Figures 3 and 4 presents groundwater elevation maps of calculated groundwater elevations according to data collected in the field on June 26, 2007 and July 10, 2007, respectively.

5.2
Groundwater Analyses Results

The laboratory analytical results from the groundwater samples indicate that the majority of detected analyte concentrations are consistent with background concentrations.  Exceptions include the total and fecal coliform reported in MW5, MW7, MW8, MW9, and the Canal sample obtained from West Adams Canal.  Detections of total coliform concentrations ranged from 7.8 most probable number per 100 milliliters (MPN/100mL) in MW7 to >1,600 MPN/100mL in MW8.  Detections of fecal coliform concentrations ranged from 2 MPN/100mL in MW5 to >1,600 MPN/100mL in MW8.  Additionally, E. Coli was reported in the West Adams Canal sample at a concentration of 14 MPN/100mL.  No hydrocarbon, pesticide, or herbicide was reported above the laboratory-reporting limit for any of the samples.

A summary of the analytical data for general minerals, CAM 17 metals, hydrocarbons, and coliform for the water samples is presented in Tables 2, 3, and 4.  Complete laboratory analytical reports and chain of custody documentation are included in Appendix C.

5.3
Estimated Groundwater Elevations

Based on the GWE data collected from the newly installed monitoring wells, the historic data compiled from the ongoing monitoring at the Granite Capay Facility, and review of California Department of Water Resources (DWR) records high and low groundwater elevations were estimated for the Granite Esparto Facility.  The estimated low and high groundwater elevation maps are included as Figures 5 and 6.

The GWE data collected for the Capay Facility since 1999 was used to produce individual groundwater elevation surface maps for the calculation of groundwater gradient and flow direction for each high groundwater and low groundwater event.  The groundwater gradient and flow directions for both the high and low events were averaged and extrapolated eastward across the proposed Esparto Facility.  The results were compared to and confirmed by the review of nearby wells monitored by DWR.

6.0
CONCLUSIONS

Expansion of the gravel mining operations into the area bounded roughly by MW4B and MW5 through MW9 will probably have little regional impact on the transmissivity of the aquifer, but the proposed gravel mining between the West Adams Canal and Cache Creek may alter local aquifer conditions. A cumulative affect on the local aquifer’s transmissivity might be measured over time. The biggest influence on transmissivity may result from future algal and detritus accumulation on the sidewalls of the gravel pits. Another influence will be due to whether or not the gravel pits are filled in with fines once gravel-mining operations are complete.

6.1
Potential Groundwater Impacts

This potential groundwater impacts discussion is based on the Groundwater Hydrology Report issued in November 1995 prepared for the Capay Facility by WKA and subsequently the Lower Cache Creek Groundwater Study issued in October 1995 prepared for Yolo County by David Keith Todd and Associates (DKT).  The potential impacts of the proposed Granite Esparto Facility are separated below as groundwater quantity, groundwater flow, and groundwater quality.
6.1.1
Groundwater Quantity

The mining proposed along Cache Creek will utilize a water clarifier system to remove fine grain material from the gravel processing wash water.  The clarifier system is proposed to minimize the volume of wash water.  “With the use of a water clarifier system, processing wash water will be recycled through the aggregate processing plant, thus minimizing the demand for water.  There will, however, be a need for some make-up water due to evaporative loss, infiltration and material absorption.  The demand for make-up water is estimated at approximately 1,100 gpm (286 acre-feet per year).” 

Evaporation losses will occur at the site from areas reclaimed as open water once mining operations have ceased.  Since a larger area of reclaimed open water is proposed by Granite, we felt it necessary to again point out that evaporation losses from an open water area are within the range of evapotranspiration losses of local crops and landscaping turf (DKT, 1995).

Based on this information, it appears as though no significant losses of groundwater above existing regional land uses is to be expected.  To reduce the impact of evaporative losses, however, any areas reclaimed as open water should be designed to be as deep as possible to prevent warming and subsequent increase in evaporation.
6.1.2
Groundwater Flow

The mining operation’s effect on groundwater flow is dependent on the amount of fine-grained material deposited in wet pits excavated below the groundwater table.  Because the fine-grained material is a by-product of any aggregate mining operation, it must be assumed that a certain amount of fine-grained material will require on-site disposal.  If fine-grained materials are deposited below the groundwater table within the wet pits, whether by direct disposal or by siltation, the movement of groundwater will be impeded.  As a result, the amount of fine-grained material placed below the groundwater table within the wet pit areas should be kept to a minimum.  Alternatively, the fine-grained materials should be used whenever possible to reclaim agricultural land above the groundwater table and to enhance areas designated for riparian or wetland re-vegetation.

If the reclamation of wet pit areas using fine-grained materials cannot be avoided, the pit(s) should be located across an area where the remaining aquifer material is both laterally and vertically extensive.  Additionally, the position of the backfill will help limit the adverse impacts on groundwater flow by orienting the long dimension of the backfill parallel to the local groundwater flow direction.  Based on DKT’s statement that permeability of the native gravels of the Cache Creek basin is high and would quickly offset localized impacts to groundwater flow of the reclaimed pit, the hydrologic impact caused by the less permeable backfill material is not expected to be significant.

Special consideration should be taken to ensure that areas reclaimed as open wet pits are provided with the maximum amount of available protection from potential contamination.

6.1.3
Groundwater Quality

The primary potential impact on groundwater quality resulting from aggregate mining operations below the water table is the exposure of the aquifer to direct surface contamination.  Once introduced, contamination may travel through the aquifer to off-site agricultural or domestic wells or surface water bodies.

Because several open water areas are proposed for the Granite Esparto Property, each should be designed such that each is protected from surface runoff by a series of berms.  In addition to the berms, the site operations should be conducted in such a way as to minimize the potential for contaminants such as diesel fuel, oils, and cleaning solvents from reaching the exposed water surface.  This can be accomplished by limiting on-site storage of fuels and designing a vehicle maintenance area with an impermeable surface and proper drainage.  Further, this maintenance area should be constructed in an area which will not threaten groundwater quality should a spill occur.

An additional water quality concern related to aggregate mining is the loss of filtration capabilities of the aquifer.  The sands and gravels that compose the shallow aquifer beneath the site act as filters for contaminants entering the groundwater system.  The general concern is that contaminants can then reach domestic wells much more quickly.

Finally, increased salinity as a result of evaporative loss from open water areas is a potential groundwater quality impact.  To address this concern, the 1995 DKT report completed a salt loading analysis.  Using a salt loading factor of five percent based on regional rainfall and evaporation rates, DKT calculated that water in an 80 acre wet pit with a total dissolved solids content of 500 parts per million (ppm) would leave the pit with a total dissolved solids content of 525 ppm.  DKT concluded that the impacts of land uses with water usage and evaporative losses comparable to that of open water areas, such as irrigated turf, would have similar salt loading potential.

6.2
Potential Surface Water Body Impacts

Surface water bodies that potentially may be impacted due to the proposed mining activities have been identified as the adjacent West Adams Canal and Cache Creek.  The only concern is the potential for water loss from West Adams Canal.  Specifically, the exposed slope of an adjacent pit wall below the elevation of the canal may result in a reduction of flow resistance and increased seepage losses from the canal.

Based on the calculations conducted in WKA’s 1995 report the water seeping from the canal intersects the groundwater table prior to intersecting the cut-slope surface of the adjacent pit wall.  However, isolated clay lenses at depth may result in seepage at the cut slope.  This seepage phenomenon has been observed in mine pits west of this site during spring and early summer.  The adjacent seepage, however, is greatly reduced by early fall due likely to algae retarding infiltration in the canal.

Additionally, since evaporative losses from the reclaimed open water areas are consistent with the regional land use, the exposed groundwater table is not expected to be lowered by evaporative losses significantly enough to increase the seepage loss from the West Adams Canal.

7.0
RECOMMENDATIONS

Based on the results of this assessment and comparison with WKA’s 1995 report, the most significant potential impacts of the aggregate mining plan are potential groundwater flow interference and aquifer contamination resulting from direct exposure of groundwater at the surface.

We have summarized our proposed mitigation recommendations as follows:

· Limit the quantity of fine material placed in the open water areas for reclamation.

· Provide berms and setbacks in accordance with the Technical Studies to provide protection to the expanded wet pit areas with adequate protection from surface and agricultural runoff (DKT, 1995).

· Provide flood protection for open water areas to reduce risk of inundation and subsequent silting of reclaimed areas.

· Designate a limited maintenance and fueling area for all equipment used in the mining operations.  This area should be designed to contain any contaminants and prevent their runoff and infiltration into groundwater.

· Continue the groundwater monitoring and sampling program as proposed below in section 7.1 in accordance with Yolo County Code.

7.1
Proposed Monitoring Program

The following monitoring program is proposed for the Esparto Facility in accordance with the monitoring requirements of Title 10, Chapter 4.417 of the Yolo County Code for Off-Channel Surface Mining.  The monitoring well network will consist of MW4B, MW5, MW6, MW7, MW8, and MW9 (Figure 2) based on the total acreage of wet pit mining.

7.1.1
Groundwater Monitoring

· Record the depth-to-water and pit water surface and calculate the groundwater levels from the six monitoring wells for two quarters prior to mining and quarterly thereafter for the duration of mining and reclamation.

7.1.2
Groundwater Sampling

· Prior to the Removal of Overburden

· Collect groundwater samples for laboratory analysis from one upgradient well (MW4B) and one downgradient well (MW7) at least two quarters prior to the removal of overburden and again at the start of excavation.

· Analyze the samples, at a minimum, for:

· General Minerals (conventional water quality parameters) using various EPA methods

· Nitrate as Nitrogen using EPA Method 300.0

· CAM 17 Metals (total) using EPA 200 series

· Total petroleum hydrocarbons (TPH) as diesel and motor oil using modified EPA Method 8015

· Benzene, toluene, ethylbenzene, and total xylenes (BTEX) using EPA Method 8260B

· Organophosphorous pesticides using EPA Method 8141A

· Chlorinated herbicides using EPA Method 8151A

· Total and fecal coliform (including E. coli) using SM 9221

· During Active Wet Pit Mining

· Collect a surface water sample for laboratory analysis from the wet pit semiannually for the duration of mining and active reclamation.

· Collect samples for laboratory analysis from one upgradient well (MW4B) and one downgradient well (MW7), at a minimum, semiannually for the first two years after wet pit mining commences and annually every year thereafter.

· Analyze the samples for the same suite detailed above.

· After Active Reclamation

· Collect water samples for laboratory analysis from the wet pit and from one upgradient well (MW4B) and one downgradient well (MW7) every two years for a ten year period after completion of reclamation.

· Analyze the samples, at a minimum, for:

· pH using EPA Method 150.1

· Temperature (field measurement)

· Phosphorous using EPA Method 365.2

· Nitrate/Nitrite as Nitrogen using EPA Method 300.0/353.2

· Total Kjeldahl Nitrogen using EPA Method 351.3

· Total dissolved solids (TDS) using EPA Method 160.1

· Biological Oxygen Demand (BOD) using EPA Method 405.1

· Total and fecal coliform (including E. coli) using SM 9221

8.0
LIMITATIONS

The statements and conclusions in this report are based upon the scope of work described above and on observations made on the dates of our fieldwork.  The work was performed using a degree of skill consistent with that of competent environmental consulting firms performing similar work in the area.  No recommendation is made as to the suitability of the property for any purpose.  The results of our investigation do not preclude the possibility that materials currently, or in the future, defined as hazardous are present on the property.  This report is applicable only to the investigated property and should not be used for any other property.  No warranty is expressed or implied.
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