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1.1 INTRODUCTION XE "INTRODUCTION"  
Panoche Energy Center, LLC submits this application for a non-hazardous Class I Underground Injection Control (UIC) permit, for the installation of deep injection wells in Fresno County, California.  The Panoche Energy Center (PEC) is a proposed simple-cycle power generation project that consists of four natural gas-fired combustion turbine generators.  PEC proposes to dispose of the cooling water and other wastewaters associated with plant operations, by installing four (4) deep injection wells at the facility. ONE

The project area is located in an unincorporated area of western Fresno County, adjacent to the Panoche Hills and east of the San Benito County line. The site is approximately 50 miles west of the City of Fresno and approximately 2 miles east of Interstate 5. The site is more specifically located within the southwest quarter of Section 5, Township 15 South, Range 13 East, on the United States Geological Survey (USGS) Quadrangle map (Figure 1A, Attachment A). The assessor’s parcel number (APN) of the parcel containing the site is 027-060-78S. The PEC facility will be located in a 12.8-acre portion of a 128-acre parcel. The 128-acre parcel is currently in agricultural production with pomegranate trees. 

The PEC will be simple-cycle power generation project that will consist of four (4) General Electric LMS100 natural gas-fired combustion turbine generators (CTGs). The total net generating capacity is 400 megawatts (MW) with each CTG capable of generating 100 MW. The proposed plant will be owned and operated by PEC (also referred to as the Applicant). Auxiliary equipment will include inlet air filters with evaporative coolers, turbine compressor section inter-cooler, mechanical draft cooling tower, circulating water pumps, water treatment equipment, natural gas compressors, generator step-up and auxiliary transformers, and water storage tanks. 
Process water for the PEC will be supplied via two onsite production wells connected to a deep confined aquifer containing brackish, non-potable water unsuitable for agricultural use. The water requirements include cooling tower makeup, combustion turbine inlet air evaporative cooler makeup, combustion turbine NOx injection, fire protection water, and plant service water. The CTG injection water will be treated using a Reverse Osmosis (RO) system, followed by a mixed-bed deionizer. 

Safety water requirements include facility showers, sinks, toilets, eye wash stations, and safety showers in hazardous chemical areas. The safety water will be supplied by the onsite production wells and will be treated as necessary to applicable federal, state, and local requirements. Potable drinking water will be supplied by a bottled water purveyor. 

A new deep well injection system is proposed for the disposal of the wastewater generated by the power plant. The combined wastewater discharge from the plant will consist of cooling tower blowdown, RO rejects, evaporative cooler blowdown, CTG intercooler condensation and water effluent from the oil-water separator. 
A description of the PEC operation and water flow system is included in Attachment H.

2 Section 1 TWO
Uic Permit Application
2.1 Inventory OF CONTACT Information XE "Inventory OF CONTACT Information" 
2.1.1 Facility name, address, telephone:

Facility Name:

Panoche Energy Center
Facility Owner:
Panoche Energy Center, LLC
Mailing Address:
Three Charles River Place, 63 Kendrick Street

                                        Needham, MA 02494

Project Manager:
Dave Jenkins

Telephone:

(317) 431-1004

Fax:


(317) 834-9796
E-Mail:

davdjenk@gmail.com
2.1.2 Property owner(s) name(s), address(es), telephone(s), including both surface and mineral rights owners:

Owner/Operator:
Panoche Energy Center, LLC 

Contact Name:

Gary Chandler 

Address

2542 Singletree Lane

                                    South Jordan, UT 84095

Telephone:

(801) 253-1278

Owner/Operator:
Panoche Energy Center, LLC
Contact Name:

Dave Jenkins
Address 

1293 E Jessup Way

                                       Mooresville, IN 46158
Telephone:                    (317) 431-1004  

2.1.3 Operator/legal contact name, address, and telephone number of person responsible for facilities who can be contacted by Board staff:

Contact Name:

Dave Jenkins, Project Manager  




Panoche Energy Center, LLC
Telephone:                    (317) 431-1004

Fax:


(317) 834-9796 

E-Mail:

davdjenk@gmail.com
Contact Name:

Gary Chandler, President




Panoche Energy Center, LLC 

Telephone:                    (801) 253-1278

Fax:


(801) 225-2041
E-Mail:                          grchandler@gmail.com
2.1.4 Project type (cogeneration, refinery, industrial treatment, commercial disposal, etc.):

Simple cycle electric power generating plant with non-hazardous wastewater disposal wells. 
2.1.5 Legal contact(s) (name and address):

Contact Name:
Jonathan M. January
                                      
Partner - General Counsel
                                      
Energy Investors Funds
                                      
Three Charles River Place
                                      
63 Kendrick Street
                                      
Needham, MA 02494
Telephone:
781-292-7012

Fax:
781-292-7099

E-Mail:
JJanuary@EIFGroup.com

2.1.6 Operating status of other well(s) on site:

No wells are known to have been installed on the PEC project property. (Figure 1A, Attachment A).
2.1.7 Listing of all permits received or applied for:

To date no permits have been acquired for the PEC facility. An Application for Certification was submitted to the California Energy Commission in August, 2006 for the PEC. In addition, an Authority to Construct application was submitted to the San Joaquin Valley Unified Air Pollution Control District in support of the PEC in August 2006.

2.2 Data:  wells within area of review XE "Data\:  wells within area of review" 
The location of the PEC site and Area of Review (AOR) are shown on Figure A1, Attachment A.

Three water wells are located within a radius of one quarter mile of the proposed PEC deep injection wells (Figure A1, Attachment A).  No wells within a radius of one mile of the proposed PEC are known to have penetrated to the depth of the proposed waste injection. 
Volumetric area of influence calculations (Table A1, Attachment A), based on injecting wastewater from PEC into two wells (IW1 and IW2), indicate that the maximum area of influence from the injection wells after a period of 30 years would include an area with a radius of 1,853 feet (0.35 mile radius) after a period of 30 years (Figure A2, Waste Front Map, Attachment A).
Pressure front calculations (Table A2, Attachment A), also based on injecting the wastewater into two (2) wells, indicates that at a radius of approximately one quarter mile the increase in formation pressure would be approximately 50 psi after a period of 30 years of operation (Figure A3, Pressure Front, Attachment A). Both of these areas of influence fall within a radius of 0.25 miles from the proposed injection wells.  

Legal contact(s) (names and addresses): 

Contact Name:
Jonathan M. January
                                      
Partner - General Counsel
                                      
Energy Investors Funds
                                      
Three Charles River Place
                                      
63 Kendrick Street
                                      
Needham, MA 02494
Telephone:
781-292-7012

Fax:
781-292-7099

E-Mail:

JJanuary@EIFGroup.com
2.2.1 Well name(s) and locations(s) (section, township, range):

The AOR is located in Sections 5, 6, 7 and 8 of Township 15 S, and Range 13 E.  Townships and ranges are referenced to the Mount Diablo Base and Meridian. 
Water well name and location data were obtained from the National Well Information System (NWIS), Westlands Water District reports, San Joaquin Valley hydrogeological research references published USGS and other sources.

Publicly available water well and Cheney Ranch Gas Field well data are summarized in Attachment C. Information on water wells and other privately-owned wells, particularly well construction data for the water wells,  is confidential and available only if authorized for release by the well owner. 

Well logs and data files for the Cheney Ranch Gas Field were obtained from the Coalinga office, Region 5, Department of Oil and Gas and Geothermal Resources (DOGGR). Attachment A includes location maps of the former wells of this field. Attachment C contains summary tables of all publicly available well data, well owner information, and, where available, well construction data, histories, and logs for wells within the area of review and for the areas within a radius of one (1) mile of the PEC. 

Wells within the AOR, Area of Influence (AOI) and beyond a radius of one half mile from the PEC proposed injection wells are shown on the Figures A1, A2 and A3, in Attachment A.  The wells consist of active, inactive and abandoned water production wells.  Three water wells are located within the AOR, in this instance, the area within a fixed radius of one quarter mile of the proposed injection wells. The water wells located within 0.25 miles of the proposed injection wells included State wells numbered 015S013E06J001M, 015S13E05M001M and 015S013E05M002M, shown on Figure A1, Area of Review. (Attachment A).
There are 8 water wells located between one half mile and one mile radius of the PEC site, (Figure A3, Attachment A).  Data for the wells located within a 0.5 mile radius, the radius of influence, determined by pressure front calculations, are listed on Table C2, in Attachment C. 

The abandoned Cheney Ranch Gas Field is located approximately one (1) mile north of the PEC site (Figure B1, Attachment B).  The section numbers, along with existing well names, operators, and API numbers of the Cheney Ranch Gas Field wells are shown on Table C2, in Appendix C. 

The proposed injection well locations are shown on Figure B2, labeled IW1 through IW4.  It is proposed that a total of four injection wells be constructed. Based on the proposed water and wastewater treatment within the design of the PEC, no pre-injection treatment is planned at this time (Attachment K). 
2.2.2 Date(s) drilled (plus dates of significant workovers, abandonment date, etc.):

The available information is included in Attachment C. The information includes copies of Cheney Ranch Gas Field well files and the Westlands Water District’s publicly available information for the water wells. 
2.2.3 Well depth(s):

Total depths of wells within a of 0.25 mile radius of the PEC are shown on the attached map, Figure A1, in Appendix A. Tables C1 and C2, in Attachment C, also have information on the depths of the wells located between 0.25 and 0.5 mile radii of the PEC site. 

2.2.4 Type of well(s) (hydrocarbon production, injection, dry, irrigation, domestic water supply, geothermal, etc.):

Well symbols shown on Figures A1, A2 in Appendix A, denote the specific type of well. Wells within the AOI only include irrigation and abandoned domestic water wells. Well types located beyond the AOR are included in the well Tables C1 and C2, in Attachment C, including data for wells located beyond the AOR and AOI. 

2.2.5 Status (active, inactive, plugged, abandoned, etc.):

All the Cheney Ranch Gas Field wells have been abandoned. Abandonment reports are provided in Attachment C for selected gas wells. Information on the status of other wells within the area of influence has been included in Attachment C. 
2.2.6 Construction information (cement, casing, tubing, completion, and plugging records. Include “as built” diagram of each well showing construction, tops of injection and confining zones and formation tops):

There is no publicly available well construction information for the three (3) private water wells located within the AOR. Limited construction information for some of the water wells located within a one mile radius of the PEC has been recorded by the Westlands Water District, and is included in Attachment C. 
Available well schematics and DOGGR files for the Cheney Ranch Gas Field wells are provided in Attachment C.
2.2.7 Perforated and/or screened interval(s):

No wells intersect the injection zone of the proposed PEC wells within the AOR and AOI. 
2.2.8 Distance(s) from injection well(s):

The three (3) water wells, State well numbers 015S013E06J001M, 015S13E05M001M and 015S013E05M002M, are all approximately 800 feet northeast from the proposed PEC injection wells, shown on Figure A1, Area of Review, in Attachment A.

Estimated distances of water wells from the proposed injection are also listed in summary table, Appendix C. 

2.2.9 Annotated copies of all lithologic, wire-line and geophysical logs, mechanical integrity tests, etc.:

Available Cheney Ranch Gas Field well files and geophysical e-logs are included in Appendix C. Annotated e-logs and a geologic cross-section, with interpretations of lithologic intersections are shown on Figure F2, Attachment F.  The anticipated lithology beneath the PEC is discussed further in Section 2.6 of this permit application.
2.2.10 Well history:

No oil or gas well is located within the area of influence. Well histories are included for selected Cheney Ranch Gas Field wells in Attachment C. 

2.2.11 Contingency plan for well failures:

Two injection wells will be used as the primary injection wells, with up to 2 additional wells available for back-up or parallel use.  Each injection well will be designed to accommodate the maximum planned injection rate.  Based on conservative permeability estimates and the volume of the proposed injection zones, four injection wells should provide ample contingency capacity should one or more wells reach maximum injectivity.  

If a well is found to lack mechanical integrity, EPA will be notified, and appropriate action will be taken to continue injection using one of the secondary wells.  In the event of tubing or packer leaks, injection at the faulty well will be suspended until the appropriate section of tubing or packer can be replaced.  For pump failure, the pump, motor, or associated electrical system components will be replaced or repaired as appropriate.  If the injection well is unable to be returned to service, the failed well will be abandoned in accordance with the approved plugging and abandonment plan, or other applicable state federal and local regulations.  A new injection well installation would be initiated in accordance with applicable regulations and after approval by the appropriate regulatory agencies. 

2.2.12 Corrective/remedial action for improperly abandoned well(s):

None anticipated. 
The water wells within the area of influence are approximately 1,550 feet deep, and do not intersect the approximately 4,800 to 5,600 feet deep target wastewater disposal zone. 
The three water wells in the area of review (AOR) were completed about 3,000 ft above the proposed confining zone, and would not be affected by the proposed injection operations. 

Should an improperly abandoned oil or gas well be discovered within the Area of Influence (AOI), it will be abandoned in accordance with DOGGR regulations. Available abandonment approvals for wells beyond the AOI are included with well histories in Attachment C. 
2.2.13 Contingency plan for surface spills or equipment failure:

Depending on the type of spill or failure, appropriate action will be taken to continue injection within the applicable state, federal, and local requirements.  USEPA will be notified within 24 hours and a corrective action plan will be developed and submitted for USEPA approval. Appropriate action will be taken to continue injection service according to UIC permit conditions. If only one well fails, the wastewater can be diverted to the other disposal wells up to their maximum permitted rates and pressures.

2.3 regional geology XE "regional geology" 
2.3.1 Regional geology:

The PEC site is located in the southern San Joaquin Valley within the Great Valley Geomorphic Province. The structure of the Great Valley is an elongate, relatively undeformed lowland basin surrounded by highly deformed rock units of the Coast Ranges to the west and the Sierra Nevada to the east (Figure E1, Attachment E) (Norris and Webb, 1990). The PEC property is approximately 50 miles west-southwest of Fresno. 

2.3.2 The project area is located south of the abandoned Cheney Ranch Gas FieldRegional structure: 
The San Joaquin Valley is a synclinal structure between the tilted block of the Sierra Nevada on the east and the complexly folded and faulted Coast Ranges on the west. The Sierra Nevada is uplifted along its eastern flank and depressed along its western flank where it is overlain by sedimentary deposits of the San Joaquin Valley. Beneath the San Joaquin Valley, a westwardly thickening wedge of sediments overlies cyrstaline basement rocks similar to those exposed in the Sierra Nevada. 

2.3.3 Regional stratigraphy:

Within the San Joaquin Basin there are approximately 20,000 feet of sediments that have been deposited and deformed by geologic forces over the last 100 million years.  A generalized stratigraphic column is shown in Appendix F, Figure F1.  
2.3.4 Significant Quaternary Faults:

There are no known faults within the area of review, and no faults were identified within 2 miles of the site (Dibblee, 1975; Fresno County, 2000). The nearest Earthquake Fault Zone as defined by the Alquist-Priolo Earthquake Fault Zoning Act of 1994 is the Ortigalita fault zone, which is about 19.4 miles from the site at its closest point (Table E1, Attachment E). Earthquake Fault Zones include faults considered to have been active during Holocene time and to have a relatively high potential for surface rupture (CDMG, 2000). Ground rupture is not likely at the site.

The Ortigalita fault zone, the San Andreas fault zone, and the Nunez fault are described because they are the closest designated Earthquake Fault Zones to the site. The Great Valley thrust faults are also described due to their proximity to the site and potential for activity. 

The Ortigalita fault zone is a major Holocene dextral strike-slip fault in the central Coast Ranges that is an eastern part of the lager San Andreas fault system. The Ortigalita fault zone is about 19.4 miles from the site at its closest point. The fault zone extends from about 12.4 miles northwest of San Luis Reservoir southeast to the vicinity of Panoche Valley. The fault zone is divided into 4 sections. The Little Panoche Valley section is the southern most section and is closest to the site. The Little Panoche Valley section is late Holocene active. The vertical slip rate is at least 0.01-0.04 millimeters per year. The dextral slip component is probably greater than the vertical component and is estimated to be 0.5 to 1.5 millimeters per year (USGS, 2006b). Average slip rates for the San Andreas fault zone exceed 5.0 millimeters per year (USGS, 2006b).
The San Andreas fault lies to the west and southwest of the site. The fault is considered active and is of primary concern in evaluating seismic hazards throughout western Fresno County (Fresno County, 2000). The 684-mile-long San Andreas fault zone is the principal element of the San Andreas fault system, a network of faults with predominantly dextral strike-slip displacement that collectively accommodates the majority of relative north-south motion between the North American and Pacific plates. The San Andreas fault zone is the most extensively studied fault in California, and perhaps the world. The creeping section of the San Andreas fault is about 28.2 miles from the site at its closest point. The San Andreas fault zone is considered to be the Holocene and historically active dextral strike-slip fault that extends along most of coastal California from its complex junction with the Mendocino fault zone on the north, southeast to the northern Transverse Range and inland to the Salton Sea, where a well-defined zone of seismicity transfers the slip to the Imperial fault along a right-releasing step (USGS, 2006b).

Two major surface-rupturing earthquakes have occurred on the San Andreas fault in historic time: the 1857 Fort Tejon and 1906 San Francisco earthquakes. Additional historic surface rupturing earthquakes include the unnamed 1812 earthquake along the Mojave section and the northern part of the San Bernardino Mountains section, and a large earthquake in the San Francisco Bay area that occurred in 1838 that was probably on the Peninsula section. Historic fault creep rates are as high as 32 millimeters per year for the 82-mile-long creeping section in central California with creep rates gradually tapering to zero at the northwestern and southeastern ends of the section. Average slip rates for the San Andreas fault zone exceed 5.0 millimeters per year (USGS, 2006b).

Nunez Fault. The Nunez fault is located approximately 6 to 7 miles northwest of Coalinga and is about 30 miles from the site at its closest point. The fault is about 2.6 miles long and is considered active based on surface rupture associated with the 1983 Coalinga earthquake. The fault is divided into two north and south trending segments. About 2.1 miles of right-reverse surface rupture occurred on the segments. Total displacement and timing of past fault movements are poorly constrained (Rymer and Ellsworth, 1990; Fresno County, 2000).

Great Valley Thrust Faults. The Great Valley thrust faults have been divided into at least 14 segments extending over 300 miles in cumulative length based on geomorphic interpretation of the range front bordering the western edge of the Central Valley (USGS, 2006a). The closest Great Valley thrust fault is about 5.3 miles from the site at its closest point. Recent evidence suggests that the faults located along the western boundary of the San Joaquin Valley may be more active than once believed. Asymmetrical folds identified on the eastern slopes of the Coast Ranges can hide faults that show no surface rupture. The faults and folds along the Coast Range-Sierran Block Boundary (Great Valley thrust faults) are similar or include the faults and folds that were the source of the 1983 Coalinga earthquake. The Great Valley thrust faults are now believed to be active and capable of generating large magnitude earthquakes (Rymer and Ellsworth, 1990; Fresno County, 2000). The Great Valley thrust faults are not identified as Earthquake Fault Zones.
2.4 Local Geology XE "Local Geology" 
2.4.1 Local stratigraphy:

The stratigraphy beneath the Cheney Ranch Gas Field is typical of the San Joaquin Valley. The rocks and deposits have been divided into numerous formations with names that may vary in the region (Croft, 1972). In general, stratigraphic nomenclature used in the Cheney Ranch Gas Field and other oil and gas fields near the PEC is favored here because of the relatively large amount of subsurface data associated with exploration and production within these fields. Recent to Pleistocene non-marine sediments are present at the surface and to a depth of about 1,300 feet. Below the non-marine Pleistocene is the Miocene to Oligocene Tremblor Formation which extends to a depth of approximately 3,250 feet bgs (Figure F2, Attachment F). Beneath the Tremblor Formation, the Eocene is represented by transgressive marine Kreyenhagen Shales. The Eocene sediments include the Domingene sequence and early Eocene Laguna sands. Eocene age sediments appear to be located at depths of between 3,250 to 5,060 feet bgs.

Underlying the Kreyenhagen Shale is a 1,800 to 1,900-foot thick section of marine shelf sands and silts of Eocene age. This section includes the Domengine sandstone, the Tesla Formation, and the Laguna and Cima Sand sequences. This is the proposed injection zone for the PEC wells. The top of the Moreno Formation is at a depth of approximately 5,060 feet bgs.  The Moreno shale beds form a substantial lower confining zone (Type E-log, Attachment C). The E-log (England 1-31), is representative of the general stratigraphy of the project area. 

The Moreno Formation and Panoche Formation rest on basement rocks that consist primarily of green quartzite and volcanoclastics. 
2.4.2 Regional hydrogeology: 

The Project Site is located in the Westside Subbasin of the San Joaquin Valley Groundwater Basin. The Subbasin is located between the Coast Range foothills on the west and the San Joaquin River Drainage and Fresno Slough on the east. The Subbasin is bordered on the southwest by the Pleasant Valley Groundwater Subbasin and on the west by Tertiary marine sediments of the Coast Ranges, on the north and northeast by the Delta-Mendota Groundwater Subbasin, and on the east and southeast by the Kings and Tulare Lake Groundwater Subbasins. 

The aquifer system comprising the Westside Subbasin consists of unconsolidated continental deposits of Tertiary and Quaternary age. These deposits form an unconfined to semi-confined upper aquifer and a confined lower aquifer. These aquifers are separated by an aquitard named Corcoran Clay (E-Clay) member of the Tulare Formation. These water-bearing zones are recharged by subsurface inflow from the west, east and northeast and by percolation of applied surface water. 

The unconfined to semi-confined aquifer (upper zone) above the Corcoran Clay includes younger alluvium, older alluvium, and part of the Tulare Formation. These deposits consist of highly lenticular, poorly sorted clay, silt, and sand incercalated with occasional beds of well-sorted sand. Brackish or saline water underlies the usable groundwater in the lower zone.

The Tulare Formation is included in undifferentiated non-marine strata approximately 2,580 feet thick encountered in the upper portion of nearby gas wells (DOGGR, 1951). The Tulare Formation is late Pliocene and early Pleistocene in age, and includes the Corcoran Clay, which is an extensive lacustrine deposit of low permeability that divides the ground-water flow system into a lower confined zone and an upper semiconfined zone. The Corcoran Clay was apparently encountered nearby in U.S. Geological Survey water well State No. 15S/13E-5F5, at a depth of about 666 feet below ground surface (USGS, 1987a). The Corcoran Clay ranges in thickness from 20 to 120 feet (Belitz and Heimes, 1990).

The deposits of the semiconfined zone above the Corcoran Clay can include alluvium derived from the Coast Ranges and Sierran-derived sand. These hydrogeologic units differ in texture, hydrologic properties, and oxidation state. In contrast to Coast Ranges alluvium, the Sierran sand is reduced in the valley trough. The Sierran deposits are highly permeable and historically have been tapped by wells as a source of irrigation water (Belitz and Heimes, 1990). Sierran sands do not generally extend very far to the west of the axis of the valley trough, and the semiconfined zone underlying the site is dominated by Coast Range alluvium. Groundwater within the Coast Ranges alluvium is generally considered to be of relatively low quality due to the presence of water-soluble deleterious minerals within the parent rocks (Gilliom et al., 1989).

The deposits of the confined zone below the Corcoran Clay used as aquifers for groundwater production consist of poorly consolidated flood-plain, deltatic, alluvial fan, and lacustrine deposits of the Tulare Formation. Many of the agricultural production wells in the study area are perforated below the Corcoran Clay (Belitz and Heimes, 1990). Groundwater withdrawal from the confined zone generated large-scale ground subsidence prior to delivery of surface water for agricultural water supply replacement beginning in the 1960’s (Poland et al., 1975). Today, agricultural use of groundwater is limited except in times of drought when surface water supplies are curtailed.

Pumpage of groundwater from wells has caused a lowering of the potentiometric surface of the confined zone over much of the western valley. Percolation of irrigation water has replaced infiltration of intermittent streamflow as the primary mechanism of recharge. The combination of percolation and pumpage has resulted in development of a large downward hydraulic-head gradient in the semiconfined zone and has created a groundwater divide. The present-day groundwater flow system is in a transient state and is adjusting to the stresses placed upon it in both the past and present (Belitz and Heimes, 1990).
2.4.3 Local hydrogeology: 

The Corcoran Clay is an extensive diatomaceous-lacustrine clay deposit of low permeability that divides the ground water flow system into a lower confined zone and an upper semiconfined zone (Davis and Poland, 1957). The Corcoran Clay was encountered in nearby USGS water well at a depth of about 666 feet below ground surface (USGS, 1987b). The Corcoran Clay ranges in thickness from 20 to 120 feet (Belitz and Heimes, 1990) and is estimated to be about 100 feet thick underlying the site.
The deposits of the semi-confined zone above the Corcoran Clay are typically alluvium derived from the Coast Ranges. Groundwater within the Coast Ranges alluvium is generally of sulfate or bicarbonate type with relatively high dissolved mineral concentration and is generally considered to be of relatively low quality (Davis et al., 1959; Bull and Miller, 1975; Gilliom et al., 1989).
The deposits of the confined zone below the Corcoran Clay used as aquifers for ground water production consist of poorly consolidated floodplain, deltatic, alluvial fan, and lacustrine deposits of the Tulare Formation. In general, groundwater in the confined zone generally contains smaller quantities of dissolved minerals and a higher concentration of sodium than groundwater in the overlying semi-confined zone (Davis et al., 1959). Many of the agricultural production wells in the study area are perforated below the Corcoran Clay (Belitz and Heimes, 1990). 
Based on NWIS, December 2005 data, the depth to the confined zone piezometric ground water surface at the site is expected to be about 400 feet below ground surface (http://waterdata.usgs.gov/nwis). The elevation of the base of fresh ground water is approximately 1,200 feet below mean sea level in the confined zone below the Corcoran Clay. Locally, the base of fresh ground water is defined as ground water with total dissolved solids (TDS) exceeding 2,000 mg/L, which is too high for irrigating crops (Westlands, 2006).
2.4.4 Lateral and Vertical Extent of the Fresh Groundwater: 

Groundwater with more than 2,000 parts per million total dissolved solids (TDS) is considered too saline for irrigating crops in the Westlands Subbasin area (Westlands, 2006). Based on a TDS of 2,000 mg/L, the Westlands Water District maps limit the base of fresh groundwater to approximately 1,200 feet beneath the Panoche site.  The lateral extent and depth to the base of the regional fresh water are shown on Figure D4, Attachment D.
2.5 Hydrogeology of confining zone for proposed and existing wells XE "Hydrogeology of confining zone for proposed and existing wells" 
2.5.1 Formation: 
The Kreyenhagen Shales are one of the most aerially extensive and well-known formations in California and will act as the principal confining zone for proposed injection operations.
The relatively impervious shale sequence overlying the proposed injection zone is shown on a north to south cross-section of the Cheney Ranch Gas Field (Figure F2, Attachment F). The location of the section is shown on Figure F3 in Appendix F. 
2.5.2 Age of confining zone:

The Kreyenhagen Formation is of middle to late Eocene age and was deposited about 40 and 50 million years before present (MYBP). 

2.5.3 Thickness of confining zone:

The Kreyenhagen Shale beneath the Cheney Ranch Gas Field ranges in thickness from 900 to 965 feet (Table G1, Attachment G).  The vertical thickness of the Kreyenhagen shale, interpreted from gas well e-logs, is depicted by isochores on Figure G1, in Attachment G. The extrapolation of the isochors indicates that the Kreyenhagen shale sequence might be up to 965 feet thick beneath the PEC site. 
2.5.4 Mineralogy and lithology of confining zone:

The Kreyenhagen Shale is massive, soft, smooth to finely gritty, becoming silty in part, with abundant mica.  The clay minerals are predominately Smectite/Illite and Montmorillonite.  These clays are highly expansive when exposed to water.  It is anticipated that any contact made between these clays and injected waste water will result in non-penetration and/or further pore throat plugging in the silts and sands due to swelling of intergranular clay (Campbell, 2001). Regionally, the Kreyenhagen Formation is a dark gray to brown massive shale that may contain significant silica from radiolaria, diatoms, and sponge spicules. Pyrite is commonly described, and glauconite is a common and distinctive component that occurs near the base of the shale. 
The Kreyenhagen is considered a petroleum source rock, because the shale contains a high percentage of organic carbon. 

2.5.5 Stratigraphy of confining zone:

The structure of the confining layer is a low-relief syncline with no known faulting (Campbell, 2001).  Variations in the depth to the top of the Kreyenhagen Shale are shown as contours on Figure G2, Attachment G.  The structure of the top of the Kreyenhagen shale (Figure G2, Attachment G) suggests the formation tilts mildly towards the east. 
Mapping has not indicated any significant faulting in the area. Page and Balding (1973) also found that, although faulting has occurred in the basement complex, it has not influenced the general movement of groundwater in the area. 

The Kreyenhagen Shale appears to be present beneath the PEC property in the depth interval of approximately 3,200 to 4,170 feet bgs (Figure G2, Attachment G). This sequence of low permeability shale should form a substantial confining zone, and prevent the migration of injected wastewater towards the overlying aquifers that are underground sources of drinking water (USDW). 

2.5.6 Description of vertical and lateral continuity of confining zone within a minimum one mile radius of the proposed injection well):

This sequence of low permeability shale should form a substantial confining zone, and prevent the migration of injected wastewater towards the overlying aquifers that are underground sources of drinking water (USDW). 

The E-Logs of wells in the Cheney Gas Field show sedimentary sequences can be correlated over distances of greater than 2 miles (Figure F2, Attachment F). By extrapolation, the E-logs indicate approximately 960 feet of impermeable shale may be present beneath the PEC property (Figure 4, Attachment F). 

Mapping has not indicated any significant faulting in the area. Page and Balding (1973) also found that, although faulting has occurred in the basement complex, it has not influenced the general movement of groundwater in the area. 

A review of San Joaquin Valley geological references indicates that no known faults are located within the AOR and AOI of the proposed PEC site.

2.5.7 Hydrogeologic parameters of the confining zone:

The Kreyenhagen Shale normally exhibits a "baseline" shale response on the spontaneous potential (SP) log because of positive millivolt deflection by saline formations in low-salinity drilling fluids. This characteristic is consistent with rocks having negligible porosity and permeability and generally considered as evidence that they are impermeable. Gas trapped within the sands of the Cheney Ranch Gas Field indicates that the Kreyenhagen Shale has a low enough hydraulic conductivity to confine even gaseous substances over geologic time. 

2.5.8 Hydraulic conductivity or permeability (horizontal and vertical):

The Kreyenhagen formation has a low hydraulic conductivity, generally less than 1x10E-6 cm/sec or approximately 3.0 x l0-03 ft/day.  The unweathered siltstone and claystone has an even lower hydraulic conductivity, generally 1x10E-7 cm/sec or less (Barsamian, 2001).  
No actual core work has been performed on this layer within the area of review, so physical measurements of permeability and compressibility are not available. In general, the anticipated low permeability of the confining layer should provide ample seal between the Eocene Laguna Sand and the base of the overlying USDW. 
2.5.8.1 Porosity:

The porosity of the Kreyenhagen Shale is estimated to be less than 10% (Freeze and Cherry, 1979). Porosity measurements for the Kreyenhagen Shale were not available from oil or gas wells within the San Joaquin Valley. 
2.5.8.2 Compressibility:

Values of compressibility for clay typically range between 6.9 x 10-3 to 6.9 x 10-5 psi-1 (10-6 to 10-8 m2/N) (Freeze and Cherry, 1979).  Compressibility of the confining zone is estimated to be 3.4 x loa psi' based on compressibility values for consolidated sandstones with porosity of 26% at a lithostatic pressure of 0.75 psi/ft (Craft and Hawkins, 1959). 

2.6 hydrogeology of injection zone for proposed and existing wells XE "hydrogeology of injection zone for proposed and existing wells" 
2.6.1 Formation:

The Paleocene and Lower Eocene sands below the Kreyenhagen shale and above the Upper Cretaceous Panoche Group shales have been selected as the primary injection zones, as they appear to be laterally continuous and sufficiently thick (Figure F2, Attachment F). Thinner sand sequences such as the Domengine sandstones and Moreno Formation Sands below the Kreyenhagen Shale may also be included as part of the injection zone. 

Using E-logs, the Eocene sands beneath the Cheney Ranch Gas Field appear to correlate well over a distance of a couple of miles (Figure F2, Attachment F). The strong correlation of the sand and shale strata, as interpreted from the E-logs of the wells to the north, indicates the sedimentary sequences probably extend, from the Cheney Ranch Gas Field, to the PEC property.  

Vertical and lateral continuity of the Eocene sands within a one-mile radius of the proposed injection wells is apparent when comparing the geophysical logs of the southern most Cheney Ranch Gas Field wells.  A comparison of the depth and thicknesses of the Eocene sand beds in the three Cheney Ranch Field logs, ‘England’ 1-31; ‘Cheney Ranch’ 15X, ‘Cheney Ranch’ 81X-30, ‘Silver Creek’ 18 and ‘Roberts’ 1, indicate the sand sequences are laterally continuous and should extend beneath the proposed PEC (Well logs in Attachment C and Figure F2, Attachment F). 
2.6.2 Age of injection zone:

The Laguna and Cima sands are considered to be early Eocene in age. 
2.6.3 Thickness of injection zone:

The Eocene sands, Laguna and Cima, in the proposed injection zone, shown in the gas well located nearest to the site, ‘England’ No. 1-31, have a total gross thickness of about 566 ft and an estimated net sand thickness of about 500 ft. The proposed injection interval beneath the PEC property is expected to be at least 500 feet thick, as there appears to be a thickening of these sequences from north to south across the Cheney Ranch Gas Field (Figure G4, Attachment G). 
The analysis of the e-logs of the gas wells located within the Cheney Ranch Gas Field confirms the persistence of the vertical thickness of the Paleocene sand sequences below the Kreyenhagen Shale. An isochlore map of the total thickness of the Laguna and Cima sand beds intersected by the gas wells illustrates the strong lateral continuity of the proposed injection zones (Figure G4 Attachment G).  The 660 feet isopach on Figure G4, crosses the PEC site.
2.6.4 Mineralogy and lithology of injection zone:

The lithologic sequences of the early Eocene include highly porous and permeable sands separated by intermittent thin shale beds.  Beneath the PEC site, the sand beds from 4,800 to 5,600 feet bgs, may consist of fine- to medium-grained quartz-rich sand, with biotite, muscovite and various mafic minerals. 

2.6.5 Structure of injection zone (faults and extent, fractures):

The structure of the proposed injection zone is shown by the contours of the depth to the top of the Laguna Sand sloping gently to the east (Figure G3, Attachment G).  This would suggest that the proposed injection has undergone minimal deformation.  Published geologic reports and structural maps of the area do not indicate the presence of any significant faults near the AOI. 

2.6.6 Stratigraphy of injection zone:

The proposed PEC injection zones are within the undifferentiated Eocene sands, the Laguna and Cima Sands (Figure F2, Attachment F). ). The Eocene sands are interpreted to be marine deposits from an inner shelf sand environment. Based on the interpretation of the e-logs of local gas wells, the Eocene sands beneath the proposed PEC site are located within the depth range of approximately 4,800 and 5,600 feet bgs.  
2.6.7 Description of vertical and lateral continuity of injection zone within a minimum one mile radius of the proposed injection well:

The E-Logs of wells in the Cheney Gas Field show sedimentary sequences can be correlated over distances of more than 2 miles (Figure F2, Attachment F). By extrapolation, the E-logs indicate approximately 550 feet of permeable sands may be present beneath the PEC property. 

The analysis of the e-logs of the gas wells located within the Cheney Ranch Gas Field, confirms the strong lateral continuity of the target injection zone sand sequences (Table G1 and Figure G3, Attachment G). 

2.6.8 Hydrogeologic parameters of injection zone:

Based on San Joaquin Valley oil and gas industry reports and a number of research articles, the porosity of Eocene sands beneath the PEC site could be between 20% and 33% (Wilson et al, 1999). 

2.6.8.1 Hydraulic conductivity or permeability (horizontal and vertical):

The permeability of the Eocene sand in the proposed injection zone is estimated to be at least 500 millidarcies, based on the porosity and hydraulic conductivity data from San Joaquin oil and gas field data (Berkshire Moody, Ltd., 2006).
The wide separation of the long and short resistivity logs indicate that the Laguna and Cima sand layers in the proposed injection zones, 4,800 to 5,200, and 5,400 to 5,600 feet bgs, are particularly permeable (Type E-Log, Attachment C).
The hydraulic conductivity of the proposed injection zone is estimated to be 0.00054 cm/sec, or 1.53 ft/day.
2.6.8.2 Porosity:

The porosity of San Joaquin sands of the proposed injection zones at an estimated depth of 4,800 to 5,600 feet bgs, is possibly between 20% and 33% (Wilson et al, 1999).
2.6.8.3 Reservoir pressure:

The San Joaquin Basin is essentially hydrostatically pressured to about 4 km depth. Established by reservoir pressure measurements in San Joaquin oil fields, overpressures are moderate, and equivalent to pressure gradients of about 0.65 psi/ft (Wilson et al, 1999). Based on a pressure gradient of 0.65 psi/ft, the overpressure in the San Joaquin Valley at the depth of the proposed injection, beneath the PEC site, is estimated to be 2,400 psi. 
2.6.8.4 Storage coefficient:

The porosity of San Joaquin sands and gravels at a depth of approximately 5,000 feet is estimated to be between 20% and 33% (Wilson et al, 1999). Based on the calculation below, the storage coefficient (S) of the proposed injection zone, is approximately 0.00096.  
The aquifer storage coefficient (S) was estimated from the relationship S = γb(α + nβ), 
Where:

S = storage coefficient 

γ = is the injection fluid specific weight of 64.3 pounds per cubic foot
b = injection zone thickness, 500 ft.
 = compressibility of injection zone, 6.9 x 10-7 feet squared per pound
n = porosity, 0.25

 = compressibility of water, 4.4 x 10-10
S= 64.3x500 (3.0x10-8 + [(0.25x 4.4 x 10-10)] = 0.00096
2.6.8.5 Compressibility:

The compressibility of the injection zone is estimated to be between 3.0 x 10–8   and 6.9 x 10-7  Pa-1 (~10-8 m2/N) (Freeze and Cherry, 1979; Wilson 1999), based on typical values for consolidated sandstones with porosity of between 25% and 30%  at a lithostatic pressure of 0.65 psi/ft (Wilson et al, 1999). 
2.6.8.6 Transmissivity:

The transmissivity can be estimated as follows.

T = Kb

Where: T = transmissivity

K = saturated hydraulic conductivity

b = confined aquifer thickness

The estimated transmissivity of the injection zone is estimated to be approximately 765 ft2/day (5,721 gal/d/ft), based on a minimum permeability of 25% and a minimum injection zone thickness of 500 feet.  

2.6.8.7 Formation fracture pressure:

The formation fracture pressure is estimated to be 3,456 psi @ 4,800 feet, based on a fracture pressure gradient of 0.72 psi/ft.
Surface injection fracture pressure, neglecting friction, is estimated to be 3,456 psi –(4,800ft x 0.433psi/ft)= 1,377 psi. Step-rate tests will be performed on the proposed injection wells to determine the fracture pressure of the injection zone.
2.6.9 Depth of injection zone:

The depth to the top of the target injection zone is estimated to be 4,800 feet bgs, for all injection wells proposed for the PEC project. 

2.6.10 Proposed perforation or screen interval (depth) within the injection zone:

The proposed perforated interval is approximately 4,800 to 5,200 feet, and 5,400 to 5,600 feet bgs for all proposed injection wells (Figure B2, Attachment B). 

2.7 formation water XE "formation water" 
No formation water samples or analyses are available from within the area of review, or from the adjacent Cheney Ranch Gas Field wells. 

2.7.1 Total Dissolved Solids (TDS):

An analytical report, dated March 22, 1984, for a sample of formation water from the oil well nearest the PEC, ‘Omni-National 53-10’, API # 01921410, located 18 miles southeast of the PEC site, is in Attachment C. The Total Dissolved Solids (TDS) reported for the Omni-National 53-10, formation sample is 22,270 mg/L.  


Oil Well API #: 01921410

Operator: The National Oil Company


Lease:  Omni-National 53-10


Field:  Cantua Nueva
 


DOGGR Map Ref: W5-2


Well Location:  Lat: 36.467645000; Long: -120.327189000


Section, 10, Range 17S, Township 15E 

Well Depth:  8648 feet 


Drilled on 9/11/1980; abandoned 10/5/1991
 

 

2.7.2 Analysis of representative formation water sample to include trace elements and priority pollutants (EPA methods 624, 625, and metals):

Table N1, Attachment N, lists representative analyses of formation waters collected in the San Joaquin Valley. In addition, a copy of a laboratory report of formation water collected from oil well ‘Omni-National 53-10’, API # 01921410, located 18 miles southeast of the PEC site is included in Attachment N. 

No formation water from the proposed injection zone is available from within the area of review. Analyses of formation water specifically from the Eocene sands of the San Joaquin Basin, were not available through public sources or a literature search. 
Samples of formation water from the injection zone will be collected and analyzed when the first injection well is drilled.  

2.7.3 Description of sampling and analytical procedures: 

Representative samples will be collected using standard quality assurance/quality control (QA/QC) procedures in accordance with EPA SW-846 methodology. A third-party, California-certified laboratory will be used to analyze the samples within the allowable holding times using EPA-approved methods. Detailed procedures for water sampling and analyses are described in Attachment H. 

2.7.4 Direction and rate of regional groundwater flow:

Shown schematically in Figures D1 and D2, Attachment D, groundwater in the Westside Subbasin of the San Joaquin Valley Groundwater Basin occurs as: 

1) An upper unconfined aquifer in the unconsolidated deposits; 

2) A confined lower aquifer beneath the Corcoran Clay in the unconsolidated deposits. 

The general groundwater flow in the Westside Subbasin is in a transient state, adjusting to the extraction stresses placed upon it in both the past and present (Belitz and Heimes, 1990).

Based on the piezometric surface, the groundwater flow of the unconfined aquifer beneath the PEC site, during unstressed times, flowed toward the north-northwest (Figure D3, Attachment D). 
In the semi-confined aquifer, beneath the Corcoran Clay, the regional flow is typically to the west and northwesterly toward the major rivers (Westlands Water District, Deep Groundwater Condition Report, March 2006).  Beneath the PEC site, groundwater in the confined aquifer has a hydraulic head of approximately 400 feet bgs. 

Based on the proximity of the PEC site to the Coastal Ranges and the easterly dip of the sedimentary sequences shown in Figures F5 and F7, (Attachment F), the formation water in the proposed injection zone would probably be constrained to flow towards the east, at a rate of approximately 0.001 m/year. This is supported by an analysis of hydraulic head values derived from petroleum field data (Wilson et al, 1999, Figure 12). 

2.7.5 Direction and rate of injected fluid migration:

Table A1, Attachment A, shows the rate of fluid migration within the injection zone, based on volumetric calculations.  The calculations shown in Appendix A were performed with the assumption that the injectate would disperse radially from the well.
In the proposed injection zone, the minimum rate of injectate migration was determined by applying waste front calculations over a 30-year period (Attachment A). The average rate of injectate migration, with dispersion, was calculated using the following formula: Average migration rate = (Distance of waste-front)/(time). 

Figure A2, Attachment A, shows the waste front map for the maximum estimated injection rate of 765,000 gallons of wastewater per day, at the PEC. 

	No. of Years
	Distance (ft)
	Rate (ft/yr)

	1
	378
	378

	5
	794
	159

	10
	1,100
	110

	20
	1,527
	76

	30
	1,853
	62


2.7.6 TDS (salinity) profiles:

The vertical distribution of salinity in the San Joaquin Basin increases significantly in the depth interval of 1,500 to 1,700 feet below sea level, shown on the Type Log, ‘England 1-31, in Attachment C and on Figure D5, Attachment D (Wilson et al, 1999) 
2.7.7 Specific gravity or density:

The specific gravity of the formation water collected from an oil well, API # 01921410, located 18 miles southeast of the PEC site, is 1.016 at 600F (Attachment N). The specific gravity or density of the formation water beneath the PEC site will be determined after a water sample is collected, during the drilling of the proposed wells.
2.7.8 Temperature and pH:

The average geothermal gradient in the San Joaquin Valley is ~25 °C/km(Wilson, 1999). At a depth of 5,000 feet bgs, the estimated temperature beneath the PEC site is 1400F (600C). 
The pH of the formation water in the proposed injection zone is expected to be similar to that of the formation water collected from oil well API 01921410, reported as pH 7.95. 

A more accurate pH value will be provided after a formation sample is collected, during the installation of the first proposed injection well. 
2.8 injection fluid characteristics XE "injection fluid characteristics" 
2.8.1 Narrative description of individual waste streams:

The main component of the plant wastewater to be injected into the proposed wells is blowdown water from the cooling tower.   The cooling tower blowdown will consist of water extracted from the proposed groundwater production wells. There will be one cooling tower for the facility. The purpose of the tower is to provide heat rejection for the intercooler and lube oil coolers connected to each of the facilities four LMS 100 combustion turbine generators. The other wastewater streams include, heat recovery steam generator blowdown, reject from the reverse osmosis system, CTG intercooler condensation, and water effluent from the oil-water separator. A water mass balance flow diagram is included in Attachment H. 
Additional wastewater will consist of plant drains and wash-down water that will be routed to an oil-water separator. The effluent from this unit will flow to a wastewater collection tank. 

Sanitary waste and storm water will not be disposed of via the injection well system. The sanitary waste drains are sent to a septic tank and leach field in ground that has been determined to be acceptable by a percolation test (URS, 2006). Storm water will be conveyed by overland flow and swales to an infiltration basin located at the southeast corner of the proposed site. The infiltration basin will serve as a storm water treatment facility to manage the quantity of storm water runoff from the proposed site. 
2.8.2 Mix ratio (average, maximum, daily):

The following table shows the estimated maximum and average daily flow components for average and peak discharges.  Peak discharges are assumed to occur on hot days.

    DAILY AND ANNUAL WATER FLOWS 

	 
	Maximum Daily 
	Average Daily 
	Average Annual 

	Waste Water Injection
	1,000 gal/day 
	1,000 gal/day 
	Acre-ft/year 

	Cooling Tower Blowdown 
	614 
	387 
	247 

	RO System Rejects 
	177 
	166 
	106 

	Evap Cooler Blowdown 
	19 
	4 
	3 

	Plant Drains 
	7
	7
	5

	Intercooler Condensation 
	48 
	3 
	2 

	Total 
	756 
	567 
	362 


Notes: The maximum daily use is based on 24 hours of full load operation during the design hottest day (114°F day/80°F night). The average daily use is 24 hours of the average of the full load use at the average monthly temperatures for every month. The average annual use is based on 5,000 hours/year at the average daily rate, corresponding to the maximum plant capacity factor of 57 percent. 

2.8.3 Constituent analyses to include trace elements and priority pollutants for individual and final waste stream(s) (EPA methods 624, 625, and metals):

No actual analyses of the waste stream are available at this time because operations have not started.  Expected annual average wastewater characteristics for the individual and combined wastewater streams are shown in Table N1, Attachment N.
 

2.8.4 Detailed description of sampling and analytical methods, including quality assurance/quality control (QA/QC) procedures:

The injectate will be analyzed according to procedures in the Sampling and Analysis Plan (Attachment J). The Sampling and Analysis Plan provides uniform procedures to collect, handle, and analyze injectate samples. Discussion of QA/QC procedures to ensure that samples and analytical results are representative of the waste stream and the reporting requirements, also are included in the Sampling and Analysis Plan. 

A 24-hour composite sample of the injectate will be collected once per month and analyzed according to standardized testing procedures as shown in Attachment P. Samples will be collected using a refrigerated flow proportional sampler and prepared for collection by a certified third-party testing laboratory. Appropriate chain-of-custody procedures and forms will be used along with "in-house" log sheets. 

A daily flow total and pressure log will be recorded from a continuous flow meter and pressure sensor. These meters will be tested and calibrated annually by a certified/qualified third-party flow verification company. 

The compositional, flow, and pressure data will be summarized on a monthly basis and forwarded to the EPA as part of the facility's quarterly monitoring reports. 

2.8.5 Temperature, pH, radiological characteristics:

The temperature of the cooling tower wastewater stream will not be any higher than 140ºF, but will most likely be lower than 100ºF.  The pH will be between 6 and 9.  The wastewater is not expected to demonstrate any radiological characteristics from this operation. 

2.8.6 Compatibility of waste stream with receiving formation:

Although incompatibility of injectate and receiving formation is not anticipated, a compatibility analysis is included in Attachment N.
A simulation program PHREECQ, was used to determine the potential precipitation phases on mixing of the PEC wastewater with formation water. The results of a provisional compatibility evaluation are shown on Figure N1, Attachment N. The initial indications suggest that iron oxides would be the most likely of the mineral phases to precipitate. The propensity for the iron oxides to precipitate is significantly decreased by an increase in the temperature of the waste and formation solutions. See Attachment N for data tables and a discussion of the compatibility evaluation results.

Additional compatibility evaluations will be performed after formation samples have been collected from the proposed injection zone. 
2.8.7 Density:

Based on similar power generating facilities the average specific gravity (SG) of the wastewater at PEC is expected to be approximately 1.004 gm/cc. Because operations have not yet begun, samples of the injectate are not available for analysis. Typical PEC wastewater samples will be submitted for a SG determination, once the facility is commissioned.
2.9 AREA OF REVIEW XE "AREA OF REVIEW"  

2.9.1 One-quater mile radius or area of influence, based on stratigraphy, whichever is greater:

2.9.1.1 Stratigraphic Method

Based on stratigraphy, the zone of endangering influence over the design life expectancy of the wells, is limited to an area in which no pathways in the form of wells or fractures have been identified, that could provide a conduit for the migration of injected wastewater, to an USDW. No deep wells or geological structures, were identified within a radius of one quarter mile of the PEC site, that extend to the depth of the proposed injection zone. 
2.9.1.2 Volumetric method:

The area of influence based on a volumetric calculation, after 30 years of operation at maximum wastewater production, was calculated to be 1,835 feet from each of the two injection wells.  The maximum radius of influence, by combining the radii of the two injection wells is less than 2,640 feet (one-half mile). The volumetric area of review method, would establish a radius of one-half mile around the center point between the two proposed injection well.  The volumetric area of influence calculations are provided in Appendix A. Figure A2 shows the waste front map and Figure A3, a pressure front map, in Attachment A. 

2.9.1.3 Pressure build-up method (e.g. modified Theis equation):

The pressure increase after 30 years of injection at a radius of approximately 0.5 miles (2,640 feet) is approximately 50 psi, equivalent to approximately 115 ft of head. The pressure front calculations indicate that the injection of wastewater would not increase the formation pressure to permit the wastewater to migrate above the Kreyenhagen Shale. See Attachment A, for the pressure front calculations. 
2.9.2 Calculation of dispersion or migration through confining layer:

Negligible, considering the low permeability and estimated 900 feet thickness of Kreyenhagen Shale located above the proposed injection zones.
2.9.3 Modeling (if applicable, including model documentation):

Not applicable.

2.9.4 Narrative description, calculation and list of assumptions for each method:

Assumptions for Radius of Influence Calculations

Waste front calculations in Attachment A used methods described in Warner and Lehr (1981; pp. 107-114). Pressure increases were calculated using superposition in an infinite-acting reservoir, assuming no fluid withdrawal. The calculations also assumed a 30-year life for the project and a continuous injection rate of 382,500 gallons per day per well. 

The cumulative volume calculations assumed the maximum wastewater discharge rate of 765,000 per day would be injected for 30-years.
2.9.5 Potential impact of injection upon wells within area of review (i.e. due to pressure build-up):

A negligible pressure build-up is expected (Table A2, Attachment A). No significant impact is anticipated within the area of review.
2.10 Injection well construction XE "Injection well construction" 
Four injection wells are proposed for the PEC project. The approximate locations for the wells are shown on Figure B2, Attachment B. Well Nos. IW1 and IW2 will be the primary injection wells, whilst wells IW3 and IW4 will be ancillary wells, operated during periods of maintenance or primary well failure. 

Well construction information for all four wells is provided in a general form in Attachment L. Well construction may vary depending on geologic conditions encountered at the PEC site. 

The proposed injection wells will be constructed after issuance of a draft UIC permit for the facility. 

2.10.1 Schematic design:

A schematic section of the proposed injection well design is shown in Appendix M.  
The depth of the pilot hole for the first well’s construction is expected to be 5,600 feet. The pilot hole will be reamed to 12 inches diameter, and installed with approximately 1,600 feet of 12 inch diameter K55 conductor casing, 4,240 feet of seamless K55 blank 9-5/8 inch diameter ‘long string’ casing, and a total length of approximately 600 feet of 5.5 inch diameter 316 stainless steel shutter screen, to coincide with the proposed injection zones. 
2.10.2 Deviation check and frequency:

See Attachment L, Appendix D.

2.10.3 Casing program (including thickness, diameter, nominal weight, joint specifications, lengths, etc.):

See Attachment l, Appendix B, for the provisional casing specifications. The casing sections will be joined so that the joints will have the same or increased structural integrity, when compared with the casing sections.
2.10.4 Cementing program (quantity, location, additives, grade, cement bond logging, etc.):

Injection casing will be cemented from the base of the confining zone (~4,240 ft bgs) to surface. See Attachment L, Section 7, for a description of the general cementing program. 
2.10.5 Tubing:

See Attachment L, Section 10 and Appendix B. 

2.10.6 Packer (and other down-hole tools):

Removable packers will be set near surface and at a depth within 20 feet of the base of the confining zone and within 10 feet of the lower end of the long string casing, or EPA approval will be obtained for an alternative method. See Figure M1, Attachment M. 
2.10.7 Drilling/construction plan or well history:

The proposed drilling/construction plan for the first injection well is provided in Attachment L. Subsequent wells will be installed with the same general design and according to applicable state and federal well installation Codes, as the first injection well. The dimensions of materials and depths of installation may be adjusted based on the data obtained from the installation of the first injection well. All proposed drilling and completion operations will be coordinated by the DOGGR.
2.10.8 General Drilling/Construction Plan for First Injection Well 

See Attachment L for additional information.
1. Drill a 12-114" hole to 1,600' using water-base drilling mud. Run and cement 9- 5/8" 36# 5-55 casing from -1,600' to surface. 

2. Drill 8-3/4" hole to top of injection zone, estimated to occur at -4,800'. Run and cement 7" 23# J-55 casing from 4,240' to surface. Change hole over to 8.4 ppg HEC polymer gel. 

3. Drill 6-114" hole to top of Moreno Shale, estimated to occur at about 5,600'. Circulate and condition hole. Pull out of hole. 

4. Run triple combo log suite from 5,600’ to 4,240' and obtain 10 sidewall cores (SWCs) from depths to be determined by log results.

5. Run 400 ft of slotted (2" X 200M, 24R, 6°C) 5" 15# J-55 casing on bottom of liner hanger with a 20' polished bore receptacle and 200 ft of blank 5" 15# J 55 casing from on top.  Add 200’ of slotted casing to blank casing, followed by 200’ of slotted casing to TD, 5,600’.
6. Land liner with TLH set @ -4,220' and hailing shoe @ -5,600'. Spot HCI acid breaker with corrosion inhibitor and clay stabilizer to clean up drilling damage. Overdisplace acid from wellbore with 200 bbls 2% KC1 treated with clay stabilizer. 

7. Run seal section on 5" tubing. Reverse circulate annular volume of water based packer fluid down casing-tubing annulus, stab seal into PBR and land tubing in -15,000# compression. Install injection tree. Place well on injection. 

2.10.9    Well completion (screened, tubing and packer, perforated):

See Attachment L, Construction Procedures.
2.10.10    Well stimulation (description of methods):

Standard air-lift surging methods and the addition of acid and growth retardants will be used to stimulate the wells. See Attachment K.
2.10.11   Internal and external pressures, axial loading:

Assuming a top perforation at a depth of 4,800 feet, and a maximum allowable injection gradient of 0.72 psi/ft, the maximum anticipated internal tubing pressure is calculated as follows:

Maximum internal tubing pressure = 0.72 psi/ft x 4,800 ft = 3,456 psi.

Assuming the deepest perforated interval at a depth of 5,600, and a formation pressure gradient of 0.65 psi/ft (Wilson et al, 1999):

The maximum external casing pressure at TD is:  0.65 psi/ft x 5,600 ft=3,640 psi.
Note: The internal pressure at the base of the screened section is approximately, 

3,456 psi (internal tubing pressure) + (0.434 x 4,800 ft column of water)= 3,803 psi.

2.11 Logging program XE "Logging program" 
After the pilot hole is drilled to total depth, dual induction, spontaneous potential (SP), gamma ray, temperature, spinner, accoustic and neutron/density logs will be run through the confining zone (Kreyenhagen Shale) and proposed injection zones (Eocene sands) (Attachment L, Appendix C).  

Cement bond logs will be run from the top of the cemented sections to surface, after each of the casing strings have been cemented in place (Attachment L, Section 7). 

Ten sidewall samples will be acquired during installation of the first well for laboratory analyses (Attachment L, Appendix E). 
2.11.1 Pertaining to surface casing:

2.11.1.1 Before casing & cementing (resistivity, SP, gamma ray, neutron, caliper logs, etc.):


See Section 2.12 discussion.
2.11.1.2 After casing & cementing (cement bond, temperature, gamma ray, neutron logs, etc.):


See Section 2.12 discussion. 
2.11.2 Pertaining to intermediate and long string casing:

2.11.2.1 Before casing & cementing (resistivity, SP, gamma ray, porosity, density, sonic, caliper logs, etc.):


See Section 2.12 discussion.

2.11.3 Fracture locating logs:


See Section 2.12 discussion.

2.11.3.1 After casing & cementing (cement bond, temperature, gamma ray, neutron logs, etc.):


See Section 2.12 discussion.

2.11.3.2 Approved alternative surveys (e.g., radioactive tracer, spinner, etc.):


See Section 2.12 discussion.

2.11.4 Lithologic logs, mud logs:

Lithologic logs will be produced for all injection wells. A mud log will be retained on at least one of the proposed disposal wells. 
2.11.5 A descriptive log interpretation report prepared by a knowledgeable log analyst:

A descriptive log interpretation and report will be prepared for the down-hole logs by a qualified professional hydrogeologist or geophysicist.
2.12 plugging and abandonment XE "plugging and abandonment"  

2.12.1 Narrative description of cement plug placement (well in static equilibrium):

The proposed injection wells will be abandoned in accordance with EPA, DOGGR, and other applicable requirements in force at the time wells are abandoned. 
Refer to Attachment O for abandonment procedures, costs, and well schematics. 

2.12.2 Schematic diagrams (full detail):

A general schematic for the plugging and abandonment program is provided in Appendix Q. 
2.12.3 Cementing program (type, quantity, grade, additives, and location of cement and drilling fluids):

The cementing program will comply with EPA, DOGGR, and other applicable requirements in force at the time wells are abandoned. Wells will be cemented from the bottom of the well to the surface.  As a minimum, a bottom cement plug will be placed from the final depth extending to 100' above the top of the screened sections, a 200' cement plug shall also be centered across the base of fresh water, and a 100' a cement plug will he placed at the surface of the well (Figure O1, Attachment O). All cement plugs will use Class G cement with appropriate fluid loss and friction-reducing additives to achieve a minimum compressive strength of 1,600 psia at a 48-hour set. Wellbore - spaces between cement plugs will be filled with abandonment mud conforming to DOGGR and/or EPA requirements, whichever is more stringent. A steel cap will be welded on and an abandonment marker will be installed.

Please refer to Attachment O for abandonment procedures, costs, and well schematics.
2.13 maps XE "maps" 
2.13.1 Topographic map:  USGS quadrangle sheet as base map.  (Map should extend a minimum of one mile beyond the property boundaries.)  At a minimum the base map needs to illustrate the following:

2.13.1.1 Surface facilities:


See Figure B2, Attachment B and Attachment M. 
2.4.1.1 Project area:


Shown on topographic maps in Attachments A and B. 
2.4.1.2 Public water supply facilities:

No public supply wells located within area of review, and no groundwater production wells constructed to a depth that is within 3,000 feet of the proposed injection zones. 

2.13.2 Topographic map:  Showing all wells in project area (same scale as above)

2.4.1.3 Well ID (name and number):

Well names and locations within the project area and adjacent areas are shown on the topographic maps in Appendix A.
2.4.1.4 Type (production, injection, irrigation, water supply, enhanced recovery, monitoring):


Well types are shown on the maps in Appendix A and on Tables C1 and C2, in Attachment C. 
2.13.3 Structural contour maps (mapped on top of injection and confining zones, both regional and site specific):

See maps, Figures F4, F5, F6 and F7, Appendix F, that illustrate the structural contours of the tops and isopachs of the confining zone and injection zones.

2.13.4 Geologic cross-sections:

2.4.1.5 Geologic formations:

A regional stratigraphic column for the San Joaquin Basin is shown on Figure F1, Attachment F.  Schematic cross-sections of the San Joaquin Basin are presented on Figures D1, and D2, Attachment D, and Figure E2, in Attachment E.  

2.13.4.1 Structural features:

Included on cross-sections of the regional aquifers in Appendix D and the structural contours presented in Attachment F 

2.13.4.2 Shallow aquifers:

Cross-sections of the regional and local aquifers are presented on Figures D1, D2, and D3 in Attachment D. 

2.13.4.3 Underground sources of drinking water:

Within the area of review, a Lower Aquifer is located beneath the Corcoran Clay of the Tulare Formation and has TDS values of approximately 1,550 mg/L. The more saline Upper Aquifer, located above the Corcoran Clay has TDS values of approximately 3,500 mg/L. 

The lateral and vertical extent of the local aquifers is discussed in Section 2.5.2 and shown schematically on Figures D1 and D2, Attachment D.  Figure D3 is a contour map of the piezometric surface of the San Joaquin Basin.  A salinity profile of the San Joaquin Basin is presented on Figures D4, Attachment D. Based on Westlands Water District’s definition, the thickness of the fresh water (TDS<2,000 mg/L) is shown on Figure D5. Note the PEC site is not located within an area with fresh groundwater.  Based on the cross-section of the San Joaquin Basin, Figure D4, the salinity of the groundwater may exceed 10,000 mg/L at a depth of approximately 1,500 to 1,600 feet bgs. This is substantiated by the resistivity profiles e-logs of the Cheney Ranch Gas Field Wells.  The e-log, ‘England 1-31, in Attachment C, indicates the formation water at 1,500 feet bgs has a short normal resistivity of approximately 40 to 60 ohm meters. The formation resistivity appears to decrease to approximately 30 ohm meters by 1,700 feet bgs beneath the Cheney Ranch Gas Field. Formation water with a resistivity of less than 30 ohm meters indicates the TDS of the formation water is probably greater than 10,000 mg/L. 

2.13.4.4 Injection zone:

See Figure F2, Appendix F for a cross section of the deep sedimentary sequences beneath the Cheney Ranch Gas Field, and the southerly extrapolation of the lithologic sequences to the PEC area. 
2.13.5 Stratigraphic column (by formation):

A regional stratigraphic column for the area is provided in Figure F1 Appendix F.  The type log, “England 1-31” in Appendix C, shows an interpretation of the lithologic sequences anticipated in the area of the proposed injection wells.  
2.13.5.1 Lithology:
Refer to the type log, “England 1-31” in Appendix C. The sand rich zones are indicated by significant negative SP log deflections, to the left, as shown in the depth interval 4,740 to 5,500 feet bgs. Simlarly, shale rich sequences are indicated by positive SP log deflections, to the right, as shown by the sedimentary sequences between 4,630 and 4,740 feet bgs.
2.13.5.2  Mineralogy: 
The lithologic interpretations of the sedimentary sequences of the adjacent gas field and beneath the PEC site may be viewed on the type log, Attachment C, and the cross-section, Figure F2, Attachment F.  
2.13.5.3  Physical features (texture, bedding, etc.): 
E-logs of the Cheney Ranch gas wells indicate that the frequency of changes in the energy of the depositional environment of deposition of the sedimentary sequences, are readily discernable from the e-logs of the Cheney Ranch gas wells.  See type log, in the depth interval 750 to 1,300 feet bgs for the rapidly alternating lithologies, from clastic to argillaceous, as opposed to the consistant shale sequence intersected from 5,570 to beyond 6,100 feet bgs. (Attachment C). 

2.13.5.4  Thickness: 

The thicknesses of the sand and shale sequences are indicated on the type log and on the cross-section, Figure F2, Attachment F.
2.13.5.5    Formation hydraulic conductivity or permeability: 
See resistivity and SP curves on the type log for permeability indicators (Attachment C).

2.13.5.6    Porosity: 

See resistivity and SP curves on the type log for porosity indicators (Attachment C).

2.13.5.7  Salinity profile (TDS): 

The type log (Attachment C), shows a rapid decrease in the normal short resistivity from a depth of approximately 1,500 to 1,700 feet bgs. This is indicative of the rapidly increasing salinity of the formation water, possibly due to the presence of the Oligocene Tremblor marine shales.
2.13.5.8  10,000 mg/l and 3,000 mg/l TDS baseline (freshwater baseline:
Based on e-logs for wells in the Cheney Ranch Gas Field, the base of aquifers with fresh water (TDS < 3,000 mg/L), are indicated to extend to a depth of approximately 1,300 ft. bgs. Groundwater with a TDS value of less than 10,000 mg/L may extend up to a depth of 1,700 ft. bgs, in the PEC area (Type log, Attachment C). 
2.13.5.9  Geologic time scale:
See annotations on type log (Attachment C). 

2.13.6 Isopach maps (minimum one-mile radius from injection well):

2.13.6.1 Confining zone (total unit and net shale): 

See Figure G1, Attachment G for a map of the thickness of the Kreyenhagen Shale. 

2.13.6.2 Injection zone (total unit and net sand):

See Figure G4, Attachment G for an isochore map of the Eocene sands in the proposed injection zone. 

2.13.7 Area of review (on topographic map showing proposed and existing well locations).

The area of review was determined to be a one-half mile radius from the center point between the two (2) injection wells, IW1 and IW3. The area of review, based on one quarter mile radius, volumetric and pressure calculation methods are shown on Figures A1, A2 and A3, in Appendix A.

2.13.8 A map showing all wells within one-mile radius of the proposed injection well(s) that produce oil or gas from the injection zone and/or confining zone:

All the adjacent gas field wells (Cheney Ranch) are located more than one mile distant from the proposed injection wells. See figures A1, A2 and A3, Appendix A.
2.14 operating data XE "operating data" 
2.14.1 Injection rate (average and maximum, in barrels per day and million gallons per day) and describe any daily or seasonal variations:

The maximum injection rate is expected to be 18,214 barrels or 0.765 million gallons per day.  The average injection rate is expected to be 13,500 barrels or 0.567 million gallons per day.   The injection rate will be measured continuously in the supply line immediately before the wellhead, and the total volume will be recorded.  

2.14.2 Injection pressure (average and maximum), injection pressure gradient at top of injection zone not to exceed 0.8 psi/foot without approval:

The calculated maximum surface injection pressure is based on a pressure gradient of 0.8 psi/foot, a maximum top perforation depth of 4, 800 feet, and injection fluid assumed to have a specific weight of 62.4 lb/ft3, and thus a gradient of 0.433 psi/foot. 
The maximum formation surface injection pressure:  (0.8 psi/foot – 0.433 psi/foot) x 4,800 feet = 1,761 psi.  Using a 10% safety factor, as provisional estimate of the maximum at top of injection zone pressure is 1,585 psi.
2.14.3 Annular fluid (type, volume, additives, pressure, density, specific gravity, etc.):

Fresh water treated with corrosion inhibition chemicals, or diesel will be used as annular fluid.

2.14.4 Results of injectivity testing:

None performed to date.

2.14.5 Calculate hydrofracture pressure for zone and method used to derive pressure limit:

Step-rate tests will be performed on the proposed injection wells to determine the fracture pressure of the injection zone. 

2.15 monitoring XE "monitoring" 
2.15.1 Describe any proposed monitoring programs
2.15.1.1  Mechanical integrity monitoring and reporting program:

Well surveillance and mechanical integrity testing (MIT) shall conform to EPA, DOGGR, and other applicable requirements in force throughout the life of the injection wells.  A pressure test will be conducted at least once every five years, and an injection profile survey will be conducted at least once every year in order to determine the mechanical integrity of the well. Attachment I includes additional information for the MIT program.
An automatic electronic injection system control and recording unit will be stationed in an office of the PEC for monitoring of the injection pressure and flow rate. The electronic control system will be connected by overhead cables or wireless means to the injection well pumps, holding tanks, and inline pressure and flow rate meters. 

2.15.1.2 Ground water monitoring program (if applicable Mechanical integrity monitoring and reporting program:


Not applicable.

2.16 surface treatment facilities XE "surface treatment facilities" 
2.16.1 Process diagram (with descriptions of individual units):

Schematic diagrams of the PEC water balance and flow paths are in Attachment H. 

2.16.1.1 Cooling Towers

There will be one cooling tower for the facility. The makeup water will be brackish well water and is expected to have a total dissolved solids content of approximately 1,550 ppm as fed to the cooling tower. The circulating water will be continuously treated and controlled in order to achieve approximately 3 cycles of concentration. The 3-cycle limit is determined by the high silica concentration (40-50 ppm) from the production well water, where silica concentrations in the circulating water system greater than 150 ppm will begin to deposit and severely foul the cooling tower equipment. 

Makeup water will be pumped from the raw water storage tank to the cooling tower basin as required to replace water lost from evaporation, drift, and blowdown. A chemical feed system will supply water conditioning chemicals to the circulating water to minimize corrosion and control the formation of mineral scale and bio-fouling. Sulfuric acid will be fed into the circulating water system in proportion to makeup water flow for alkalinity reduction to control the scaling tendency of the circulating water. The acid feed equipment will consist of a bulk sulfuric acid storage tank and two full-capacity sulfuric acid metering pumps.  

2.16.1.2 Water Pretreatment Systems
To further inhibit scale formation, an alkaline scale inhibitor solution will be fed into the circulating water system in an amount proportional to the circulating water blowdown flow. The scale inhibitor feed equipment will consist of a chemical solution bulk storage tank and two full-capacity scale inhibitor metering pumps.  

To prevent bio-fouling in the circulating water system, a sodium hypochlorite solution will be fed into the system. The hypochlorite feed equipment will consist of a bulk storage tank and two full-capacity hypochlorite metering pumps. Two full-capacity metering pumps will be provided for feeding either stabilized bromine or sodium bromide as supplemental biocides. 

RO System
Raw well water will be filtered and sent through a RO system to remove all of the suspended solids and most of the dissolved solids from the water. The RO system rejects approximately 25 percent of the feed water, along with the impurities that were removed. The product water from the RO system is sent through trailer-mounted demineralizers and then to a 240,000-gallon demineralized water storage tank. 
The makeup water to the combustion turbine generators (CTG) evaporative coolers will be a blend of water from the raw water storage tank and from the demineralized water storage tank. This will allow the coolers to operate at 4 to 6 cycles of concentration. 
2.16.2 Narrative process description:

2.16.2.1 Above Ground Injection System 

The combined wastewater discharge from the plant will consist of cooling tower blowdown, RO rejects, evaporative cooler blowdown, CTG intercooler condensation, and water effluent from the oil-water separator.
The combined PEC process wastewater will be pumped at between 375 and 514 gallons per minute via an underground pipeline to an elevated 20,000 gallons wastewater holding tank.  The 20,000 gallons holding tank will also act as a reservoir to moderate the injection flow rate. 

Hydrochloric acid and bio-growth retardants may be added to the wastewater in the elevated holding tank prior to injection.  
From the elevated holding tank, the wastewater will be gravity fed by two eight-inch diameter pipelines to two centrifugal pumps, connected separately to two primary injection wells (Well Nos. IW1 and IW2). The injection rate to each of the two wells is expected to vary between 200 and 600 gpm (Attachment H). 
The estimated injection pressure range for the operation of two (2) wells is 50 to 150 pounds per square inch (psi).  A flow control valve will allow PEC to divert the wastewater into either one or two of the backup wells, IW3 and IW4, during maintenance and other outages of the primary Wells, IW1 or IW2. 
Details of the preparation of the pre-injection wastewater will be provided on completion of the final assessment of the chemical compatibility of the wastewater and formation water. Provisional simulated testing of the anticipated compatibility of the wastewater and formation water, is provided in Attachment N.
2.16.3 Disposal of sludge and hazardous materials (if applicable):

Not applicable.

2.16.4 Effectiveness of pretreatment (removal efficiencies):

The pretreatment of PEC plant’s process water, by the addition of flocculants, is expected to reduce the level of the total suspended solids to acceptable levels, so that pre-injection filtration may not be necessary.  The addition of bio-retardants and acid to the cooling tower blow-down, may eliminate the need to add these chemicals prior to injection of the wastewater. 

Based on the low total suspended solids (TSS) content of the wastewater streams at operating power generating plants, where flocculants are added to the process water, filtration of the wastewater to remove TSS, is not required. Normally, wastewater with TSS levels above 5 ppm would be filtered prior to injection. 

2.16.5 Hazards associated with precipitation and flooding, and any proposed mitigation methods:

To avoid any hazards associated with precipitation and flooding, the proposed injection wells will be located outside the 100-year floodplain. 
2.17 financial assurance XE "financial assurance" 
2.17.1   Financial assurance demonstration to indicate ability to maintain resources to close, plug, and abandon the injection operations in a manner consistent with the Underground Injection Control program regulations.  (Include a detailed listing of cost estimates, and adjustment for inflation over life of project.  California Division of Oil & Gas bond values based on depth are inadequate.):

Financial assurance demonstration will be provided.  A bond or other financial instrument will be posted prior to the construction of the injection wells for an amount that will guarantee closure. A cost estimate for the abandonment of each proposed well is included in Attachment O. 
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