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Attachment 2 – Project Justification 

2.1. REGIONAL MAP AND DISCUSSION 
 
Figure 2-1 shows the boundary of the Poso Creek Integrated Regional Water Management (IRWM) Region, the location of 

the region within California and the location of Project 1 and Project 2 in this grant application within the region. 

North Kern, on behalf of the Poso Creek IRWM Group, submits this Proposal with the objective of implementing two 

regional projects that increase the reliability of water supplies for agricultural and small community users. Both projects 

conform to the Prop 84 IRWM 2015 Guidelines, evaluated by the Poso Creek IRWM Group and stakeholders during formal 

public meetings following inclusion in the Active Projects List - following processes identified in the 2014 IRWM Plan 

Update. 

The North Kern Drought Relief Project (Project 1) involves installation of a pipeline to incorporate oil-field produced 

water into their water supply portfolio. This facilitates a constant supply of approximately 21,200 acre-feet per year of 

produced supplies - available year-round regardless of hydrology. Supplies will be used for seasonal agricultural demands 

and for groundwater recharge (storage) during limited demand seasons. The project provides offset of equivalent 

groundwater supplies currently used to meet demands. As such, conserved groundwater becomes available for other 

agricultural and community uses in the groundwater basin. Construction is scheduled to begin September, 2015, and 

finish by December, 2015, expedited to provide district users with water supplies under current drought conditions. 

The Lost Hills New Well No. 3 (Project 2) addresses critical drinking water needs for an economically disadvantaged 

community by equipping a new groundwater well. Groundwater quality concerns (arsenic) and declining levels due to 

regional water shortages have caused severe well reliability concerns, leading to urgent issues with water supply planning. 

The well will be constructed at adequate depth and flow capacity to expand water supply capabilities, ensuring resident 

access to clean and affordable drinking water. Well design and bidding are expected to be complete by March, 2016, with 

construction starting by the April 1, 2016 requirement.  Construction is scheduled to be finished by September, 2016. 
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2.2. PROJECT SUMMARY TABLE 
 
The following table denotes the type of benefit associated with Project 1 – the North Kern WSD Drought Relief Project and 

with Project 2 – the Lost Hills New Well No. 3 Project. Although the efficient performance of Project 0 – Grant 

Administration - is essential to the overall success of the implementation program, the tasks associated with Project 0 are 

purely administrative and no benefits are assigned to this project. 

Table 4 – 2015 IRWM Grant Solicitation Project Summary Table 

 “Project 0” Project 1 Project 2 

IRWM Project Element 
Grant 

Administration 

North Kern WSD 

Drought Relief 

Project 

Lost Hills New  

Well No. 3  

Project 

IR.1 
Water supply reliability, water conservation, and water use 

efficiency 

 
X X 

IR.2 
Stormwater capture, storage, clean‐up, treatment, and 

management 

 
  

IR.3 

Removal  of  invasive  non‐native  species,  the  creation  and  

enhancement  of  wetlands,  and  the  acquisition, protection, 

and restoration of open space and watershed lands 

 

  

IR.4 
Non‐point source pollution reduction, management, and 

monitoring 

 
  

IR.5 Groundwater recharge and management projects  X  

IR.6 

Contaminant   and   salt   removal   through   reclamation,   

desalting,   and   other   treatment   technologies   and 

conveyance of reclaimed water for distribution to users 

 

X  

IR.7 
Water banking, exchange, reclamation, and improvement of 

water quality 

 
X  

IR.8 
Planning and implementation of multipurpose flood 

management programs 

 
  

IR.9 Watershed protection and management    

IR.10 Drinking water treatment and distribution   X 

IR.11 Ecosystem and fisheries restoration and protection    
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2.3. “PROJECT 0” – GRANT ADMINISTRATION 

Implementing Agency:  North Kern Water Storage District (North Kern, North Kern WSD) 

Project Description 

25 Word Description 

The Grant Administration Project ensures that IRWM grant funds for the two projects are properly managed and projects 
completed in compliance with DWR requirements.  

Detailed Project Description 
The Grant Administration Project will ensure that Poso Creek Integrated Regional Water Management (IRWM) grant funds 
are properly managed and administered in accordance with California Department of Water Resources (DWR) guidelines 
and requirements. The Poso Creek IRWM Group 2015 IRWM Implementation Proposal consists of two projects that 
address Proposition 84 objectives. Project 0 (Grant Administration) is intended to assist these two projects in all grant 
compliance and administration activities. Because of the purely administrative nature of this Project sub-sections and 
discussions including project maps, project physical benefits, project performance monitoring plan, and cost effectiveness 
analysis have not been included for this Project.   
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2.4. PROJECT 1 – NORTH KERN WSD DROUGHT RELIEF PROJECT 

Implementing Agency:  North Kern WSD 

Project Description 

25 Word Description 

The North Kern WSD Drought Relief Project captures oil-field produced water for reclamation and beneficial use by 
agriculture and for recharge of the groundwater basin. 

Detailed Project Description 

Current oil production practices lead to significant quantities of water being extracted from oil fields as a byproduct of 
petroleum production.  Currently this produced water is reinjected into deep aquifers making the water unavailable for 
beneficial use.  Implementation of the Project will make up to 21,200 acre-feet per year of oil-field produced water 
available to the District that is not available or accessible under current conditions. The Project features 14,900 feet of new 
pipeline that will convey produced water to the district’s Rosedale Spreading Ponds for direct recharge. The new pipeline 
will connect with a recently completed pipeline that delivers produced water for blending in the Lerdo Canal prior to 
delivery to irrigated lands.    

The quantity of produced water is based on a contractual allocation from CRC and a constant daily production rate of up to 
58 acre-feet delivered to North Kern through the existing and proposed pipeline. Oil wells in the Kern Front Oil Field 
produce oil and water from depths averaging 2,290 feet below ground surface1 zones much deeper than the aquifers 
tapped by agricultural, domestic and municipal water supply wells. 

The Project is the result of a collaboration begun in 2005 when the North Kern joined with neighboring water agencies to 
develop the Poso Creek IRWM Plan (Plan).  In 2014, State Proposition 84 grant funding supported an update to the Plan 
(Plan Update) to reflect current regional needs and to select high priority projects with the maximum level of regional 
benefit. In addition to North Kern, agencies that contributed to and adopted the Plan Update include: Shafter-Wasco 
Irrigation District, Semitropic Water Storage District, Cawelo Water District, Kern-Tulare Water District, and Delano-
Earlimart Irrigation District. Collectively, these agencies represent about 350,000 irrigated acres and a gross area on the 
order of 500,000 acres. These agencies include SWP, CVP, and local Kern River water supply contractors.   

As recognized in the Plan Update, projects that comply with defined Measurable Objectives benefit all users because of the 
widespread reliance on the underlying groundwater basin and imported surface water supplies. The Plan Update 
correlates to the Measurable Objectives, regional priorities, and planning requirements from the November 2012 DWR 
IRWMP Proposition 84 Guidelines, DWR Statewide Priorities, and Resource Management Strategies. The Project is 
identified as helping to improve the reliability of water supplies to regional users, and the availability of groundwater 
resources, under the following Measurable Objectives outlined in the Plan Update: 

- Identify water conveyance improvements, direct recharge, and in-lieu service area expansion: Project will 
reduce direct groundwater use and increase direct recharge by: 1) conveying produced water to the District for 
blending in the Lerdo Canal and delivery to agricultural users, and 2) conveyance to the Rosedale Spreading 
Ponds for groundwater recharge. 

- Promote regional conjunctive water-use: Using produced water for groundwater recharge will mitigate the 
impacts of current groundwater use by promoting direct recharge of produced water as a newly developed source 
of water.  In addition, blending of produced water in the Lerdo Canal and subsequent delivery to agricultural 
users will offset groundwater pumping now needed to satisfy demands. 

- Implement region-wide water management actions: Project will introduce new water supplies into local 
aquifers through direct recharge via spreading ponds, and through in-lieu recharge via blending of water in the 
Lerdo Canal. Both of these actions use a newly developed water supply to sustain regional groundwater levels. 

                                                                    
1 California Oil and Gas Fields, Vol. I (1998), California Department of Conservation, Division of Oil, Gas, and Geothermal Resources (DOGGR) 
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The Project helps improve the reliability of water supplies for regional interests and is supported by neighboring districts 
including all of the IRWM member agencies. By developing a new source of water that offsets current demands on 
groundwater, the Project generates benefits of regional significance. 

Project Specific Maps, Affected Water Resources, and Proposed Monitoring Locations 
 

Project Specific Map 

A project-specific map is given as Figure 2-2. 

Affected Water Resources 

The primary water resource to be affected will be regional aquifers that will be recharged by the project. As well as 

reducing the demand placed on sources of groundwater supply, the introduction of oil-field produced water into the North 

Kern system has the potential to relieve demands on sources of surface water accessible to the district including the Kern 

River, the State Water Project and the Friant Unit of the CVP.  

Proposed Monitoring Locations 

Monitoring locations for Project 1 are also shown in Figure 2-2. 

Project Physical Benefits 

Table 5-1 Annual Project Physical Benefits 

Annual physical benefits are based on the total volume of produced water delivered by CRC to North Kern.  Use of this total 

is based on the fact that construction of the new pipeline to the Rosedale Spreading Ponds is essential to North Kern’s 

ability to satisfy the terms of the agreement between the district and the CRC and is necessary for the project to comply 

with the regulatory requirements established by the Regional Board.  
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Project Name:  NORTH KERN WSD DROUGHT RELIEF PROJECT 

Type of Benefit Claimed:  Primary Benefit: New Water Supply for Agricultural Irrigation 

Units of the Benefit Claimed :  (AFY)  

Anticipated Useful Life of Project (years): 20-year term of agreement between North Kern and CRC 

(a) (b) (c) (d) 

 Physical Benefits 

Year Without Project With Project Change Resulting from Project 

2015 0 5,500 5,500 

2016 0 21,200 21,200 

2017 0 21,200 21,200 

Etc. through Last Year 
of Project Life 

0 21,200 21,200 

Comments:  
1. The total units of benefit are not subject to changes in hydrological conditions as delivery of oil-field produced water 

does not depend on hydrologic conditions. 
2. On an average annual basis, 16,500 AFY of produced water will be delivered through a newly completed pipeline to 

the Lerdo Canal, and 4,700 AFY of produced water will be delivered through a pipeline funded by grant funds to the 
Rosedale Spreading Ponds for direct recharge.    

3. Flows to the Lerdo Canal will begin August 2015, thus With Project benefits for 2015 include flows for four months. 
 

 

Project Name:  NORTH KERN WSD DROUGHT RELIEF PROJECT 

Type of Benefit Claimed:  Secondary Benefit: Reduced Energy Consumption and Greenhouse Gas Emissions  

Units of the Benefit Claimed :  kWh / metric tons of CO2  

Anticipated Useful Life of Project (years): 20-year term of the agreement between North Kern and CRC 

(a) (b) (c) (d) 

 Physical Benefits 

Year Without Project With Project Change Resulting from Project 

2015 0 0 / 0 0 / 0 

2016 0 180,895 / 125 180,895 / 125 

2017 0 180,895 / 125 180,895 / 125 

Etc. through Last 
Year of Project Life 

0 180,895 / 125  180,895 / 125 

Comments:  
1. It is assumed that since the oil-field produced water will be conveyed through a pipeline starting at a higher elevation 

than the Lerdo Canal and Rosedale Spreading Ponds, there would be practically no energy associated with the 
Project.  

2. An average pumping cost of $84/ac-ft was computed by averaging 2013 through 2015 costs of pumping provided by 
North Kern. The annual pumping cost sheets are provided in Appendix A. 

3. An energy rate of $0.13/kWh was used based on average 2014 energy costs paid by Semitropic WSD. This average 
rate is assumed to be comparable to the average rate paid by North Kern. 

4. A greenhouse gas conversion rate of 6.89551 x 10-4 metric tons of CO2 per kWh was used according to the eGRID, U.S. 
annual non-baseload CO2 output emission rate, year 2010 data, which is used by the U.S. Environmental Protection 
Agency (USEPA) for electricity reduction conversion factor2. 

 

 

                                                                    
2 EPA (2014) eGRID, U.S. annual non-baseload CO2 output emission rate, year 2010 data. U.S. Environmental Protection Agency, Washington, DC. 
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Technical Analysis of Physical Benefits Claimed 

Introduction 

Agricultural and oil production are primary economic drivers for Kern County and the State of California. The Project 

provides the resources necessary to sustain both of these industries and provides the following benefits: 

Primary Benefit: Up to 21,200 acre-feet per year of oil-field produced water will be delivered to meet agricultural water 

demands and for groundwater recharge in the North Kern service area. Delivery of produced water will increase North 

Kern’s average annual water supply by approximately 15 percent (Kennedy Jenks, 2015). During scheduled maintenance 

for the Lerdo Canal and unscheduled periods when supplies of produced water exceed irrigation demands, produced 

water will be discharged to the Rosedale Spreading Ponds to directly recharge regional aquifers. Produced water will also 

be routed to the spreading ponds during wet years when water from the Kern River is readily available and during the 

first few and last few months (shoulder months) of the irrigation season in normal years when irrigation demands are 

below their peaks and surface water supplies are adequate to meet these demands. Both delivery of produced water to 

offset groundwater pumping and direct recharge of produced water will mitigate the decline in groundwater elevations 

observed in the region and reduce the adverse impacts of overdraft on water users. Each of these mechanisms is essential 

for operation of the agreement between North Kern and CRC because together they enable North Kern to deliver produced 

water for beneficial use under all conditions. Since oil-field produced water needs to be delivered into North Kern facilities 

throughout the year without interruption, having the capability to deliver to direct recharge facilities at times when 

irrigation demands are low is vital for managing the oil-field produced water.  By contrast, routing of all water delivered 

by CRC to the Lerdo Canal would lead to unacceptable conditions when water deliveries would interfere with canal 

maintenance or produced water would be spilled to water courses because the volume of delivered water exceeded 

irrigation demands.  Similarly, routing all produced water to the Rosedale Spreading Ponds would result in conditions 

when the supply of water from CRC will be spread and at the same time the District may be required to pump 

groundwater to meet irrigation demands. The Project provides a reliable, cost-effective and environmentally acceptable 

way to accept delivery of oil-field produced water, now disposed of through deep well injection, and put this water to 

beneficial use.  This activity is particularly valuable in chronically water-short Kern County where the impacts of 

groundwater overdraft are increasingly severe. 

Secondary Benefit: Water delivered to agricultural users served by the Lerdo Canal will offset groundwater currently 

pumped to meet agricultural demands.  This offset will generate energy conservation benefits and will reduce greenhouse 

gas emissions.  

The following section discusses the need for the Project and the benefits of project implementation. Much of following 
analysis is supported by the Report of Waste Discharge: Produced Water Blending and Reuse to the North Kern Water 
Storage District (Kennedy Jenks, 2015), provided in Appendix B of this attachment. 

1. Project Need 

North Kern is an agricultural water supplier, delivering raw water to contracted users throughout its service area. District 

water supplies consist primarily of imported surface water supplemented by groundwater pumped from District wells. 

North Kern’s operations and typical water budgets are described in their 2013 Agricultural Water Management Plan3. 

The Kern River is the District’s principal source of surface water. The amount of water available from the river varies 

greatly from year to year depending on the depth of snowpack in the Sierras and operational considerations such as rules 

governing storage and releases from Isabella Reservoir. During the period from 2007 through 2011, the volume of Kern 

River water diverted to the district ranged from less than 75,000 acre-feet to nearly 360,000 acre-feet (North Kern, 2013). 

Though the District is neither a SWP nor a CVP contractor, the District is located near major State Water Project (SWP) and 

                                                                    
3 North Kern Water Storage District, 2013 Agricultural Water Management Plan for the North Kern Water Storage District, September 2013.  
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Central Valley Project (CVP) conveyance facilities, enabling North Kern to participate in exchanges involving SWP and CVP 

supplies. When irrigation water requirements can be met from Kern River supplies, as is the case in most wet years, 

significant deliveries of surface water are made to District spreading ponds for direct groundwater recharge. During dry 

conditions, when water demands cannot be fulfilled with imported or exchanged surface water supplies, the District 

supplements surface water with groundwater. 

Annual groundwater use in the region is extensive. The San Joaquin Valley portion of Kern County, referred to as the Kern 

County Subbasin, is designated as DWR Groundwater Basin Number 5-22.14. North Kern lies within this subbasin as do 

many of the District’s immediate neighbors.  Within North Kern, groundwater pumping from District-owned wells has 

varied during the period from 2007 through 2012 from no pumping to over 100,000 acre-feet per year (North Kern, 

2013), with pumping from private wells within the District placing additional demands on groundwater.    

The future of the District’s water supply will be driven largely by changes in hydrology including the depth and timing of 

precipitation in the Kern River watershed. Several studies45 predict California’s climate as becoming warmer and drier 

during the mid- to late-21st century. Based on   those projections, future conditions could result in the following water 

resource impacts:  

- Declines in total streamflow leading to reduced availability of surface water. 

- Increased demands for irrigation water due to reductions in precipitation coupled with increasing temperatures. 

- Continuing declines in groundwater elevations resulting from diminished recharge and increased reliance on 

groundwater. These effects are already apparent and have led to greater pumping depths and higher pumping 

costs in the region. Declining groundwater elevations are also expected to lead to the following impacts on 

regional hydrology: 

- Increased streamflow infiltration and reduced base flow as aquifers increasingly decouple from streams; and  

- Increased land subsidence and the attendant reduction of aquifer storage capacity. 

The combined impacts of these changes in hydrology have the potential to alter the Poso Creek IRWM Region from being a 

“surface water dominated system,” relying on groundwater to supplement surface supplies, to a “groundwater dominated 

system” with water users becoming dependent on groundwater as the primary source of supply. Absent actions such as 

the Project that introduce new, reliable sources of water into the Region, the growing demand for groundwater will 

further exacerbate decreases in groundwater levels and storage for all users.   

The need for the Project to address ongoing competition for groundwater is illustrated by the fact that spring groundwater 

levels have declined in the District from 270 feet below ground surface in 2011 to 370 feet below ground surface in the 

spring of 2015 (see Appendix C District-Wide Average of Spring Water Levels). Because over 85 percent of the North 

Kern’s cropped acreage is planted in permanent crops, opportunities to fallow land in response to deficits in water supply 

are limited. 

A further indication of need is the degree to which the Project is supported by members of the Poso Creek IRWM Group.  

As recognized in the IRWM Plan Update (IRWM Plan Update, 2014), projects that comply with defined Measurable 

Objectives benefit all users because of the widespread reliance on the underlying common groundwater basin and 

imported surface water supplies. The Project helps improve the reliability of water supplies to regional users and will aid 

in attainment of the following Measurable Objectives outlined in the Plan Update: 

- Identify water conveyance improvements, direct recharge, and in-lieu service area expansion: The Project will 

convey produced water to the Lerdo Canal for delivery to agricultural users and to the Rosedale Spreading Ponds 

for direct recharge. 

                                                                    
4 Water Resources Research, Vol. 48, 2012. “A Method for Physically Based Model Analysis of Conjunctive Use in Response to Potential Climate Change” 
5 United States Geological Survey. Fact Sheet 2009-3074. September 2009. “Effects of Climate Variability and Change on Groundwater Resources in the 
United States” 
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- Promote regional conjunctive water use: Use of a constant supply of produced water and the ability to apply this 

water under all conditions for application to irrigated lands and for groundwater recharge will increase direct 

recharge to aquifers that are sources of regional water supply and will reduce pumping from these aquifers.    

- Implement region-wide water management actions: The Project will introduce new water supplies into local 

aquifers through direct recharge via the spreading ponds and through in-lieu recharge via delivery to agricultural 

lands served by the Lerdo Canal.  

The Project helps improve the reliability of water supplies for regional interests and is supported by neighboring districts 

including all of the IRWM member agencies. Because the Project develops a new source of water that offsets current 

demands on groundwater, it is the project that members of the Poso Creek IRWMP group have identified as the priority 

project for this grant application.  

2. Without-Project Conditions 

Without-project conditions in North Kern are likely to be similar to existing operations as the Project is the one activity 

among those presented in the IRWM Plan Update that would introduce new water to the region whereas other recent or 

planned activities focus on improved management of existing water supplies. In addition, without-project conditions 

would necessitate continual CRC disposal of produced water by deep well injection, thereby preventing access for 

beneficial use. 

An example of the types of recent and planned activities that would characterize without-project conditions is North 

Kern’s partnership with the neighboring Cawelo Water District (Cawelo) in lining reaches of the Calloway Canal which 

conveys water from the Kern River to both Cawelo and North Kern. Activities completed to-date have involved the 

concrete lining of 12,554 linear-feet of canal to conserve approximately 4,400 acre-feet of water that now seeps to poor 

quality groundwater.  Activities of this type improve management of water supplies now available to the region. However, 

the benefits that can be generated by canal lining are constrained by growing limitations on the quantity of water available 

from existing sources. By capturing water produced by CRC’s oil-field operations, the Project would generate 

approximately five times the volume of water as that conserved by the Calloway Canal lining. In addition, the timing of the 

seepage reduction benefits of canal lining is linked to periods when water is conveyed in the Calloway Canal, while the 

Project generates a constant supply of new water. 

Alterative configurations to the Project were considered including creation of pools in the Lerdo Canal to provide in-line 

storage of produced water and construction of an off-line reservoir to achieve the same purpose. However, because of the 

wide range of hydrologic and operational conditions under which North Kern is expected to accept and utilize produced 

water, these alternatives would require construction of large storage facilities.  Therefore, the ability to route produced 

water to the Rosedale Spreading Ponds is the most economical way for North Kern to develop a robust capability to satisfy 

its obligations to CRC and to comply with the conditions of its permits with the Regional Board.   

3. Description of Methods Used to Estimate Physical Benefits 

Estimates of direct and indirect physical benefits from Project implementation are based on the following information 

developed for the Report of Waste Discharge and other documents prepared for the Project: 

- Up to 21,200 acre-feet per year of produced water for irrigation and groundwater recharge will be delivered by 

CRC to North Kern. CRC anticipates that deliveries of produced water will be a constant 58 ac-ft per day although 

lower flows may occur for short periods.  

- During years when North Kern is able to divert normal or high volumes of Kern River water, there will be periods 

when Kern River supplies will completely satisfy irrigation demands. During normal years, when the District is 

able to meet all early and late season irrigation demands with surface water, a portion of the produced water will 

be routed to the spreading ponds during these “shoulder” months (typically January through March and October 
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through December). During wet years, the period when produced water will flow to the spreading ponds will be 

extended while during dry years little or no produced water will be routed to the spreading ponds outside of the 

scheduled maintenance periods noted above. See Appendix D for historic diversions to the North Kern spreading 

areas.   

- CRC flows to the Rosedale Spreading Ponds will vary from year to year. During most years, scheduled deliveries to 

the spreading ponds will be 812 ac-ft per year based on a two week shutdown period for maintenance of the 

Lerdo Canal. However, scheduled deliveries can reach 1,740 ac-ft per year in years when a month-long shutdown 

period is necessary. During the shutdown periods, all produced water will be routed to the spreading ponds.  

- In addition to scheduled deliveries to the spreading ponds, under conditions when irrigation demand is very low 

resulting in irrigation water stranded in the Lerdo Canal being released to Poso Creek, produced water will be 

diverted to the spreading ponds to avoid having produced water commingled with water released to the creek.  

All produced water not routed to the Rosedale Spreading Ponds will be delivered to the Lerdo Canal for blending 

in a 985 foot-long canal reach designed to achieve mixing of produced water with water from other sources. 

Information summarized above on project operation indicates that in most years deliveries of produced water will 

approach the 21,200 acre-foot per year target presented in the Water Supply Agreement between CRC and North Kern.  

Further, all produced water delivered to North Kern from the Kern Front Water Treatment Plant will be put to beneficial 

use as there will be 1) no conveyance losses in the pipeline system, and 2) no spillage to Poso Creek or other water courses 

thanks to the ability to route produced water to the Rosedale Spreading Ponds whenever needed.    

As demonstrated by the operational assumptions noted above, the pipeline to the Rosedale Spreading Ponds, for which 

DWR funding is being requested, is vital for the success of the overall project. This is because the pipeline conveys water 

during periods when direct recharge of produced water generates greater benefits than conveyance to the Lerdo Canal.  

These periods include conditions when surface water supplies exceed irrigation demands and periods when delivery to 

the Lerdo Canal would disrupt maintenance activities. The ability for North Kern to accept and utilize produced water 

from CRC under all conditions is also fundamental to the project’s ability to comply with permit conditions.  

Economic Analysis 

An economic analysis of the North Kern WSD Drought Relief Project was performed to demonstrate the economic viability 

of constructing the new pipeline to the Rosedale Spreading Ponds. This analysis was based on the estimated total cost and 

benefits associated with this pipeline with project benefits based on analysis of the average annual volume of water that 

would be conveyed through the pipeline to the spreading ponds. This analysis assumes that the Project received no grant 

funding and that the capital costs were financed through debt obligations.  Project costs were divided into 1) capital costs 

including debt service annualized over the life of the project, and 2) annual operation and maintenance (O&M) costs. Other 

factors used in the analysis are the following: 

- Discount rate for annualized capital costs: 6 percent6  

- Inflation rate for value of recharged water and O&M costs: 2 percent (this rate of inflation presumes continuance 

of a low inflation environment. Assumption of a higher inflation rate would increase the value of benefits 

generated over the project life and increase the benefit/cost ratio)  

- Project life: Scenario 1: 20 years based on the term of the agreement now in place between CRC and North Kern, 

and Scenario 2: 35 years based on the term of the current agreement being extended for 15 years. 

- The value of water recharged at the Rosedale Spreading Ponds is $125/ac-ft (North Kern, personal 

communication).   

  

                                                                    
6 Department of Water Resources, Proposition 84 Round 2 Implementation Grant, November 2012.  
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Calculation of Average Annual Volume of Produced Water Conveyed to Spreading Grounds 

The quantity of produced water conveyed to the spreading grounds was based on the following operational assumptions: 

- For all years produced water would be directed to the spreading grounds during the scheduled two-week-long 

annual maintenance period for the Lerdo Canal.  During some years, this period may extend for as long as a 

month, but benefits were based an annual two week closure.  Given the constant 58 ac-ft/day flow of produced 

water, this is equivalent to 812 ac-ft per year (58 ac-ft/day x 14 days).  This value was rounded to 800 ac-ft per 

year for the purposes of this analysis. 

- During years when diversions to North Kern from the Kern River are below normal (dry years), the demand for 

produced water to augment irrigation supplies in the Lerdo Canal will be high, and no produced water will be 

diverted to the spreading ponds, other than during the maintenance period.  In this way, total annual deliveries to 

the spreading ponds during dry years will remain approximately 800 ac-ft/year. 

- During years when diversions from the Kern River are in the normal range (normal years), the demand for 

produced water to augment irrigation supplies will be concentrated in the peak months of the irrigation season, 

April through September. During the “shoulder” months of the irrigation season, January through March, and 

October through December, half of the produced water (an average of 1,767 ac-ft per month) will be directed to 

the spreading ponds with the remaining half continuing to be delivered to the Lerdo Canal.  This is equivalent to a 

total annual delivery of 6,100 ac-ft/year (800 ac-ft plus 5,300 ac -ft). 

- During years when high volumes of water are diverted from the Kern River (wet years), the demand for produced 

water to augment irrigation supplies will be concentrated in the summer months of June, July and August and half 

of the produced water will be directed to the spreading ponds during the remaining nine months of the year.  This 

is equivalent to a total annual delivery of 8,800 ac-ft (812 ac-ft plus 7,950 ac-ft). 

Years were categorized as dry, normal and wet based on the volume of Kern River water diverted into the North Kern 

system. This analysis was performed over a period of record beginning in 1954 and extending through 2012. Because 

there is no formal classification of Kern River flows by year type, diversions were categorized as follows: 

- Dry: 0 to 64% of average annual diversion (24 occurrences, 42% of years) 

- Normal: 65% to 129% of average annual diversion (15 occurrences, 26% of years) 

- Wet: above 130% of average annual diversions (18 occurrences, 32% of years) 

The above categorization of year types is skewed toward dry years when little produced water is conveyed for direct 

recharge. Therefore, the average annual volume directed to recharge (4,700 ac-ft) is below the normal year volume (6,100 

ac-ft) and the average number of months when produced water is directed to the spreading ponds is 4.4 versus the six 

month period assumed for normal years. The value of water recharged under each of the scenarios presented above is 

shown in the following table:  

Index Dry Average Normal Wet 

 Year-type Distribution 42%  26% 32% 

Recharge (Acre-feet/year) 800 4,700 6,100 8,800 

Value ($/yr) $100,000 $587,500 $762,500 $1,087,500 

Value over 20-year period1 $2,000,000 $11,750,000 $15,250,000 $21,750,000 

Value over 35-year period1 $3,500,000 $20,502,500 $26,687,500 $38,062,500 
1 Values are multiples of annual values. Because these values are not inflated over the project life, they are lower than the benefits calculated for the 

B/C ratio 

Given a project cost of $4,372,300 (see Attachment 4), a simple expression of the cost per acre foot of water conveyed to 

the Rosedale Spreading Ponds can be computed by dividing the project cost by the quantity of produced water expected to 

be delivered.  For the 20-year life of the agreement between CRC and North Kern this cost is $47/ac-ft ($4,372,300/ (20 

years x 4,700 ac-ft)), while for the 35-year life, the cost is $27/ac-ft ($4,372,000/ (35 years x 4,700 ac-ft)). Given that the 
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service life of the pipeline and ancillary facilities is expected to be 50 years, both scenarios fall well within expected life of 

the facilities. The greatest unknown regarding the ultimate life of the project is the period during which the current rate of 

production from the Kern Front oil-field can be sustained.  

Benefit/Cost Analysis 

Project costs were divided into two categories; 1) capital costs, and 2) O&M costs: 

- Capital costs were estimated by taking the full project cost presented in this application, $4,372,300 and 

annualizing this cost at a 6 percent discount rate over the 20-year and 35-year project lives described above.  

This procedure led to the following computation of the annualized cost of capital and of the total capital cost of 

the project: 

- 20-year: 20 annual payments of $381,200 yielding a total capital cost of $7,242,800 

- 35-year: 35 annual payments of $301,600 yielding a total capital cost of $10,556,000 

- Operating costs were estimated at $5 per acre-ft and were escalated at the same 2 percent rate applied to project 

benefits. Delivery from the Kern Front Oil-field to the Rosedale Spreading Ponds will be by gravity, so power 

requirements will be restricted to gate operation, lighting at the meter station and operation of instrumentation.  

Other O&M costs will be largely concentrated on water quality sampling and satisfying the monitoring 

requirements established by the Regional Board: 

- 20-year: total O&M cost of $571,000 

- 35-year: total O&M cost of $1,175,000 

Total project costs (capital together with O&M) are as follows: 

- 20-year: $7,242,800 plus $571,000 = $7,813,800 

- 35-year: $10,556,000 plus $1,175,000 = $11,731,000 

Project benefits were computed over the 20-year and 35-year project lives using the average annual volume of water 

conveyed to the spreading grounds computed above, a base year value of water of $125/ac-ft and a two percent rate of 

escalation of the value of water.  This results in the following estimates of total benefits: 

- 20-year: $14,275,000 

- 35-year: $29,372,000 

The total project benefits and total project costs computed above lead to the following estimated Benefit/Cost Ratios: 

- 20-year: $14,275,000/$7,813,800 = 1.83 

- 35-year: $29,372,000/$11,731,000 = 2.50 

4. Identification of New Facilities, Policies, and Actions Required to Obtain the Physical Benefits 

Water from approximately 850 oil-field production wells in the Kern Front Oil-field (shown on Figure 2-1) is now 

collected at CRC’s Kern Front Treatment Plant, and this treated water is routed through existing pipelines from the 

treatment plant to a pipeline junction east of Highway 99, also shown on Figure 2.  The Project features the following two 

facilities: 

1) A new 24-inch diameter pipeline that conveys produced water from the junction shown in Figure 2-2 to the Lerdo 

Canal. This pipeline was competed in July 2015 and will begin delivering water to the Lerdo Canal in August of 

2015.  

2) The major project feature is a second 24-inch diameter pipeline that will connect with the recently completed CRC 

pipeline described above and enable water to be routed to the Rosedale Spreading Ponds, a 608-acre recharge 

facility located within the North Kern service area. As shown in Figure 2-2, the pipeline will extend west from a 

connection with the newly completed CRC pipeline located east of Highway 99 and due south of Pump Station B. 

The pipeline will cross Highway 99 and the Friant-Kern Canal following an agricultural service road and will 

continue along the north bank of the Calloway Canal until the pipeline crosses the canal and discharges to the 



Poso Creek IRWM Group  
2015 IRWM Implementation Proposal 
Project Justification 
 

August 2015 16 

Attachment 
 

2 
Rosedale Spreading Ponds. The route of the proposed pipeline is entirely within the North Kern right-of-way. 

Design has been completed on this pipeline and the District is scheduled to invite proposals for the Project on 

August 10, 2015.   

The physical facilities described above will enable implementation of the water supply agreement between CRC and North 

Kern which entitles the District to purchase up to 21,200 ac-ft of produced water per year and requires that the District be 

able to accept this water under all conditions.  The agreement relieves CRC of the need to dispose of produced water by 

deep well injection and entitles North Kern to receive a valuable new source of water on a year round basis. Construction 

of the two physical facilities described above is necessary for implementation of the water supply agreement as the 

combined facilities are needed to enable North Kern to put the produced water to beneficial use throughout the year 

under the full range of water supply conditions expected in the future.  

Other actions required for implementation of the Project have included completion of CEQA documentation for both of the 

pipeline facilities and completion of a Report of Waste Discharge and issuance of a Temporary Permit (Comfort Letter) 

from the Regional Water Quality Control Board that permits produced water received from CRC to be used by North Kern 

for irrigation water supply and groundwater recharge.  These actions have been completed and are described in more 

detail below. 

5. Description of Potential Adverse Physical Effects and Mitigation Measures 

The Project delivers produced water to two locations within North Kern: 1) the Lerdo Canal for application to irrigated 

lands, and 2) the Rosedale Spreading Ponds for direct aquifer recharge. Both of these operations will be performed in 

conformance with requirements of the Report of Waste Discharge (RWD) developed for the Central Valley Regional Water 

Quality Control Board (March 2015), the Temporary Permit (Comfort Letter) issued by the Board on June 18, 2015 and a 

permanent WDR to be issued later this year. The RWD presents an anti-degradation analysis for the Project based on an 

evaluation of potential impacts to groundwater in the project area and the effects of application of produced water to 

crops. Based on water quality testing described in the RWD, the proposed discharges to irrigation and to groundwater 

recharge will not result in increases to current concentrations of EC, chloride, sodium, sulfate and arsenic found in 

groundwater. The discharge levels for boron (at 0.30 mg/l on average) are slightly higher than average groundwater 

concentrations. However, because of the large volumes of Kern River water and groundwater used for blending with 

produced supplies in the Lerdo Canal, the quality of the blended water supply is expected to be well suited for agriculture.  

The analysis presented in the RWD demonstrates that, over time, the flow weighted discharge will have significantly better 

water quality than the underlying groundwater and should be satisfactory for agricultural and other non-potable uses.  

Although the RWD does not prescribe any required mitigation, the following practices have been proposed as Best 

Practicable Treatment or Control (BPTC) actions to mitigate potential impacts of application of produced water. 

- Treatment to lower oil and grease concentrations in water discharged for blending in irrigation water 

supplies. This is done using a multiple-stage water treatment program at the CRC’s Kern Front Water Treatment 

Plant as described in the RWD. CRC has installed lased-induced fluorescence analyzers to provide real-time 

concentration monitoring of oil and grease concentrations of produced water which can be discharged to three 

end uses: steam recycling, deep well injection and delivery to North Kern. This real time monitoring allows CRC to 

detect out-of-specification produced water and divert this water from the supply delivered to the Project to other 

permitted discharges. 

- Blending of produced water supplies so that resultant concentrations of blended water are protective of 

all designated beneficial uses of the underlying aquifers. The parameters for blending water in the Lerdo 

Canal before delivery to agricultural uses are discussed extensively in the RWD. 

- Use of water management practices and monitoring at the points of discharge – irrigation and 

groundwater recharge – to ensure that groundwater, surface water, and crops are protected. 
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- In addition to the water quality monitoring performed at the Kern Front Water Treatment Plant before 

produced water is introduced into the project pipeline, the Project includes installation of a monitoring 

station and sampling ports for testing produced water quality, both prior to and following blending for 

delivery to agricultural users and for groundwater recharge.  

The Initial Study/Mitigated Negative Declaration (IS/MND) prepared by the North Kern WSD7 identifies the Project as 

having less than significant impacts with mitigation measures incorporated for three endangered or threatened species in 

the District’s service area: the San Joaquin kit fox, the burrowing owl, and migratory birds. Mitigation measures including 

pre-construction surveys, buffers, and restriction of project-related vehicle traffic are clearly explained in the IS/MND and 

will be implemented to protect these biological resources.   

6. Description of Project Benefits with Respect to Long-Term Drought Preparedness 

The U.S. Department of Agriculture’s U.S. Drought Monitor ranks the Poso Creek Region as under ‘Exceptional Drought 

(D4)’ with drought conditions having persisted in the region over the past four years with only one wet year recorded 

since the beginning of this century. As a result of the severity of the ongoing drought, the IRWM 2015 Proposition 84 

Guidelines list “Drought Preparedness” as a Statewide Priority to encourage development of projects that address long-

term drought preparedness by contributing to sustainable water supplies and reliability during water shortages. 

Implementation of the Project, effectively addresses these drought-based issues in the following ways: 

- Promoting water conservation, conjunctive use, reuse and recycling: The Project facilitates the recycling of up to 

21,200 acre-feet per year of produced water, already pumped to the ground surface as part of CRC oil-field 

operations. By making the water available to meet agricultural water demands and for groundwater recharge in 

the North Kern service area, the Project offsets a portion of the pumping now carried out by groundwater users 

and provides water for direct recharge in the Rosedale Spreading Ponds. Both of these mechanisms increase the 

reliability of the groundwater resource and reduce the adverse effects of groundwater overdraft. 

- Efficient groundwater basin management: While the zones tapped by CRC wells could never be economically viable 

sources of groundwater alone, because the water withdrawn by CRC operations is a byproduct of oil production, 

the economics of pumping are governed by the value of oil rather than that of water. As a result, use of produced 

water extracted by oil-field operations has the effect of expanding the aquifer accessible for groundwater 

production. This expansion of the aquifer contributing groundwater supply improves the ability to manage the 

groundwater basin by relieving some of the demand placed on aquifers serving water supply wells.  

- Solutions that yield a new water supply: As part of their normal operations, oil-field producers in Kern County 

extract petroleum and water from wells averaging 2,290 feet in depth. The oil bearing deposits are much deeper 

than the aquifers drawn on by water supply wells. Treatment in CRC’s Kern Front Water Treatment Plant and 

delivery to the Lerdo Canal and the Rosedale Spreading Ponds will enable produced water, now an undesirable 

byproduct of petroleum production, to become a highly reliable source of new water supply available for 

agricultural and other non-potable uses.  

Some communities, rural residences, and businesses in northern Kern County rely on groundwater as their sole source of 

water. Prolonged drought conditions increase competition for this resource, a situation that is particularly challenging for 

domestic well owners, DACs and other groundwater-dependent users with limited resources available for repairing or 

deepening wells.  A central benefit of this project is the delivery of a now inaccessible water supply to help North Kern 

mitigate the impacts of prolonged drought and sustained groundwater use within its service area and throughout the 

region. 

                                                                    
7 Provost & Prichard Consulting Group, North Kern Water Storage Drought Relief Project Initial Study/Mitigated Negative Declaration, Kern County, 
California, March 2015. Provided in the Appendix for Attachment 3: Work Plan.  
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Direct Water-Related Benefit to a DAC 

The North Kern WSD Drought Relief Project does not encompass a DAC and therefore there is no discussion of water-

related needs and benefits to a DAC included in this section. A discussion of the direct water-related benefit to the 

groundwater basin that DACs of the Poso Creek IRWM Region rely on is included in Attachment7. 

Project Performance Monitoring Plan 

Table 6 Project Performance Monitoring Plan 

Project:  North Kern WSD Drought Relief Project 

Proposed Physical Benefits Targets Measurement tools and methods 

1. New Water Supply for 
Agricultural Irrigation 
and Groundwater 
Recharge  

Annual recycling of up to 21,200 ac-ft of 
oil-field produced water that will be 
delivered to North Kern. 

1. The pipelines will be equipped with 
flowmeters and monitoring stations. A North 
Kern operator will read meters daily to 
ensure continual use of oil-field-produced 
water. 

2. North Kern has an ongoing program of semi-
annual groundwater level measurements 
throughout the District. These measurements 
are reported to the California Statewide 
Groundwater Elevation Monitoring 
(CASGEM). 

2. Reduction in energy 
usage and in emission of 
greenhouse gases 

Annual conveyance of 16,500 ac-ft of 
oil-field produced water to the Lerdo 
Canal. This water will be delivered to 
agricultural users in place of 
groundwater, expected to reduce 
annual power consumption by 180,895 
kWh and lower greenhouse gas 
emissions by 125 metric tons of CO2.  

The pipelines will be equipped with flowmeters 
and monitoring stations. A North Kern operator 
will read meters daily to ensure continual 
diversion of oil-field-produced water to the 
Lerdo Canal. 
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Cost Effective Analysis 

Table 7 Cost Effective Analysis 

Project name:  North Kern WSD Drought Relief Project 

Question 1 

Types of benefits provided as shown in Table 5 
1. New water supply – 21,200 AFY of oil-field produced water delivered under agreement with the CRC 
2. Reduced energy consumption and greenhouse gas emissions as a result of conveyance of oil-field 
produced water into the Lerdo Canal in place of groundwater pumping for irrigational use.  

 
Question 2 

Have alternative methods been considered to achieve the same types and amounts of physical benefits 
as the proposed project been identified?  
Yes  

If yes, list the methods (including the proposed project) and estimated costs. 
As part of Project formulation, the North Kern District Engineer considered options to absorb the 
constant flow of oil-field produced water.  Based on the conditions of the agreement between CRC and 
North Kern that require the district to be able to accept a constant stream of produced water and 
manage this water in a way that will satisfy the regulatory requirements established by the Regional 
Board, a Feasibility Evaluation was conducted by the North Kern District Engineer.  This evaluation 
focused on how to best absorb the constant flow delivered by CRC during periods of low irrigation 
demand.  This evaluation was authorized by the North Kern Board of Directors as part of an emergency 
response to the severe drought conditions.  The Board of Directors determined to pursue the proposed 
project after consideration of the following alternatives: 
1) The proposed Project which provides the district the options of 1) delivery of produced water to 

the Lerdo Canal for blending and application to irrigated lands, and 2) delivery of produced water 
to the Rosedale Spreading Ponds for direct recharge 

2) Enlargement of a reach of the Lerdo Canal to create in-canal storage capacity adequate to retain 
produced water during periods when this water cannot be blended and applied for agricultural 
use.  Because this alternative could be constructed within district-owned rights of way, this was 
the lowest cost option other than the proposed Project.  However, comparison of the cost of the 
proposed Project with those of canal construction projects completed recently by North Kern and 
neighboring districts demonstrated that the costs of enlarging the prism of the Lerdo Canal to 
attain adequate storage capacity would greatly outweigh the costs of the proposed Project. 

3) Construction of a reservoir adjacent to the Lerdo Canal with sufficient capacity to retain produced 
water.  This alternative is more costly than Alternative 2 due to the cost of acquiring land needed 
at the site of the new reservoir.  The North Kern District Engineer understood that neighboring 
Cawelo Water District had estimated a cost of $20M to construct an in-district reservoir for 
storage of oil-field produced water. 

4) Construction of new spreading grounds adjacent to the Lerdo Canal. This alternative was 
dismissed without development of detailed costs because the value of the land required for this 
alternative outweighed the cost of implementing the proposed project. 

Question 3 

If the proposed project is not the least cost alternative, why is it the preferred alternative? Provide an 
explanation of any accomplishments of the proposed project that are different from the alternative 
project or methods.  
The proposed project is the least cost alternative. 

Comments: 
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2.5. PROJECT 2 – LOST HILLS NEW WELL NO. 3 

Implementing Agency:  Lost Hills Utility District (LHUD) 

Project Description 

25 Word Description 

Lost Hills New Well No. 3 Project involves construction of a well to provide potable water to a DAC struggling with 

increasingly unreliable water supplies. 

Detailed Project Description 

The Lost Hills New Well No. 3 Project (Project) will address a critical water supply need in a disadvantaged community 

(DAC), the community of Lost Hills.  The Project will be one component of the Lost Hills Utility District’s (LHUD) three-

pronged program to respond to water quality and water supply reliability issues currently being experienced by the 

community.  The Project will construct a new water supply well (Well No. 3) on property owned by LHUD that is located 

within the service area of the Semitropic Water Storage District (SWSD, Semitropic). Other phases of the water supply 

enhancement program include: 1) construction of a new 2.2 million gallon (MG) water storage tank to replace a 

deteriorating old tank, and 2) rehabilitation and deepening of the district’s two existing water supply wells. The LHUD 

water supply enhancement program is an example of effective partnership among state, federal and private entities.  The 

storage tank, which earlier was included as an element of the Poso Creek Drought Round IRWM application, has been 

constructed using private funding; rehabilitation and deepening of the district’s two existing wells will be implemented 

using funding from the U.S Department of Agriculture’s Emergency Community Water Assistance Grant (EWAG) Program.  

Funds previously received from DWR are now being used to complete the 60 percent design of the new well, and IRWM 

implementation grant funding is being requested to complete the well design and for the construction and testing of the 

well and of the 1,300 foot-long, 8-inch pipeline that will connect the well with the LHUD’s nearby raw water storage tanks. 

LHUD completed a Water System Master Plan in January, 2014 that identified the need for increased firm water supply.  

This plan, funded by the IRWM program, has been supported by the Preliminary Engineering Report (Cannon, 2015) 

which evaluates the feasibility of six alternatives to address the immediate and medium-term water supply needs of the 

district. Of the alternatives evaluated in this report, the one which addresses immediate drought risk, long-term drought 

risk, and growth in maximum daily and monthly demands at the least cost is construction of a new well, Well No. 3.  

The Lost Hills New Well No. 3 Project entails construction of a new well approximately 500 feet east of the existing East 

Well. The new well would have the capacity to produce up to 800 gallons per minute (gpm) or 1,291 ac-ft per year of flow 

with a 200 horsepower (hp) motor sized to account for continuing declines in groundwater levels. The new well would 

serve the following purposes: 

- Provide adequate flows to meet existing Maximum Day Demands (MDD) at current groundwater levels; 

- Enable the LHUD to meet future MDD in the face of declining groundwater levels;  

- Reduce reliance on the East Well. Although the East Well is being rehabilitated under the USDA-funded program, 

the well is over 60 years old and becoming increasingly inefficient, and  

- Reduce reliance on the two existing wells because both produce water with high concentrations of arsenic. 

 The performance of the well will be enhanced by: 

- Zone testing that will be conducted during well development to minimize placement of screens in aquifer zones 

that are high in arsenic.   

- Operation of the new well and the two existing wells on a lead/lag/standby mode with one of the existing wells 

serving as the standby. The new well will provide 50 percent of current and projected water demands and will 

reduce pumping demands placed on the existing wells.   



Poso Creek IRWM Group  
2015 IRWM Implementation Proposal 
Project Justification 

 

August 2015 21  
 

Attachment 
 

2 
Design parameters include: 

- 16-inch well diameter developed to a depth of 1,000 feet; 

- Pump placed approximately 700 below ground surface 

- Screened intervals to be determined based on zone testing to minimize arsenic concentration.  

Project Specific Maps, Affected Water Resources, and Proposed Monitoring Locations 
 

Project Specific Map 

A project-specific map is given as Figure 2-3. The map shows the location of the LHUD wells which are approximately 12 

miles east of the Lost Hills community. 

Affected Water Resources 

The affected water resource will be the aquifer zones from which the new well will draw water and the slightly shallower 

zones tapped by existing wells where pumping demands will diminish.  Because Lost Hills relies entirely on groundwater 

and has no access to surface water, surface water resources will be unaffected.  

Proposed Monitoring Locations 

Monitoring locations for Project 2 are also shown in Figure 2-3. 
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Project Physical Benefits 

Table 5-2 Annual Project Physical Benefits 

Project Name:  Lost Hills Utility District New Well No.3 Project 

Type of Benefit Claimed:  Primary Benefit: Enhanced Water Supply Reliability to a DAC 

Units of the Benefit Claimed :  (AFY)  

Anticipated Useful Life of Project (years): 50-year infrastructure life  

(a) (b) (c) (d) 

 Physical Benefits 

 
Year 

Without Project 
(firm supply) 

With Project 
(firm supply) 

Change Resulting from 
Project  

2015 807 807 0 

2016 807 1,614 807 

2017 807 1,614 807 

Etc. through Last Year 
of Project Life 

807 1,614 807 

Comments:  
1. Enhanced Water Supply Reliability is defined as the contribution of Well No. 3 to augment LHUD’s firm water 

supply capacity as defined by industry standards. For water supply systems comprised of wells, firm water 
supply is defined as total pumping capacity minus the capacity of the largest producing well (California 
Waterworks Standards Section 54554). 

2. After rehabilitation of LHUD’s two existing wells (North Well and East Well) each of these wells is targeted 
to have a capacity of 500 gpm, providing the system with a firm capacity of 500 gpm, which is below the 
current MDD of 638 gpm and the MDD projected for 2030 of 910 gpm (Cannon, 2015). 

3. Project is not expected to be completed until 2016, therefore With Project benefits for 2015 remain at the 
current firm supply capacity of 500 gpm (807 AFY assuming functioning well is operated continuously). 

4. Completion of Well No. 3 in 2016 will increase Lost Hill’s total, and thus firm supply capacity to 1,000 gpm 
(1,614 AFY), the targeted production of the rehabilitated North and East wells. 

5. Upon completion of Well No.3, LHUD plans to meet 50 percent of demand through operation of Well No.3 
and 50 percent through one of the existing wells with the second well on standby status. 

6. Because of rapidly declining water table elevations in the vicinity of LHUD and because of the difference 
between the depths of the East and North wells after rehabilitation (approximately 520 feet) and Well No. 3 
(1,000 feet), Well No. 3 will be the only district well capable of serving as a long-term response to drought 
and growing demand. Therefore, in the event of prolonged drought and continuing declines in water table 
elevations, the difference between the Without Project condition and the With Project condition may 
increase.  

7. The East Well is now 62 years old.  Even after completion of the rehabilitation program, the age of this well 
makes reliance on this facility problematic.   
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Project Name:  Lost Hills Utility District New Well No.3 Project 

Type of Benefit Claimed: Secondary Benefit: Reduction in Water Treatment Cost for a DAC 

Units of the Benefit Claimed :  $ per year  

Anticipated Useful Life of Project (years): 50-year infrastructure life  

(a) (b) (c) (d) 

 Physical Benefits 

Year Without Project With Project Change Resulting from Project 

2015 $48,500 $48,500 $0 

2016 $48,500 $34,000 $14,500 

2017 $48,500 $34,000 $14,500 

Etc. through Last 
Year of Project Life 

$48,500 $34,000 $14,500 

Comments:  
1. High arsenic levels occur in local groundwater and appear to be associated with lakebed areas along the west 

side of the Central Valley.  Arsenic concentrations in groundwater vary from 10 ppb to 50 ppb (Cannon, 2015).  
2. The district’s existing wells, the East Well and the North Well, were constructed when the MCL for drinking 

water was 50 parts per billion (ppb). Subsequently, the MCL was lowered to 10 ppb leading the district to 
construct its Arsenic Water Treatment Plant (AsWTP) in 2008, which uses an oxidation-filtration system to 
reduce arsenic levels to 8 ppb.  

3. District records show current annual costs for operation of the AsWTP include $20,000 for chemicals and 
$28,500 per year for power costs (approximately 1/3 of the district’s annual power bill of $85,000). 

4. Water produced by the East and North wells is assumed to have an average arsenic concentration of 30 ppb, 
while water produced by Well No. 3 is expected to have an arsenic concentration of 12 ppb. 

5. Upon completion of Well No.3, LHUD plans to meet 50 percent of demand through operation of Well No.3 and 
50 percent through one of the existing wells with the second well on standby status.  This mode of operation 
is expected to lower the arsenic concentration of produced water from 30 ppb to 21 ppb, or 30 percent. 

6. The 30 percent reduction in arsenic concentration of the produced water was assumed to lead to a 30 percent 
reduction in the operating costs of the AsWTP lowering the annual cost from $48,500 to $34,000. 

 

Technical Analysis of Physical Benefits Claimed 

Introduction 

Completion of the Project will provide the following benefits: 

- Primary Benefit: Enhanced water supply through construction of a new well to improve the reliability of the 

drinking water supply to the disadvantaged community of Lost Hills.  

- Secondary Benefit: Reduce cost of treating water. The Project will fund installation of a new well that will supply 

water with lower arsenic concentrations than water produced by existing wells. Introduction of higher quality 

water into the system and reducing reliance on older wells producing water with high arsenic concentrations will 

reduce the cost to the community for water treatment. 

The following section discusses the need for the Project and the benefits of project implementation. Much of following 

analysis is supported by the Preliminary Engineering Report (Cannon, 2015) prepared for LHUD, provided in Appendix E of 

this attachment. 
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1. Project Need 

The LHUD (formerly the Lost Hills Sanitation District (LHSD)) was formed in 1978 and provided sewer collection and 

treatment for the community of Lost Hills. In 1992, the LHSD became the LHUD with the district’s mission expanding to 

purvey potable water to 375 households in Lost Hills, the I-5/Hwy 46 commercial area and the region.  The district 

continues to provide sewer collection and treatment to the community of Lost Hills. LHUD’s water system consists of two 

production wells, an Arsenic Water Treatment Plant (AsWTP) with raw water and treated water tanks, a transfer pump 

station, a transmission main, a network of pipelines, and a 2.2 MG storage tank.   

The Lost Hills New Well No. 3 Project is one of the DAC projects that are components of the Poso Creek IRWM Plan (Plan), 

specifically Project 29 of the Plan, to Assist Disadvantaged Communities to Enhance Water Supply, Drinking Water 

Treatment, and Waste Water Treatment Facilities.  The Project will allow LHUD to better utilize groundwater in meeting 

water supply reliability and quality objectives designed to protect the health of its citizens. Under funding provided by a 

Round 1 IRWM Implementation Grant, LHUD completed a Water Master Plan. This plan formulated the three-pronged 

program of water supply improvements described above, which together with a new storage tank and rehabilitation of the 

district’s two existing wells, includes the New Well No. 3 Project as a key facility needed to meet one of the Region’s 

highest priorities; providing an affordable, high-quality water supply to users within the Region. 

In the Poso Creek Region, arsenic is prevalent in the groundwater due to the area’s geology. LHUD’s two existing wells now 

produce water having arsenic concentrations which exceed the USEPA and CALEPA MCL of 10 parts per billion for potable 

water. Because of the elevated arsenic levels, LHUD now treats water to levels that comply with the MCL with the costs of 

treatment being passed down to LHUD’s customers. The new well would be located in a part of the region that does not 

have high arsenic levels in groundwater, reducing the need for treatment, and thereby minimizing operation and 

maintenance expenses to LHUD.   

Water demand is projected to increase at a rate of 1.8 percent per year based on an analysis of historical water use, historical 

population growth, historical per-capita water use, and remaining infill and buildout development (Water System Master 

Plan, Cannon, January 2014). Existing and future (buildout / 2030) demand conditions are summarized below. 

 

 
Water Use Scenario 

 

 
Basis 

Existing Future (2030) 

120 MG/Yr 171 MG/Yr 

MGD gpm MGD gpm 

Average Annual Demand (AAD)  0.33 229 0.47 326 

Max Month Demand (MMD) Notes 1 & 2 0.54 375 0.77 535 

Max Day Demand (MDD) 1.7 x MMD3 0.92 638 1.19 910 

Peak Hour Demand (PHD) 1.5 x MDD  957  1,364 

MDD plus Fire Flow – Residential  MDD plus 1,000 gpm for 2 hours in Town 

MDD plus Fire Flow – Commercial  MDD plus 1,500 gpm for 2 hours at I-5 Center 
Notes: 

1. Existing MMD based on 16.6 MG in August 2007 (Max Month since 2000) 

2. 2030 MMD was calculated by multiplying the Existing MMD/Existing AAD by the 2030 AAD. 

3. Analysis of daily water used resulted in a 1.7 multiplier for MDD. 
Source: ECWAG Preliminary Engineering Report, 2015 

The existing water use for the district is approximately 136 gallons per capita per day (gpcd) based on district water use of 

120 MG in 2010 and Lost Hills CDP population of 2,412 in 2010. The 2020 targeted daily per-capita water use value 

established for the Tulare Lake hydrologic region is 188 gpcd (Kennedy Jenks, 2011), so the district’s water use is well 

within the targeted use for the region. 
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Water use in an equivalent dwelling unit (EDU) basis is summarized below. 

 

 

 

User Type 

 

Average Total Use 
 

Number of 

Connections 

Average Use per 

Connection 
 

Number of 

EDUs Annual Monthly Monthly Daily 

MG MG # Gallons Gallons # 

Residential (Single-Family) 42.0 3.5 299 11,706 385 299 

Multi-Family Residential 16.2 1.4 3 450,000 14,795 115 

Commercial/Institutional 65.6 5.5 85 64,314 2,114 467 

Total 123.8  387   881 

Notes: Based on actual use in 2013 as reported to the California Department of Water Resources on DWR Form 38 – Public Water 

System Statistics. 

Source: ECWAG Preliminary Engineering Report (Cannon, 2015) 

Of major concern is the water supply reliability of LHUD’s wells. Industry standards define a firm water supply for a 

groundwater-reliant system as the total pumping capacity minus the capacity of the largest producing well (California 

Waterworks Standards Section 54554). Based on this standard, the LHUD now has a firm water supply of 500 gpm.  

However, LHUD’s current MDD exceeds 500 gpm. In addition, to meet summertime demands, LHUD has historically been 

required to operate its two wells, including one that is 62 years old, for 16 hours per day, an operational pattern that 

exceeds the recommended practice of computing firm yield based on wells that are operated no more than 12 hours per 

day. 

The operation and maintenance of the LHUD water system is financed exclusively through connection fees charged to 

system customers. Because LHUD’s pool of customers is small and economically-disadvantaged, the district struggles to 

pay for system operation and maintenance and has a limited ability to respond to unexpected infrastructure failures, to 

finance capital projects (e.g. replacement of pipes, and storage facilities) and to address water supply contamination. 

The Project helps improve the reliability of water supplies for regional interests and is supported by neighboring districts 

including all of the IRWM member agencies.  Because the Project is central to securing the water supply for a DAC within 

the Poso Creek Region, the members of the Poso Creek IRWM group have identified the Project as a priority for this grant 

application.  

2. Without-Project Conditions 

Without-project conditions in the LHUD assume completion of the new storage tank (implemented using private funding) 

and rehabilitation and deepening of the district’s two existing water supply wells (implemented using federal funds). The 

Preliminary Engineering Report (Cannon, June 2015) explains that implementation of these two projects replaces or 

improves existing facilities and enables the district to maintain service in the short-term in the face of declining 

groundwater elevations. In addition, these projects respond to shortcomings in LHUD facilities resulting from long-

deferred maintenance due to the inability of local ratepayers to sustain the costs of operating and maintaining facilities.  

By contrast, Well No. 3 is a new facility that will augment local water supplies and improve the quality of water delivered 

to the district. Specifically, Well No. 3 will be constructed to a depth of 1,000 feet versus the 520-foot depth of the existing 

wells after completion of rehabilitation. Pumping from the new well will reduce reliance on the 60+ year old East Well, 

enable the district to meet CDPH standards for system reliability in the short- and medium-term, and by drawing from 

zones deeper than those accessible by the existing wells, reduce the arsenic concentration of the total water supply 

available to the district. 

  



Poso Creek IRWM Group  
2015 IRWM Implementation Proposal 
Project Justification 

 

August 2015 27  
 

Attachment 
 

2 
3. Description of Methods Used to Estimate Physical Benefits 

Methods to estimate physical benefits of the Project are based on the Preliminary Engineering Report (Cannon, June 2015) 

and the estimates detailed in that report of volumes and quality of water expected to be produced by Well No. 3. 

Assumptions applied in estimating physical benefits include the following: 

- The well will be constructed with the pump located substantially below existing groundwater levels to provide 

long-term reliability. Pumping from the new well will reduce demands placed on existing wells and enable the 

district to both meet CDPH system reliability standards and enable the LHUD to increase production as residential, 

commercial, and industrial activities grow. 

- The district plans to conduct zone testing during development of Well No. 3 and to screen the well to minimize 

pumping from zones high in arsenic. Delivery of water from zones low in arsenic will reduce the cost of operating the 

AsWTP. 

- Design parameters include: 

- Develop well to a depth of 1,000 feet and 16-inch diameter 

- Place pump at approximately 700 feet 

- Screened intervals to be determined based on zone testing. 

- New 200 hp motor 

- New 8-in diameter pipeline from the well to the existing AsWTP raw water tank 

- Receipt of well development approval from CDPH 

- No direct or indirect environmental impacts are anticipated other than temporary construction impacts. An Initial 

Study/Mitigated Negative Declaration (IS/MND) was adopted on October 2, 2014 with findings and measures 

similar to those contained in the IS/MND recently prepared for the AsWTP dewatering expansion project.  These 

findings and measures include: 

- No evidence of any listed or special-status species during the field survey and that “it is very unlikely that 

the project would result in direct impacts to special status species within the identified project footprint.” 

- Contractor orientation on local special-status species and habitat requirements 

- Pre-construction biological survey 

- The district already owns the land surrounding the Project site. 

- No potential construction problems have been identified since the district and local contractors have experience 

developing similar wells in the area.  

4. Identification of New Facilities, Policies, and Actions Required to Obtain the Physical Benefits 

No new policies or actions are required to obtain the physical benefits of the Project. New facilities include the 

construction of Well No. 3 and of a 1,300 foot-long pipeline for conveyance of water produced by the new well to the raw 

water tank adjacent to the district’s AsWTP. 

Well No. 3 would be installed approximately 500 feet east of the existing East Well. The new well would be sized to provide 

800 gpm of flow with a 200 HP motor, with the motor sized to account for the recent decline in groundwater levels and 

anticipated future declines. The new well would serve multiple purposes: 

- Provide adequate flows to meet existing MDD at current groundwater levels. 

- Reduce reliance on 60+ year old East Well and provide capacity to reliably meet future increases to MDD 

- Reduce pumping from existing wells which produce water with high concentrations of arsenic. 
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5. Description of Potential Adverse Physical Effects and Mitigation Measures 

The Project lies entirely within an 80-acre parcel owned by the district. The district-owned parcel is characterized mostly 

as disturbed (ruderal) alkali scrubland with native vegetation consisting mostly of valley saltbush, alkali scrub and non-

native annual grasses.  The project site is surrounded by actively farmed land served by Semitropic WSD.  

The 2004 AsWTP IS/ND identified six special-status species that have the potential to occur within the AsWTP project site 

which is approximately 1,300 feet from the site of Well No. 3 and lies within the same district-owned parcel as the new well. 

The IS/ND summary of potential environmental impacts states: 

After close examination of the issues indicated in the CEQA Checklist and Initial Study – especially Biological 

Resources, Hydrology and Water Quality, and Hazards and Hazardous Materials – it is determined that there 

are no potential environmental impacts. The proposed project incorporates design and operational measures 

and pre-construction surveys and construction monitoring efforts to avoid any potential impacts. Therefore, 

the proposed project is self-mitigating and no significant adverse impacts are anticipated. 

The district recently completed a Biological Reconnaissance Survey (McCormick Biological, 2013) for expansion of the 

AsWTP dewatering facility.  This survey found no evidence of any listed or special-status species during the field survey 

and stated that “it is very unlikely that the project would result in direct impacts to special status species within the 

identified [AsWTP Dewatering] project footprint.” Measures were identified to avoid potential adverse impacts to 

special-status species, primarily: 

- Contractor orientation on local special-status species and habitat requirements, and  
- Pre-construction biological survey. 

As a result of the district’s on-going efforts with the planning and design of Well No. 3, an IS/MND was prepared in August 

2014 and adopted by the district on October 2, 2014.  

6. Description of Project Benefits with Respect to Long-Term Drought Preparedness 

Lost Hills is among the communities in northern Kern County that rely on groundwater as their sole source of supply. The 

district has little control over management of their groundwater basin since agricultural pumping, which far exceeds the 

district’s groundwater production, surrounds the community. As the evaluation of alternatives included in the Preliminary 

Engineering Report (Cannon, 2015) demonstrates, the district does not have any economically-feasible access to water 

other than groundwater and must therefore be conservative in anticipating groundwater basin issues affecting access to 

groundwater, such as significant decreases in groundwater levels. 

One component of the district’s drought response is a forceful water conservation program. The district passed an 

Ordinance on May 1, 2014 which establishes the following restrictions for use of water: 

- Unattended outdoor watering is prohibited; 

- Unattended hose must have a nozzle with automatic shutoff; 

- Unattended hose nozzle must be in the off-position, and 

- Establishes the right to terminate and/or restrict water to water service connections outside the district 
boundaries.  

The two largest irrigated areas within the District – Lost Hills Park and Lost Hills Middle School (K-8) – use untreated 

surface water from the State Water Project that is not supplied through the District’s water system. The Lost Hills Park 

implemented the use of surface water over the last several years, while the school has utilized surface water for many 

years. As a result of conservation efforts coupled with economic conditions, water use within the LHUD has experienced a steady 

decline with annual water use in 2013 approximately 10 percent below the 2007 water use of 137.9 MG. This decline will 

continue with the water use restrictions and the heightening awareness of the drought. 
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Prolonged drought conditions create situations that are particularly challenging for DACs having limited resources for 

repairing or deepening wells. The LHUD is planning to address this situation on the following two fronts: 1) emergency 

response, and 2) long-term drought response. 

Emergency response focuses on rehabilitation and deepening of the district’s two operating wells. When in operation, the 

current groundwater levels at these wells are within 55 to 70 feet of the pump bowls.  Due to the severity of the on-going 

drought, the district predicts that the water table will drop an additional 40 to 50 feet by the spring of 2016 to between 386 

and 396 feet below ground surface. Each well will be producing approximately 300 gpm when the water table reaches 

these critical elevations. The North Well is expected to go dry before the East Well leaving approximately 300 gpm of 

available capacity. Shortly thereafter, the East Well is also expected to go dry with the timing of loss of service of this well 

depending on the transmissivity of the soil strata.  

Rehabilitation and deepening of the East and North wells will address LHUD’s looming water supply emergency. However, 

well rehabilitation will not address long-term drought preparedness. The IRWM Proposition 84 Guidelines encourage 

development of projects that contribute to sustainable water supplies and reliability during water shortages. Construction 

of Well No. 3 addresses these drought-based issues in the following ways: 

- Efficient groundwater basin management: Well No. 3 will be 1,000-ft deep, considerably deeper than either the 

East Well or the North Well which will be deepened to 520 feet during rehabilitation. Construction of Well No. 3 

will expand the depth of the water bearing strata to be tapped by the district’s wells enabling the LHUD to 

improve its groundwater basin management by reducing the quantity of water pumped from the older, shallower 

wells. In addition, although the cost of pumping from the new, deeper well will be higher than from the older 

wells, this cost is expected to be offset by reduced costs of arsenic treatment due to the better quality of water 

anticipated from the new well.     

Direct Water-Related Benefit to a DAC 

The Lost Hills New Well No.3 Project will increase water supply reliability through construction of a new well to ensure 

adequate and reliable delivery of safe drinking water. Lost Hills faces two urgent issues as a result of drastic decreases in 

groundwater levels at LHUD well locations: 1) the existing well pumps are at risk of failure if groundwater levels drop 

below minimum net positive suction head (NPSH), and 2) reduced flows from each existing well put Lost Hills at risk of 

not meeting MDD when either well is offline.  To address these issues, LHUD proposes to construct a new well at adequate 

depth and production capacity to address the current drought, provide for long-term drought preparedness and future 

needs as the community grows. In addition, the well will be developed using zone testing to minimize the arsenic 

concentration of the water being pumped. 

Lost Hills’s remote and isolated location and lack of financial resources have left the community unable to fund basic water 

and wastewater infrastructure projects needed to ensure safe and reliable water supplies for its residents. Lost Hills 

utilizes groundwater as their only source of supply, as the district is not connected to any supplemental surface water 

systems. Thus, the project included in this Proposal is vitally important as it provides a means of both increasing the 

reliability of the community’s water supply and of improving the quality of the source of drinking water for community 

residents. 

Lost Hills is considered “economically disadvantaged” based on its Median Household Income (MHI) of $29,348 (according 

to 2010 U.S. Census Data) and compared to the statewide MHI of $61,094 (as stated in the 2015 IRWM Guidelines (ACS 

Census Data 2009-2013)). This value is well below the 80% of statewide MHI threshold of $48,875 for designation as a 

DAC. The following table is directly extracted from Table 3.7 of the Poso Creek 2014 IRWM Plan Update (Part 3: Regional 

Description), identifying the MHI for Lost Hills and providing a synopsis of the data presented above. As seen in the table, 

the community of Lost Hills is relatively small with a population of around 2,400 people and with a MHI of approximately 

48 percent of the State MHI indicated above. 
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City/Community County Population1 

Estimated 
Households in 

City/Community 

Median 
Household 

Income 
(MHI)1 

% of 
State 
MHI2 

Corresponding 
Entity 

Lost Hills Kern 2,412 440 $29,348 48% 
Lost Hills Utility 

District 
1 Data obtained from the latest US Census Bureau statistics, generally 2010 Census Data (available via American Fact Finder online database). 
2 Percent of State MHI from 2009-2013 ACS Census Data, threshold of $61,094 with 80 percent value of $48,875, as stated above (from 2015 IRWM 

Guidelines) 

The DAC Representative and Self-Help Enterprises were involved in the IRWM Group process for analyzing and discussing 

the proposed LHUD Project. Through the DAC Work Group, people and representatives from LHUD were involved and 

engaged in the development and preparation of the Project for inclusion in this application. Since this proposal includes 

the Lost Hills DAC Project, specifically addressing direct water‐related needs of a DAC, the application was compiled to 

allow DWR to evaluate the application with regard to DAC program preferences and waiver of funding match. 

Project Performance Monitoring Plan 

Table 6 Project Performance Monitoring Plan 

Project:  Lost Hills Utility District New Well No.3 Project 

Proposed Physical Benefits Targets Measurement tools and methods 

1. Enhanced water supply 

reliability to a DAC.  

Production from new well 

of between 600 gpm and 

800 gpm. Minimum of 

50% of water to LHUD 

supplied by new well.  

1. Compare without project and with project records for 

operation of the East Well and the North Well.  

2. Monitor with project production from Well No. 3 and 

compare to with project production rates from the East 

and North wells.   

2. Reduction in water 

treatment cost to a DAC. 

30 percent reduction in 

water treatment costs 

1. Sample quality of water produced by each of the 

District’s operating well on a regular basis pursuant to 

Department of Health requirements to meet drinking 

water standards 

2. Compare quantities of chemicals used under without 

project and with project conditions and compare power 

usage under both conditions. 
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Cost Effective Analysis 

Table 7 Cost Effective Analysis 

Project name:  Lost Hills Utility District New Well No.3 Project  

Question 1 Types of benefits provided as shown in Table 5 

1) Enhanced water supply reliability to a DAC 

2) Reduction in water treatment costs for a DAC 

 

Question 2 

Have alternative methods been considered to achieve the same types and amounts of physical benefits 

as the proposed project been identified?  

Yes 

If yes, list the methods (including the proposed project) and estimated costs. 

The following three technically-feasible alternatives were considered to enhance the reliability of the 

water supply available to LHUD and to provide drought security: 

1) Proposed project – cost: $1,061,000 

2) Acquisition of SWP water rights, construction of a water treatment plant and construction of 

pipelines to convey treated water to the existing distribution system - cost: $5,672,500 

3) Connection with the closest municipal water system, the City of Wasco - cost: $7,938,000  

Question 3 If the proposed project is not the least cost alternative, why is it the preferred alternative?  

Proposed project is the lowest cost alternative. 

Source: Preliminary Engineering Report, Cannon, June 2015 
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Appendix A 

North Kern Annual Groundwater Pumping 
Cost Sheets 
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Appendix B 

Report of Waste Discharge: Produced Water 
Blending and Reuse to the North Kern WSD 
(Report) 



l<ennedy/Jenl<s Consultants 

303 Second Street, Suite 300 South 
San Francisco, California 94107 

415-243-2150 

FAX: 415-896-0999 

Report of Waste 

Discharge: Produced 

Water Blending and Reuse 

to the North Kern Water 

Storage District 

20 March 2015 

California Regional Water 

Quality Control Board 

Prepared for 

North Kern Water Storage 

District 
33380 Cawelo Avenue 

Bakersfield, California 93308 

California Resources 

Corporation, LLC 
9600 Ming Avenue, Suite 300 

Bakersfield, California 93311 

K/J Project No. 146503s·oo 



Kennedy/Jenks Consultants 
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Executive Summary 

This Report of Waste Discharge describes a project proposed by California Resources 
Corporation (CRC) and the North Kern Water Storage District (NKWSD) to reuse oil field . 
produced water to augment the irrigation water supply for approximately 55,000 acres of 
irrigated crop land in Kern County just north of Bakersfield, California. The report provides the 
following information: 

• A description of the project area (see Figure 1-1). 
• The proposed water management practices to be employed in the oil field, irrigation 

areas, and groundwater recharge basins. 

• Water quality of the blended water including surface water, groundwater, produced 
water, and process water from a nearby food processor. 

• An antidegradation analysis of potential impacts to groundwater. 

• The benefits of the project for Kern County and California. 

NKWSD currently provides irrigation water to approximately 55,000 irrigated acres. In wet years, 
excess surface water supplies are discharged to over 1 ,500 acres of spreading basins for 
groundwater recharge as part of the NKWSD conjunctive reuse program. In dry years, there is 
insufficient water available to meet irrigation demands, even with additional groundwater 
pumped from NKWSD's water supply wells. 

In the proposed project, CRC would provide up to 21,200 Acre-feet per year (Ac-ft/yr) [6.9 billion 
gallons] of produced water from their Kern Front Oil Field area to NKWSD to blend with their 
other water supplies, which range from 115,000 to 171,000 Ac-ft!yr [37.5 to 55.8 billion gallons] 
depending on annual surface water supplies. Most of the produced water will be blended in the 
Lerdo Canal and used for irrigation. The irrigation water supply will consist of Kern River and 
other surface water supplies, groundwater pumped from NKWSD wells, and produced water. 

When irrigation demand is low, both produced water and excess surface water will be 
discharged to groundwater spreading basins located west of the Lerdo Canal. The proposed 
project, therefore, has two discharges: one to irrigation and another to the Rosedale Spreading 
Basins, a 608 acre facility in the NKWSD. The CEQA process to evaluate the proposed project 
is currently underway and is expected to be finalized in May 2015. 

NKWSD and Grimmway Enterprises (Grimmway), a carrot processor in Shafter, California, have 
also proposed a project to discharge carrot processing wastewater from a raw product rinsing 
facility to the Rosedale Spreading Basins. It is expected that this discharge proposal will have 
Tentative Waste Discharge Requirements (WDRs) in the public review process before a 
California Regional Water Quality Control Board, Central Valley Region hearing scheduled for 
April 2015. This year-round discharge from the Grimmway facility would be 158 Ac-ftlyr [51 
million gallons (MG)) but could increase to 559 Ac-ft/yr [182 MG] in the future. The proposed 
total discharge to the Rosedale Spreading Basins would consist of excess Kern River and other 
surface water, flows from Grimmway, and produced water. 

Groundwater Conditions in the Project Area. Groundwater beneath the NKWSD varies with 
climatic conditions, groundwater pumping, and groundwater recharge from the spreading basins 
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located throughout NKWSD. Groundwater depths range between 250 and 350 feet below 
ground surface depending on climatic trends. Available data demonstrate a long term trend of 
increasing depth to groundwater. NKWSD has 100 wells throughout the District used primarily 
for groundwater extraction. A water quality dataset collected from these wells documents the 
overall high quality of underlying groundwater. There are areas of better and poorer 
groundwater quality and the wells within the Rosedale Spreading Basins area have better water 
quality than the District average. 

The soils and alluvial sediments that underlie NKWSD are the same as those of the Cawelo 
Water District (CWO), an adjacent water district with a produced water reuse program similar to 
the project proposed here. The background groundwater quality established for CWD is relevant 
to NKWSD because the general groundwater flow direction in the area is from CWD towards 
NKWSD. The CWD background groundwater quality is similar to the average water quality for 
the NKWSD wells. 

Discharge Water Quality for the Proposed Project. Water quality of the proposed blended 
flows for irrigation and the blended discharge to the Rosedale Spreading Basins are based on 
analysis of the key constituents in the oil field produced water, and the Grimmway process 
water: electrical conductivity (EC), arsenic, boron, chloride, sodium, and sulfate. This report 
provides a detailed evaluation of the volume and quality of the proposed discharges for a range 
of water quality conditions and compares these results to existing groundwater quality and 
Water Quality Objectives (WOOs). 

The results provided in the following table demonstrate that the flow weighted average 
constituent levels will not affect the beneficial uses of local groundwater. The groundwater 
recharge water quality is better than that of the irrigation water because, during most years, the 
ratio of surface water to the sum of other water sources is much larger for the discharge to the 
Rosedale Spreading Basins. 
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Notes: 

(a) EC = Electrical Conductivity 
(b) �mho/em = micromhos per centimeter 
(c) �gil= micrograms per liter 
(d) mg/1 = milligrams per liter 
(e) Flow weighted average, refer to Table 4-8 for Groundwater Recharge and Table 4-9 for Irrigation Discharge. 

(f) Sulfate was not evaluated for irrigation discharge. 
(g) Arsenic is estimated as <2 119/l because insufficient measurements are available. 
(h) RSB = Rosedale Spreading Basins 
(i) CWD = Cawelo Water District 

The boron and arsenic concentrations in the proposed discharges are greater than the range of 
groundwater data shown in the table above. Arsenic concentrations in the blended irrigation 
water are greater than the WQOs. However, recent studies in the Cawelo Water District 
demonstrated that the arsenic adsorption potential for soils and alluvium is very high. Similar 
soils and alluvium underlie NKWSD so the same adsorption potential applies for this project. 
This point is evaluated in detail in the Antidegradation Analysis of this report. 

Boron concentrations in the discharges are projected to cause a small increase to groundwater 
concentrations. The acceptability of this minimal potential degradation is addressed in the report 
by evaluating the potential benefits of the project and the potential impacts of the concentration 
increase. 

As part of the Antidegradation Analysis, proposed water management practices were evaluated 
to assess compliance with the requirement to implement Best Practicable Treatment or Control 
(BPTC) measures. For oil field produced water, a key element of BPTC is reuse of this water 
supply, especially in dry climates and drought conditions. In order to protect water quality, reuse 
programs must also incorporate constituent removal including a) lowering oil and grease 
concentrations, and b) blending of produced water supplies so that concentrations protect 
beneficial uses of the underlying aquifers and, if possible, do not degrade background 
groundwater quality. The proposed project meets these requirements. 

Benefits of the Project in the Local Area. The proposed project has an important beneficial 
impact on water resources in the local area. This is important because agricultural and oil field 
production are primary economic drivers for Kern County and the State of California. 

• An important impact of the project is the annual recycling of up to 21,200 Ac-ft [6.9 billion 
gallons] of oilfield produced water to the NKWSD. This flow will be blended with other water 
sources and used for irrigation and groundwater recharge. 

• Produced water will increase NKWSD's water supply by approximately fifteen percent and 
will partially replace groundwater that would otherwise be pumped. During the winter 
season, produced water will be discharged to the Rosedale Spreading Basins along with 
any available Kern River water to recharge declining groundwater supplies. This has the 
added benefit of decreasing the rate of groundwater decline and lowering pumping costs. 

The project converts flows that otherwise would be disposed of by well injection to a beneficial 
use as irrigation water supply. In addition, this reuse program also provides the oil industry with 
a reliable and environmentally beneficial way to manage produced water. 
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Section 1: Introduction 

This Report of Waste Discharge (RWD) has been prepared on behalf of California Resources 
Corporation (CRC) and the North Kern Water Storage District (NKWSD) to support issuance of 
Waste Discharge Requirements (WDRs) for produced water discharged from the CRC property 
in the Kern Front Oil Field. CRC and NKWSD propose to blend treated produced water with 
other irrigation water supplies to increase the water supply available for agricultural irrigation, 
especially during dry years when surface water supplies are inadequate. When irrigation 
demand is low, generally during wet years or during the winter months, produced water and 
available surface water will be discharged to the Rosedale Spreading Basins that are owned 
and operated by the NKWSD. A completed Form 200 is included in Appendix A. 

1.1 The Proposed Project 

This project is intended make beneficial reuse of oil field produced water by blending produced 
water with other irrigation water supplies. CRC will discharge up to 58 Acre-feet per day (Ac
ft/day) (18 million gallons per day (MGD)), of produced water from CRC's Kern Front Oil Field to 
the NKWSD. The blended water will be used directly for irrigation or will be discharged to 
spreading basins in the NKWSD for groundwater recharge: 

o The NKWSD will blend the produced water with its irrigation water supplies and deliver 
the blended water to agricultural users for beneficial reuse for agricultural crops during 
the irrigation season. The addition of produced water will reduce the reliance on 
groundwater pumping for irrigation water supply. 

o When there is excess water supply, produced water and other water supplies will be 
discharged to the Rosedale Spreading Basins groundwater recharge project and other 
spreading basins within NKWSD. 

Figure 1-1 shows the project area including the 60,000 acre NKWSD, CRC Kern Front Oil Field 
area, the proposed pipeline route from CRC to the Lerdo canal, and the spreading basins within 
NKWSD. 

1.2 California Environmental Quality Act Compliance 

Preparation of an Environmental Review and Mitigated Negative Declaration for the proposed 
project in compliance with the California Environmental Quality Act (CEQA) is underway. The 
CEQA process, with NKWSD as the lead agency, is expected to be completed in mid-May, 
2015. The proposed project will convey up to 21 ,200 Acre-feet per year (ac-ft/year) of produced 
water from CRC's treatment plant in the Kern Front Oil Field to the Lerdo Canal and the 
Rosedale Spreading Basins (Figure 1-1). The proposed project will include the installation of 
two segments of pipeline. One segment will extend from an existing CRC pipeline to the east 
side of Highway 99, then north along the Lerdo Canal for approximately one mile to a delivery 
point in the Lerdo Canal. The second segment will connect with the first segment 0.75 miles 
south of the Lerdo Canal delivery point and will extend 2.5 miles west to the Rosedale 
Spreading Basins. Several Best Management Practices (BMPs) related to air quality, biology, 
hazardous materials, water quality, and traffic will be implemented as part of the project's 
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installation and operating activities. The CEQA document states that the water quality limits will 
be set by the RWQCB as part of the WDRs that will be adopted for the proposed project. 

1.3 Regulatory History 

CRC and NKWSD do not have a joint regulatory history with the California Regional Water 
Quality Control Board, Central Valley Region (CRWQCB). CRC discharges produced water to 
the Valley Water - Cawelo Water District (CWO) system but CRC is not a named discharger for 
regulatory purposes. NKWSD does comply with the Water Conservation Act of 2009 (Senate 
Bill SB X?-7) which requires evaluation of agricultural water use, as documented in the 
Agricultural Water Management Plan (NKWSD, 2014). In addition, NKWSD has prepared and 
updated a Groundwater Management Plan in accordance with evolving groundwater 
management legislation dating back to 1991 (AB-255, superseded by the Groundwater 
Management Act AB-3030 in 1992), and including the elements required by AB-1938 (NKWSD 
2012). 

Grimmway Enterprises, Inc. (Grimmway) owns and operates a carrot washing and packing 
facility that is located 1.5 miles north of the Rosedale Spreading Basins. A tentative agreement 
has been made between Grimmway and NKWSD that would allow Grimmway to discharge 
carrot wash water year-round to the Rosedale Spreading Basins. A RWD has been submitted 
for this project and Tentative WDRs have been issued for the proposed discharge. The 
discharge from the Grimmway facility will be included in all blending calculations involving 
discharge to the Rosedale Spreading Basins. 

1.4 Contents of the Document 

Section 2 of this report provides background information about the project area including 
information about project partners, CRC and NKWSD. 

Section 3 summarizes and evaluates subsurface conditions for the project area. 

Section 4 provides the design flows, constituent concentrations, and water management 
methods proposed for the overall NKWSD water management program. The details of flow and 
blended water quality of the proposed project are also provided. 

Section 5 presents the groundwater Antidegradation Analysis for the proposed project. 

Section 6 summarizes the project, potential impacts to groundwater, and the benefits of the 
project. 
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Section 2: Description of Facility and Surrounding Area 

The NKWSD is located in the eastern San Joaquin Valley portion of Kern County, California 
northwest of Bakersfield, east of Shafter and Wasco, and west of McFarland (Figure 1-1). It 
encompasses an area of approximately 60,000 acres and provides irrigation water supply to 
agricultural operations within NKWSD boundaries and also can discharge water to spreading 
basins located throughout the District. The locations of the CRC Kern Front Oil Field, 
agricultural lands included in this project, and other infrastructure are also shown on Figure 1-1. 
A map of the Rosedale Spreading Basins and Lerdo Canal is shown on Figure 2-1. 

2.1 North Kern Water Storage District 

NKWSD was formed in 1935 pursuant to the "California Water Storage District Act". The "project 
report" filed in 1950 described a project fundamentally intended to "build-up and maintain the 
ground-water storage underlying the District". This was to be accomplished through the 
acquisition of rights to water accruing to pre-1914 water rights on the Kern River and through 
construction of facilities to manage these water supplies for the benefit of landowners within the 
NKWSD. Through a contract between the District and the Kern County Land Company 
executed in 1952 ("1952 Agreement"), North Kern acquired the right in perpetuity to all water 
accruing to these Kern River water rights, subject primarily to place of use restrictions and 
monthly usage caps. 

Kern River surface water supplies available to NKWSD through the 1952 Agreement vary 
substantially year-to-year due to the inherent hydrologic variability of the Kern River and the 
junior priority of the Kern River rights that supply water to NKWSD. Since surface supplies are 
inadequate to meet water demands in many years, NKWSD operates a conjunctive use project 
that maximizes the use of available Kern River supplies in wetter years through both direct 
irrigation and groundwater recharge, and relies on the recovery of stored groundwater to 
supplement available surface supplies in drier years. 

The NKWSD supplies water to agricultural customers. An additional 9,200 acres of land, 
referred to as the Rosedale Ranch Improvement District (RRID), is also serviced by NKWSD. 
(NKWSD, 2014) The RRID is located south of Seventh Standard Road (Figure 1-1). 

Irrigation water is transmitted primarily through unlined canals and laterals throughout the 
district, although the NKWSD delivery system does include some pipelines and lined canals. 
Peak flows in the Kern River occur from April through July, with about two-thirds of the annual 
flow occurring during this time period. When Kern River water is limited or unavailable (e.g. in 
dry years), NKWSD supplements its water supplies with pumped groundwater. 

NKWSD delivers blended surface water and groundwater to farmers during the irrigation 
season. Water is blended to meet NKWSD goals for agricultural water quality during the 
irrigation season but slightly higher concentrations are allowed during the winter Jaw irrigation 
demand period. District goals for irrigation season water quality are (Ram Venkatesan, NKWSD, 
personal communication, 2015): 

• Sodium (Na): less than 140 milligrams per liter (mg/1) 
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• Arsenic (As): 

• Chloride (CI): 
• Boron (B): 
• Electrical Conductivity (EC): 
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less than 10 micrograms per liter (�tg/1) 

less than 100 mg/1 
less than 0.5 mg/1 
less than 650 micromhos per centimeter (rtmho/cm) 

The District operates approximately 1 ,500 acres of dedicated groundwater recharge basins. 
Once use of water for irrigation is satisfied, NKWSD discharges excess flows to the 
groundwater recharge basins. Under some circumstances, NKWSD can also recharge available 
water supplies into the channel of Peso Creek. The recharge capacity of the Peso Creek 
channel is relatively small and is only used after the District has exhausted all other discharge 
options. When blended water is in the Lerdo Canal, NKWSD will not discharge to Peso Creek; 
management practices to keep produced water from discharging to Peso Creek and other 
surface water are discussed later in this report. 

If NKWSD has excess capacity in its recharge ponds, it can make use of other available flows. 
When available, water from Peso Creek can be diverted to spreading basins adjacent to the 
Creek; NKWSD has a water rights permit from the State Water Resources Control Board 
(SWRCB) for this activity. NKWSD will occasionally acquire additional wet year supplies from 
the Friant-Kern Canal and, more rarely, from the California Aqueduct. Friant-Kern supplies are 
acquired through NKWSD surplus water contracts with the Bureau of Reclamation and through 
third party water banking and exchange programs with Friant Districts. Aqueduct supplies have 
been acquired through banking and exchange agreements with entities with State Water Project 
contracts. During dry years, water provided to NKWSD by third party bankers during wet years 
is recovered from the groundwater basin and returned to the banking party. 

N KWSD's conjunctive use operations maximize the capture and recharge of wet year water 
supplies for subsequent use of captured/banked supplies in drier years, District operations vary 
substantially on a year-to-year or even a month-to-month basis depending on the availability of 
supply sources and demands for water. 

2.1.1 The Rosedale Spreading Basins 

During wet years when surface water supplies are abundant, NKWSD uses approximately 1 ,500 
acres of spreading basins to recharge groundwater. There are five spreading basin sites within 
the NKWSD (Figure 1-1). The spreading basin sites are comprised of small percolation ponds 
separated by dikes. (NKWSD, 2014). 

The primary spreading basins used in the NKWSD are the 608 acre Rosedale Spreading Basins 
that are part of the NKWSD Conjunctive reuse program. The Rosedale Spreading Basins, 
shown on Figure 2-2, are located northwest of Bakersfield in Sections 22 and 27, Township 
28 S, Range 26 E, Mount Diablo Base & Meridian. The Rosedale Spreading Basins are 
bounded by Calloway Canal to the north; orchards to the west; vineyards to the east and part of 
the south; and cotton to the south. The Rosedale Spreading Basins have been operated since 
the 1950s, when they were constructed. 

The basins make use of lateral canals oriented in a north-south direction to distribute flows to 
the individual spreading basins using gated valves that are operated by hand. The perimeter of 
the Rosedale Spreading Basins is bermed so that flows are maintained within the spreading 
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basins. Deeper basins on the south side of the facility are designed to collect any surface runoff 
and contain it until it percolates or is pumped back to other spreading basins for percolation. 

The flows that go to the Rosedale Spreading Basins currently consist almost entirely of Kern 
River water and other surface water flows that come from the south, usually via the Calloway 
Canal or the Lerdo Canal. These flows are generally excess flows during wet months when 
irrigation demands from NKWSD and other users are low and, often, Kern River flows are large. 
These flows are diverted to all spreading basin areas within the NKWSD but the Rosedale 
Spreading Basins are unique because there are seven groundwater extraction wells that extract 
banked groundwater for irrigation use when needed. 

2.2 California Resources Corporation 

CRC is an oil and natural gas exploration and production company located exclusively in 
California. CRC has more than 17,500 drilling locations spanning approximately 2.3 million 
acres in California's four major oil and gas basins. CRC's workforce of up to 8,000 employees 
and contractors help develop oil and gas reserves that help to reduce California's dependence 
on imported oil reserves. 

CRC has properties in the Kern Front Oil Field that are located east of the NKWSD boundary 
(Figure 2-1 ) . Produced water from approximately 850 production wells is treated at a centralized 
treatment plant (CRC Treatment Plant) that is owned and operated by CRC. CRC proposes to 
discharge up to 58 Ac-ft/day (18 MGD) from the CRC Treatment Plant to NKWSD. This 
produced water will be routed through existing pipelines from the CRC Treatment Plant to a 
pipeline junction east of Highway 99, approximately 2 miles southwest of the CRC Treatment 
Plant. From the pipeline junction, produced water for NKWSD will be routed through a 24 inch 
pipeline to discharge points at the Lerdo Canal and the Rosedale Spreading Basins. The 
pipeline route is shown on Figure 2-3. 

At the Kern Front Oil Field, primary and secondary oil recovery techniques are used to extract 
oil. Steam injection of soft water is used as a secondary recovery process at the Kern Front Oil 
Field. Other secondary techniques such as water flooding or fracking are not employed for 
secondary recovery at the in the Kern Front Oil Field. 

Figure 2-4 shows a schematic representation of the CRC Treatment Plant. Produced water from 
the oil field enters a gas separation unit and free-water knock-out tanks designed to reduce the 
oil and grease levels to 50 to 200 mg/1. This flow goes to five WEMCO oil treatment tanks with a 
capacity of over 700,000 barrels per day to reduce oil and grease concentration to 35 mg/1 or 
less. On-line sensing of oil and grease concentration using laser-induced fluorescence 
analyzers (labelled AITs) will be installed after the WEMCO treatment step to provide real time 
concentration information. The final treatment step at the CRC Treatment Plant is completed in 
two raw water tanks where oil is skimmed once more before discharge. An additional AIT unit 
measures the final oil and grease concentration of the produced water which can be discharged 
to three end uses: steam recycling, deep well injection, and produced water reuse for irrigation. 
If produced water exiting the raw water tanks has unacceptable levels of oil and grease, 
produced water will not be delivered to the pipeline to NKWSD. The flows will be sent to other 
discharge options including steam recycling, deep well injection, other permitted discharges, or 
return to the treatment plant headworks for additional treatment. 
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2.3 Soils and Land Use in the North Kern Water Storage 

District 

The total land area within NKWSD boundaries is approximately 60,000 acres (Table 2-1). In 
2012, non-agricultural lands in the service area were about 12 percent of the total area. Of the 
remaining 88 percent of irrigated area, approximately 80 percent were planted in permanent 
crops of nuts, vineyards, and fruit. Principal annual crops consist of cotton, tomatoes and wheat. 
Approximately 7,400 acres of the RRID are developed as irrigated agriculture with a majority 
planted in almonds and the remaining acreage planted in annual crops of small vegetables 
(NKWSD, 2012). 

Table 2-2 summarizes the soil types of the NKWSD. Approximately half of the NKWSD has 
Wasco sandy loam soils, which cover large areas in the central and northern parts of the 
NKWSD and is interspersed with other soil types in the southern third of the NKWSD. The next 
most prevalent soil type, McFarland loam, is present only in the northern third of the NKWSD. In 
the southern third of the NKWSD, there are many contiguous and non-contiguous areas of 
Lewkalb sandy loam, Milham sandy loam, Driver coarse sandy loam, and Kimberlina fine sandy 
loam interspersed with the Wasco sandy loam. Four of these five soil types,· all except the 
Lewkalb sandy loam, are present in the Rosedale Spreading Basins. These same soils are also 
present in the Famoso Basins groundwater recharge area used by the CWO adjacent to and 
just east of the NKWSD. CWO used these soils in their studies that measured the Arsenic 
adsorption potential of subsurface materials (Section 3.4 addresses this topic in more detail). 

Figure 2-5 shows the distribution of soil types mapped in the Rosedale Spreading Basins, and 
Table 2-3 provides the acreage for each soil type in the Rosedale Spreading Basins. 

2.4 Regional Climate Information 

The climate in the project area is similar to that of much of California's Central Valley region, 
and is characterized by hot dry summers and cool moist winters. Rainfall data for the area were 
collected from the Western Regional Climate Center (WRCC) Bakersfield Airport (Station 
040442). Average annual precipitation at this station is 6.11 inches (WRCC, 2014 ). The 100-
year return annual total precipitation was calculated using the probability distribution of annual 
precipitation from 1938 to 2014. 100-Year return period annual precipitation is 14.6 inches. 

Reference evapotranspiration (ETo) data for the area were collected from the California 
Irrigation Management Information System (CIMIS) Shafter Station# 5. Annual ETo totals 54.6 
inches with data ranging from an average of 1.3 inches in January and December to an average 
of 8.1 inches in July (CIMIS, 2014). Climate data are presented in Table 2-4. 

Report of Waste Discharge, Page 2-4 

Californi� Resources Corporation, Bakersfield, California 
·j ·.s-;r)uC1a�.l' �·jcb'l.! 14:55038 OO_crc C9· ·�:emf ''ai·I�NJVe.ct doct 



Kennedy/Jenks Consultants 

Section 3: Subsurface Characterization 

This section addresses several key elements of geology, hydrogeology, and hydrology of the 
NKWSD area and the Rosedale Spreading Basins, in particular. A number of boring logs in the 
area were also evaluated to provide a basis for determining subsurface water flow and solute 
transport conditions. 

3.1 Hydrogeologic Setting 

The NKWSD project area, just north of Bakersfield (Figure 1-1) is located in the central San 
Joaquin Valley, and is underlain by the Kern County Groundwater Basin. The following 
information on general hydrogeology and site specific hydrogeology is quoted directly from 
Bulletin 118, California's Ground Water for the Tulare Lake Hydrologic Region, San Joaquin 
Valley Groundwater Basin, Kern County Subbasin (Department of Water Resources [DWR], 
Revised 2006). 

Basin Boundaries & General Hydrology. The San Joaquin Valley is surrounded on the 
west by the Coast Ranges, on the south by the San Emigdio and Tehachapi Mountains, 
on the east by the Sierra Nevada and on the north by the Sacramento-San Joaquin 
Delta and Sacramento Valley. The northern portion of the San Joaquin Valley drains 
toward the Delta by the San Joaquin River and its tributaries, the Fresno, Merced, 
Tuolumne, and Stanislaus Rivers. The southern portion of the valley is internally drained 
by the Kings, Kaweah, Tule, and Kern Rivers that flow into the Tulare drainage basin 
including the beds of the former Tulare, Buena Vista, and Kern Lakes. 

The Kern County Groundwater subbasin is bounded on the north by the Kern County 
line and the Tule Groundwater subbasin, on the east and southeast by granitic bedrock 
of the Sierra Nevada foothills and Tehachapi Mountains, and on the southwest and west 
by the marine sediments of the San Emigdio Mountains and Coast Ranges. Principal 
rivers and streams include Kern River and Paso Creek. Active faults include the Edison, 
Pond-Paso, and White Wolf faults. Average precipitation values range from 5 in�hes at 
the subbasin interior to 9 to 13 inches at the subbasin margins to the east, south, and 
west. 

Hydrogeologic Information. The San Joaquin Valley represents the southern portion of the 
Great Central Valley of California. The San Joaquin Valley is a structural trough up to 
200 miles long and 70 miles wide filled with up to 32,000 feet of marine and continental 
sediments deposited during periodic inundation by the Pacific Ocean and by erosion of 
the surrounding mountains, respectively. Continental deposits shed from the surrounding 
mountains form an alluvial wedge that thickens from the valley margins toward the axis 
of the structural trough. This depositional axis is below to slightly wesf of the series of 
rivers, lakes, sloughs, and marshes that mark the current and historic axis of surface 
drainage in the San Joaquin Valley. 

Water Bearing Formations. Sediments that comprise the shallow to intermediate depth 
water-bearing deposits in the groundwater subbasin are primarily continental deposits of 
Tertiary and Quaternary age. From oldest to youngest, the deposits include the Olcese 
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and Santa Margarita Formations; the Tulare Formation (western subbasin) and its 
eastern subbasin equivalent, the Kern River Formation; older alluvium/stream deposits; 
and younger alluvium and coeval flood basin deposits. Specific yield values for the 
unconfined aquifer {Tulare and Kern River Formations and overlying alluvium) were 
compiled from two sources. The DWR's San Joaquin District office estimates 
(unpublished) ranges from 5.3 to 19.6 percent and averages 11.8 percent for the interval 
from surface to 300 feet below grade. The DWR (1977) groundwater model of Kern 
County lists the range as 8.0 to 19.5 percent with an average value of 12.4 percent 
representing an interval thickness of 175 to 2,900 feet and averaging approximately 600 
feet. The greatest thickness of unconfined aquifer occurs along the eastern subbasin 
margin. The highest specific yield values are associated with sediments of the Kern 
River Fan west of Bakersfield. 

Olcese and Santa Margarita Formations. The origin of these Miocene-age deposits varies 
from continental to marine from east to west across the subbasin (Bartow and 
McDougall, 1984). The Olcese and Santa Margarita Formations are current or potential 
sources of drinking water only in the northeastern portion of the subbasin where they 
occur as confined aquifers. The Olcese Formation is primarily sand, ranging in thickness 
from 100 to 450 feet. The Santa Margarita Formation is from 200 to 600 feet thick and 
consists of coarse sand (Hilton and others, 1963). 

Tulare and Kern River Formations. These units are both Plio-Pleistocene age and 
represent a west/east facies change across the subbasin. The Tulare Formation 
(western subbasin) contains up to 2, 200 feet of interbedded, oxidized to reduced sands; 
gypsiferous clays and gravels derived predominantly from Coast Range sources. The 
formation includes the Corcoran Clay Member, which is present in the subsurface from 
the Kern River Outlet Channel on the west through the central and much of the eastern 
subbasin at depths of 300 to 650 feet (Croft, 1972), groundwater beneath the Corcoran 
Clay is confined. The Kern River Formation includes from 500 to 2, 000 feet of poorly 
sorted, lenticular deposits of clay, silt, sand, and gravel derived from the Sierra Nevada. 
Both units are moderately to highly permeable and yield moderate to large quantities of 
water to wells (Hilton and others, 1963) 

Older Alluvium/Stream and Terrace Deposits. This unit is composed of up to 250 feet of 
Pleistocene-age lenticular deposits of clay, silt, sand, and gravel that are loosely 
consolidated to cemented and are exposed mainly at the subbasin margins. The unit is 
moderately to highly permeable and yields large quantities of water to wells (Hilton and 
others, 1963; Wood and Davis, 1959; Wood and Dale, 1964). This sedimentary unit is 
often indistinguishable from the Tulare and Kern Formations below and together with 
these underlying formations, forms the principal aquifer body in the Kern County 
Groundwater subbasin. 

Younger Alluvium/Flood Basin Deposits. This Holocene-age unit varies in character and 
thickness about the subbasin. At the eastern and southern subbasin margins the unit is 
composed of up to 150 feet of interstratified and discontinuous beds of clay, silt, sand, 
and gravel. In the southwestern subbasin it is finer grained and less permeable as it 
grades into fine-grained flood basin deposits underlying the historic beds of Buena Vista 
and Kern Lakes in the southern subbasin (Hilton and others, 1963; Wood and Dale, 
1964). The flood basin deposits consist of silt, silty clay, sandy clay, and clay 
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interbedded with poorly permeable sand layers. These flood basin deposits are difficult 
to distinguish from underlying fine grained older alluvium and the total thickness of both 
units may be as much as 1,000 feet (Wood and Dale, 1964). 

The NKWSD is located in the recharge area of the Kern County Subbasin. The aquifer system 
in the NKWSD area consists of unconfined conditions in the upper few hundred feet, and 
confined conditions at greater depths depending on the local extent of the clay layers. Within 
this region, there are three general zones of clay lenses named the "300-foot clay", the "700-foot 
clay", and the "900-foot clay" as shown in the geologic cross sections in the Groundwater 
Management Plan (NKWSD, 2012). The 300-foot clay is not entirely continuous and so allows 
for downward groundwater movement. The 700-foot clay is generally thicker and more 
contiguous than the 300-foot clay. In the eastern side of the basin, including the NKWSD, fresh 
water occurs to depths of approximately 1,500 feet. (NKWSD, 2012). 

3.2 Subsurface Conditions in the Project Area 

Groundwater recharge in the NKWSD occurs due to percolation below approximately 55,000 
acres of irrigated areas and use of over 1,500 acres of spreading basins (NKWSD, 2014). 
Groundwater is recovered through 100 groundwater extraction wells located throughout 
NKWSD (Figure 3-1 ). Seven of those wells are located in and around the Rosedale Spreading 
Basins . 

. The Rosedale Spreading Basins are actively managed for groundwater recharge using 608 
acres of basins. Water discharged to the basins currently comes from the Lerdo and Calloway 
Canals when flows are available. Discharges of CRC produced water and Grimmway process 
water are proposed to be blended with these flows as part of the proposed project. Water will be 
conveyed via pipeline and a canal system to divert flows into the spreading basins. In wet years, 
large quantities of Kern River water are discharged to the spreading basins and, in dry years, 
water can be extracted from wells located within the Rosedale Spreading Basins area. 

3.2.1 Charact�ristics of the Alluvium at the Rosedale Spreading 

Basins 

Subsurface conditions in the Rosedale Spreading Basins were evaluated using two sets of data: 
available well logs, and logs for a series of six shallow borings placed in the dominant soil types 
present in the spreading basins. Figure 2-5 shows locations of the shallow borings in the 
Rosedale Spreading Basins and Figure 3-2 shows the location of seven extraction wells in the 
Rosedale Spreading Basins. Boring and well logs are provided in Appendix B. 

Logs for the shallow borings located within the Rosedale Spreading Basins are summarized in 
Table 3-1. These results show that soil textures are predominantly fine, poorly graded sand in 
the upper 10 feet below ground surface (bgs). Borings #3 and #6 in the central and western 
areas of the Rosedale Spreading Basins have silty textures starting at around 7 to 15 feet bgs. 
For Borings #1 and #2 on the east side of the Rosedale Spreading Basins, the transition from 
sand to silt occurs at around 24 feet. Organic soil material was observed in the upper 5 to 11 
feet bgs. Oxidized inclusions were observed in Boring #2 at around 27 feet bgs, and possible 
caliche stringers were observed at around 7 feet bgs in Boring #5. 
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Available well logs for three of the seven wells located within the Rosedale Spreading Basin are 
summarized in Table 3-2. Soil textures in the upper 100 feet bgs are generally silty or clayey 
sands, textures between 100 and 350 feet bgs are generally sands and gravels, and below 
350 feet bgs, there are varying layers of sands, gravels, and clays. The 300-foot clay, 700-foot 
clay, and 900-foot clay appear to be present beneath the Rosedale Spreading Basins, with a 
possible additional clay layer present at around 500-feet bgs. Blue-colored clay was observed in 
well 99-0-17 at around 500 feet bgs, and blue-colored sand was observed in the same well at 
around 650 feet. The most clay was observed in the log for well 99-0-17, where clay layers were 
observed at 250 feet bgs (37 feet thick), 500 feet bgs (80 feet thick), 640 feet bgs (22 feet thick), 
and 700 feet ogs (116 feet thick). A 30-foot thick clay layer was also observed in well 99-2-4 at 
around 500 feet bgs. 

The well logs and boring logs were analyzed to determine the ratio of coarse-grained material 
(sands and gravels, including trace clays or silts) to fine-grained materials (clays and silts at any 
percentage greater than trace). Overall the ratio was determined to be 52 percent coarse
grained material to 48 percent fine-grained material. It was determined that in the upper 100 feet 
bgs, the ratio is about 20 percent coarse-grained material to 80 percent fine-grained material, 
between 1 00 and 300 feet bgs the ratio is more than 80 percent coarse-grained material to less 
than 20 percent fine-grained material, and below 300 feet bgs the ratio is approximately 60 
percent coarse-grained material to 40 percent fine-grained material. The higher percentage of 
coarse-grained material, with the exception of the shallow interval above 100 feet bgs, indicates 
that the historic stream flows in this area were generally higher velocity in nature and carried the 
suspended fines further to the west. 

The surface soils and alluvium present at the Rosedale Spreading Basins are primarily poorly 
graded sands underlain by silty and sandy alluvium to a depth of 30 feet bgs. Based on the 
boring logs evaluated in Table 3-1, the surface 30 feet has 44 percent fine textured materials. 
For the individual borings the percentage ranged from 27 percent to 69 percent. 

3.3 Hydrogeologic Conditions of the North Kern Water Storage 

District 

Hydrologic conditions of the NKWSD differ from those of adjacent areas to the west where 
shallow clay layers restrict surface water percolation. Within the NKWSD, groundwater is 
recharged through percolation from the ground surface. Since the commencement of the 
NKWSD conjunctive reuse project in the 1950s, groundwater levels have been relatively stable 
in the long-term with rising levels during "wet" periods and decreasing levels during "dry" 
periods. (NKWSD, 2012). Figure 3-3 shows the seasonal fluctuations in groundwater production 
and groundwater depth in recent years, showing the pumping/recharge cycle in both wet years 
when little pumping is needed as in 2010 and 2011, and dry years when more groundwater 
extraction occurs as in 2012 through 2014. 

3.3.1 Measured
· 

Groundwater Flow Direction and Gradient 

NKWSD has an ongoing program of semi-annual groundwater level measurements throughout 
the District, which is reported to the California Statewide Groundwater Elevation Monitoring 
(CASGEM). Figure 3-4 shows the regional groundwater elevation contours for Spring 2011. 
Based on groundwater elevation contours for 2009 and 2011, the groundwater flow direction in 
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the southern half of the NKWSD, including beneath the Rosedale Spreading Basins, has 
generally been from the southeast to the northwest as shown on Figure 3-4, with a gradient of 
12 to 15 feet per mile (ft/mi). In the northern half of the NKWSD, the groundwater flow direction 
has generally been from east to west, with a gradient of 7 to 1 0 ft/mi. The groundwater flow 
gradient in the vicinity of the Rosedale Spreading Basins was estimated to be 17 ftlmi based on 
2012 groundwater elevation data (Cascade Earth Sciences, 2014). In this same report, the 
transmissivity of the aquifer is estimated to be 160,000 to 460,000 gallons per day per foot and 
the hydraulic conductivity is approximately 53 to 152 feet per day. Based on these estimates of 
aquifer properties and using the 2012 hydraulic gradient estimate of 17 ftlmi, the flow of the 
groundwater underlying the Rosedale Spreading Basins is estimated to be between 3.8 and 11 
MGD. 

3.3.2 Groundwater Quality in the North Kern Water Storage District 

The NKWSD has 100 groundwater wells spread throughout the District. The wells are 
completed at a range of various depths and the well locations represent areas adjacent to 
unlined canals, lined canals, areas where recharge to groundwater occurs, and areas with 
effects of pumping .. These wells are sampled for a suite of standard water quality constituents 
annually; arsenic was recently added to the list of analytes tested. This database was used to 
evaluate groundwater conditions in the NKWSD. 

Groundwater quality in the NKWSD is generally good, meeting DWR Class 1 criteria for 
irrigation water (NKWSD, 2012). Groundwater quality was evaluated using sample results for 
100 wells throughout the NKWSD, including seven wells in the Rosedale Spreading Basins 
area. The most recent sampling was conducted in 2014, and the available dataset starts in 
1977. Parameters include anions and cations, nitrate, B, EC, total dissolved solids (TDS), 
hardness as calcium carbonate (CaC03), pH, sodium adsorption ratio (SAR), a·nd exchangeable 
sodium percentage (ESP). 

Groundwater quality data for 2013 and 2014 were evaluated to quantify current conditions for 
NKWSD. Water quality information for the Rosedale Spreading Basins wells are provided in 
Table 3-3. Summary statistics for select constituents are provided in Table 3-4 for two groups of 
wells: all wells within NKWSD and the seven extraction wells in the Rosedale Spreading Basins. 
Analytical data for all wells within the NKWSD area are included in Appendix C. Groundwater 
quality in the Rosedale Spreading Basins is generally consistent with groundwater quality 
throughout the NKWSD. Exceptions include slightly higher interquartile ranges for sodium and 
boron than the district-wide ranges. Most wells have relatively low concentrations of 
constituents. Data for 2013 and 2014 are shown for each individual well in plots in Figure 3-5. 
Data on the left side of each plot are for wells adjacent to the Lerdo Canal, from south to north, 
and data on the right side of the plots are for wells adjacent to the Calloway Canal, from south 
to north. Clusters of peaks apparent in the plots correspond to wells along the southern half of 
the Lerdo Canal, between the Lerdo Canal and Calloway Canal south of the Lerdo Highway, 
and along the southern Calloway Canal around the Rosedale Spreading Basins. 

Elevated salinity has not generally been an issue as in other areas of the Kern County subbasin 
(NKWSD, 2012), except for an area of elevated salinity that lies: between the Lerdo Canal and 
Calloway Canal, north and east of the Rosedale Spreading Basins, and north along the Lerdo 
Canal to near Minter Field. In this area and around the Rosedale Spreading Basins and Minter 
Field, sodium concentrations may exceed 55 mg/1, while outside of this area sodium 
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concentrations generally range from 30 to 55 mg/1. There are similar patterns for electrical 
conductivity, boron, chloride, and sulfate, as shown in plots provided in Figure 3-5. 

In some parts of the San Joaquin Valley, arsenic has been a drinking water concern. In the 
NKWSD, the limited number of arsenic analyses have consistently been below the maximum 
contaminant level (MCL) for drinking water, 10 !Jgl/1 (NKWSD, 2012). 

3.3.3 Estimates of Background Groundwater Quality 

The CWO evaluated groundwater quality of their service area in 2011 (Kennedy/Jenks, 2011 ). 
Their findings are relevant to NKWSD because CWO is immediately upgradient and adjacent to 
NKWSD. The background groundwater quality used for the CWO Project is shown in Table 3-4. 
This table demonstrates that EC and sodium background values for CWO are between the 
mean and median values for the dataset of all NKWSD wells. The NKWSD mean and median 
values forB and Cl are lower than those for CWO background groundwater quality. The 
groundwater beneath the NKWSD is of good quality but does show variation among locations 
throughout the District (see Section 3.3.2 and Figure 3-5). 

A second subset of wells within the NKWSD was also considered in evaluation of background 
groundwater <Wality. Eleven wells that are located more than 1,000 feet laterally from a canal 
were evaluated to determine whether these might have characteristics different from the entire 
group of wells in NKWSD. Summary statistics for these wells were similar to those of all wells 
and do not appear to represent a well-defined background groundwater quality for NKWSD. 

We propose to use both the average water quality for the NKWSD groundwater wells 
(discussed in Section 3.3.2) and the CWO background groundwater quality values to evaluate 
potential impacts of the CRC-NKWSD produced water blending and irrigation recycling project 
on local area groundwater quality. The use of average groundwater quality is appropriate for 
characterizing potential impacts over a wide area. Use of averages implicitly recognizes that 
individual wells will have better or poorer water quality. Use of average groundwater quality will 
provide a determination of potential groundwater impacts from the proposed project. 

3.4 Arsenic Adsorption Potential in the NKWSD 

An extensive arsenic adsorption and desorption study was done on soils of the Famoso Basins 
in 2010. Famoso Basins soils were extensively tested using several laboratory techniques for 
bulk property characterization and As(III)/As(V) adsorption isotherms. The laboratory work was 
conducted by a research scientist, Dr. Bruce A Manning, with extensive experience assessing 
As adsorption in soils (Manning 2005; Manning and Suarez 2000). A detailed report on these 
studies is included as an appendix to the RWD prepared for the Famoso Basins 
(Kennedy/Jenks, 2011) and is included in this RWD as Appendix D. 

Laboratory tests of As adsorption and desorption from soils were conducted on 20 soil samples 
from several locations in the Famoso Basins and at depths from 0 to 35 feet bgs. The samples 
also represented the range in soil texture present in soils of the Famoso Basins. Arsenic 
adsorption isotherms were developed by subjecting each soil sample to equilibrium adsorption 
tests using different As solution concentrations. After the adsorption tests, samples were · 

subjected to equilibration with As free water so that desorption of fixed As could also be 
evaluated. 
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The following bullets summarize the primary results and implications of the Famoso Basins As 
soil adsorption studies: 

• Soils with fine textures have an As(V) adsorption capacity between 1.0-2.8 mg As per 
kilogram of soils (mg/kg). 

• Oxidation of As(lll) to the As(V) by surface soils is expected in the Famoso Basins soil 
under the aerated, oxidative conditions expect�d at the Famoso Basins site (the 
unsaturated zone beneath the basins is approximately 300 feet). Periodic oxidation is 
required for optimum adsorption and retention of As in the soil. 

• Subsurface soil layers have a substantial As(V) attenuation capacity capable of >80 
percent removal of dissolved As(V) from solutions as high as 120 >tg/1 As(V). 

• The attenuated As(V) is tightly bound to soil particle surfaces and less than eight percent 
of attenuated As(V) came back into solution when As treated soils were equilibrated with 
Arsenic free Kern River water. 

• Based on the steady, cumulative attenuation profile observed during the cyclic As(V) 
adsorption - desorption experiments, the Famoso Basins soils will attenuate the low (part 
per billion) levels of As(V) in blended oil field produced water and irrigation water within 
the soil profile. 

The As adsorption studies conducted by Manning demonstrate that As will be removed during 
percolation of water through the unsaturated zone. This will occur both under irrigated fields with 
relatively low percolation rates and in the higher percolation rates at the Rosedale Spreading 
Basins. 

The soils present at the Rosedale Spreading Basins are Driver coarse sandy loam, Millham 
sandy loam, and Kimberlina fine sandy loam (Figure 2-5; USDA, 1992). As described in Section 
3.2.1, the alluvium beneath the Rosedale Spreading Basins is composed of approximately 250 
feet of loosely consolidated deposits of clay, silt, sand, and gravel. The surface soils are 
primarily poorly graded sands underlain by silty and sandy alluvium to a depth of 30 feet bgs. 
The coarse textured surface soil is favorable for maintaining adequate permeability for 
groundwater recharge while the finer textured alluvium below will provide greater specific 
surface area and reactive mineral surfaces for adsorption of dissolved As (Manning and Suarez, 
2000). Table 3-1 shows that the surface 30 feet of the Rosedale Spreading basins has 44 

percent soils and alluvium with fine textures; Table 3-2 shows that, in the upper 100 feet of the 
250 foot unsaturated zone, there is 80 percent fine textured alluvium. Based on the As studies 
conducted on local area soils and the high percentage of fine textured soils in the unsaturated 
zone, As adsorption mechanisms will effectively remove As from the percolating water. 

As part of CWO evaluation of arsenic adsorption, a 1-dimensional groundwater flow and 
transport model was used (Kenneci/Jenks, 2011 ). The model incorporated aquifer hydraulic 
parameters based on the subsurface conditions observed in Manning's sampling a well as 
adsorption isotherms developed by Manning. For the unsaturated conditions and seasonal 
groundwater recharge loadings planned for the Famoso Basins, model simulations 
demonstrated that detectable dissolved arsenic did not reach the water table within 100 years of 
simulated time. Since the soils and subsurface materials are the same in both NKWSD and 
CWO, the arsenic adsorption characteristics should also be the same. 

Report of Waste Discharge, Page 3-7 

California Resources Corporation, Bakersfield, California 
J 1S·')rouo &,j,lm !·:b·· 14· I ��5033 GO_•:rc'GJ-re�crt>'·final-rJwdVexl riocx 



Kennedy/Jenks Consultants 

(This Page Intentionally Blank) 



Kennedy/Jenks Consultants . 

Section 4: Management of Produced Water in the NKWSD 

Irrigation and Groundwater Recharge Program 

This section provides the design flows, constituent concentrations, and water management 
methods proposed for the overall NKWSD water management program. The details of flow and 
water quality of the proposed project will be provided. In Section 5 of this report, a groundwater 
antidegradation analysis of the proposed project is presented. 

4.1 Water Sources for the NKWSD 

The water sources that NKWSD will use for irrigation include the Kern River and other surface 
water supplies, groundwater pumped from wells throughout the NKWSD, and CRC produced 
water. The water sources that NKWSD will use for groundwater recharge include the Kern River 
and other surface water supplies, CRC produced water, and process wastewater flows from 
Grimmway Enterprises. Table 4-1 shows the range of flows for each water source. The top 
three rows describe the water sources that will be used for irrigation. The bottom three rows 
describe flows for groundwater recharge at the Rosedale Spreading Basins. For the Kern River 
water source, there is a large range in flow because availability varies from year to year. The 
calculations made for this analysis are based on the actual Kern River and groundwater flows 
recorded by NKWSD between 1991 and 2014. 

4.1.1 Water Flows to the Rosedale Spreading Basins 

Water will be discharged to the Rosedale Spreading Basins from three different sources: Kern 
River water from the Lerdo canal, Grimmway process water, and CRC produced water. The 
bullets below describe the circumstances under which water may be discharged to the 
Rosedale Spreading Basins: 

• Typical Annual Discharge: During years when a surplus of Kern River flow is available, 
additional water not required for irrigation is sent to the Rosedale Spreading Basins. Based 
on historical data from 1991 - 2014, discharges of Kern River water to the Rosedale 
Spreading Basins ranged from 0- 76,300 Ac-ftlyear, with an average of approximately 
16,000 Ac-ft/year (Table 4-1). Historical Kern River flows to the Rosedale Spreading Basins 
are presented on Figure 4-1. Grimmway process water will also be discharged to the 
Rosedale Spreading Basins. The Grimmway Technical Report (Cascade Earth Sciences, 
2014) proposes that the maximum annual discharge to the Rosedale Spreading Basins be 
559 Ac-ft/year to accommodate Grimmway's plans to expand operations. The Grimmway 
process water discharge may range from the 2013 value of 158 Ac-ftlyear to the proposed 
maximum (Table 4-1). CRC produced water will primarily be discharged to the Rosedale 
Spreading Basins during the Lerdo Canal annual maintenance shutdown period described in 
the next bullet. The CRC flow to the Rosedale Spreading Basins will generally be 14 days at 
58 Ac-fVday: 812 Ac-ftlyear. 

• Control of Discharge to Peso Creek: In some years, produced water may be discharged 
to the Rosedale Spreading Basins when flows in the Lerdo Canal need to be minimized. 
This may occur when irrigation demand is very low, such as during very large winter 
precipitation events. During these situations, produced water flows will not be discharged to 
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the Lerdo Canal in case some flows in the canal need to be discharged to Paso Creek. 
Under these conditions, incoming produced water flows will be diverted to the Rosedale 
Spreading Basins. The blended flows already in the Lerdo Canal will be diverted into lateral 
canals and the almost 1,000 acres of other spreading basins that can be accessed from the 
Lerdo Canal. No flows will be diverted to Paso Creek until flows that include produced water 
are discharged elsewhere. 

• Maintenance Shutdown Discharge: In January of most years, the Lerdo Canal is drained 
for annual maintenance for two weeks. During this period, all produced water flows from 
CRC will be routed to the Rosedale Spreading Basins for discharge. This flow is not 
expected to be more than 812 Ac-ftlyear for the two week time period, however it could be 
as much as 1,740 Ac-ftlyear if discharge continues for as many as 30 days (Table 4-1). 
During this maintenance period, Kern River water is not discharged to the Rosedale 
Spreading Basins, and only produced water and Grimmway process water will be blended 
and discharged for groundwater recharge. This scenario represents the worst case for 
blended water quality discharged to the Rosedale Spreading Basins because, temporarily, 
Kern River water is not available. 

Available data for 1991 to 2014 were used to determine the likely distribution of annual flows to 
the Rosedale Spreading Basins for the situations explained above. This information is 
presented in Table 4-2. The first section of this table presents flows that will be discharged to 
the Rosedale Spreading Basins during the typical annual discharge. The second section 
presents flows that will be discharged to the Rosedale Spreading Basins during the 
maintenance shutdown period when Kern River water is not available. The total flows in this 
table also incorporate the actual precipitation for the years shown. For the maintenance period 
discharges, one half of the January precipitation was assumed to fall during the shutdown 
period. 

The range in flows in Table 4-2 was used as a basis to evaluate the capacity of the Rosedale 
Spreading Basins to accommodate the 1 DO-year return period precipitation. The percolation rate 
for the Rosedale Spreading Basins has been evaluated by tracking discharges to individual 
basins and noting the time to complete percolation (Ram Venkatesan, NKWSD, personal 
communication, 2015). There is variation among individual basins but the average percolation 
rate based on this observational dataset is 0.66 feet per day or 400 Ac-ftlday. Some vegetation 
control and occasiomil tillage is required to maintain movement of water across the basins but, 
given the intermittent nature of flows to the facility, percolation rate decreases have not been 
observed. 

The capacity of the 608 acres of spreading basins is calculated as the water storage volume 
when the basins are filled to a 3 foot depth: 1,824 Ac-ft. The 1 00-year return period annual 
precipitation is 14.6 inches or 740 Ac-ft for the Rosedale Spreading Basins. January, February, 
and March average 2.6 inches per month (134 Ac-ft/ month) for the 100-year return period 
precipitation (Table 2-4). Using the daily percolation rate of 400 Ac-ftlday, the monthly rainfall 
will percolate in less than one day. It is concluded that the 1 00-year return period annual 
precipitation can be accommodated in the Rosedale Spreading Basins. 
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4.1.2 Water Flows for Irrigation 

Historical Kern River flows to irrigation via the Lerdo Canal are presented on Figure 4-2. Kern 
River water discharged to the Lerdo Canal ranged from approximately 4,100- 140,781 
Ac-ft/year between 1991 and 2014. The variability in this water source can be partially attributed 
to climate variations and water availability in upstream storage, but it also depends on other 
water management factors throughout the NKWSD. The variability in flow is evident; however a 
correlation between annual rainfall and discharge is not obvious. 

Groundwater discharged to the Lerdo Canal has historically ranged from no discharge to 
approximately 119,599 Ac-ft/year (Table 4-1 ). This variability can largely be attributed to climatic 
variations because more groundwater is discharged in dry years to provide irrigation water when 
Kern River water is less available. CRC produced water is the third water source that will be 
discharged to irrigation. CRC anticipates that total produced water flow will generally be at a 
value near the maximum of 21,170 Ac-fUyear depending on oil field production conditions and 
the amount of produced water sent to the Rosedale Spreading Basins. 

The historical Kern River discharge dataset and groundwater additions dataset (1991- 2014) 
presented in Table 4-3, were used to model the total volume of water that may be discharged to 
irrigation for the proposed project. The second column of Table 4-3, "Kern River Flow to 
Irrigation", presents the historical Kern River irrigation discharge dataset. The fourth column, 
"Groundwater Additions to NKWSD", presents the amount of groundwater that was discharged 
to the Lerdo Canal between 1991 and 2014. The third column, "CRC Discharge", represents the 
maximum CRC produced water that will be discharged to irrigation each year. The fifth column, 
"Total Discharge to Irrigation", represents the total amount of water that will be discharged to 
irrigation in the Lerdo Canal for the range of conditions between 1991 and 2014. 

Groundwater is added at various locations along the Lerdo Canal, but only approximately 25 
percent of the total amount is added before the produced water discharge point. The final 
column, "Blending Zone Discharge", of Table 4-3 represents the flow that will be at the first 
irrigation turnout 985 feet downstream of the produced water discharge point. This flow is used 
in Section 4.3.2 to evaluate irrigation water quality at the first irrigation turnout below the 
addition of produced water. 

4.2 Water Quality of Component Flows for NKWSD 

The water quality for each of the component water sources is described in this section. The 
water sources discussed below are blended in various combinations and amounts for discharge 
to the Lerdo Canal and Rosedale Spreading Basins. 

4.2.1 Rosedale Spreading Basins Blending Location 

The primary locations for flows to enter the Rosedale Spreading Basins are the 9-0-18 canal 
and the 9-2 canal that run north to south within the Rosedale Spreading Basins (Figure 2-2). 
The produced water pipeline will discharge into these canals along the north side of the 
Rosedale Spreading basins so that produced water can be released for spreading. These are 
the same canals that the Kern River flows are discharged to. Final plans for the Grimmway 
process water pipeline have not been completed but the point of entry to the Rosedale 
Spreading Basins will also be on the north side in the same area as the other flows. 
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The component flows that will be discharged to the Rosedale Spreading Basins will be blended 
when the timing of the three flows overlap. When produced water is discharged during the 
annual maintenance shutdown, Kern River water will not be available. During this time, the 
produced water flows will be diverted to the same spreading basins that are receiving 
Grimmway process water. When Kern River flows are discharged to the Rosedale Spreading 
Basins from either the Lerdo Canal or Calloway Canal, most of the produced water will be 
discharged to the Lerdo Canal. In some situations, produced water will be discharged to the 
Rosedale Spreading Basins and flows will be blended with Kern River water. 

4.2.2 Irrigation Blending Zone 

The water sources that will be discharged to irrigation are blended in a 985 foot reach of the 
Lerdo Canal located immediately downstream of the discharge point of the CRC produced water 
pipeline. The location of the Lerdo Canal blending zone is shown on Figure 2-2. Because of the 
geometry of the canal and the produced water discharge in the bottom of the canal, thorough 
mixing of the canal water and produced water requires installation of a diffuser. Diffuser design 
is underway. Likely designs are a) use of baffles at the produced water inlet to interrupt the 
vertical flow of the discharge, b) subsurface diffuser pipes along the base of the canal or c) 
installation of a surface weir just below the produced water inlet to force the produced water to 
mix downward into the canal water. Once the diffuser has been installed, it will be tested and 
adjusted to accomplish the required mixing. 

4.2.3 Kern River Water Quality 

Kern River water quality data were provided by NKWSD for 2009-2014. Samples were 
collected approximately monthly and the water quality data are presented in Table 4-4. Based 
on the available dataset, salinity based constituent concentr;Jtions are relatively low. Average 
concentrations of key salinity constituents include EC of 170 f.lmho/cm, chloride of 6.4 mg/1, 
sodium of 15 mg/1 and TDS of 100 mg/1. Average concentrations of other key constituents 
include boron of 0.2 mg/1, with many samples not detectable above 0.1 mg/1, and sulfate of 
17 mg/1. Nitrate as N03 concentrations are often less than the detection limit of 2.0 mg/1. 
Concentrations of most constituents are slightly higher in 2013 and 2014 than previous years. 
Arsenic was only analyzed in two samples but not detectable above 20 ftg/1. Due to the high 
detection limit of the available data, another source of data was obtained from the Kern County 
Water Agency (KCWA) and used for all calculations in this analysis. Arsenic was not detectable 
above 6 f.ig/1 in a sample collected from the Kern River in 2014 (KCWA, 2014). 

4.2.4 CRC Produced Water Quality 

Monthly produced water quality data provided by CRC from January 2014 to December 2014 
are presented in Table 4-5. Average water quality concentrations of key salinity constituents 
include EC of 772 ftmho/cm and chloride of 86 mg/1. Average concentrations of other key 
constituents include boron of 1.0 mg/1 and arsenic of 76 ftg/1. Sodium and sulfate concentrations 
were not available from data obtained from CRC, but are estimated to be 172 mg/1 and 2.7 mg/1, 
respectively, based on data collected from a nearby produced water treatment facility that 
receives some of the same CRC produced water. Oil and grease concentrations vary from 15.0 
and 32.0 mg/1 with an average of 21.4 mg/1. 
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4.2.5 Grimmway Process Water Quality 

Monthly and quarterly Grimmway process water quality data for 2013 were provided in 
Grimmway's Technical Report (Cascade Earth Sciences, 2014) and is reproduced in Table 4-6. 
Average water quality concentrations of key salinity constituents include EC of 2,189 �Lmho/cm, 
chloride of 378 mg/1, sodium of 337 mg/1, and TDS of 1,403 mg/1. Average fixed dissolved solids 
(FDS) concentrations are 1 ,288 mg/1 which suggests the dissolved solids are predominately 
inorganic with little volatile dissolved solids. Average concentrations of other key constituents 
include boron of 0.20 mg/1 and sulfate of 490 mg/1. Nitrate concentrations are primarily below the 
detection limit and average Total Kjeldahl Nitrogen (TKN) concentrations are 3.3 mg/1. Arsenic 
concentrations in the Grimmway discharge are not available. Based on the available data 
presented in Table 4-6, constituent concentrations are relatively consistent from month to 
month. 

4.3 Water Quality of the Blended Discharges 

Discharge water quality is evaluated separately for the flows that go to the Lerdo Canal for 
irrigation water supply and the discharges that go to the Rosedale Spreading Basins conjunctive 
reuse program. The design water quality values for the four component flows discharged to 
these locations are summarized in Table 4-7. 

4.3.1 Blended Water Quality Discharged to the Rosedale Spreading 

Basins 

There is a range in annual discharge water quality of blended water discharged to the Rosedale 
Spreading Basins due to the varying availability of Kern River flows. Results are shown in 
Table 4-8 for 24 years of record in order to demonstrate the effect of varying surface water flows 
on the overall blended water quality discharged. The table is divided into two sections: the first 
section shows results for each of 24 annual conditions and the second section of the table 
shows the blended water quality discharged during the 14 day period when discharge to the 
Lerdo Canal ceases for annual maintenance. Both sets of calculations are made assuming that 
the annual flow from Grimmway is 158 Ac-ft/year. 

At the bottom of the table, two average water quality calculations are presented. The first row, 
weighted average, weights each annual concentration by the annual flow for the year. This is 
appropriate due to the fact that the years with low concentrations occur because there is an 
abundant supply of high quality Kern River water: low concentrations occur during the high 
annual flow years. In contrast, high blended concentrations occur when there is low total flow 
because little Kern River water is available for discharge to the Rosedale Spreading Basins. The 
second row shows the average annual concentrations. This gives an indication of the nature of 
the flows but is not a useful characterization of the overall discharge water quality over time. 
The differences between the weighted average water quality and annual average water quality 
are shown in the following table. The flow weighted average values show the long term water 
quality provided to the groundwater recharge basins. 
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Constituent 

EC, �mho/em 
Boron, mg/1 

Chloride, mg/1 
Sodium, mg/1 
Sulfate, mg/1 
Arsenic, �g/1 

Flow 
Weighted 
Average 

213 
0.23 

13 
25 
20 
9.1 

Annual 
Average 

462 

0.44 
53 
82 
39 
27 

Kennedy/Jenks Consultants 

Table 4-8 also shows water quality calculations for the two week maintenance discharge flows. 
Because these are a combination of only produced water and Grimmway process water, 
constituent levels are all higher. During this two week period, discharge concentrations are 
relatively high but, as shown in the annual average columns on the left side of the table, these 
short term conditions are balanced out over the year. 

4.3.2 Blended Water Quality for Irrigation 

The blended water quality of the discharge to irrigation is shown in Table 4-9. The first section of 
Table 4-9, shows EC and boron, chloride, sodium and arsenic concentrations that are expected 
for all of NKWSD's water customers downstream of the blending zone. The water quality 
immediately downstream of the blending zone is shown in the second section of Table 4-9. The 
water quality for this customer is addressed separately because some of the groundwater 
blending inputs to the Lerdo Canal are added downstream of the blending reach. This analysis 
identifies the water quality at the irrigation turnout that serves the first customer. 

Table 4-9 shows both summary statistics for the proposed discharge as well as the annual 
variation in water quality for 24 years of record. The variation is a result of fluctuations in the 
annual Kern River water supply and changes in groundwater pumping in response to the 
surface water supply variation. Average water quality is summarized in two ways. First a flow 
weighted average water quality is calculated to account for the variation in total annual flow. The 
flow weighted average for each constituent was calculated based on the flows presented in 
Table 4-3 and concentrations presented in Table 4-7. In dry years, there is lower Kern River 
flow that results in higher blended concentrations. In wet years, there is more high quality 
surface water which results in lower constituent levels. The second average shown is the water 
quality for the average year without regard for the flow variation. The flow weighted average 
constituent levels are as follows 

Constituent 

EC, �mho/em 
Boron, mg/1 

Chloride, mg/1 
Sodium, mg/1 
Arsenic, �g/1 
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0.30 

32 
48 
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The water quality of the 985 foot blending zone has lower levels for EC, chloride and sodium 
than the annual flow while values for boron and arsenic are slightly higher. All values shown in 
Table 4-9, including the 751h percentile values are well below the NKWSD goals for irrigation 
water. 

4.4 Water Quality Constituents of Concern 

Water quality constituents of concern were identified by comparing concentrations in 
groundwater with those of the blended discharges (Table 4-8 and Table 4-9) for constituents 
that are generally known to be of importance in the Tulare Lake Basin. The Water Quality 
Control Plan for the Tulare Lake Basin (Basin Plan, CRWQCB, 2004) also establishes 
concentration limits for discharges in the Poso Creek Subarea. These are maximum discharge 
limits, not WOOs: 

Constituent 

EC, 11mho/cm 
Boron, mg/1 

Chloride, mg/1 

Discharge Limit 
per Basin Plan 

1,000 
1.0 
200 

WOOs were determined for the NKWSD area based on the beneficial uses for the underlying 
groundwater. For all constituents except arsenic and sulfate, agricultural uses have the lowest 
(most restrictive) WQOs. 

Many of the WQO limits for agricultural uses in California are based on pioneering studies 
conducted between 1929 and 1955 (Maas, 1996). Ayers and Westcot (1985) developed widely 
used recommendations based on the historical studies along with several simplifying 
assumptions including, a) use of a 15 percent leaching fraction and, b) not accounting for the 
impact of annual precipitation on soil concentrations. These directly affect the use of their 
recommended crop specific tolerance limits that are based on root zone salinity. The guidelines 
do not reflect a grower's use of different irrigation practices and leaching fractions for sensitive 
crop species. Furthermore, it should be noted that the crop sensitivity to individual ions 
(including boron) in the historical studies was based on vegetative growth, not yield. In addition, 
the studies conducted in the past do not reflect any improvements in salt tolerance or lessening 
of toxic effects based on genetic; improvements including modern root stocks that absorb less 
salt and improved crop varieties that are used in areas with salinity concerns. In recognition of 
these weaknesses in the underlying historical research, Maas, in his review and update of crop 
salinity tolerance guidelines (Maas, 1996), added this footnote to all the tolerance and toxicity 
limits tables: 

"These data serve only as a guideline to relative tolerances among crops. 
Absolute tolerances vary, depending on climate, soil conditions, and cultural 
practices." 

Ayers and Westcot addressed similar issues in their list of assumptions regarding their 
guidelines (Ayers and Westcot, 1985, Table 1, page 9): 
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"Assumptions in the Guidelines: ... Wide deviations from the assumptions might 
result in wrong judgments on the usability of a parlicular water supply, especially 
if it is a borderline case. Where sufficient experience, field trials, research, or 
observations are available, the guidelines may be modified to fit local conditions 
more closely." 

"Restriction on Use: ... A change of 10 to 20 percent above or below a guideline 
value has little significance if considered in proper perspective with other factors 
affecting yield. Field studies, research trials and observations have led to these 
divisions, but management skill of the water user can alter them. Values shown 
are applicable under normal field conditions prevailing in most irrigated areas in 
the arid and semi-arid regions of the world." 

4.4.1 Proposed Water. Quality Objectives for the Project Area 

The Water Quality Objectives proposed for the NKWSD area are shown in Table 4-10. The 
values proposed are the same as those used for a similar discharge project in the CWO 
(CRWQCB, 2012) which is located just east of the NKWSD. 

The following paragraphs describe the rationale for selecting water quality objectives for the 
project area: 

• Arsenic. The most restrictive water quality standard is 10 micrograms per liter (�Lg/1), 
based on California Code of Regulations (CCR) Title 22 MCLs. This is proposed as the 
WQO for arsenic. 

• Boron. While boron is an essential element for plant growth, it is also known to have 
toxicity for some crops (Ayers and Westcot, 1985). The nut and grape crops in NKWSD 
are sensitive to boron in the approximate range of 0.5 to 0.75 mg/1, based on historical 
studies and older rootstocks and varieties and without regard for customized irrigation 
management practices. A boron WQO of 0.75 mg/1 is proposed for the project area 
based on published information. 

• Sodium. Sodium toxicity is known to occur in plants and woody plants including vines, 
citrus, avocado, and stone fruits are sensitive. Neither Ayers and Westcot (1985) nor the 
1996 update document (Maas, 1996) provide species specific concentration limits. This 
is partly due to the amelioration of sodium impacts by the presence of calcium in the soil 
solution. Without a clear standard and given the relatively low sodium adsorption ratios 
projected for the water discharged to the project area, a value of 5 milli-equivalents per 
liter (meq/1) is proposed as the sodium concentration limit. For sodium, this is equivalent 
to 115 mg/1 concentration. This WQO for sodium may not be protective when sprinkler 
irrigation is practiced. Since, a) a threshold concentration for sprinkler irrigation has not 
been extensively documented and, b) there is little sprinkler irrigation in the NKWSD 
area, the WQO of 115 mg/1 is proposed. 

• Chloride. Evaluation of chloride toxicity for sensitive species such as avocado, citrus, 
and grapes has focused on rootstocks and cultivars (Ayers and Westcot, 1985). For the 
grape and citrus rootstocks and cultivars listed in these references, the range in irrigation 
water chloride is 250 to 600 rilg/1. Avocados are more sensitive and have a range of 100 
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to 180 mg/1 depending on rootstock. Given these ranges, the availability of salt tolerant 
and chloride tolerant rootstocks, and the potential to avoid toxicity by using a higher 
leaching fraction during irrigation, a value of 175 mg/1 is proposed (this is equivalent to 5 
meq/1). The Basin Plan also sets the concentration limit in discharged waters for chloride 
at 200 mg/1. 

• Electrical Conductivity (EC). The woody crops that dominate the NKWSD cropped 
acreage are listed as sensitive to salinity (Ayers and Westcot, 1985). In fact, however, 
these authors recommend an irrigation water EC for these crops of 1,000 to 1,100 

�Lmho/cm. More sensitive crops, strawberry, beans and carrots, are listed at 700 

�Lmho/cm but are not commonly grown within the NKWSD. Therefore, an EC value of 

1,000 �Lmho/cm is recommended as the WQO. This value is consistent with the 

discharge limit of 1,000 �Lmho/cm for the Poso Creek Subarea in the Basin Plan. 
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Section 5: Antidegradation Analysis of the Proposed Project 

The proposed project in this RWO is a discharge of oil field produced water to an irrigation 
district and associated spreading basins; this constitutes a discharge to groundwater. Therefore, 
the antidegradation analysis for the project is based on an evaluation of potential impacts to 
groundwater in the project area. 

5.1 Analysis Approach 

The approach used for this analysis consists of a comparison of the range of blended discharge 
water quality with a) the current groundwater quality for the wells in NKWSO, b) the background 
groundwater quality values for the CWO service area which is directly upgradient of NKWSO 
(Kennedy/Jenks 201 1 ), and c) the proposed WQOs for the NKWSO area. The range of blended 
water quality results from variations in annual precipitation and variations in annual Kern River 
water supply (Figure 4-2 demonstrates that these variables are only poorly correlated). 

The constituents in the analysis include arsenic, boron, chloride, sodium, sulfate, and EC. With 
the exception of sulfate, these constituents are known to be present in oil field produced water 
at levels that should be evaluated. Sulfate has been added to the analysis for the Rosedale 
Spreading Basins discharge because the Grimmway process water has sulfate concentrations 
above the MCLs. Nitrate as N03 is not included because concentrations are well below the 
MCLs in the water sources that will be used, including groundwater. 

5.2 Results of the Analysis 

As shown in Section 4.3, water quality differs between the discharges to the Lerdo Canal for 
irrigation and the flows that go to the Rosedale Spreading Basins for groundwater recharge. 
Each of these flows is evaluated separately below. 

5.2.1 Rosedale Spreading Basins 

Table 5-1 shows a comparison of groundwater quality and the proposed discharges to the 
Rosedale Spreading Basins. Annual blended water quality is presented in two ways. 

1. Flow Weighted Water Quality. First, the weighted average constituent levels are 
calculated because there is a strong negative correlation between annual flow and water 
quality. This is shown in the upper graph of Figure 5-1. Constituent levels are highest 
when flows are low because there is little Kern River water discharged to the spreading 
basins. The long term effect of the Rosedale Spreading Basins discharge will be an 
influx of high quality blended water to groundwater because most of the water comes 
from excess Kern River water supplies. The weighted averages in the blended water for 
EC, Cl, Na, and sulfate are lower than the local groundwater averages, background 
groundwater for the CWO, and the proposed WQOs. Boron, at 0.23 mg/1, is higher than 
groundwater average of 0.1 1 mg/1. 

2. Annual Average Water Quality. The second measure of discharge water quality is the 
average of the 24 years used in the blended water analysis (Table 4-8), without regard 
for the volume of flow. The lower graph in Figure 5-1 shows a comparison of the 
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weighted average calculation and the annual average calculation. Because high EC 
levels occur only in dry years, they have only a small effect on overall EC compared to 
the low EC values that occur when discharge flow is high. 

Table 5-1 also shows the blended concentrations during the 14 day maintenance shutdown 
period. The constituent levels are relatively high during these events because Kern River water 
is not available. The maintenance shutdown flows are small, 812 Ac-ft, and in most years there 
is additional dilution when excess Kern River water is sent to the Rosedale Spreading Basins as 
part of the NKWSD conjunctive use project. The flows that are discharged without Kern River 
water dilution during canal maintenance will have EC higher than average groundwater levels 
but well below the WQO. Boron concentrations will reach the Basin Plan discharge standard of 
1 mg/1 during the two week shutdown period. In most years, however, chloride and sulfate are 
below the WQOs but sodium is above the WQO for the two week shutdown period. 

Annual discharge water quality for the 24 year period of record for the Rosedale Spreading 
Basins is of good quality. In individual dry years, percolation amounts are small and do not 
move far below ground surface. Dry year percolation mixes with flows from other years in the 
250 to 350 foot unsaturated zone and concentrations are blended well above the static water 
level of groundwater. This issue is addressed in more detail in Section 5.4. 

The flow weighted average water quality demonstrates that, over time, the flow weighted 
discharge will have significantly better water quality than the underlying groundwater. Arsenic in 
the blended water has concentrations greater than the MCLs but, as noted in Section 3.4, soil 
adsorption processes will remove the arsenic within the 250 to 350 foot unsaturated zone above 
groundwater. 

5.2.2 Flows for Irrigation 

Water quality for blended irrigation water in the Lerdo Canal is shown in Table 5-2 and Figure 5-
2. Because of the large volumes of Kern River water and groundwater used, the water quality 
for irrigation is very good. Both average and maximum EC and Cl are less than that of the CWO 
background groundwater (Table 4-9, Table 5-2). Boron, at 0.30 mg/1 average, is greater than 
groundwater boron, 0.11 to 0.13 mg/1, but well below the WQO, 0.75 mg/1. Arsenic concentration 
in the discharge is greater than that of underlying groundwater but arsenic removal by the soil 
adsorption processes discussed in Section 3.4 should result in no arsenic impacts to 
groundwater. 

· 

Table 5-2 also provides an evaluation of the irrigation water concentrations in the 985 foot 
blending zone of the Lerdo Canal downstream of the produced water outfall. These 
concentrations are similar to those of the irrigation water for the entire NKWSD; even the first 
irrigation water turnout below the produced water blending zone will have excellent irrigation 
water quality. 

5.3 Evaluation of the Proposed Discharge 

5.3.1 State Antidegradation Policy and Guidance 

State Water Resources Control Board Resolution 68-16, known as the Antidegradation Policy 
(SWRCB, 1968), requires that the CRWQCB regulate the discharge of waste materials to 
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maintain the high quality of waters of the State. WDRs for facilities such as the Rosedale 
Spreading Basins must insure that beneficial uses of groundwater are not unreasonably 
affected. In addition, the facility must meet a standard of Best Practicable Treatment or Control 
(BPTC) for discharged wastes. 

5.3.2 Beneficial Uses and Water Quality Objectives 

The Basin Plan (CRWQCB, 2004) designates beneficial uses in the King's Basin as industrial 
service supply, industrial process supply, municipal and domestic water supply, and agricultural 
supply. To protect the beneficial uses of suriace water and groundwater, the Basin Plan 
identifies both numerical and narrative water quality objectives. The water quality objectives for 
protection of domestic uses of groundwater are numerical. The narrative includes an objective 
that "ground waters shall not contain chemical constituents in concentrations that adversely 
affect beneficial uses." The salinity water quality objective allows an EC increase of 6 
ftmho/cm/year for the Peso Creek Subarea. 

5.3.2.1 Industrial Service Supply 

Industrial service supply is defined in the Basin Plan as "uses of water for industrial activities 
that do not depend primarily on water quality ... " Thus, land application of the process water is 
not expected to affect beneficial uses of groundwater for industrial service supply, and it is not 
considered further in the antidegradation analysis for the site. 

5.3.2.2 Industrial Process Supply 

Industrial process supply is defined in the Basin Plan as "uses of water for industrial activities 
that depend primarily on water quality." Therefore, protection of groundwater for the beneficial 
use of industrial process supply is addressed by consideration of drinking water standards in the 
antidegradation analysis for the site (see below). 

5.3.2.3 Municipal and Domestic Supply 

The Basin Plan designates minimum numerical water quality objectives for protecting municipal 
and domestic uses of groundwater as the MCLs specified in CCR Title 22. The California 
secondary MCL for salinity is expressed in terms of both EC and TDS in CCR Title 22, Table 
64449-B. The secondary MCL for TDS is based on consumer acceptance of the drinking water 
due to taste, odor, and appearance, and is not related to public health. 

Table 64449-B of CCR Title 22 lists MCL ranges for TDS of 500 mg/1 (Recommended), 
1,000 mg/1 (Upper), and 1,500 mg/1 (Short-term). CCR Title 22 states that for the listed 
constituents, " ... no fixed consumer acceptance contaminant level has been established. 
Constituent concentrations lower than the Recommended MCL are desirable for a higher 
degree of consumer acceptance. Constituent concentrations ranging to the Upper contaminant 
level are acceptable if it is neither reasonable nor feasible to provide more suitable waters." The 
range of MCLs incorporated in the Basin Plan warrant site-specific evaluations of domestic 
water use so that the most appropriate MCL is used for protection of that beneficial use. Finally, 
the MCL for arsenic is 10 ftg/1. 
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5.3.2.4 Agricultural Supply 

The Basin Plan's narrative chemical constituent objective is most relevant to protection of 
agricultural irrigation uses. The Basin Plan's Policy for Application of Water Quality Objectives 
requires the consideration of relevant site-specific information and numerical criteria and 
guidelines developed by agencies and organizations (CRWQCB, 2004). Several agencies and 
organizations have developed criteria and/or guidelines that are relevant and appropriate with 
respect to salinity. In general, water sources with 700 ftmho/cm EC or less are considered to 
have no impact on any crop. As salinity increases above 700 ftmho/cm, the most salt sensitive 
crops become impacted, and additional crops are impacted as salinity increases. While the 
crops grown in the NKWSD area do not have low salinity (EC) tolerance, boron concentration 
must be addressed for the vineyard crops prevalent in the area. 

· 

5.3.3 Proposed Water Quality Objectives for the Project Area 

WQOs for the project area are proposed in Section 4.4.1 and Table 4-10 based on the crops 
grown within the NKWSD. Arsenic, boron, sodium, sulfate, EC, and chloride values are 
proposed. The proposed value for arsenic and sulfate are based on the CCR Title 22 MCLs. 
The WQOs for chloride, sodium, and boron are based on agricultural supply needs for the crops 
grown in the area (Table 2-1). For the constituents identified in the blended concentrations of 
the water proposed to be discharged, the woody crops including nut trees and vineyards are the 
most sensitive species. 

5.4 Impacts of the Project on Groundwater 

The results of the groundwater analysis above provides an assessment of the potential for 
groundwater degradation and/or impacts to the beneficial uses of the underlying groundwater. 
The following paragraphs summarize this information: 

o Arsenic. Measured and modeled behavior of arsenic in the subsurface indicates that 
soil adsorption processes in the unsaturated zone beneath the NKWSD and Rosedale 
Spreading Basins bind and remove arsenic from the percolating recharge water. The 
water that percolates to the underlying groundwater is projected to have arsenic 
concentrations near zero. No degradation of groundwater is projected for arsenic. 

o Chloride. The average chloride concentration of the blended water, 13 mg/1 for the 
Rosedale Spreading Basins and 32 mg/1 for irrigation, is lower than NKWSD average 
groundwater quality (72 mg/1). The WQO for chloride in the NKWSD area is 175 mg/1 for 
sensitive crops. 

o Sodium. The average sodium concentration in blended water is 25 mg/1 for the 
Rosedale Spreading Basins and 48 mg/1 for irrigation. Average NKWSD groundwater 
concentration is 80 mg/1. 

o Boron. Boron concentration in the blended water averages 0.23 mg/1 for the Rosedale 
Spreading Basins and 0.30 mg/1 for irrigation. Local area average groundwater 
concentration is 0.11 mg/1. 
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• Salinity. The average EC of the blended water is 213 rtmho/cm for the Rosedale 
Spreading Basins and 363 rtmho/cm for irrigation. Both values are significantly lower 
than the NKWSD average groundwater quality (659 rtmho/cm). 

• Sulfate. The average S04 concentration in blended water is 20 mg/1 for the Rosedale 
Spreading Basins and 48 mg/1 for irrigation. Average NKWSD groundwater 
concentration is 130 mg/1. Average sulfate concentration was only calculated for the 
blended water for the Rosedale Spreading Basins because the Grimmway process 
water has sulfate concentrations above the MCLs. 

Based on the water quality information provided above, the proposed discharges to irrigation 
and to the Rosedale Spreading Basins will not result in increases to current groundwater EC� 
chloride, sodium, sulfate, and arsenic. The discharge levels for boron are, however, slightly 
higher than average groundwater concentration. The boron concentrations of both discharges 
are well below the WQO of 0. 75 mg/1. 

Several additional factors affect the potential for the proposed discharges to affect underlying 
groundwater. The following analysis was developed to assess potential for boron impacts to 
groundwater. 

1. Groundwater Dilution of Percolating Water. Based on available data summarized in 
Section 3.3.1, groundwater flow beneath the Rosedale Spreading Basins ranges 
between 3.9 and 11 MGD entering the groundwater beneath the basins. In order to 
estimate groundwater flow beneath the irrigated areas of NKWSD, the simplifying 
assumption that groundwater flow is approximately east to west is used. Because 
NKWSD is elongated in the north-south direction, the estimated groundwater flow rate 
would be 40 to 116 MGD entering the groundwater beneath the District. For the 
calculations shown below, the minimum groundwater flow rates for NKWSD and the 
Rosedale Spreading Basins are used. 

2. Unsaturated Zone Blending of Discharges to the Rosedale Spreading Basins. 
There were 4 years in the 24 year series of flow records that had no Kern River water 
discharged to the Rosedale Spreading Basins. Three of these years occurred during a 
five year period in which EC of the discharged water ranged between 723 and 797 
rtmho/cm (Figure 5-1), boron ranged between 0.66 and 0.72 mg/1, and sodium ranged 
between 141 and 158 mg/1 (Table 4-8). Boron and sodium are of interest because these 
values are near to or greater than the WQOs. 

The total discharge volume for the five year period was 6,500 Ac-ft (2, 115 MG). When 
distributed over the Rosedale Spreading Basins, the discharge per unit area was 10.7 
feet of water. Assuming an available water holding capacity of 0.1 feet per foot for 
coarse textured soils (Gupta and Larson, 1979) and no evaporation of water from the 
surface, this 5 year flow would have penetrated to a depth of approximately 110 feet 
bgs. During this time, the percolating flow would be mixed with rainfall and with other soil 
water already in the soils and alluvial material. Because the depth to groundwater is at 
least 250 feet bgs and recently closer to 350 feet bgs, rnore dilute flows from wetter 
years would also percolate and mix with these dry year flows before groundwater is 
reached. It is not expected that there will be any adverse impact on underlying 
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groundwater quality once the long term mixing of blended water discharges occurs in the 
unsaturated zone. 

3. Groundwater Dilution of the Rosedale Spreading Basins Discharge. The blending of 
annual flows within the unsaturated zone, described above, will decrease the potential 
for higher concentrations in very low dry year flows to affect underlying groundwater, 
even for the 5 year drought period evaluated above. Groundwater flow beneath the 
Rosedale Spreading Basins is estimated to be between 4 and 11 MGD or 1,460 to 4,000 
MG/yr. The 24 year average discharge to the Rosedale Spreading Basins is 16,144 Ac-ft 
or 5,260 MG/yr (Table 4-2). Thi� will provide additional mixing when percolation reaches 
groundwater. Over the long term, the percolating discharge will have better water quality 
than underlying groundwater (Table 5-1). 

4. Groundwater Dilution of Percolation Below the Crop Root Zone. A calculation of 
groundwater dilution for percolating irrigation water was made using the following 
assumptions: 

• The estimated groundwater flow beneath the NKWSD irrigation areas is 40 MGD or 
14,600 MG/yr (see item 1 above). 

• Average groundwater boron of 0.11 mg/1 (Table 5-2). 
• The concentration of constituents in percolate increases by a factor of 2.5 due to 

evaporative concentration (Ayers and Westcot, 1985). For example, the average 
boron concentration of 0.3 mg/1 (Table 5-2) would increase to 0.75 mg/1 in any 
percolate moving below the root zone. 

• Average annual irrigation flow of 146,400 Ac-ft (48,000 MG) 
• Leaching fraction of 15% 
• Using these assumptions, the annual percolation would be 0.15*48,000 = 7,150 MG. 

Using a flow weighted average: 

[14,600 MG/yr*0.11 mg/1 + 7,150 MG/yr*0.75 mg/1] I [14,600MG/yr + 7,150 MG/yr] 

= 0.32 mg/1 Boron 

This evaluation of potential impacts to groundwater of the proposed discharge contains 
conservative assumptions and indicates that, although groundwater boron may increase, 
the resulting value, 0.32 mg/1, is less than half the WQO for the area. 

5.5 Benefits of the Groundwater Recharge Project 

The Rosedale Spreading Basins groundwater recharge is part of an important water resources 
improvement for the NKWSD and surrounding agricultural areas. The most important impact of 
the project is the recycling of up to 21,200 Ac-ft (6.9 billion gallons) of oilfield produced water. 
The past practice for these flows has been to dispose of this water supply by deep well injection, 
steam reuse, or other oilfield discharge practices. Instead, these flows will be treated and used 
for agricultural irrigation. During the months when irrigation demand is low, the produced water 
will be blended and used to recharge the local area groundwater supply. Much of this water will 
ultimately be pumped and used for irrigation of agricultural crops. 
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This additional irrigation water supply benefits both the local irrigators and citizens of California 
by providing an alternative irrigation water supply. This allows irrigation with less reliance on 
groundwater pumping or use of imported water. The availability of additional water supply may 
also allow production of other crops, cropping of additional acreage, or use of some water 
supplies for drinking water. 

A summary of the benefits of the proposed discharge on water resources includes: 

• Use of up to 21,200 Ac-ft!yr (6.9 billion gallons) of produced water for irrigation or 
groundwater recharge would result in the same amount of water conservation because 
existing water supplies need not be used. 

• Recycling of up to 21,200 Ac-ft!yr (6.9 billion gallons) of oilfield produced water is a 
significant benefit for agriculture. The alternative practice of deep well disposal has no 
value to local agriculture. 

• The project results in protection and maintenance of surface water and groundwater 
resources. Groundwater recharge, in particular, can reduce the rate of groundwater 
decline in the project area and decrease pumping costs for any groundwater extraction 
needed. 

• An additional water supply is available to support the agricultural economy of the 
NKWSD and the Central Valley region. 

• Oilfield produced water is a 'drought proof' water supply that will be available without 
regard for weather-related uncertainty. This has additional benefit for crop production 
planning. 

The agricultural and water resources benefits of the proposed project will have a positive impact 
on the local agricultural economy. In addition, recycling of oil field produced water will also 
benefit another important sector of the local economy- gas and oil production. Development of 
a long term water discharge program will lend some stability to the oil field producers. The 
alternative to the proposed direct recycling of oil field produced water by blending it with other 
water supplies for use in irrigation and groundwater recharge is an economical alternative. If the 
oil field produced water were to be further treated before discharge, the likely technology for 
removal of salts including chloride, and sodium would be reverse osmosis. This technology is 
expensive both in a) design and construction of a treatment plant and b) ongoing equipment 
maintenance, energy use, and waste disposal. Furthermore, additional treatment would still be 
required to remove boron and arsenic. 

The oil production and agricultural commodity sectors of the economy have very large impacts 
on the economic well-being of the communities in the Bakersfield and Kern County area. These 
jobs and revenues from products help the local population and economy to thrive. 

5.6 Best Practicable Treatment or Control 

Neither the California Water Code nor the Antidegradation Policy (SWRCB, 1968) explicitly 
defines BPTC. The State Water Resources Control Board has considered BPTC to be the level 
of treatment and control technically achievable using "best efforts" and CRWQCB staff often 
evaluate treatment, water conservation, recycling, and energy conservation in their evaluation of 
BPTC programs. 
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For oil field produced water, key elements of BPTC include: 

1. Reuse of the water supply. This is especially important in dry climates and during the current 
drought conditions. 

2. Treatment to lower oil and grease concentrations in water discharged for blending in 
irrigation water supplies. This is done using a multiple-stage water treatment program at the 
CRC treatment plant in the Kern Front Oil Field. 

3. As part of protecting the irrigation water supply, real time monitoring of oil and grease 
concentrations in the treatment process allows CRC to divert out of specification produced 
water to other discharge methods or for further treatment. 

4. Blending of produced water supplies so that resultant concentrations of blended water are 
protective of all designated beneficial uses of the underlying aquifers. 

5. Use of water management practices and monitoring at the points of discharge- irrigation 
and groundwater recharge -to ensure that groundwater, surface water, and crops are 
protected. 
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This Report of Waste Discharge describes a project proposed by CRC and NKWSD to reuse oil 
field produced water to augment the irrigation water supply for approximately 55,000 acres of 
irrigated crop land in Kern County just north of Bakersfield, California (Figure 1-1). 

NKWSD currently provides irrigation water to approximately 55,000 irrigated acres. In wet years, 
excess surface water supplies are discharged to over 1 ,500 acres of spreading basins for 
groundwater recharge as part of the NKWSD conjunctive reuse program. In dry years, there is 
insufficient water available to meet irrigation demands, even with additional groundwater 
pumped from NKWSD's water supply wells. 

In the proposed project, CRC would provide up to 21,200 Ac-fVyr [6.9 billion gallons] of 
produced water from their Kern Front Oil Field area to NKWSD to blend with their other water 
supplies, which range from 115,000 to 171,000 Ac-ft/yr [37.5 to 55.8 billion gallons] depending 
on annual surface water supplies. Most of the produced water will be blended in the Lerdo 
Canal and used for irrigation. The irrigation water supply will consist of Kern River and other 
surface water, groundwater pumped from NKWSD wells, and produced water. 

When irrigation demand is low, both produced water and excess surface water will be 
discharged to groundwater spreading basins located west of the Lerdo Canal. The proposed 
project, therefore, has two discharges: one to irrigation and another to the Rosedale Spreading 
Basins, a 608 acre facility in the NKWSD. 

NKWSD and Grimmway, have also proposed a project to discharge carrot processing 
wastewater from a raw product rinsing facility to the Rosedale Spreading Basins. It is expected 
that this discharge proposal will have Tentative WDRs in the public review process before a 
CRWQCB hearing scheduled for April 2015. This year-round discharge from the Grimmway 
facility would be 158 Ac-ft/yr [51 MG] but could increase to 559-Ac-ftlyr [182 MG] in the future. 
The proposed total discharge to the Rosedale Spreading Basins would consist of excess Kern 
River and other surface water, flows from Grimmway, and produced water. 

Groundwater Conditions in the Project Area. Groundwater beneath the NKWSD varies with 
climatic conditions, groundwater pumping, and groundwater recharge from the spreading basins 
located throughout NKWSD. Groundwater depths range between 250 and 350 feet below 
ground surface depending on climatic trends. Available data demonstrate a long term trend of 
increasing depth to groundwater. NKWSD has 100 wells throughout the District used primarily 
for groundwater extraction. A water quality dataset collected from these wells documents the 
overall high quality of underlying groundwater. There are areas of better and poorer 
groundwater quality and the wells within the Rosedale Spreading Basins area have better water 
quality than the District average. 

The soils and alluvial sediments that underlie NKWSD are the same as those of the CWO, an 
adjacent water district with a produced water reuse program similar to the project proposed 
here. The background groundwater quality established for CWO is relevant to NKWSD because 
the general groundwater flow direction in the area is from CWO towards NKWSD. The CWO 
background groundwater quality is similar to the average water quality for the NKWSD wells. 
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Discharge Water Quality for the Proposed Project. Water quality of the proposed blended 
flows for irrigation and the blended discharge to the Rosedale Spreading Basins are based on 
analysis of the key constituents in the oil field produced water, and the Grimmway process 
water: EC, arsenic, boron, chloride, sodium, and sulfate. 

This report provides a detailed evaluation of the volume and quality of the proposed discharges 
for a range of water quality conditions and compares these results to existing groundwater 
quality and WQOs. The results provided in the following table demonstrate that the flow 
weighted average constituent levels will not affect the beneficial uses of local groundwater. The 
water quality of the groundwater recharge is better than that of the irrigation water because, 
during most years, the ratio of surface water to the sum of other water sources is much larger 
for the discharge to the Rosedale Spreading Basins. 

ectal, 
1Jmho/cm1b1 

Arsenic, 

Blended Irrigation 
Discharge1'1 363 

IJg/11'1 

15 
-- - --···-·--·-···· .. ·······----.. ----- -····-·-···· ·--··-----··--- - --�-

Blended Groundwater 
Recharge1'1 

Average Groundwater 
in NKWSD 

Groundwater Beneath 
RSB1"1 

CWD1;1 Background 
Groundwater Quality 

Water Quality 
Objectives 

Notes: 

(a) EC = Electrical Conductivity 

213 

659 

429 

618 

900 

------ -------

(b) �mho/em = micromhos per centimeter 
(c) �gil =micrograms per liter 
(d) mg/1 = milligrams per liter 

9.1 

< 2191 

< 2191 

3.4 

10 

Boron, 
mg/11'1 

0.30 
-- ---------------··· 

0.23 

0.11 
--·· ----·--------

0.13 

0.14 

0.75 

Chloride, 
mg/1 

32 

13 

72 

47 

88 

175 

Sodium, Sulfate, 
mg/1 mg/1 

48 -1n 
- . - --- -. ---- - ------- ----------- · ·· · · · · -

25 20 

80 130 

74 74 

56 

115 250 

(e) Flow weighted average, refer to Table 4-8 for Groundwater Recharge and Table 4-9 for Irrigation Discharge. 
(0 Sulfate was not evaluated for irrigation discharge. 
(g) Arsenic is estimated as <2 �g/1 because insufficient measurements are available. 
(h) RSB = Rosedale Spreading Basins 
(i) CWO = Cawelo Water District 

The boron and arsenic concentrations in the proposed discharges are greater than the range of 
groundwater data shown in the table above. Arsenic concentrations in the blended irrigation 
water are greater than the WQOs. However, recent studies in the CWO demonstrated that the 
arsenic adsorption potential for soils and alluvium is very high. Similar soils and alluvium 
underlie NKWSD so the same adsorption potential applies for this project. 

Boron concentrations in the discharges are projected to cause a small increase to groundwater 
concentrations. The acceptability of this minimal potential degradation is addressed in the report 
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by evaluating the potential benefits of the project and the potential impacts of the concentration 
increase. 

As part of the Antidegradation Analysis, proposed water management practices were evaluated 
to assess compliance with the requirement to implement BPTC measures. For oil field produced 
water, a key element of BPTC is reuse of this water supply, especially in dry climates and 
drought conditions. In order to protect water quality, reuse programs must also incorporate 
constituent removal including a) lowering oil and grease concentrations, and b) blending of 
produced water supplies so that concentrations protect beneficial uses of the underlying 
aquifers and, if possible, do not degrade background groundwater quality. The proposed project 
meets these requirements. 

Benefits of the Project in the Local Area. The proposed project has an important beneficial 
impact on water resources in the local area. This is important because agricultural and oil field 
production are primary economic drivers for Kern County and the State of California. 

• An important impact of the project is the annual recycling of up to 21,200 Ac-ft (6.9 billion 
gallons) of oilfield produced water to the NKWSD. This flow will be blended with other water 
sources and used for irrigation and groundwater recharge. 

• Produced water will increase NKWSD's water supply by approximately fifteen percent and 
will partially replace groundwater that would otherwise be pumped. During the winter 
season, produced water will be discharged to the Rosedale Spreading Basins along with 
any available Kern River water to recharge declining groundwater supplies. This has the 
added benefit of decreasing the rate of groundwater decline and lowering pumping costs. 

• The project converts flows that otherwise would be disposed of by well injection to a 
beneficial use as irrigation water supply. In addition, this reuse program also provides the oil 
industry with a reliable and environmentally beneficial way to manage produced water. 

The CRC- NKWSD project is designed to provide additional water supply for NKWSD and 
benefit both agriculture and the oil industry in Kern County. The project will be protective of 
groundwater and surface water. This report provides sufficient information to support 
development of WDRs for the project. 

Report of Waste Discharge, Page 6-3 
California Resources Corporation, Bakersfield, California 
l 'IS-�r 0op' Jd'llln';ub' 14; 1405J33 UC _ere ·C·l 'ef;OilS fin;;l-rouaiJexl rfocx 



Kennedy/Jenks Consultants 

(This Page Intentionally Blank) 



Kennedy/Jenks Consultants 

References 

Akhter, H., Cartledge, F. K., and J. Miller. 2000. Treatment of Arsenic-Contaminated Soils. 1: 
Soil Characterization. J. Environ. Eng. 126: 999-1003. 

· 

California Irrigation Management Information System (CIMIS). 2014. Average Monthly 
Reference Evapotranspiration. Accessed via the internet 
(http://www.cimis.water.ca.gov/cimis/) on 21 December 2014. 

Ayers, R.R. and D. W Westcot. 1985. Water Quality for Agriculture. FAO Irrigation and 
Drainage Paper 29, Rev. 1. Food and Agriculture Organization of the United Nations. 

Bartow. A., and McDougall, K. 1984. Tertiary Stratigraphy of the Southeastern San Joaquin 
Valley, California. USGS Bulletin 1529-J. 

California Department of Water Resources. 1977. Kern County Ground Water Model; prepared 
by the San Joaquin District and the Kern County Water Agency, 138 p. 

California Department of Water Resources. 2006. California's Ground Water, Bulletin 118, 
Tulare Lake Hydrologic Region, San Joaquin Valley Groundwater Basin, Kern County 
Subbasin. January 2006. 
http://www.water.ca.gov/pubs/qroundwaterlbulletin 118/basindescriptions/5-22.14.pdf. 

California Department of Water Resources. 2009. The Water Conservation Act of 2009 (SB X7-
7). http://www. water. ca. govlwateruseefficiencylsb 71 

California Regional Water Quality Control Board, Central Valley Region. 2012. Waste 
Discharge Requirements For Chevron USA, INC., and Cawelo Water District Produced 
Water Reclamation Project, Kern River Area, Station 36, Kern River Oil Field, Kern 
County. Order R5-2012-0058. 

California Regional Water Quality Control Board, Central Valley Region. 2004. Water Quality 
Control Plan for the Tulare Lake Basin, Second Edition. Revised January 2004 (with 
approved amendments). Sacramento, CA. 

Cascade Earth Sciences. 2014. Draft Technical Report for the Report of Waste Discharge 
Grimmway Enterprises Inc., Premier Facility, Shafter, California. April 2014. 

CCR, Maximum Contaminant Levels- Inorganic Chemicals. California Code of Regulations 
(CCR) Title 22 §64431, revised 2014. 

CCR, Secondary Maximum Contaminant Levels and Compliance. California Code of 
Regulations (CCR) Title 22 §64449, revised 2011. 

Report of Waste Discharge, 
California Resources Corporation, Bakersfield, California 
] ·.,s-grccc ·J·:!I"'Ir.'·iOD' I 4. 146�01' DO _ere' CS-'ep�I1S ,fi,>.-.!·rowdVext docx 

Ref- i 



Kennedy/Jenks Consultants 

Croft, M.G. 1972. Subsurface Geology of the Late Tertiary and Quaternary Water-Bearing 
Deposits of the Southern Part of the San Joaquin Valley, California; US Geological 
Survey Water Supply Paper 199H, 29p, and plates and maps. 

Gupta, S.C. and W.E. Larson. 1979. Estimating Soil Water Retention Characteristics From 
Particle Size Distribution, Organic Matter Percent, and Bulk Density. Water Resources 
Research, val. 15, issue 6, pp. 1633-1635. 

Hanson, B., S. R. Grattan, and A. Fulton. 2006. Agricultural Salinity and Drainage. ANR 

Publication 3375. University of California, Davis, CA. 

Hilton, G.S., and others. 1963. Geology, Hydrology, and Quality of Water in the Terra Bella-Lost 
Hills Area San Joaquin Valley, California. USGS Open-File Report, 158 p. 

Kennedy/Jenks Consultants. 2011. Cawe/o Water District Farnoso Basins Antidegradation 
Analysis. Submitted to the California Regional Water Quality Control Board, Central 
Valley Region. 30 June 2011. 

Kern County Water Agency. Improvement District No. 4 Report on Water Conditions 2014. 30 
January 2015. Page 56. http://www.kcwa.com/Documents/ROWC2014.pdf 

Maas, E. V. 1996. Crop Salt Tolerance, In K. K. Tanji, Ea. Agricultural Salinity Assessment and 
Management. Amer. Soc. Civil Eng. Manuals and Reports on Engineering Practice No. 
71. New York, NY. 

Manning, B.A. 2005. Arsenic speciation in As(lll)- and As(V)-treated soil using XANES 
spectroscopy. Microchimica Acta, 2005, 151, 181-188. 

Manning, B.A and D.L. Suarez. 2000. Modeling Arsenic(///) Adsorption and Heterogeneous 
Oxidation Kinetics in Soils. Soil Sci. Soc. Am. J. 64: 128-137. 

North Kern Water Storage District. 2012. 2012 Groundwater Management Plan, dated August 
2012. 

North Kern Water Storage District. 2014. Agricultural Water Management Plan, dated August 
2014. 

State Water Resources Control Board. 1968. Statement of Policy with Respect to Maintaining 
High Quality of Waters in California. Resolution 68-16. 28 October 1968. Sacramento, 
CA. 

United States Department of Agriculture Natural Resources Conservation Service (USDA). 
2014. Soil Survey for Kern County, California, Northwestern Part (CA666). Updated 
September 2014. 

Western Regional Climate Center. 2014. Long Term Precipitation Records. Accessed via the 
internet (http://wrcc.dri.edu/) on 21 December 2014. 

Report of Waste Discharge, Ref- ii 
California Resources Corporation, Bakersfield, California 
J ·:�-y:c� J.;p·_·",o:-\�· 1.!;�:J? � JO _-;--: ·:S--��'V'.s f;nJ'.rJw�\te�r_dccx 



Kennedy/Jenks Consultants 

Wood, P.R. and Dale, R.H. 1964. Geology and Ground-Water Features of the Edison-Maricopa 
Area, Kern County, California; U.S. Geological Survey Water Supply Paper 1656, 108 p. 

Wood, P.R. and Davis, G. H. 1959. Ground Water Conditions in the Avenai-McKittrick Area, 
Kings and Kern Counties, California; U.S. Geological Survey Water Supply Paper 1457, 

141 p. 

Report of Waste Discharge, Ref- iii 
California Resources Corporation, Bakersfield, California 
I] IS·IJfOI.IP a��"':·n.obi14,14C5033 OO_crc �-re;orts fn;,.ro.v.:\le•l docx 



Kennedy/Jenks Consultants 

(This Page Intentionally Blank) 



liables 



Kennedy/Jenks Consultants 

Table 2-1: Crop Acreage in the North Kern Water Storage District 

Crop Area Area 
Acres1'l Percent 

Almonds 30,289 58% 
Grapes, Table 5,818 11% 
Alfalfa Hay 3,678 7% 
Roses 2,961 6% 
Pistachios 2,601 5% 
Vegetables Mise 1 ,723 3% 
Open Land 1,568 3% 
Apples 1,256 2% 
Cotton 754 1 %  
Grain, Wheat 626 1% 
Pomegranates 334 0.6% 
Pecans 188 0.4% 
Grain, Corn 182 0.3% 
Others 156 0.3% 
Peppers 152 0.3% 
Olives 83 0.2% 
Cherries 27 0.1% 
Total Crops 52,396 

TOTAL 60,000 
Source: NKWSD, Agricultural Water Management Plan, 2014. 

Note: 

(a) Acreages for 2008 
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Table 2-2: Soils of the North Kern Water Storage District 

Wasco sandy loam 
McFarland loam 

Soil Type Description 

Lewkalb sandy loam, 0 to 2 percent slopes 
Milham sandy loam, 0 to 2 percent slopes MLRA 17 
Driver coarse sandy loam, 0 to 2 percent slopes 
Kimberlina fine sandy loam, 0 to 2 percent slopes MLRA 17 
Panoche clay loam, 0 to 2 percent slopes, MLRA 17 
Granoso loamy sand, 0 to 2 percent slopes 
Delano sandy loam, 0 to 2 percent slopes 

Source: USDA Natural Resources Conservation Services, 2014. 

Note: 

Only soils with area greater than 1% are listed. 
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Area Area 
acres percent 

36,734 49% 
9,427 13% 
7,382 10% 
6,052 8% 
5,244 7% 
4,373 6% 
1,472 2% 
1,122 2% 
803 1% 
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Table 2·3: Soil Types in the Rosedale Spreading Basins 

Soil Type Description 

Driver coarse sandy loam, 0 to 2 percent slopes 

Milham sandy loam, 0 to 2 percent slopes MLRA 17 

Wasco sandy loam 

Kimberlina fine sandy loam, 0 to 2 percent slopes MLRA 17 
Source: USDA Natural Resources Conservation Services, 2014. 
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Area 

acres 

375 

103 

67 
52 

Area 
percent 

63% 

17% 

11% 

9% 
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Table 3-1: Near Surface Lithology of Six Soil Borings in the 

Rosedale Spreading Basins 

Depth, feet 
Boring 

Boring #2 Boring #3 Boring #4 Boring #5 Boring #6 
All 

#1(a) Borings<bl 

% Fine<c> 43% 27% 69% 58% 35% 33% 44% 
%Coarse 57% 73% 31% 42% 65% 67% 56% 

sp<d> SP SM SP SP SP 
2 SP SP SM SP SP SP 
3 SP SP SM SP SP SP 
4 SP SP SM SP SP SP 
5 SP SP SM SP SP SP 
6 SP SP SM SP SP SP 
7 SM(dl SP ML SM SP SP 
8 SP SM ML SM SP SP 
9 SP SP ML J SP SP 

10 SP SP SP SP SP 
11 SP SP SP SM sw SP 
12 SP SP SP ML sw ML 1 
13 SP SP SM ML sw SP 
14 SP SP SM SP sw ML 
15 SP SP SM ML sw SP 
16 SP SP SM ML sw SP 
17 SM SP SM ML SP SP 
18 sw<d> sw SP ML ML ML 
19 sw sw SM ML ML SP 
20 sw sw SM ML SP 
21 sw sw SP SP SP 
22 ML<dl sw SP SP SM ML 
23 ML sw sw SM ML ML 
24 ML SM ML SM sw ML 
25 ML SM ML SM sw ML 
26 ML ML ML SM sw ML 
27 ML ML SP SP ML SP 
28 CL(d) SM ML SP SM SP 
29 ML SM SM ML SM SP 
30 ML ML SM SP 

Notes: 

(a) See Figure 2-5 for boring locations 

(b) "All Borings" represents the aggregate percentage of fine and coarse textured soils encountered in Borings #1 to 6. 

(c) CL, ML, SC, and SM are considered "fine textured"; other classifications are considered "coarse textured" 

(d) CL =clay; ML =silt; SC =clayey sand; SM =silty sand; SP =poorly graded sand; SW =well graded sand 
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Table 3-2: Lithology of Three Wells in the Rosedale Spreading Basins 

Depth, feet 
Monitoring Well 

99·0·17 
#4(•1 

% Fine<cJ 22% 61% 

%Coarse 39% 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 SP 
110 SP 
120 SP 
130 GP<•l 

140 SP 
150 GP SP 
160 GP SP 
170 SP SP 
180 sw SP 
190 sw SP 
200 SW SP 
210 GP SP 
220 SP SP 
230 SP SP 
240 GP SP 
250 SP 
260 Gw<•> 

270 
280 
290 SP 
300 SP 
310 SP 
320 SP 
330 SP 
340 SP 
350 SP 
360 SP 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 CL 
470 CL 
480 CL 

490 CL 
500 CL 
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99·2·4 AIIWells<•J 

51% 51% 

49% 

SP 
SP 
SP 
SP 
SP 

SP 
sc 
sc 
SP 
SP 
SP 
SP 
SP 
GP 
GP 

GP 
CL 

Gc<•> 

GP 
CL 

GC 
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Table 3-2: Lithology of Three Wells in the Rosedale Spreading Basins 

Depth, feet 

510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 

� 

Monitoring Well 
#41•1 99-0-17 

CL 
CL 
CL 

SP 
sc 
sc 
sc 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
SP 
SP 
SP 
SP 
sc 
sc 
sc 
sc 
sc 
sc 
SP 

99·2·4 

CL 
sc 
SP 
sc 
sc 
sc 
sc 
GP 
GC 
GC 
GC 
GC 
SP 
SP 
SP 
GC 
GC 
GC 
GC 
GC 
GC 
GC 
CL 
SP 
SP 

SP 
SP 
SP 
SP 
sc 
SP 
SP 
SP 
SP 
sc 
sc 

All Wells1"1 

(a) See Figure 3-2 for well locations. Well togs not available for other wells in the Rosedale Spreading Basins. 
(b) "All Wells" represents the aggregate percentage of fine and coarse textured soils encountered in the analyzed wells. 

(b) CL =clay; GC =clayey gravel; GP =poorly graded gravel; GW =well graded gravel; SC =clayey sand; 

SM = silty sand; SP = poorly graded sand; SW =well graded sand 
(c) CL, GC, SC, and SM are considered "fine textured"; other classifications are considered "coarse textureo" 
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Table 3-3: Groundwater Quality Data for the Rosedale Spreading Basins Area 

Total Hardness as Sodium Exchangeable 

Electrical Dissolved Calcium Adsorption Sodium 

Well# Year pH Conductivity Solids Boron Calcium Magnesium Sodium Potassium Bicarbonate Chloride Sulfate Nitrate Carbonate Ratio Percentage Gypsum 

micromhos/cm mg/l(a) mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 

99-0-17 1987 8.7 610 392 0.12 23 0.16 105 __ 
(b) 42.4 64.8 148 3.5 58.2 5.99 7.04 

1989 7.4 650 387 0.13 27 0.08 1.02 1.1 26.8 84.6 144 1.3 67.9 5.38 6.26 

1990 7.6 620 383 0.14 24 0.09 100 0.7 54.6 70.8 132 0.9 60.4 5.6 6.54 

1991 8.3 580 331 0.13 22 0.08 93 0.7 43.5 71.6 118 1.3 55.3 5.44 6.34 

1992 6.6 600 380 0.12 26 0.09 100 50 74 130 1.5 65 5.4 6.3 

2003 7.4 690 470 0.11 34 0.13 110 1.6 40 66 180 2.4 85 5.0 5.8 646 

2004 6.0 980 640 0.10 69 0.23 110 1.7 25 100 230 15 170 3.7 4.0 

2009 8.0 660 470 0.12 33 0.12 100 1.4 32 83 180 2.0 83 5.4 6.3 897 

2012 7.67 970 580 0.10 52 0.15 150 1.3 26 130 260 4.8 130 5.1 5.9 222 

2013 7.28 880 540 0.10 37 0.15 120 1.8 27 100 210 2.0 93 6.0 7.1 566 

2014 8.17 890 530 0.10 44 0.095 160 0.99 28 100 230 2.4 110 5.7 6.7 528 

99-0-18 2012 8.47 380 230 0.10 11 0.05 64 0.5 41 32 77 3.1 28 6.7 7.9 1,854 

2013 7.72 420 230 0.10 14 0.05 54 1.4 44 37 79 2.8 35 4.7 5.4 848 

2014 210 0.10 13 0.05 59 0.61 56 15 57 6.6 33 4.1 4.6 1,229 

99-0-22 1977 8.1 420 123 0.15 21 0.11 68 48.5 21.6 123 6.2 53 4.53 

1987 8.1 330 478 0.45 24 0.30 159 2.0 198 124 65 4.43 8.88 10.66 18.6 

1989 8.3 340 239 0.10 17 0.15 55 0.9 71.9 22 65 2.7 43.2 3.64 3.95 2.02 

1990 8.4 340 233 0.12 16 0.14 54 0.8 76.2 17 60 2.7 40.6 3.69 4.02 2.8 

1991 8.2 320 176 0.10 13 0.10 51 0.9 74.8 14.9 53 2.7 32.9 3.87 4.26 2.8 

1992 6.9 310 230 0.10 12 0.06 58 86 16 58 3.0 30 4.6 5.2 

2002 7.2 400 230 0.21 8.1 0.05 80 0.72 75 55 54 2.0 20 7.7 9.2 1,654 

2003 7.3 930 750 0.10 120 6.5 62 3.7 80 100 180 77 320 1.5 0.9 

2004 6.5 260 60 0.13 16 0.58 42 0.83 120 11 18 4.1 42 2.8 2.8 922 

2009 8.4 250 180 0.14 11 0.32 42 2.0 76 11 31 3.7 30 3.5 3.8 1,223 

2012 8.31 270 160 0.10 13 0.05 42 0.5 100 8.1 17 2.1 33 4.6 5.2 2,072 

2013 8.38 250 140 0.13 9 0.11 34 1.3 110 8.8 22 2.7 23 5.3 6.2 2,260 

2014 8.42 240 180 0.12 9.2 0.05 54 0.59 76 10 30 2.7 23 4.4 5.0 1,712 

99-2-4 1991 8.6 400 211 5.0 0.02 75 0.4 48.7 67 31 12.6 9.21 11 3.6 

1992 7.7 400 250 0.20 5.5 82 73 67 36 14 9.6 11.4 

2002 7.0 470 310 0.10 58 8.2 30 2.5 150 24 55 37 180 1.0 0.2 

2003 8.5 410 250 0.24 6.9 0.05 80 0.5 64 60 45 2.0 17 8.3 9.9 1,564 

2004 7.3 400 220 0.14 8.8 0.06 75 0.54 59 46 71 0.14 22 6.9 8.2 1,441 

2009 9.1 410 260 0.25 6.5 0.05 85 0.6 49 74 35 2.0 16 9.2 11 1,826 

2012 8.86 460 260 0.10 11 0.05 85 0.5 37 46 100 2.0 27 8.4 10 1,960 

2013 8.35 480 220 0.21 6.1 0.05 70 1.1 84 75 50 2.0 15 11.7 13.8 2,041 

2014 8.76 410 270 0.22 7.0 0.05 100 0.5 50 73 48 2.0 18 9.3 11.1 2,030 

99-2-6 2012 9.26 280 160 0.10 4.2 0.05 51 0.5 37 17 49 2.0 11 9.1 10.8 2,568 

2014 8.77 310 190 0.17 3.9 0.05 75 0.5 48 53 25 2.2 9.9 9.6 11.4 2,147 

99-2-8 2012 8.24 410 240 0.10 10 0.05 72 0.5 41 29 31 2.5 26 4.5 5.1 624 

2013 8.49 380 220 0.10 0.12 0.05 54 1.2 45 41 63 2.0 0.51 48.1 41.1 1,870 

2014 8.6 350 240 0.13 8.3 0.05 81 0.51 38 35 84 2.5 21 7.2 8.6 1,919 

99-4-5 2012 8.93 220 140 0.10 4.4 0.05 41 0.7 42 13 33 2.0 11 1.8 1.4 119 

2013 8.74 300 160 0.13 3.9 0.05 43 1.1 14 40 29 2.0 9.9 10.1 12 2,550 

2014 8.62 240 160 0.12 4.1 0.05 57 0.5 49 27 31 2.5 10 7.4 8.8 2,243 

Source: North Kern Water Storage District 

Notes: 

(a) mg/1 =milligrams per liter 
(b) -- = no data 

Report of Waste Discharge, 
California Resources Corporation, Bakersfield, California 
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Table 3-4: Groundwater Quality Summary Statistics, 2013-2014 

Water Quality 
Objective<e> 

Cawelo Water 
District 

Backgrou nd<e> 

Ec<a> 
llmhos/cm<bl 

900 

618 

Boron 
mg/llcJ 

0.75 

0.14 

Chloride 
mg/1 

175 

87.7 

Sodium 
mg/1 

115 

55.7 

Arsenic 
J.IQ/I<dl 

10 

3.4 

All North Kern Water Storage District Wells 

Sulfate 
mg/1 

250 

NE1fl 

270 0.10 19 29 NA19 > 24 
659 0.11 72 80 NA 130 

25th Percentile -----=::-=:----��-----=�-----=�----=-:.:.,.:,..---�=--
Mean ---�=-----��-----=�---�---�� --��-

430 0.10 36 36 NA 64 
890 0.10 92 77 NA 193 

Median 
75th Percentile---�:------�-:-7-----:�---�---:,..:.:..,:�--�=---

27 0 11 21 NA 21 
Rosedale Spreading Basin Wells 

Wells exceeding WOO ___ ::..:...... ____ _: ___ ___;.....:...... ____ _::....:..... _ _  ___:..:.:....: ___ .=....:... __ 

288 0.10 27 54 NA 30 
429 0.13 47 74 NA 74 

25th Percentile ---=�----��---=�-----=�-----=�---�--
Mean 

___ ��---��---�-----=�-----=..:.:....:---�--
365 0.12 40 59 NA 50 
435 0.13 73 81 NA 79 

Median ---��,-----��--��--��--��---�--
75th Percentile 

Wells exceeding WOO 0 0 0 1 NA 0 ---��----�� -----=�-----=�-----=..:.:....:---�- -

North Kern Water Storage District Background Wells(h) 
240 0.10 17 29 NA 23 
517 0.12 49 62 NA 106 

25th Percentile -----::-:.:::----��-----=�-----=;;...-----=�---=:=::--
Mean 

Median -----=�=-----��-----=�-----=�-----=�---��-
350 0.10 22 35 NA 45 
580 0.11 52 55 NA 80 
2 0 1 2 NA 2 

75th Percentile --���---��---=�-----=�-----=�---�--
Wells exceeding WOO 
Notes: 

(a) EC = Electrical Conductivity 

(b) !!mhos/em= micromhos per centimeter 

(c) mg/1 = milligrams per liter 

(d) l!g/1 = micrograms per liter 

(e) From Cawelo Water District, 2011, Famoso Basins Antidegradation Analysis 

(f) NE = not established 

(g) NA = not analyzed 

(h) Background wells include 88-1-10, 99-6-8,88-3-12,88-3-47,88-9-6, 88-17-22, 88-17-24, 88-19-3, 

88-25-31, and 88-29-14. 
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Table 4-1: Water Sources and Flows for the North Kern Water Storage District 

Water 
Source 

Kern River Water Discharged to Irrigation 

Groundwater Discharged to Irrigation 

CRc<c> Produced Water Discharged to 

Irrigation 

CRC Produced Water Discharged to 

Rosedale Spreading Basins 

Grimmway Process Water Discharged to 

Rosedale Spreading Basins 

Kern River Water Discharged to 

Rosedale Spreading Basins 

Notes: 

(a) Ac-fUyear =acre feet per year 

(b) Data source: North Kern Water Storage District 

(c) CRC =California Resources Corporation 

Range of Flow 
(Ac-ft/year)<a> 

4,100-140,781 

0-119,559 

Upto21,171 

0-1,740 

158-559 

0-76,278 

Comments 

Range of flows from 1991 -2014(b) 

Range of flows from 1991 - 2014(bl 

CRC anticipates that flow will remain at 58 Ac-ft/day although lower flows 

may occur for short periods. 

The most common annual flow will be 812 Ac-ft/year during the 14 day 

maintenance shutdown for the Lerdo Canal. Under some conditions, up to 

30 days of flow could be discharged. 

2013 average flow was 158 Ac-ft/year. 

Proposed maximum discharge is 559 Ac-ft/year<dl_ 

Range of flows from 1991 - 2014(b) 

(d) Data source: Cascade Earth Sciences. 2014. Draft Technical Report for the Report of Waste Discharge Grimmway Enterprises Inc., 

Premier Facility, Shafter, California. April 2014. 

Report of Waste Discharge, 
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Table 4-2: Modeled Discharge to the Rosedale Spreading Basins Based on Historical Flows 

Annual Average Discharge to Rosedale Spreading Basins with 2013 Grl mmway Flow Maintenance Shutdown at Rosedale Spreading Basins with 2013 Grlmmway Flow1•> 

Calendar 
Year1"1 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 
2011 

2012 

2013 
2014 

Average 
25th Percentile 
75th Percentile 

� 

Kern River 
Flow1•1 

(Ac·ftlyr)1� 

0 

1,501 

2,705 

305 

62,202 

22,861 

31,920 

76,278 

7,938 

0 

0 

206 

0 

54 

33,715 

60,815 

14,616 

38 

2,025 

1,202 

65,203 

2,943 

177 

742 
16,144 

146 
25,126 

Annual 
Precipitation1dl 

(lncheslyr) 

6.5 

8.4 

8.2 

6.7 

9.8 

8.1 

5.9 

13.3 

6.0 

5.0 

7.4 

4.3 

5.1 

5.6 

8.0 

6.2 

3.0 

3.2 

5.1 

12.5 

4.4 

4.4 

3.4 

4.0 

6.4 
4.4 
8.0 

Grimmway 
Flow<•l 

(Ac·ft/yr) 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

158 

CRC 
Discharge1� 

(dayslyr) 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

Annual 
CRC Flow101 Discharge1"1 

(Ac-ft/yr) (Ac-ft/yr) 

812 1,299 

812 2,897 

812 4,090 

812 1,615 

812 63,670 

812 24,239 

812 33,187 

812 77,923 

812 9,211 

812 1,221 
812 1,344 

812 1,394 

812 1,230 

812 1,305 

812 35,090 

812 62,097 

812 15,737 

812 1,172 

812 3,254 

812 2,805 

812 66,395 

812 4,137 

812 1,320 

812 1,916 

17,440 
1,338 

26,476 

January 
Precipitation<� 

(Inches) 

0 .6 

1.6 

2.3 

0.6 

2.3 

1.1 

1.9 

1.3 

3.9 

0.9 

1.8 
0.5 

0.0 

0.6 

2.5 

0.8 

0.2 

0.7 

0.4 

1.8 

0.4 

0.4 

0.8 

0.1 

(a) Maintenance ollhe Leroo Cana l oceu<s lor approximately 2 weeks. During this time, no Kern River Water is discharged to the Rosedale Spreading Basins. 

GrimmwayUl 
(Ac-ft) 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

(b) The years shown correspond with actual Kern River Oows and actual precipitation. CRC and Grimmway nows are added to actua l nows for each year for modeling purposes. 

(c) Total Kern River water discharged from the Lerdo Canal to the Rosedale Spreading Basins during the years specified (supplied by NKWSD). 

(d) Data Source: Western Regional Climate Center (WRCC) Bakersfield Airport Station 040442 (1991 • 2014). 
(e) Grimmway Facility estimates maximum discharge at 559 Ac-ftlyear. 2013 discharge was 158 Ac·ftlyear. This column represents the 2013 now. 

(t) Discharge of California Resources Corporation (CRC) produced water estimated to be 14 days. 

(g) Based on produced water now of 58 Ac-ftlday. 

(h) Total modeled discharge to Rosedale Spreading Basins. Includes precipitation, Kem River flow, Grimmway flow and CRC produced water now. 

(i) Ha� of January rainfall was included in the total discharge during maintenance shutdo wn calcu l ation. 

(j) Two weeks of Grirnmway Facility flow is presented. 

(k) Total modeled discharge during two week maintenance period. Includes precipitaiton, Grimmway now and CRC produced water now. 

(I) Ac-fl/yr =Acre-feet per year 

Report of Waste Discharge, 

California Resources Corporation, Bakersfield, California 
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CRC 
Discharge<� 

(days) 

14 

14 
14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

CRC 
Flow1•1 
(Ac-ft) 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

812 

Total Discharge 
During 

Maintenance 
Shutdown1'1 

lAc-ttl 
831 

853 

870 

830 

870 

842 

860 

847 

906 

839 

859 

829 

817 

830 

875 

834 

822 

832 

826 

859 

826 

827 

836 

820 

843 
829 
859 
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Table 4-3: Modeled Discharge to Irrigation Based on Historical Flows 

Kern River Groundwater 
Flow to CRC Additions to Total Discharge Blending Zone 

Calendar lrrigation(bl Discharge(c) NKWSD(d)(el To Irrigation(!) Discharge(gl 

Year( a) {Ac-ft/;r:rthl (Ac-ft/yr) (Ac-ft/yr) (Ac-ft/yr) (Ac-ft/yr) 
1991 57,607 21 '171 36,183 114,961 87,823 

1992 44,754 21 '171 51,851 117,776 78,887 

1993 133,785 21 '171 0 154,956 154,956 

1994 51,174 21 '171 71,748 144,093 90,282 

1995 124,873 21 '171 0 146,044 146,044 

1996 140,781 21 '171 0 161,952 161,952 

1997 135,657 21 '171 0 156,828 156,828 

1998 95,135 21,171 0 116,306 116,306 

1999 79,502 21 '171 30,621 131,294 108,328 

2000 97,235 21 '171 21 '182 139,588 123,701 

2001 77,144 21 '171 29,366 127,681 105,656 

2002 101,129 21 '171 11,033 133,333 125,058 

2003 107,865 21 '171 0 129,036 129,036 

2004 78,132 21 '171 45,230 144,533 110,610 

2005 138,753 21 '171 0 159,924 159,924 

2006 140,039 21 '171 0 161,210 161,210 

2007 38,892 21 '171 95,061 155,124 83,828 

2008 100,791 21 '171 49,197 171,159 134,261 

2009 105,655 21 '171 42,004 168,830 137,327 

2010 133,530 21 '171 0 154,701 154,701 

2011 137,532 21 '171 0 158,703 158,703 

2012 65,459 21 '171 80,672 167,302 106,798 

2013 17,852 21 '171 114,381 153,404 67,618 

2014 4,100 21 '171 119,599 144,870 55,170 

Notes: 

(a) The years shown correspond to actual Kern River flows and actual groundwater additions. CRC flows are added 

to actual flows for each year for modeling purposes. 

(b) Total amount of Kern River Water sent to irrigation. 

(c) CRC produced water discharged to irrigation. 

(d) NKWSD =North Kern Water Storage District 

(e) Total groundwater added to Lerdo Canal. 

(f) Total modeled annual discharge to irrigation (sum of Kern River flow, CRC discharge, and groundwater additions) 

(g) Total amount of water flowing through the blending zone on the Lerdo Canal. 

This total is the same as the previous column except only one quarter of the total groundwater 

added to the Lerdo Canal is added upstream of the blending zone. 

(h) Ac-ftlyr = Acre-feet per year 

Report of Waste Discharge, 
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Table 4-4: Kern River Water Quality(a) 

Specific 
Conductivity Calcium, Magnesium, 

micromhos/cm Ca Mg 
Date pH @25C mg/L101 mg/L 

2/18/2009 8.0 210 20 3.1 

3/18/2009 7.8 150 16 2.4 

4/15/2009 7.8 140 16 2.6 

6/17/2009 7.7 90 8.4 1.2 

8/19/2009 7.8 130 8.7 1.7 

9/16/2009 7.8 110 13 2.3 

10/21/2009 7.7 170 13 2.4 

11/18/2009 8.0 170 15 2.6 

3/19/2010 7.8 170 17 3.2 

4/21/2010 7.8 150 13 2.0 

6/16/2010 7.8 86 8.2 1.1 

7/21/2010 7.5 81 9.7 1.3 

8/18/2010 7.8 90 9.8 1.4 

10/20/2010 7.3 130 15 1.9 

11/17/2010 7.9 160 17 2.8 

2/16/2011 7.7 150 15 2.4 

3/16/2011 7.9 160 16 3.2 

5/18/2011 7.6 102.6 8.3 1.5 

6/15/2011 7.5 92.5 7.3 1.2 

7/21/2011 7.3 79.2 6.4 1.1 

8/17/2011 7.5 86 5.7 0.9 

9/21/2011 7.6 99 8.4 1.4 

10/18/2011 7.6 110 9.3 1.7 

11/16/2011 7.2 150 14 2.6 

2/13/2012 7.4 170 13 2.4 

3/19/2012 7.6 190 14 2.5 

5/17/2012 7.9 140 14 2.5 

7/23/2012 7.6 180 9.8 1.8 

8/9/2012 7.9 146 13 2.5 

9/12/2012 7.9 188 15 3.0 

10/12/2012 8.1 250 19 3.6 

12/13/2012 8.1 221 19 3.6 

3/1/2013 7.9 218 16 3.0 

3/26/2013 7.8 221 17 3.4 

4/8/2013 7.8 192.6 16 3.0 

5/8/2013 8.7 160 11 2.0 

6/25/2013 8.0 160 12 2.0 

7/10/2013 7.8 158 12 2.0 

8/5/2013 8.2 210 14 2.4 

9/10/2013 7.9 270 24 3.8 

10/8/2013 8.3 230 18 3.2 

Report of Waste Discharge, 
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Alkalinit� as: 

Sodium, Potassium, Hydroxide, Carbonate, Bicarbonate, 
Na K OH co3 HC03 

mg/L mg/L mg/L mg/L mg/L 

16 1.9 oM 0 71 

13 1.6 0 0 62 

13 1.5 0 0 59 

7.4 0.95 0 0 38 

11 1.5 0 0 42 

11 1.4 0 0 47 

11 1.3 0 0 54 

14 1.6 0 0 57 

14 1.6 0 0 70 

10 1.3 0 0 63 

< 7.0 0.8 0 0 38 

< 7.0 0.97 0 0 36 

< 7.0 0.97 0 0 38 

10 1.5 0 0 44 

16 1.7 0 0 51 

14 2.0 0 0 54 

13 1.8 0 0 59 

8 0.99 0 0 41 

9.6 1.9 0 0 39 

< 7.0 0.97 0 0 33 

< 7.0 < 0.5 0 0 30 

< 7.0 1.2 0 0 35 

11 1.5 0 0 38 

12 1.9 0 0 49 

15 0.94 0 0 63 

15 < 0.05 0 0 61 

15 2.2 0 0 49 

13 < 0.05 0 0 51 

16 2.1 0 0 51 

16 22 0 0 56 

26 2.2 0 0 67 

20 2.4 0 0 68 

15 1.9 0 0 69 

22 2.2 0 0 67 

17 2.6 0 0 59 

12 0.98 0 1.4 44 

12 1.8 0 0 53 

11 0.97 0 0 55 

18 2.2 0 0 62 

24 2.7 0 0 76 

18 2.5 0 0.32 70 

l<ennedy/Jenks Consultants 

Chloride, Sulfate, Nitrate(c), Boron, Calculated Arsenic(fl, Fluoride, Cation/Anion 
Cl so4 N03 B TDSldl Hardness As Fl SAR(gl Esplhl Balance 

mg/L mg/L mg/L mg/L mg/L mg/L CaC03leJ mg/L mg/L mg/L mg/L % 
6.7 17 < 2.0 0.16 120 63 0.5 -0.5 9.0 

7.1 15 < 2.0 0.14 110 49 0.7 -0.2 3.0 

5.7 13 < 2.0 0.13 78 51 -0.3 -1.7 17.6 

2.8 6.2 < 2.0 < 0.1 45 26 0.8 -0.1 3.0 

7.1 10 7.3 0.15 90 29 1.1 0.4 5.5 

27 3.3 < 2.0 0.11 86 42 1 0.2 5.77 

6.3 17 5.3 3.1 80 42 0.9 0.1 11.9 

6.3 22 < 2.0 0.13 70 49 0.9 0.1 5.3 

5.9 15 < 2.0 0.16 98 56 0.6 -4 1.2 

4.6 10 < 2.0 0.13 110 40 0.8 -0.1 11.2 

3.1 5.9 < 2.0 < 0.1 62 25 0.7 -0.2 4.3 

< 2.0 5.1 < 2.0 < 0.1 77 30 0.2 -1 26.7 

2.6 6.5 < 2.0 < 0.1 62 30 0.4 -0.7 14.8 

3.8 14 < 2.0 < 0.1 93 45 0.3 -0.8 4.4 

4.8 20 < 2.0 0.16 110 55 0.3 -0.8 7.8 

4.1 11 < 2.0 < 0.1 96 47 0.3 -0.8 7.5 

4.3 12 < 2.0 < 0.1 110 53 0.3 -0.8 3.7 

2.5 5.2 < 2.0 < 0.1 49 27 < 0.02 0.18 0.7 -0.2 1.0 

2.2 5.1 < 2.0 < 0.1 < 10.0 23 0.7 -0.2 

< 2.0 4.6 < 2.0 < 0.1 40 20 0.5 -0.5 19.0 

< 2.0 4.4 < 2.0 < 0.1 31 18 < 0.02 0.16 0.6 -0.4 25.0 

2.4 6.9 < 2.0 < 0.1 61 27 0.6 -0.4 19.0 

2.3 6.4 < 2.0 < 0.1 110 30 0.3 -0.8 17.6 

< 2.0 15 < 2.0 0.11 88 46 0.3 -0.8 3.1 

4.4 17 < 2.0 < 0.1 110 43 1 0.2 2.4 

5.6 18 < 2.0 < 0.1 110 45 0.9 0.1 2.0 

4.1 9.9 < 2.0 0.13 42 47 0.2 -1 12.4 

4.2 12 < 2.0 < 0.1 99 32 1 0.2 7.0 

7 14 < 2.0 0.12 78 44 1.6 1.1 30.0 

9.1 22 < 2.0 0.15 97 49 0.1 -1.1 28.0 

11 38 3.5 0.19 140 62 1.4 0.8 1.0 

7.1 24 3.7 0.13 160 62 0.9 0.1 5.0 

7.8 24 < 2.0 0.15 170 52 1.4 0.8 41.0 

8.2 27 < 2.0 0.17 130 58 0.7 -0.2 23.0 

8.7 19 < 2.0 0.17 100 53 0.7 -0.2 5.0 

5.7 14 < 2.0 0.11 99 36 1.1 0.4 13.0 

5.1 13 < 2.0 0.12 100 38 0.9 0.1 4.0 

5.4 14 < 2.0 0.14 74 38 2.9 2.9 6.0 

7.6 26 < 2.0 0.16 140 45 5.6 6.5 3.0 

10 38 4.8 0.2 120 58 1.3 0.7 1.0 

8.2 24 <2 0.2 120 58 1.3 0.7 1.0 
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Table 4-4: Kern River Water Quality<a> 

Specific 
Conductivity Calcium, Magnesium, 

micromhos/cm Ca Mg 
Date pH @25C mg!L'"' mg/L 

2/21/2014 8.5 280 23 4.5 
3/17/2014 8.1 260 22 4.3 
4/7/2014 8.1 260 18 3.6 
5/5/2014 7.9 230 16 3.2 
6/2/2014 8.1 180 15 2.6 
8/6/2014 8.9 210 17 3.0 

10/8/2014 8.4 290 19 3.4 
11/12/2014 8.3 260 20 3.6 

Average 7.9 170 14.2 2.5 
Median 7.8 160 15.0 2.5 

Notes: 

(a) Data obtained from North Kern Water Storage District. 
(b) mg/L = milligrams per liter 

(c) Nitrate as N03 

(d) TDS = total dissolved sol'lds 

(e) CaC03 =calcium carbonate 

Sodium, Potassium, 
Na K 

mg/L mg/L 
26 2.2 
30 2.1 
29 < 0.5 
24 1.0 
21 1.5 
21 1.9 
26 0.85 
19 1.7 

15 2.1 
14 1.6 

Alkalinity as: 

Hydroxide, Carbonate, Bicarbonate, Chloride, Sulfate, Nitrate<•J, 
OH co3 HC03 Cl so. N03 

mg/L mg/L mg/L mg/L mg/L mg/L 
0 2.7 79 10 35 < 2.0 
0 0 80 9.9 30 < 2.0 
0 0 80 10 30 < 2.0 
0 0 70 9.6 25 < 2.0 
0 0 56 6.7 19 < 2.0 
0 9.7 52 6.9 25 < 2.0 
0 3 71 9.9 41 < 2.0-
0 0 75 9.5 33 < 2.0 

0.0 0.3 56 6.4 17 2.3 
0.0 0.0 56 5.9 15 2.0 

(f) Arsenic data shown was provided by NKWSD but was not used for calculations in Tables 4-8 and 4-9. Arsenic data collected by the Kern County Water Agency (>6 
(g) SAR = sodium adsorption ratio 
(h) ESP= exchangeable sodium percentage 
(i) Zero was reported in the lab reports, but zero is assumed to represent non-detect. 
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Boron, 
B Tos<•J 

mg/L mg/L 
< 0.1 150 
0.28 140 
0.17 150 
0.18 130 
0.17 120 
0.18 120 
0.15 170 
0.19 160 

0.2 100 
0.1 100 

Calculated 
Hardness 

mg/L CaC031'1 
76 
73 
60 
53 
48 
55 
61 
65 

46 
47 

Arsenic1�. 
As 

mg/L 

<0.02 
<0.02 

Fluoride, 
Fl 

mg/L 

0.17 
0.17 

Kennedy/Jenks Consultants 

Cation/Anion 
SARI91 ESP1"1 Balance 
mg/L mg/L % 

1.4 0.8 6.0 
0.9 0.1 12.0 
1.4 0.8 5.0 

1.3 0.7 5.0 

0.6 -0.4 16.0 
1.2 0.5 5.0 
1.9 1.5 0.0 
1.1 0.4 2.0 

0.9 0.0 9.6 
0.8 -0.1 5.6 

�gil) was used for all blended water quality calculations. 
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Table 4-5: CRC Produced Water Quality(a) 

Oil and 
s<c) As<dl Cl1fl EC19l 

Grease pH 

WS!ll!bl mg/1 �g/l{e) mg/1 llmho/cm<hl 

Jan-14 25 1.1 86 83 7.7 760 

Feb-14 19 1.0 79 83 7.6 708 

Mar-14 26 1.1 86 87 7.6 785 

Apr-14 32 1.2 85 86 7.6 756 

May-14 18 1.0 76 88 7.7 806 

Jun-14 16 1.1 73 88 7.7 785 

Jul-14 22 1.1 73 90 7.9 768 

Aug-14 22 1.1 76 85 7.7 795 

Sep-14 15 1.0 75 83 7.8 795 

Oct-14 21 1.0 70 85 7.7 776 

Nov-14 23 1.0 69 84 7.6 762 

Dec-14 18 0.9 68 77 7.6 771 

2014 Average 21 1.0 76 85 7.7 772 

Notes: 

(a) Data provided by California Resources Corporation, Section 23 Treatment Facility discharge. 

(b) mg/1 =milligrams per liter 

(c) B =Boron 

(d) As = arsenic 

(e) !Jg/1 = micrograms per liter 

(f) Cl = chloride 

(g) EC =Electrical Conductivity 

(h) 1Jmho/cm =micro mhos per centimeter 

(i) Na = sodium. Sodium data from Valley Water Management Company discharge to Reservoir B. 

U) Sulfate data from Valley Water Management Company discharge to Reservoir B. 

Report of Waste Discharge, 

California Resources Corporation, Bakersfield, California 
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Na{i) Sulfatem 
mg/1 mg/1 

155 

178 

169 

161 

185 

177 

175 

172 

177 2.7 

172 2.7 
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Table 4-6: Grimmway Process Water Quality and Flows<a> 

Jan-13 

Feb-13 

Mar-13 

Apr-13 

May-13 

Jun-13 

Jul-13 

Aug-13 

Sep-13 

Oct-13 

Nov-13 
Dec-13 

Average 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

BOD!bl pH 

mg/LICJ 

180 7.3 

175 7.1 

330 7.1 

202 7.3 

< 47 7.3 

75 7.4 

156 7.4 

<51 7.3 

37 7.3 

70 7.3 

206 7.3 

125 7.2 

138 7.3 

Ecldl 

umhos/cm1e1 

2,220 

2,240 

2,250 

2,230 

2,220 

2,180 

2,120 

2,116 

2,231 

2,240 

2,245 
1,970 

2,189 

2013 Total Monthly 
Discharge 
(gallons) 

3,698,700 

4,481,100 

4,763,000 

4,886,200 

4,243,900 

4,551,100 

5,090,500 

3,560,000 

3,840,000 

4,230,000 

4,334,600 

3,848,400 

51,527,500 

Report of Waste Discharge, 

Ammonia-
TDS11l FDS!gl TSS!hl s<il Cam Cl!kl Cu11l Fe<ml K1"l Mg<ol Na<Pl Mn!ql so/l P04!sl zn<tl NOrN!ul TKN!vl N!wl TNI•l TOctvl Total Alkalinity HCQ3{aa) C03{bbl OH{ccl Hardness 

mg/L 

1,280 

1,360 

1,550 

1,450 

1,290 

1,350 

1,470 

1,310 

1,370 

1,900 

1,330 

1,170 

mg/L 

1,180 

1,260 

1,340 

1,330 

1,230 

1,190 

1,360 

1,250 

1,240 

1,780 

1,220 

1,080 

mg/L 

565 
202 

130 

158 

602 

435 

89 

241 

178 

563 

1960 

495 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

0.2 99 330 0.07 39.3 74 21 293 1.46 370 6.6 0.29 

2.9 

0.2 

0.2 

132 420 0.01 2.9 35 

130 420 0.04 52.1 59 

0.2 249 340 0.02 6.81 44 

1.5 

27 362 0.52 390 1.5 0.04 

1.5 

1.5 

21 388 1.67 400 3.3 0.22 

3.3 

3.3 

23 305 0.22 800 1.5 0.06 

mg/L 

< 0.1 

< 0.3 

< 0.1 

< 0.1 

< 0.1 

< 0.6 

< 0.1 

< 0.1 

< 0.1 

0.2 

< 0.1 

< 0.2 

1,403 1,288 468 0.20 153 378 0.04 25 53 23 337 0.97 490 2. 7 0.15 0.18 

Future Total Monthly 
Discharge (gallons) 

10,920,000 

10,920,000 

14,560,000 

18,200,000 

16,380,000 

14,560,000 

14,560,000 

16,380,000 

16,380,000 

16,380,000 

14,560,000 

18,200,000 

182,000,000 

mg/L 

<0.1 

3.0 

3.0 

3.0 

3.0 

5.0 

4.0 

8.0 

2.0 

2.4 

3.0 

3.0 

3.3 

mg/L 

< 0.3 

< 0.2 

< 0.3 

<0.2 

< 0.2 

0.3 

<0.2 

1.9 
< 0.2 
< 0.2 
< 0.2 
< 0.2 

0.37 

mg/L mg/L mg/L as CaC031'l mg/L 
< 0.2 158 

< 3.3 106 

< 3.1 149 

< 3.1 88 

100 

60 

120 

190 

< 3.1 53 190 

< 5.6 1 190 

< 4.1 112 

< 8.1 171 

< 2.1 79 

2.6 101 

190 

190 

190 

30 

< 3.1 85 60 

< 3.2 81 30 

3.47 99 128 

120 

230 

240 

40 

158 

mg/L 

< 10 

< 10 

< 10 

< 10 

mg/L mg/L as CaC03 

< 10 333 

< 10 440 

< 10 411 

< 10 716 

< 10 < 10 475 

California Resources Corporation, Bakersfield, California 
G:Us-Gto�.�>\Admin\Job\1411465038.00_CRC\OO·Report•\FINAL·ROWD\Tables\Table 4.0 Grimmway WQ �" 

SAR{ddl 

7 

7.5 

8.3 

5.0 

7.0 
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Table 4-6: Grimmway Process Water Quality and Flows<aJ 

Notes: 

(a) Data obtained from the Draft Technical Report for the Report of Waste Discharge Grimmway Enterprises, Inc dated April 2014 prepared by Cascade Earth Sciences. 

(b) BOD= biochemical oxygen demand 

(c) mg/1 =milligrams per liter 

(d) EC =electrical conductivity 

(e) umhos/cm = micromhos per centimeter 

(D TDS = total dissolved solids 

(g) FDS =fixed dissolved solids 

(h) TSS =total suspended solids 

(i) B =boron 

0) Ca =calcium 

(k) Cl = chloride 

(I) Cu = copper 

(m) Fe= iron 

(n) K =potassium 

( o) Mg = magnesium 

(p) Na =sodium 

(q) Mn =manganese 

(r) S04 = sulfate 

(s) P04 = phosphate 

(t) Zn =zinc 

(u) N03-N = nitrate as nitrogen 

(v) TKN = total Kjeldahl nitrogen 

(w) Ammania-N = ammonia as nitrogen 

(x) TN =total nitrogen 

(y) TOC = total organic carbon 

(z) CaC03 = calcium carbonate 

(aa) C03 = carbonate 

(bb) HC03 =bicarbonate 

(cc) OH =hydroxide 

(dd) SAR =sodium adsorption ratio 

Report of Waste Discharge, 

California Resources Corporation, Bakersfield, California 
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Table 4-7: Summary of Water Quality Values Used in Blending Calculations 

Water Eclal 

Source (j.tmho/cm)1el 

Kern River Water -
Groundwater 

Produced Water 

Grimmway 

Notes: 

(a) EC = Electrical Conductivity 

(b) B =Boron 

(c) Cl =Chloride 

(d) Na =Sodium 

(e) As= Arsenic 

(f) S04 = Sulfate 

1 70 

635 

772 

2,189 

(g) (Jmho/cm = micromhos per centimeter 

{h) mg/1 = milligrams per liter 
{i) (.Jg/1 = micrograms per liter 
(j) Arsenic concentration estimated due to lack of data. 

(k) Data not available. 

Report of Waste Discharge, 

elbJ 

(mgtl)lhl 

0.2 

0.1 

1.0 

0.2 

California Resources Corporation, Bakersfield, California 
G:US.Group\AdminUob\14\1465038.00_CRC\09·ReportsiFINAL·ROWO\Tables\T- 4-7 WQ Values used for Blending Caics,�sx 

Cl(c) 
Na1dl As(e) 

(mg/1) (mg/1) (j.tgll)(i) 

6.4 15 <6 

69 62 2Ul 

85 172 76 

378 337 201 

Kennedy/Jenks Consultants 

sol> 
(mg/1) 

1 7  
_(k) 

2.7 

490 

Page 1 of 1 



Table 4-8: Modeled Rosedale Spreading Basins Discharge Water Quality<a> 

Calendar Year 
1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Weighted Average 
Annual Average 

25th Percentile 

75th Percentile 

Notes: 

Modeled Annual Average Water Quality, with 2013 Grimmway FiovJ•l 

EC1'1 61"1 Cl1•1 Na1� 50,101 Asl"l 
(llmho/cm)111 (mg/l)m (mg/1) (mg/1) (mg/1) (11g/l) 

749 0.68 99 149 61 48 

424 0.41 48 74 36 25 

351 0.35 36 57 31 19 

635 0.58 81 122 53 40 

182 0.21 8 18 18 7 

201 0.22 11 22 20 8 

193 0.22 10 20 19 8 

179 

252 

797 

724 

723 

791 

753 

191 

182 

220 

836 

405 

420 

182 

356 

760 

574 

213 
462 

199 

730 

0.20 8 17 18 7 

0.27 19 34 23 12 

0.72 105 158 65 51 

0.66 96 144 59 46 

0.66 93 141 60 46 

0.72 105 157 65 51 

0.68 99 149 62 48 

0.21 10 20 19 8 

0.21 8 18 18 7 

0.24 14 26 21 10 

0.76 110 165 69 53 

0.39 43 69 35 23 

0.40 49 75 36 25 

0.21 8 18 18 7 

0.35 36 57 31 19 

0.69 98 148 63 48 

0.54 70 107 48 35 

0.23 13 25 20 9.1 
0.44 53 82 39 27 

0.22 11 22 19 8 

0.67 96 145 60 47 

Modeled Maintenance Shutdown Water Quality with 2013 Grimmway Flows1"1 

ECI'l sl•l Cll•l Nam so,lol Asl"l 
(11mho/cm) (mg/1) (mg/1) (mg/1) (mg/1) (11g/l) 

768 1.02 85 170 5.7 75 

748 1.00 83 166 5.5 73 

733 0.98 81 163 5.4 71 

769 1.03 85 170 5.7 75 

734 0.98 82 163 5.4 71 

758 1.01 84 168 5.6 74 

742 0.99 82 164 5.5 72 

753 1.01 84 167 5.6 73 

704 0.94 78 156 5.2 68 

761 1.02 85 169 5.6 74 

743 0.99 83 165 5.5 72 

770 1.03 86 171 5.7 75 

781 1.04 87 173 5.8 76 

769 1.03 85 170 5.7 75 

730 0.97 81 162 5.4 71 

765 1.02 85 170 5.6 74 

777 1.04 86 172 5.7 75 

767 1.02 85 170 5.7 75 

773 

743 

772 

772 

763 

779 

757 

757 

743 

770 

1.03 

0.99 

1.03 

1.03 

1.02 

1.04 

1.01 
1.01 

0.99 

1.03 

86 

83 

86 

86 

85 

86 

84 
84 

83 

86 

171 5.7 75 

165 5.5 72 

171 5.7 75 

171 5.7 75 

169 5.6 74 

173 5.7 76 

168 5.6 74 
168 5.6 74 

165 5.5 72 

171 5.7 75 

(a} The modeled blended concentrations below are based on data from Table 4·2 through 4·7 and the following calculation: 
(Kern River Flow to Rosedale Spreading Basins • Kern River Water Quality)+ (2013 Crimmway Flow • Grimmway Water Quality)+ (CRC Produced Water Flow • CRC Produced Water Quality) 

Total Flow to Rosedale Spreadin9 Basins 

(b) Maintenance of the lerdo Canal occurs for approximately 2 weeks. During this time, no Kem River Water is discharged to the Rosedale Spreading Basins. 
The modeled blended concentrations below are based on data from Table 4-2 through 4-7 and the following calculation: 

(Crimmway Flow During Maintenance Shutdown • Grimmway Water Quality)+ (CRC Produced Water Flow During Maintanance Shutdown • CRC Produced Water Quality) 

Total Flow to Rosedale Spreading Basins During Maintena11ce Shutdown 

(c) EC: Electrical Conductivity 

(d) B =Boron 
(e) Cl = Chloride 

(f) Na = Socium 

(g) 504 = Sulfate was included because Grimmway process water has sulfate concentrations above the MCL. 

(h) As = Arsenic 

(i) llmho/cm = micromhos per centimeter 

(j) mg/1 = milligrams per liter 

Report of Waste Discharge, 

California Resources Corporation, Bakersfield, California 
G\IS.�I�I46503800_CRC'(&Repon,v=Jf'W..�TIIfjn\T_.4..SRS8CIIWIIII1Jew:lxlsx 

Kennedy/Jenks Consultants 

Page 1 of 1 



Kennedy/Jenks Consultants 

Table 4-9: Modeled Irrigation Discharge Water Quality 

Calendar Year 

1991 
1992 
1993 
1994 

1995 

1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 

Weighted Average 
Annual Average 

25th Percentile 
75th Percentile 
NKWSDWater 

Quality GoalsOI: 

Notes: 

Modeled Annual Water Quality To lrrlgatlonl•l 

ecl•l e1"1 Cl''' Na1� As1•1 
(llmho/cm)1'1 (mg/1)1� (mg/1) (mg/1) (llg/1) 

427 0.33 41 59 18 

483 0.31 48 64 17 

252 0.31 17 37 16 

490 0.28 49 62 14 

257 0.32 18 38 16 

249 0.31 17 36 15 

251 0.31 17 36 15 

280 0.35 21 44 19 
376 0.31 34 51 16 

332 0.31 28 46 16 

377 0.32 34 52 17 

304 0.33 24 44 17 
269 0.34 19 41 18 
404 0.30 37 53 15 

250 0.31 17 36 15 

249 0.31 17 36 15 

537 0.26 55 65 13 

378 0.28 34 48 14 

361 0.28 32 46 14 

253 0.31 17 37 16 

251 0.31 17 36 15 

471 0.26 47 58 13 

600 0.25 64 72 13 

642 0.25 70 77 13 

363 0.30 32 48 15 

364 0.30 32 49 15 

253 0.28 17 37 14 

438 0.32 42 58 16 

650 0.50 100 140 10 

Modeled Water Quality In the Blending Zonelbl 

ecl•l el"' Cll'1 Nal� As1•1 
(llmho/cm) (mg/1) (mg/1) (mg/1) (llgll) 

363 0.39 32 58 23 

408 0.41 38 65 24 

252 0.31 17 37 16 

404 0.38 37 61 22 

257 0.32 18 38 16 

249 0.31 17 36 15 

251 0.31 17 36 15 

280 0.35 21 44 19 

321 0.36 26 49 19 

293 0.34 22 44 18 

323 0.36 26 50 20 

282 0.34 21 43 18 

269 0.34 19 41 18 

333 0.35 28 50 19 
250 0.31 17 36 15 

249 0.31 17 36 15 

454 0.39 44 68 23 

308 0.32 24 44 17 

299 0.32 23 43 17 

253 0.31 17 37 16 

251 0.31 17 36 15 

377 0.35 34 55 19 

555 0.43 57 84 26 

653 0.48 70 101 31 

307 0.34 24 46 18 

331 0.35 27 50 19 

253 0.31 17 37 16 
367 0.37 32 56 20 

650 0.50 100 140 10 

(a) The modeled blended concentrations below are based on data from Table 4·2 through 4·7 and the following calculation: 

(Kern River Flow to Irrigation • Kern River Watrr Quality)+ (Groundwater Flow to lrrlgatlon • Croundwattr Watrr Quality)+ (CRC Produced Water Flow • CRC Produetd Water Quality) 

Total Flow to lrrigaaon 

(a) The modeled blended concentrations below are based on data from Table 4·2 through 4·7 and the following calculation: 
(Kern River Flow to lrrlgalfon • Kern River Water Qualicy) + (25% of Groundwater Flow to lrrlgatCon • Groundwater Water Quality)+ (CRC Productd Water Flow • CRC Produced Water Quality) 

(c) EC =Electrical Conductivity 

(d) B =Boron 

(e) Cl =Chloride 

(f) Na = Sodium 

(g) As= Arsenic 

(h) �mho/em = micromhos per centimeter 

(i) mg/1 = milligrams per �ter 

Kern River Flow to lrrlgaeion + 25% of Groundwater Flow to Irrigation+ CRC Produced 1Vattr Flow 

Ol North Kern Water Storage District's Water Quality goals for irrigation water. 

Report of Waste Discharge, 

California Resources Corporation, Bakersfield, California 
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Table 4-10: Proposed Water Quality Objectives for the North Kern Water Storage District Area 

Water Quality Parameter Proposed Value 

Arsenic, !Jg/l(a) 

Boron, mg/l<c> 

Chloride, mg/1 

Sodium, mg/1 

Sulfate, mg/1 

Electrical Conductivity (EC), 
!Jmho/cm<e> 

Notes: 

(a) IJQ/1 =micrograms per liter 
(b) CCR = California Code of Regulations 

(c) mg/1 =milligrams per liter 

10 

0.75 

175 

115 

250 

900 

(d) NKWSD =North Kern Water Storage District 

(e) 1Jmho/cm = micromhos per centimeter 

Report of Waste Discharge, 

Tulare Lake Basin 

Plan Discharge Limit 

-

1.0 

200 

-

-

1,000 

California Resources Corporation, Bakersfield, California 
G:�s.Qoup\Adnin\Job\ 1411465038.00_CRC\09-ReportsiFINAl·ROWOITab1es\T able 4-IO_WQOulsx 

Rationale 

CCR(bl Title 22 Maximum Contaminant Limits (MCLs) 

This level protects sensitive crops grown in NKWSD(dl 
(Ayers and Westcot, 1985) 

This level protects sensitive crops grown in NKWSD 
(Ayers and Westcot, 1985) 

This level protects sensitive crops grown in NKWSD 
(Ayers and Westcot, 1985) 

CCR Title 22 Maximum Contaminant Limits (MCLs) 

This level protects sensitive crops grown in NKWSD 
(Ayers and Westcot, 1985) 

Page 1 of 1 



Table 5-1: Comparison of Rosedale Spreading Basins Discharge Water Quality to Groundwater Concentrations and 

Water Quality Objectives 

l<ennedy/Jenks Consultants 

Annual Average Water Quality, with 2013 Grimmway Flow Maintenance Shutdown Water Quality, with 2013 Grimmway Flow(a) 

EC(bl 

(�mho/cm)(hl 

Weighted Average 213 

Annual Average 462 

GwUl. NKWSD(kl Mean 659 

GW - RSB(ml Mean 429 

CWD(nl Background WQ(ol 618 

Water Quality Objectives 900 

Notes: 

B(c) 
Cl(dl 

(mg/l)(il (mg/1) 

0.23 13 

0.44 53 

0.11 72 

0.13 47 

0.14 88 

0.75 175 

Na(e) so/1 As(gl 

(mg/1) (mg/1) (�g/1) 

25 20 9.1 

82 39 27 

80 130 < 2(1) 

74 74 < 2(1) 

56 3.4 

115 250 10 

(a) Maintenance of the Lerdo Canal occurs for approximately 2 weeks. During this time, no Kern River Water is discharged to the Rosedale Spreading Basins. 

(b) EC =Electrical Conductivity 

(c) B =Boron 

(d) Cl;:; Chloride 

(e) Na =Sodium 

(f) S04 ;:; Sulfate 

(g) As ;:; Arsenic 

(h) tJmho/cm;:; micromhos per centimeter 

(i) mg/1 ;:; milligrams per liter 

U) GW = Groundwater 

(k) NKWSD ;:; North Kern Water Storage District 

(I) Arsenic is estimated as <2 119/l because insufficient measurements are available. 

(m) RSB ;:; Rosedale Spreading Basins 

(n) CWO;:; Cawelo Water District 

(o) WQ =Water Quality 

Report of Waste Discharge, 

California Resources Corporation, Bakersfield, California 
G:\IS-Groop\Admin\Jobl 141 1465038.00_CRC\09-Repo11s\FINAL -ROWD\T ables\T able 5-l.Hxlsx 

EC(bl B(c) 
Cl(dl Na(e) so4(

f) 

(�mho/cm)(h) (mg/l)(il (mg/1) (mg/1) (mg/1) 

757 1.01 84 168 5.6 

757 1.01 84 168 5.6 

659 0.11 72 80 130 

429 0.13 47 74 74 

618 0.14 88 56 

900 0.75 175 115 250 
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Table 5·2: Comparison of Irrigation District Water Quality to Groundwater Concentrations and 

Water Quality Objectives 

Annual Water Quality To Irrigation Water Quality in the Blending Zone 
Eel•> 

!l'mho/cmj"1 
Weighted Average 

Annual Average 
GW1hl. NKwsol'l Mean 

GW • RSBikl Mean 
ewo1'1 Background WQiml 

Water Quality Objectives 

Notes: 
(a) EC = Electrical Conductivity 

(b) B=Boron 

(c) Cl =Chloride 

(d) Na = Sodium 

(e) As= Arsenic 

(f) 11mho/cm = micromhos per centimeter 

(g) mg/1 = milligrams per liter 

(h) GW =Groundwater 

363 

364 

659 

429 

618 

900 

(i) NKWSD = North Kern Water Storage District 

s<•> 
!mallllo> 

0.30 

0.30 

0.11 

0.13 

0.14 

0.75 

Ul Arsenic is estimated as <2 119/l because insufficient measurements are available. 

(k) RSB = Rosedale Spreading Basins 

(I) CWD = Cawelo Water District 

(m) WQ =Water Quality 

Report of Waste Discharge, 

California Resources Corporation, Bakersfield, California 
G:\1 S·Group\AdminUob\ 14\1465038.00 _ CR C\09·Reports\FI NAL-ROWD\ T abies\ Table 5-1 ,5-2.xlsx 

ellc) 
(mg/1) 

32 

32 

72 

47 

88 

175 

Na1•> As<•> Ee1"1 sl•> ellc) Na<•> 
(mg/1) (l'g/1) h•mho/cm)111 !malll191 (mg/1) (mg/1) 

48 15 307 0.34 24 46 

49 15 331 0.35 27 50 

80 < 2Ul 659 0.11 72 80 

74 < 2Ul 429 0.13 47 74 

56 3.4 618 0.14 88 56 

115 10 900 0.75 175 115 

Kennedy/Jenks Consultants 

Asl•l 

(l'g/1) 
18 

19 

< 2Ul 

< 2Ul 

3.4 

10 

Page 1 of 1 



Figures 



SOUTHERN SAN 
JOAQUIN MUD 

: I . 
I : ·----t ..=:::r==-1 • I � .. _ ....... 
i.LT I ----1 

�, 
,.J 
L . ., �-. 

, •• f 

� I 
r·' 

r·
· SHAFTER-WASCO 

I.D . . 

.. ___ 
1 

Legend: 

� - - - - --. r' 

' �: .. !-.haft'r '--- � .I ,, 
Rosedale :-.nrR:<In 

.I • 
I L, 

I ! L-:__.----��v-: i ' 
r ---L�i ;··: ;-------�� 
I �--- r__ --1 

·--·, ' 
I 

1_ __ : • 

ROSEDALE-RIO 
BRAVO W.S.D. 

" 
�- --\, 

Proposed Produced Water Pipeline 

Canal 

Kern River, Poso Creek 

B Spreading Basin 

D North Kern Water Storage District Boundary 

CAWELO 
W.D. 

N 

I 
0 2 4 

�I �M�Biiiiie s-

-------

North Kern Water Storage District 
California Resources Corporation 

Bakersfield, California 

Site Location Map 

KIJ 1465038.00 
March 2015 

Figure 1-1 



Legend: 

• • • 1 Approximate Location of Proposed Grimmway Pipeline 

Proposed Location of Pipeline from Lerdo Canal to Rosedale Spreading Basins 
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Legend: 
Canals 

Approximate Location of Proposed Grimmway Pipeline 
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Canals 

- Approximate Boundary of Kern Front Oil Field 
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Figure 2-3 
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Figure 2-5 
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CALIFORNIA ENVIRONMENTAL 
PROTECTION AGENCY 

State of California 
Regional Water Quality Control Board 

APPLICATION/REPOR T  OF WASTE DISCHARGE 
GENERAL INFORMATION FORM FOR e WASTE DISCHARGE REQUIREMENTS OR NPDES PERMIT 

A. Facility: 
I FACILITY INFORMATION 

Name: 

California Resources Corporation Treatment Plant 
Address: 
9522 Oilfield Road 

City: 

I�;;�= 
state: 

I 
Zip Code: 

Bakersfield CA 93308 
Contact Person: Telephone Number: 
Anibal Araya (661) 412-5279 

B Facility Owner 
Name: 

Page5 

Owner Type {Check One) 

California Resources Corporation, LLC 1. D Wivirlual 2. [Z] Corporation 

Address: 
3 0 Governmental 4. D Partnership 

9600 Ming Avenue, Suite 300 Agency 

City: 

I 
Sta;� Zip Code: s.O Other: 

Bakersfield 93311 
Contact Person: Telephone Number: 

I�-;��;�;� 
C. Facility Operator (The agency or business, not the person}: 

Name: Operator Type {Check One) 
California Resources Corporation, LLC 1. 0 Irrlividual 2. [Z) Corporation 

Address: 
3. 0 Governmental 4. 0 Partnership 

9600 Ming Avenue, Suite 300 Agency 
City: I�; Zip Code: 

5. 0 Other: Bakersfield 93311 
Contact Person: Telephone Number: 

Anibal Araya (661) 412-5279 

D. Owner of the Land: 

Name: �Type (Check One) 

North Kern Water Storage District 1 Individual 2. D Corporation 

Address: 3. D Governmental 4. D Partnership 
33380 Cawelo Avenue Agency 

City: I�; Zip Code: 
5. [lJ Other: Bakersfield 93308 Public A9enc� 

Contact Person: Telephone Number: 
Richard Diamond (661) 393-2696 

E. Address Where Legal Notice May Be Served: 

Address: 
9600 Ming Avenue, Suite 300 

City: 

Is�; 
Zip Coda: 

Bakersfield 93311 
Contact Person: 

Anibal Aralia (6B"f)4nf:i'-�7g 
F B'll' Add I mg ress: 

Address: 
Same as address directly above 

City: I State: Zip Code: 

Contact Person: Telephone Number: 

form 2JC (�/971 



CALIFORNIA ENVIRONMENTAL 
PROTECTION AGENCY 

State of California 
Regional Water Quality Control Board 

APPLICATION/REPORT OF WASTE DISCHARGE 
GENERAL INFORMATION FORM FOR e WASTE DISCHARGE REQUIREMENTS OR NPDES PERMIT 

II. TYPE OF DISCHARGE 
Check Type of Discharge(s) Described in this Application (A or B): 

Page6 

[{] A. WASTE DISCHARGE TO LAND 0 B. WASTE DISCHARGE TO SURFACE WATER 

Check all that apply: 

D Domestic/Municipal Wastewater D D Animal or Aquacultural Wastewater 
Treatment and Dtsposal Animal Waste Solids 

D Cooling Water D Land Treatment Unit D Biosolids/Residual 

D Mining D Dredge Material Disposal D Hazardous Waste (see instructions) 

D Waste Pile D Surface Impoundment D Landfill (see instructions) 

D Wastewater Reclamation D Industrial Process Wastewater D Stonn Water 

[Z] Other, please describe: Produced Water from CRC Kern Front Oil Field Treatment Plant 

III. LOCATION OF THE FACILITY 
Describe the physical location of the facility. 

1. Assessor's Parcel Number(s) 

Facility: 481-130-35 
2. Latitude 

Facility: 35.4701 
3. Longitude 

Facility: -119.0401 
Discharge Point: Mulitple Parcels Discharge Point: Refer to RWD Discharge Point: Refer to RWD 

IV. REASON FOR FILING 

0 New Discharge or Facility D Changes in Ownership/Operator (see instructions) 

D Change in Design or Operation D Waste Discharge Requirements Update or NPDES Permit Reissuance 

D Change in Quantity/Type of Discharge Dother:. _____________________ _ 

V. CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA) 

Name of Lead Agency: North Kern Water Storage District 

Has a public agency determined that the proposed project is exempt from CEQA? DYes [{]No 
If Yes, state the basis for the exemption and the name of the agency supplying the exemption on the line below. 

Basis for Exemption/Agency: _______________________________ _ 

Has a "Notice of Determination" been filed under CEQA? 0 Yes [Z] No 
If Yes, enclose a copy of the CEQA document, Environmental Impact Report, or Negative Declaration. If no, identify the 
expected type of CEQA document and expected date of completion. 

Expected CEQA Documents: 

D EIR [Z] Negative Declaration I Expected CEQA Completion Date: May 2015 

fotm 20·)(6/97) 



CALIFORl<IA ENVIRONMENTAL State of California 
Regional Water Quality Control Board 

APPLI CATION/REPOR T OF WASTE DISCHARGE 
GENERAL INFORMATION FORM FOR ·�� WASTE DISCHARGE REQUIREMEN TS OR NPDES PERMIT 

VI. OTHER REQUIRED INFORMATION 

Page7 

Please provide a COMPLETE characterization of your discharge. A complete characterization includes, 
but is not limited to, design and actual flows, a list of constituents and the discharge concentration of each 
constituent, a list of other appropriate waste discharge characteristics, a description and schematic drawing 
of all treatment processes, a description of any Best Management Practices (BMPs) used, and a description 
of disposal methods. 

Also include a sile map showing the location of the facility and, if you are submitting this application for an 
NPDES permit, identify the surface water to which you propose to discharge. Please try to limit your maps 
to a scale of I :24,000 (7.5' USGS Quadrangle) or a street map, if more appropriate. 

VII. OTHER 
Attach additional sheets to nplaln any responses which need clarification. List attachments with titles and dates below: 

NKW$0 and Caljfqrnja Resources Corppratjon will be jgjnt permjtees fiee the Repgrt gf Waste Djschacge for 

more information. 

\'ou will be notified by a represenh1lin:: of the R\\'QCB within 30 dafs of receipt of your application. The notice will stale if your 
application is complete or if there Is ndditionnl information you must submit to complete your Applleation/Repor1 or\Vush: Discharge, 
pursunnt· to Dhisiun 7, Scttion 13260 nf the Calirornlu \\'utcr Code. 

VIII. CERTIFICATION 

"I ccrtif)' under penally of Juw that this document, induding all attachments and supplcmcntnl lnformation, were prcparell under m)' 
tlircclion anti supeM'Ision in accordantc with a system designed to assure that qualified personnel properly gathered and n'aluatcd the 
infonnadon submitted. Based on m)' inquiry of the person or persons who mnnagc the system, or those persons directly responsible for 
gathering the infonnallon, the infonnnllon submilled is, to the best of my knowledge and belief, true, accurate, und complete. I am aware 
th4t there arc signincant p nullies for submitting false information, Including the possibility of fine and imprisonment." 

Print Name: ..::, .;- � 1 "''> o TiUo: /-/ ..$ Z !1?a ntt {<' k 

3-/7- Jfr Signature: Date: 

FOR OFFICE USE ONLY 
Dalr Form lCJCl Recelntl: leiter lo Discharger: Ftc ,\moun I Rrcrired: Check N: 



California Environmental Protection Agency 

Bill of Rights for Environmental 

Permit Applicants 

California Environmental Protection Agency (Cal/EPA) recognizes that many complex issues must be addressed when pursuing 

reforms of environmental permits and that significant challenges remain. We have initiated reforms and intend to continue the effort 

to make environmental permitting more efficient, less costly, and to ensure that those seeking permits receive timely responses from 

the boards and departments of the Cal/EPA. To further this goal, Cal/EPA endorses the following precepts that form the basis of a 

permit applicant's "Bill of Rights." 

1. Permit applicants have the right to assistance in understanding regulatory and permit requirements. All Cai/EPA programs 

maintain an Ombudsman to work directly with applicants. Permit Assistance Centers located throughout California have 

permit specialists from all the State, regional, and local agencies to identify permit requirements and assist in permit 

processing. 

2. Permit applicants have the right to know the projected fees for review of applications, how any costs will be determined and 

billed, and procedures for resolving any disputes over fee billings. 

3. Permit applicants have the right of access to complete and clearly written guidance documents that explain the regulatory 

requirements. Agencies must publish a list of all information required in a permit aPplication and of criteria used to 

determine whether the submitted information is adequate. 

4. Permit applicants have the right of timely completeness determinations for their applications. In general, agencies notify the 

applicant within 30 days of any deficiencies or determine that the application is complete. California Environmental Quality 

Act (CEQA) and public hearing requests may require additional information. 

5. Permit applicants have the right to know exactly how their applications are deficient and what further information is needed 

to make their applications complete. Pursuant to California Government code Section 65944, after an application is 

accepted as complete, an agency may not request any new or additional information that was not specified in the original 

application. 

6. Permit applicants have the right of a timely decision on their permit application. The agencies are required to establish time 

limits for permit reviews. 

7. Permit applicants have the right to appeal permit review time limits by statute or administratively that have been violated 

without good cause. For state environmental agencies, appeals are made directly to the Cal/EPA Secretary or to a specific 

board. For local environmental agencies, appeals are generally made to the local governing board or, under certain 

circumstances, to Cal/EPA. Through this appeal, applicants may obtain a set date for a decision on their permit and, in 

some cases, a refund of all application fees (ask boards and departments for details). 

8. Permit applicants have the right to work with a single lead agency where multiple environmental approvals are needed. For 

multiple permits, all agency actions can be consolidated under a lead agency. For site remediation, all applicable laws can 

be administered through a single agency. 

9. Permit applicants have the right to know who will be reviewing their application and the time required to complete the full 

review process. 



Appendix B 

Boring and Well Construction Logs 



Boring & Well Construction Log Kennedy/Jenks Consultants 
BORING LOCATION 

1-:::::cc=-===----------------,.,==--------l Boring Name 
DRILLING COMPANY 

Boring #1 

I-::::====:::-""S/"'G'-"D'-'ri"ll"-in"'-'gC,_o"'m-"n=p'ane.1Y,_ ___ __ t:::===="'-L-----J Project Name Rosedale Spreading Basins 
DRILLING METHOD{S) 

Hollow Stem Au�;�er 1465038'00 Project Number 
ISOLATION CASING 

NA 
BLANK CASING 

NA 
SLOTTED CASING 

NA 
SIZE AND TYPE OF FILTER PACK 

NA 
SEAL 

Native Soil 
GROUT 

H1 drated Bentonite 3/8" 
SAMPLES 

Type Re<:overy ���;s�: 
& No. (Feet) Blows/S" 

2.5 

2.5 

1.5 

2.5 

2 

2.5 

2.33 

2.5 

2.33 

2.5 

Drill 
Depth 
(l"eet) 

5 

10 

15 

-

-

20 

-

25-

BACKFILL DETAILS 

SP 
-

-

SM 

����H 
10YR 

514 
10YR 

414 

FT. 
ELEVATION AND DATUM TOTAL DEPTH 

FT. 30.0 ft. bgs 
DATE STARTED DATE COMPLETED 

FT. 1/22/15 1/22/15 
STATIC WATER ELEVATION 

FT. nla 
LOGGED BY 

FT. Ryan Strandberg 
SAMPLING METHODS WELL COMPLETION 

0 SURFACE HOUSING 
0 STANO PIPE n/a FT. 

FT. 2.5' runs with a 5' core 
barrel 

SAMPLE DESCRIPTION and DRILLING REMARKS 

00 SAND: FINE WITH TRACE MEDIUM, DESE, 
DAMP 

SAMPLE CONTAINS SURFACE PLANT MATERIAL 

CONTAINS ROOT MATERIAL 

NO RECOVERY FROM 2.5 TO 5' 

;:j:�:F 416 mMJ SILTY SAND: FINE WITH TRACE MEDIUM, 
DENSE, DAMP r 

f--t-'r' ·7' ""Jf-;;;
41
;;;
6

,--h 00 SAND: FINE WITH TRACE SILT, VERY DENSE, 

J 0,:;/;; ':�R \DAMP 

. ://: ,..,_ � CLAYEY SAND: FINE, MEDIUM, DENSE, DAMP, 
I 

SP 

sc 

r"'--t:'c_J_�;of-.f51�3-li MEDIUM PLASTIC ;.;.,., • 414 1 NO RECOVERY FROM 9 TO 10' I 
1-ML 

SP 

SM 

sw 
-
-

-
ML 

ML 

-1--
ML 

ML 

·:·:-:.; _______________________ _j 
:;:;:;:; !MJ.l SILT WITH SOME CLAY, MEDIUM STIFF, MOIST, 

;.;.;.;. LOW PLASTICITY 

;:;:;:;: 00 SAND: FINE TO MEDIUM, DENSE, DAMP ?\� 
2.sY 

r NO RECOVERY FROM 14.5 TO 15' 

·:-:-:.: 5/3 

414 
4/3 

2.5Y 
513 

2.5Y 
413 

10YR 4/4 

(§Ml SILTY SAND: FINE TO MEDIUM, DENSE, DAMP 

� SAND: FINE TO MEDIUM WITH TRACE 
COARSE, DENSE, MOIST 

NO RECOVERY FROM 19.75 TO 20' r 
WET 

JMl,l SILT: STIFF, MOIST 

JMl,l SILT WITH SOME CLAY: MEDIUM STIFF, MOIST, 
MEDIUM PLASTIC 

1-�---------------------------'::.R J!,lli SILT: MEDIUM STIFF, DAMP 

414 JMl,l SILT WITH SOME CLAY: MEDIUM STIFF, MOIST, 

514 
LOW PLASTICITY / 

CL W,; jg,) CLAY: MEDIUM STIFF, DAMP, HIGH PLASTICITY 
z 2.5 

I I 
2.5Y 

o ML 413 lM!.J SANDY SILT: FINE SAND, SOFT, WET 

gr--.���--�--:30�------------L-----��--���L----k--------------------------------------� " llillli 
� 8 
� 
" 
� 
� 
� 
z 

1. T.D. = 30 feet below the top of the berm 

2. 0 to 5' is hand auger cuttings 

3. Top of berm is roughly feet above pond floor 

4. Density/consistency observations are estimates 

� �------------------------------------------------------------------------------------� 
F-40.1 
(6-87) (3-88} (8-90) SHEET __ 1 _ 0F 1 



Boring & Well Construction Log Kennedy/Jenks Consultants 
BORING LOCATION 

1-:::=====-----------------r.:-==-------1 Boring Name 
DRILLING COMPANY DRILLER 

Boring #2 

'"""====::c-'S"'/"'G'-'D"'r'-'il'-"li"'n-"--'!l C"o"-m"'nP"'�a,_,n,.,_v _____ +.:==;;;C;RO';a::'n"'dL-v __ -l Project Name Rosedale Spreading Basins 
DRILLING METHOD(S) DRILL BIT(S) SIZE 

Hollow Stem Auger 8" Project Number 1465038*00 
ISOLATION CASING FROM TO FT . 

n/a NA n/a 
BLANK CASING FROM TO 

ELEVATION AND DATUM TOTAL DEPTH 
30.0 ft. bgs 

FT. 

FT. 

NA n/a 
SLOTTED CASING FROM TO 

DATE COMPLETED 
1/22/15 n/a DATE STARTED 

1/22/15 
NA n/a n/a 

SIZE AND TYPE OF FILTER PACK FROM TO FT. 

STATIC WATER ELEVATION 
n/a 

NA n/a 
SEAL FROM TO 

LOGGED BY 
Ryan Strandbera n/a 

FT. 
WELL COMPLETION Native Soil o 5 sAMPLING METH

o
os 

�
G
"

R
"oc-u=-

T
---------"=='-"'=----------+=-FR"o"

M
,-----"-----,TcoO

--"'--�, T,-l. 2.5' runs with a 5' core 0 SURFACE HOUSING 
0 STAND PIPE n/a H drated Bentonite 3/8" 5 30 barrel 

SAMPLES 
Type Re<.:overy Pen�tr. 
& No. (Feel) 6�0��-

5 

2.33 

2.5 

2.5 

2.5 

2.5 

2.33 

2.25 

2.5 

Drill ,.,. 
(Feel) 

-

5-

10-

15 

20-

-

BACKFILL DETAILS 

-

PID = 1317 PPM 

PID = 1321 PPM 

-

PID = 1326 PPM 

PID = 1329 PPM 

PID = 1336 PPM 

PID = 1340 PPM 

PID = 1345 PPM 

PID = 1349 PPM 

u��s lithology 

SP 

SM 

SP 
.... 

Yl�l� 
SP 

sw 

SM .. ·"·! : .. � 

Color 

10YR 
516 

10YR 
6/4 

SAMPLE DESCRIPTION arod DRILLING REMARKS 

�SAND: FINE WITH TRACE MEDIUM, DENSE, 
DRY TO DAMP 

10YR TRACE COARSE SAND 
6/6 

t- ROOT MATERIAL OBSERVED FROM 5 TO 6.5' 

t- NO RECOVERY FROM 12.25 TO 12.5 FEET 10YR 
5/6 

2.5Y 
6/4 

2.5Y 
413 

2.5Y 
6/4 

613 

10YR 
5/6 

2.5Y 
6/3 

10YR 
5/6 

�SAND WITH SOME SILT (15%) FINE WITH 
TRACE MEDIUM, BRITTLE, DRY 

t- �SAND: FINE WITH TRACE MEDIUM, DENSE, 
DRY TO DAMP 
SLIGHTLY LESS DENSE STARTING AT 11.25' BGS 

MOISTURE INCREASES TO DAMP, 10% SILT 

�SAND: FINE WITH TRACE MEDIUM, DENSE, 
DAMP 
�SAND: FINE TO MEDIUM, DENSE, DAMP 
TRACE COARSE GRAINS 

INCREASED COARSE GRAINS 
NO RECOVERY FROM 22.2 TO 22.5' 

�SAND WITH SOME SILT (15%) FINE, VERY 
DENSE, DAMP 

§ 
25-

ML ';�J lM1) SILT: FIRM, DRY 

g 2·5 PID = 1353 PPM 
_ ML 

2·5Y lM1) SANDY SILT (40/80): FINE SAND, FIRM DAMP 
� 614 BRITTLE, OXIDIZED INCLUSIONS 

FT. 

� 1-
-S_ M--t:J: o:'::r8:·,.t:t-;',.,";;-h �SILTY SAND: FINE, DENSE, DAMP 

(: PID = 1357 PPM 
� 2.5 

SM .. ;'+ ';�J t-\SMALLSILT LENSES 

tit-��;::;--'---'--3o-'-------'----'--1.--''-''.''-' '' �":..,r ::,__� �SILTY SAND: FINE WITH TRACE MEDIUM, 
( � NOTES �\"D�E�N�S�E,�D�A�M�P ____________________ _J 

� 1. T.D. = 30 feet below the top of the berm. 
-

8 2. 0 to 5' is hand auger cuttings. 
:::l 3. Top of berm is roughly 3' above pond floor. � 
<>(! 

4. Density/consistency observations are estimates. 
0 
z 
� 

£L_ __________________________________________ __J 
F-40.1 
(6-87) (3-88) (8-90) SHEET __ 1 _ 0F 1 



Boring & Well Construction Log Kennedy/Jenks Consultants 
BORING LOCATION 
1:::=====----------------,.,=�,----------j Boring Name 

DRILLING COMPANY DRILLER 
Boring #3 

1-;,;:====:::-"S,_,/G"-"D"'ri"'ll"-in,._,gC"'o"'m'-"l=p'an,_nyr_ _____ t
=-=

="R='a'=n�d�y-----j Project Name Rosedale Spreading Basins 
DRILLING METHOD($) DRILLBIT(S} SIZE 

Hollow Stem Au!ler , .. Project Number 1465038'00 
ISOLATION CASING FROM TO FT. 

n/a NA n/a ELEVATION AND DATUM TOTAL DEPTH 
30.0 ft. bgs BLANK CASING FROM TO FT. 

NA n/a n/a DATE STARTED 
1/22/15 

DATE COMPLETED 
1/22/15 SLOTTED CASING FROM TO FT. 

NA n/a n/a 
SIZE AND TYPE OF FILTER PACK FROM TO FT. 

STATIC WATER ELEVATION 
n/a 

SEAL 
NA n/a 

FROM TO 
n/a LOGGED BY 

Rvan Strandber�;� FT. 
WELL COMPLETION Native Soi 1 o 5 sAMPLING METHoos 

fc
G

:;;
R

:;;
O:;cU:;:-T 

---------""'-''-'-'�"'-'-----------j-::F::- RO::: M
-:--"-- T:::O:-��-;: FT:-J. 2.5' runs with a 5' core 0 SURFACE HOUSING 

D STAND PIPE n/a FT. H drated Bentonite 3/8" 5 30 barrel 
SAMPLES 

T � Recovery ���st" 
& No. (Feet) BlowsiE" 

5 

2.5 

2.25 

2.5 

2.5 

2.5 

2.5 

Drill 
Depth 
(Feet) 

5 

10 

15 

20 

-

BACKFILL DETAILS 

PID = 1523 PPM 

PID = 1528 PPM 

PID = 1533 PPM 

PID = 1538 PPM 

PID = 1543 PPM 

PID = 1550 PPM 

u��s Lithology Color SAMPLE DESCRIPTION and DRILLING REMARKS 

SM 

ML 
ML 
SP 

SM 

I 616 

·.· ... 
5/6 

10YR 
5/6 

:1:.'+ 5/6 

§Ml SANDY WITH SOME SILT: FINE WITH TRACE 
MEDIUM, DENSE, DAMP 

PERCENTAGE OF SILT DECREASES (5·10%) FROM 3 
T04 FEET 

lM!.) SANDY SILT: FINE SAND, FIRM, DRY BRITTLE 
lM!.) SANDY SILT: FINE TO MEDIUM SAND, HARD, 
DRY 

1\ J§El SAND: FINE WITH TRACE MEDIUM, DENSE, 
�\DAMP 

NO RECOVERY FROM 9.75 TO 10' 
VERY DENSE WITH ORGANIC SRINGERS FROM 11 
TO 12' 
§Ml SILTY SAND'S FINE WITH TRACE MEDIUM, 
DENSE, DAMP l{'!' :!:�:,: • • • 2.5Y VERY DENSE FROM 13 TO 14' 

1:" 5/4 r 
h�l� 

ML .+-J;.';; 416 �lM!J SILT: HARD, DAMP, MOTTLED 
SP '···:·: 2;�: hJ§ElSAND: FINE, DENSE, DAMP ·j·l-: j � ; :�;;; 2;jJ §Ml SILTY SAND: FINE, DENSE, DAMP SM ·!:�·!· 

2.5 PID = 1557 PPM 
514 @CLAYEY SAND: FINE, FIRM, DAMP, MODERATE sc 

f 2.5Y ·\PLASTICITY b 
� 
� 
z 
� 

fii z 
� 
� 
� 

g 
a z 
� 

2.33 

25 

2.5 

SP 

sw 
PID = 1600 PPM 

ML 

PID = 1605 PPM 
- SP 

� PID = 1611 PPM ML 
z 2.5 

::: • •  0 
5/4 

5/4 

10YR 
4/4 

2.SY 
5/4 

2.5Y 
512 

J§El SAND: FINE, DENSE, DAMP, TRACE CLAY 
FROM 20.5 TO 21.5 
{§'fil SAND: FINE TO MEDIUM, DENSE, DAMP 
lM!.) SANDY SILT: FINE SAND, VERY ROUND, DAMP 

r NO RECOVERY FROM 29.75 TO 30' 
BRITTLE FROM 25.5 TO 26 

J§El SAND: FINE, DENSE, DAMP 
lM!.) SILT: SOFT, DRY 

-

B ,JL ____ ��----l_ ____ j_��
S
�
M
�J't'tl��"�':F\M§Ml��S�IL�T�Y�S�A�N�Dt:£FftiN�Et,�M�E�D�IU�M�D�E�N�S�E�,�D�A�M�P�==:ti �t--::N:;;O;!:-TE�S ;:--'----J'-30 

. L2!L lM!.) SANDY SILT: FINE SAND, VERY HARD, DRY -� 
� 1. T.D. = 30 feet below the top of the berm. 
8 2. 0�5 feet is hand auger cuttings. 
� 3. Berm is roughly 3 feet above bottom of the pond. 
� 4. Density/consistency observations are estimates. 
� z 
� 
g._ __________________________________________________________________________________________________ _. 

F-40.1 
(6-87) (3-88) (8-90) SHEET __ 1_ oF 1 ---



Boring & Well Construction Log Kennedy/Jenks Consultants 
BORING LOCATION 

1.,-,,--,-=-,-,.,-==-----------------===-------1 Boring Name 
DRILLING COMPANY DRILLER 

Boring#4 

1-::::====:c-S,../_-GccD,_r,_,il"'li"'n..,__,gC,_,o,_m'"np,<a,n"--y------t:=-==Rc:a':'n"'d'---y ----l Project Name Rosedale Spreading Basins 
DRILLING METHOD($) DRILl BIT(S) SIZE 

Hollow Stem AuQer 8" Project Number 
ISOLATION CASING FROM TO FT. 

NA n/a n/a ELEVATION AND DATUM 

BLANK CASING FROM TO FT. 
NA n/a n/a DATE STARTED 

1/22/15 SLOTTED CASING FROM TO FT. 
NA n/a n/a 

SIZE AND TYPE OF FILTER PACK FROM TO FT. 

STATIC WATER ELEVATION 
n/a 

SEAL 
NA n/a 

FROM 
n/a LOGGED BY 

Ryan Strandberg TO FT. 
Native Soil 0 5 sAMPLING METHoos 

1465038'00 
TOTAL DEPTH 

30.0 ft. bQS 
DATE COMPLETED 

1/23/15 

WELL COMPLETION 
0 SURFACE HOUSING �

G
::C

R
::

O
:;-

U
;::
T

---------"=='-='=---- ------f:cFR;::O:: M:--"-----cT;:: O,---"- ---;cFT--j . 2.5' runs With a 5' COre 
H drated Bentonite 3/8" 5 30 barrel 0 STAND PIPE n/a FT. 

SAMPLES 

5 

2.5 

2.5 

Dllll ,.,. 
(Feat1 

5 

BACKFILL DETAILS 

PID = 1654 PPM 

- PID = 0806 PPM 

-
PID = 0812 PPM 

uc�s lithology 

SP 

SM 

ML I I 

Color 

10YR 
5/6 

2.SY 
5/3 

10YR 
5/4 

SAMPLE DESCRIPTION and DRILLING REMARKS 

�SAND: FINE WITH RACE MEDIUM, DENSE, 
DAMP 

TRACE COARSE GRAINS 
ROOT MAERIAL PRESENT FROM 4·10' 

J§Ml SILTY SAND: FINE WITH TRACE MEDIUM, 
VERY DENSE, DRY ROOT MATERIAL OBSERVED 
FROM 6.25-8.75' 

lM!.) SANDY SILT: FINE SAND, STIFF, DAMP 
10 SP • • • 414 �SAND: FINE, MEDIUM DENSE, DAMP 

2.5 PID = 0817 PPM SM ' ')'; ; ':�R f:__ J§Ml SILTY SAND: FINE, DENSE, DAMP 
':Jr !WJ. SILT: VERY STIFF, DAMP· 

SAME SAND FROM 12.5' 

� " '" " z 

2.5 

2.5 

2.5 

2.5 

PID = 0802 PPM 
15 

PID = 0827 PPM 

PID = 0835 PPM 

20 
PID = 0838 PPM 

ML 

SP 
ML 
ML 

SP 

2.5Y 
5/3 

5/3 

---z;: 

2.5Y 
514 

2.5Y 
414 

�SAND WITH SOME SILT: FINE, MEDIUM DENSE, 
DAMP 

\LMW SANDY SILT: FINE SAND, STIFF, DAMP 
lM!.) SILT WITH TRACE SAND, STIFF, DAMP 

INCREASED FINE SAND FROM 18.5 TO 18.75' 

�SAND WITH TRACE SIL: FINE, DENSE, DAMP 

� 
� - PID = 0850 PPM ;1;:':): J§Ml SILTY SAND: FINE WITH TRACE MEDIUM, 
w 1.33 SM ;�; r DENSE, DAMP 
� l�:�: 24!J NO RECDVERY FROM 23.75 TO 25'. LOST SHOE IN 
� 25 {;; HOLE. 
<5 :[:•,:): INCREASING SAND 25 TO 26.25' 0 PID = 0915 PPM .�· 
0; 2.5 
5 SP 

2.5Y �SAND: FINE WITH TRACE MEDIUM, DENSE, 
z .·���

-
�p 

� i��tT1lrt���I�N�C�R�EA� S�E� D�S�IL�T�F�R�O� M�27�.5�T�0�2�8�' __________ __;/ 
PID = 0924 PPM ML 414 

� 2.5 lM!.) SILT: HARD, DRY, BRITTLE ./ 
gi-"""'N"'o�T"'E"'s ....l--1-3o..I..------L---.L...J....;;M;;;L;...&...uu..L-'.;;14...JL., lM!.l SILT WITH SOME SAND: FINE SAND, STIFF, 

( � �cD� A�M� P------------------------------� 
z 1. T.D. = 30' below the top of the berm. 
8 2. Top of the berm is roughly 4' above the pond floor. 
:J 3. 0-5' is hand auger cuttings 
� 
o(l 

4. Density/consistency observations are estimates. 
" z 
� mL-------------------------------------------� 

F-40.1 
(6-87) (3-88) (8-90) SHEET _ _._1_0F 1 



Boring & Well Construction Log Kennedy/Jenks Consultants 
BORING LOCATION 

l--c-c-----oc-----------------�-----------1 Boring Name 
DRILLING COMPANY DRILLER 

Boring #5 

1-::::====:::-""S,_,/G"-=D-'-'ri""ll..,_in'-"-'g C"'o"'m"-'n=p'an,.ny,_ _____ +==-=:-:'R=a= n_,_,d"-y ---1 Project Name Rosedale Spreading Basins 
DRILLING METHOD($) DRILL BIT(S) SIZE 

ISOLA liON CASING 

BLANK CASING 

SLOITED CASING 

Hollow Stem Auaer •· 

FROM TO 
NA n/a 

FROM TO 
NA n/a 

FROM TO 
NA n/a 

n/a 

n/a 

n/a 

Project Number 1465038*00 
FT. 

ELEVATION AND DATUM TOTAL DEPTH 

FT. 30.0 ft. bgs 
DATE STARTED DATE COMPLETED 

FT. 1/23/15 1/23/15 

SIZE AND TYPE OF FILTER PACK FROM TO FT. 

STATIC WATER ELEVATION 
n/a 

NA n/a n/a LOGGED BY 
Rvan Strandbera SEAL FROM TO FT. 

WELL COMPLETION Native Sci 1 o 5 sAMPLING MErHoos 
�

G
"'

R
"

o
""u=

T
-------'-=='-"='---------f.c

F
=
R
-,-oM

c--"- -=
T

0-c----"'----F-Ir . 2.5' runs with a 5' core 0 SURFACE HOUSING 
0 STAND PIPE n/a 

SAMPLES 

5 

2.5 

2.5 

2.33 

2.16 

2.5 

2.5 

2.5 

H' drated Bentonite 3/8" 5 30 barrel 

Dflll 
Depth 
(Feel) 

5-

10-

15 

20-

BACKFILL DETAILS 

-

PID = 1016 PPM 

PID = 1021 PPM 

PID = 1025 PPM 

PID = 1030 PPM 

PID = 1037 PPM 

PID = 1044 PPM 

-

PID = 1048 PPM 

uc�s Lithology 

SP 

sw 

sw 
SP 

ML 

SM 

Color 

10YR 
516 

10YR 
514 

10YR 
414 

10YR 
414 

SAMPLE DESCRIPTION and DRILLING REMARKS 

§f) SAND: FINE WITH TRACE MEDIUM, DENSE, 
DAMP 

POSSIBLE OALICHE STRINGERS FROM 6.5 TO 7.5 
INCREASED DENSITY 

!§WI SAND: FINE TO COARSE, DENSE, DAMP 

NO RECOVERY FROM 12.25 TO 12.5' 
1" SILT LENSE 

!§WI SAND: FINE TO MEDIUM, DENSE, DAMP 

mE) SAND: FINE, MEDIUM DENSE, DAMP 
l!!lli SILT: STIFF, DAMP 

§M) SILTY SAND: FINE TO MEDIUM, MEDIUM 
DENSE, DAMP 

FT. 

-

2.16 PID = 1051 PPM ML 416 \ SANO WITH SOME SILT: FINE TO MEDIUM, DENSE, I 
... :::: ��� 

. \\\,lD::::Ac.c M::::_P _________________ J/1{: 

25- sw :::: � \LMU SANDY SILT: FINE SAND, STIFF, DAMP / " 
0 

� ML I I 
2.5 PID = 1054 PPM 

416 

10YR 
516 

!§WI SAND: FINE 0 COARSE, VERY DENSE, DAMP 
l!!lli SILT: VERY STIFF, DAMP 

� ·r':1• §M)SILTY SAND: FINE TO MEDIUM, MEDIUM 
m PID -1100 PPM "� . . 10YR DENSE, DAMP 
l5 2·5 - SM +.,.j. 414 LESS SILT 28.75-30' 
t�������:3o�----------�--���--�:�;::���··•··�--J----------------------------------4 � NOTES 
v, 1. Total Depth = 30' below top of berm. 
15 
u 2. Top of berm is roughly 4' above pond floor. 
j 3. Density/consistency observations are estimates. 
� 
• 
0 

� 
0 •L---------------------------------------------------------------------------------------� 

F-40.1 
{6-87) (3-88) (8-90} SHEET __ 1_oF 1 



Boring & Well Construction Log 
BORING LOCATION 

DRILLING COMPANY 

S/G Drillin� Company 
DRILLING METHOD($) 

Hollow Stem Auger 
ISOLATION CASING 

NA 
BLANK CASING 

NA 
SLOTIED CASING 

NA 
SIZE AND TYPE OF FILTER PACK 

NA 
SEAL 

Native Soil 
GROUT 

H' drated Bentonite 3/8" 
SAMPLES 

Droll 
BACKFILL DETAILS 

Panetr. Depth 
'""' Rec011ery Resist (Feet) &No. (Feet) Blows16'' 

5 

5 

2.5 PID = 1156 PPM 

2.5 PID = 1201 PPM 

10 

2.5 PID = 1207 PPM 

2.5 PID = 1215 PPM 

15-

2.33 PID" 1217 PPM 

-

� 2.33 
"' 

PID = 1221 PPM 

s 20 -

� 
0 PID" 1258 PPM � 2.5 "' 
� 
z -

� 
> 
0 

PID" 1234 PPM w 
2.5 z 

z w 
� 

� 
25 

� 
PID " 1240 PPM 0 2.5 

g 
� 
z 
� 
0 
m PID " 1248 PPM 
z 2.5 
0 
� 30 0 NOTES � 
� 

1. T.D. == 30' below the top of berm. � 
z 
0 2. Top of berm is roughly 4' above pond floor. u 
� 

3. Density/consistency observations are estimates. � 
w 
" 
� 
� 
z 
� 
0 m 

F-40.1 

(6-87) (3-88) (8-90) 

DRILLER 

Randy 
DRILL BIT($) SIZE 

FROM 

FROM 

FROM 

FROM 

FROM 

FROM 

uses 
Log 

SP 

ML 

SP 

ML 
SP 

ML 

SP 

ML 

ML 

SP 

n/a 

n/a 

n/a 

n/a 

0 

5 

Lith ology 

:-: 

I 
. . 

·:-:-

I 
. .  

8" 

TO 

n/a 
TO 

n/a 
TO 

n/a 
TO 

n/a 
TO 

5 
TO 

30 

Color 

10YR 
414 

r 

10YR 
416 

514 

514 

J_ 5/3 
:::::::: l�J: 

)) 
2.5Y 
513 

I I 
2.5Y 
513 

B.SY 

:-: 
512 

2.5Y 
413 

10YR 
416 

2.5Y 
4/4 

r 
0 • • •  

Kennedy/Jenks Consultants 

Boring Name Boring #6 

Project Name Rosedale S(!reading Basins 

Project Number 1465038*00 
FT. 

ELEVATION AND DATUM TOTAL DEPTH 

FT. 
30.0 ft. bgs 

DATE STARTED DATE COMPLETED 

FT. 
1/23/15 1/23/15 

STATIC WATER ELEVATION 

FT. 
n/a 

LOGGED BY 

FT. 
Ryan Strandberg 

SAMPLING METHODS WELL COMPLETION 

FT. 
2.5' runs with a 5' core 0 SURFACE HOUSING 

barrel 0 STANDPIPE n/a FT. 

SAMPLE DESCRIPTION and DRILLING REMARKS 

@e) SAND: FINE WITH TRACE MEDIUM. DENSE 
DRY 

SOME SILT FROM 3-5" 

TRACE COARSE GRAINS 5" 

!M1) SILT WITH SOME FINE SAND. STIFF. DAMP 

@e) SAND: FINE WIT SOME SILT. DENSE. DAMP 

!M1) SILT: FIRM. DAMP 

@e) SAND: FINE, DENSE. DAMP 

TRACE MEDIUM FROM 15 TO 16.5" 

NO RECOVERY FROM 17.25 TO 17.5" 

!M1) SILT WITH SOME FINE SAND. STIFF, DAMP 

@e) SAND: FINE, DENSE. DRY. NO RECOVERY 
19.75 TO 20 

!M1)SILT: STIFF. DAMP 

!M1) SILT WITH TRACE FINE TO MEDIUM SAND, 
STIFF. DAMP 

@e) SAND: FINE WITH TRACE MEDIU. DENSE. 
DAMP 

SHEET _ _:_1_ oF __ 1_ 



Do no! fill in TRIPLICATE 
;:>wnei's Copy 

No. 258907 

Strlle Wdl N(l. -=c--.=--;,--
Otlwr IV<·II N<>. lj. ]i' 2 7-J 

(I) ow�E]I: NauwN.K.iiATER STORAGE 
Ad<ln·<> lttl tJ 18th St.Room ?OtJ 

DIST. (12) WELL LOG: Tutal tl t•pth 938 Jt. C:mnpldt·d dt•ptl l 840 ft. 

nty Dakersfi eld £rom £1. tn fl. Fnrm:tliou (Dt•sc:riht• hy t·ulor, dtamdt•r, sizeur mah'rial) 
ZIP 91101 "lO, "10" conil. ni nP 

(2) LOCATION OF WELL (Sec instructions): �0 - 00 cl ay&sanil 
Couuty kern Owner's W<ll Number-= lfl4"---j---�Q OL---..11.£.,; .2�_-.LrJJOCLCuk<.tB>-e(wlu_Y .;_);:,S,au.nuc.�._l ------
IV<>II mldn·" if .lifft·wut from abnvc Z,'.c�; e!�r· k���t'.ru R �"-'----=-==--+--..J,...1 2r.. '.;.J-<; -:_�?c..' · "1,).;)'--Jjj '">J'"''u.H<u_i __________ _ 
Tow<>,hip 2 8S Rang e 2 6g Section _&2...u. ?HL.._\-__,2r..'J. "'I_;,_ <;=-_2,q_?��-..!Clll:lJ.lJi,¥aV ___________ _ 
l>isluun• frum dlit•$, roads, railroads. fences, etc. ---------j---'?<0. >'?-t:'f-:? _-_,;J<� �?4'-_jS"-U:�ln1""-'il '-,A;:'-;:--::--------

\. ''; . 

I?lJ. "lQO n1 �v \. \. /\ 

(3) TYPE OF WOUK, 0 - ;7 GA. S and'V' 
New Well � Deepening 0 ;?Q - >18\. \, Cla.V"\1" Sand 
Rcconslrucllon 0 i1 R- /640 \. 'clav 
Reconditioning 0 )40 .( 'l DlUe'/sand 
llorlzoninl Well 0 ;1 - IJ. cl- nd 
Des! ructi on 0 (Describe �---,.<>. . !f. .. - 0 Ad;(-a:iJ, V 
deslrucli on m�terials and pro- 1 '- � R O �· r-....... cedures in Item 12) 

/' . Q0( '\.�}�, II 
(4) PROPOSED USE�"- _ CJi)( _ <j f sand':\.'\ 0.\ V Domestic . 0//\ q p; \'() '>!'8J) · "1 , nd 
hrigatlon � '/ -� \.\ "'-'YG_\ \) Industrial � 0 ( ,--,' -'\_V) v-., \, <::::.1 
Test Well 
\. \.) 0 , \\. \. <)-) r:--, v 

Mnnic� 0 .\.\. \\ _ /) \\ (10 · 

l9t�crlhe1'\) �)) '---" -F'.\,V);.::,-' 
L--:-::W,-, EL-,L--,L-:OC-A T-1-0N-SK_ET_CI-1 ---o) <''(�'}!be) ,0, '\> -\ �V 
(S) EQUIPMENT< 

Rolary D 
Cable 0 
Other 0 

(7) CASING INSTALLED, \\ l \. (8) PEFQ�T �0'- ,0, . f Steel !XI PI� 0 �e�D T y�J�� lonOrslze���� _ _ '\,.., 

(9) WELL SEAL: 

. 

Wassmface$3nitary.seal provided? Yes [} No [j If yes, todcptlJ __ -·-·--ft. 
Werestratasealeda$alnstpollutlon? Yes� No 0 lnt��val 1 15 f,li-----_------------------
MctbodO!"'Iing ') SaCk sand SlUrry tt 2 1 to 456 WockstO<ted - - 19.QL Completed - - 19_££ 
(10) WATER LEVELS: WELL DRILLER'S STATEMENT: 
Depth of first W'iiC�.-Ifknown ------· ---�------- ft. ...... -

This we// wll.s drilled unz:ktler piY.: }IIJf.sdictlon and t/Jl�.report Is true to tiLe �s•;•n�di�ng�l'�'�c l�·l�t<r� w�d�l ro� m;·p�i<::tl�o n�=========:::==:.r'.':'� best of my;;_IDwledg� .... ���d lie . / � 
(ll) WELL TESTS: Signed ,:j/-,.; �' , �" ./ /L. Waswellttslm:ade ? Yes 0 No 0 lfyes,bywhom? __ -,.-,-::::-- .(-:'�/_r __ ·-.;./"".("._ ... ... (W�I_!}rlller) Typcoftest Pump 0 Dailer 0 Airlift 0 NAME w.u�.:::J!Cl nl'n l.f.TNf!. l!tl Depthlowaterats!artoflest __ fl. Alendoftest --- ft. p Q J3QX(rert�J'frm,orcorporation)(Typ00orprintcd) 
Discharge-- gal/min after __ hours Water temperature Address • • 
Chemicalanalyslsmadc? Yes 0 No 0 Ifyes,bywhom? City WASCO · ZIP 932e0 
�W��C" eli:<�'!!l<�l<!3 lo g!_'m�-�c"<d<,___2Y<!:!'J1 (X;_N!!;I0�P ���D::D�I����������'"!c��;:�:C� y ��·���!!.\C:'" E�rx;,:g'�:;: E;;:;D:-, ;-;U::SE::+N����c��n��0���0S�- E::;��z�T9�.}�E��cft7:::N;:;UM:c;9:::E:::R:=.:E:::D=:P:=.:O������e�ofl_.!l�hi�sr� e�po!!'rlC:::::9=-=1=4==-=8==7=t<)�4� 
DWR \88 (REV, 12·86) 86 963SS ,.'L, -_\·} /·.' . ' 

·I i 



------------ ----- ---------------

STATE OF CALIFORNIA 

- -·o- •· L. ··o --

Sec also'"'O. 322211 
Do not fill In I.)UPLICA TE 

Driller's Copy 
THE: RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

WATER WELL DIULLERS REPOllT No. 322212 
Notice of Intent No. ---
Loca Permit No. or Dale Stale Well No. --------Other Well No. 
(1) OWNEH: Name ___ K--'c-"-rn'-------------1 (12) WELL LOG: Total dcptlo 1E! ft. Completed dcptlo �ft. 
Address --===============��===if=w= nJd�t.=�to=::Jft.�F�'o�n�na�ti=on���'� by•�' colo�r,'"=• �··•=·•=l'=·•=or=: m=atcr=la=l) 
cuy ______________ zrp 0 � ft, oand/clav 
(2) LOCATION OF WELL (Sec instructions): 60 - 11_ clav some sand 
County Kern Owner's Well Numbe< �6'-----l-'x,�·"lillil�c_-=--- --l��";'--';.'-- -"" sa.....,nd�-.,--;--------Well addwss If different from above 110 - 20 't. sand and claV 
Township ______ flange ----- Section l20 - a and, clav and 

L30 - sand and l'ock Distance from cities, roads, railroads, £enccs, etc. 
l40 - ; , rock aM 
L90 - EiAAc 

I - -��ll - I 0 s�h cf'.-
(3) TYPE OF WORK> :!lti{l - JO. StUl 
New Well ilOl Deepening 0 ,-_ __ill__ :'\.. sari 

and some . rock 
and rock 

clay and rock 
some rock 

Reconstruction 0 r--- �,_Q_ ;).._ RecondiHonlng 0 rf-�;;;c---(,-"=/\<- rock and 881ld 
Horizontal Well 0 'A - .• saRd;'All.av 
Destruction 0 (Doscdbe �"- - � 's1J.nd and destruction materials and pro· I :Jil� � ·� /and cedmcs In Item 12) /'. ll!}.. "---y 4�:0. .nnrl clav 
(4) PROPOSED U�V,"-1211 v _ 4UO" .\',.,n'f!' Domestic '\_r:J. A'30 _ 011 .v \\ '-' lnlg•tlon C5l, -� 4 \>nlou lndushlal � 0 �('�"'1! TcstWcll 

'V 0 "Q-) 4 V claj,, sand 

WELL SKETCH �:�ei
� ��f)�m�v-���h"�·i\�· c�J]ill.�V���==== 

< .r:::-, �I'\ -'-: clav sand 
(5) EQUIPMENT> 

Rotary 0 
Cable 0 
Other 0 

From 
ft. 
+?. 550 "-1--tf\ fi 1 H\ r.fin l\\q� _o!io - 10 olav 

� f.�\\> - 'U!Q_ san and ----r---r--r--�r---���---,_--���-�-e� san• andnlav 
(9) WELL SEAL: 
Wassudaoos.a.nitary seal provided? Yes £5t No 0 If yes, to depth 50 
WcrestratascaledagalnstpolluUon? Yes [:X No 0 Interval 496--540 
Methodofsealing alll't'TI"tr 

- ' . ___ !!all< • ·cHurr- and 
1t. - !2 '· sand an<l 
It � on pa�re No, 322211 Pture 2 Wo<k, �• 10 :I_J. n 

(10) VV/\Il',n LEVELS: WELL nmr RI\'S STA',�m�•<'f: 
Depth of first water,lf known --------------- ft . 

; �::tb./(#}" 
' · · Tilts well was drfllcd · .m!! _ and lids .uvon {$ true to the 

Standinglevelafterwell completion ft. best of my knowledge f_/...,!J /�A�-"�-

(_11) WELL TEolo: S, , A'- �--- Signed � . 
· 

W<�.swelltcstmaclc? Yes 00 No 0 Ifyt-s,hywhom? .ft.. \.ltAUtp 
r"r'l"' Y'I.Trt Typoolt<>t Pomp (1g ""'" 0 Aidilt D NAME BEYLIK nnn.r. lNU, !LHJ!. 

Depth to water at start of test ..2..1fL h. At end of lest 2 53 ft 
591 S (Pcr\.!Jia 11;:;�,-.f.- 14f ' 

Discharge 2060 gal/minaftcr ���ours \Vatertemperalure Address 5 St. �i"f}:k-Y,..,.--,..,.---
Chemical analysismadc? Yes 0 No,d< lfres,bywhom? City La Hnht•n -CAlif. �!lOR�1 
W•HI<etotdn<mado Y<> ill -'No0 iJY"'""hropyl Li>co"cNo.�O!l9.!ll r1fi7,,r1R1 .D•lcofthls� 1QQ1 

DWR IIJS (REV. l:a·SGJ IF .MI.Jr.JI,J.."-'""1"\'"' SPACE IS NEEDED, USE NEXT 
� 

IV<>L NUMBERED . �o· l 01" !{ l' ... Om.'- Po$JSS 
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STAlE OF CALIFORNIA 

This is Page 
t. , also No. 

'2 of 2 pages 
322212 

DUPLICATE THE RESOURCES AGENCY 
DEPARTMENT OF WATER RESOURCES 

Do not ft/1 in 
Driller's Copy 

Notice of Intent No. 
Loca Permit No. or D 'tc 

• 

WATER WELL DRILLERS REPORT No. 322211 
State Well No. ------
Otl1cr Well No. 

(1) OWNEH: Name (12) WELL LOG: Tot'l dertii�(i3_ ft. C',ompleted depth U�U ft. 
Addre<' from ft. to ft. ! by col�r, size or 
City ________________ ziP 820 - 850 ,, sand and'; . 
(2) LOCATION OF WELL (Sec iostructions): - 860 L. sand Clay and some 
County Kerli Owners Well Number �N=o"-''-"-6-t--��;?;t---- 900 sane gnrl 
Well address if diUcrcnt from aboYe - L• San< 
Towmhir -�---- Hange _____ Scction 0• - 950 L, san< and 

and clay 

Distance from cities, roads, railroads. fences, etc. ---------1--'e!::!.!ll�<d !..._.::_- __ � en!_!!!! d ___ � ('\.�-;--------- '\.'\.A - (".._ '-.../ -
(3) TYPE OF WORK, 1-----=-----<A�--\\'� ("''V' _________ _ 
New Well ¥1' Deepening n - '\. '\. V 

WELL 

(5) EQUIPMENT, 
Rotary 0 
C.blc 0 
Othor 0 

Reconstruction n - /) '\. '\. 
Reconditioning n �A'\. /). 
Hori,ont•l Well n - '\. '\. ,.-....'{/A 
Destruction 0 (Descnbe "\. '\. - v 

A I_'-':::::\ V 
destructi.on m•tcri•ls and pro· '\. � '\_ � '\. '\. <:::..) ,-... cedures '" Item 12) u� "\. "\......, '\. '0) /> 'V IIA (4) PHOPOSED : "- v _ (("' /\ '\r,\ V Domestic 

, r.J A _ \..'\. '-._'J) ""v \\ CJ 

SKETCH ( /' '> _:::�,.:::•\'V 

Irrigation � � / � "'0 <'. l..ll._'\ \) 
Industrial (""-\ u ('c)\,:-'\,V/ ""'-'\. '--' 
Test Well '\.V u , <0. '\.<)-) 0> v 

::�ci

.

� � .'\.'\. \\ v_ ,.n' (\<) 

i:':T h��"'> , ) -...:J -r--..'\."' -� 

From fl. �crD� G�=�rr 1 �---- J� �� -
-

+2 5/16 550 l\\ '911h . 050 . . . . -
-

-

(9) WELL SEAL: -
N� 0 llyes,todepth 50 ft.I----=------------------ ---

Wereslratasealed againstpollution? No 0 Jnterv;l 496-540 fl -
W�tssur(accsanltarysealprovlded? Yes�· 

MethoJof.,ling RlilT•rv 1 Work ,, .19 . ....!!.!- n '[g_!!! 
�10) WATEH LEVELS: WELL nnn.T. STATEMENT 
Depth of flrst water,lf known -------------- ft. This welt was drilled un1�r .'."'Y'J •77� and "'7i'lf_ " Is true to the Standing level after well completion h. best of my knowledge and bell'�.//:J/:1 h.f.l Jl-.r .��·-
(�1) WELL TESTS: 

S A C Signed � WMwdlt.,.tmode? y.,. Dl1 No 0 lf y.,,bywhom? • • amp nu .. . ... �nTT'tt� 'L INC. Typeofle$1 Pump [j.'{ Bailer 0 Airlift 0 NAM E �==�DJ>�'l

J
"LtU\.]�lJ!�UH.�-''�'-'''�''�:· ,,�����=:;:;�= Depth to water at stir to£ test J.l98. At end of test 2 53 fl 

591 gr�rs\.V�I�;��: s· i . Jl ., l" i 
Disdlarge J0..6.Qal/min after __l.z.k hours Walcr temperature ---1 Address 
Chem!calanalys!smade? YcsO No[}{ Ifyes,bywhom? ______ -I City f,fl Uoh't1n Calif "-A. 90631 

y., OX No 0 If, , to thimport I"" • "'' 3 Cfi7 M'!6l Datdftl•i�� 1 
DWR 186 (REV. 12•861. "' . IF ADDITIONAL SPACE IS USE NEXT NVMBERED FORM Pngmf 2 pllg<!GH 



Groundwater Monitoring Improvement Project 

North Kern Water Storage District 

Monitoring Well 

GEl Consultants 

Date Started 

Date Completed 

Hole Diameter 

Drilling Method 

Project No. 104660 

: 12/6/2011 

: 12/12/2011 

: 12 3/4" 

:Mud Rotary 

Bookman-Edmonston Division Sampling Method : Grab 

1i3 
v 
LL 

s 

£ Ul 
0 a. 

v Ul 
0 ;;) 

0 

10- SM 

20+---l 

30- sc 

40-r-

C-S� 

50-r-

sc 

60--,--, 

SP 

70+---l 

o; 
> 
v 

-' 
� 

v 
-ro 
s 

0 
I 
a. 
<( 
"' 
(9 

DESCRIPTION 

SILTY SAND, dark brown, very fine grained to fine to medium 
grained sands with silt 

·/� CLAYEY SAND, brown, very fine grained to fine grained sand ;�� with clay 

'/// 

� ·;c; ��! i CLAYEY SAND or SILTY SAND,brown, very fine grained sand 
::-j 1 i with clay and silt 
//1! : 
//II I 

/;/; CLAYEY SAND, brown, very fine grained, 

/-;j ;:-// 
SAND, Poorly Graded, brown, fine grained, trace silt 

SAND, Well Graded, brown, fine to coarse grained with trace fine 
grained gravel 

80- SW _y_ 

E i 90--

� � • � 100-

� SP 

110-

120-I----

GP 

130+---l 

SP 

140+---l 

GP 

150-

SAND, Poorly Graded, brown, coarse grained with 10% fine 
grained gravel 

GRAVEL, Poorly Graded, brown, fine to medium grained, 

SAND, Poorly Graded, brown, coarse grained, 

:f:lll 
GRAVEL, Poorly Graded, brown, fine to medium grained 

BORING LOG MW 4 

Company Rep. 

Northing Coord. 

Easting Coord. 

Survey By 

logged By 

(Page 1 of 2) 

: Jim Langley 

: Ron Schnabel 

MW 4 

> 
> 
> 

� 
x 
> 
> 
> 

< 
> 
> 

:� 
> 

> 
> 

.> 
> 

> 

< 

' 
' 
' 
' 
X 

X 

x 

:r cement annular seal 
' 
' 
/ 
' 
' 
' 
' 
" 
X 

X 

X 

: -6" dia. SDR 17 PVC 
X 

< 

X 

< 

-bentonite 

- f-12 3/4" dia. borehole 

f-SRI 6x20 gravel 

f-6" dia. SDR 17 PVC 
0.032 Screen 
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GEl Consultants 

Groundwater Monitoring Improvement Project 

North Kern Water Storage District 

Monitoring Well 

Project No. 104660 

:12/6/2011 

: 1211212011 

Bookman-Edmonston Division 

Date Started 

Date Completed 

Hole Diameter 

Drilling Method 

Sampling Method 

: 123/4" 

:Mud Rotary 

:Grab 

03 
� 
LL 

.5 

'5. 
(/) 
0 

� (/) 
0 ::> 

150 

GP 

160 

170 

180 

sw 

190 

200 

GP 

210 

220 SP 

230 

240 

250 

260 GW 

270 

280 

290 

300 

a; 
> 0 � 

I ...J 

2 
a. 
"' 

ro "' 
;;: (!) 

DESCRIPTION 

SAND, Poorly Graded, brown, coarse grained with 10% fine to 
medium grained gravel 

SAND, Well Graded, brown, fine to medium grained with trace silt 
and fine grained gravel 

GRAVEL, Well Graded, brown, fine to coarse grained 

SAND, Poorly Graded, brown, coarse grained with 20% fine 
grained gravel 

GRAVEL, Poorly Graded, brown, medium to coarse grained with 
20% coarse grained sand 

SAND, Poorly Graded, brown, coarse grained 

GRAVEL, Well Graded, brown, fine to coarse grained with coarse 
grained sand 

BORING LOG MW 4 

Company Rep. 

Northing Coord. 

Easting Coord. 

Survey By 

Logged By 

MW4 

(Page 2 of 2) 

:Jim Langley 

: Ron Schnabel 

6" dia. SDR 17 PVC 
0 .032 Screen 

SRI 6x20 gravel 

12 3/4" dia. borehole 



Appendix C 

Groundwater Quality Data for All Wells (2013- 2014) 



Kennedy/Jenks Consultants 

Appendix C: Groundwater Quality Data for All NKWSD Wells (2013-2014) 

Well# 

88-0-3 

88-0-3 

88-0-5 

88-0-6 

88-0-6 

88-0-9 

88-0-9 

88-0-13 

88-0-13 

88-0-26 

88-0-26 

88-0-27 

88-0-27 

88-0-29 

88-0-29 

88-0-36 

88-0-36 

88-0-47 

88-0-47 

88-0-51 

88-0-51 

88-0-55 

88-0-57 

88-0-57 

88-0-59 

88-0-59 

88-0-62 

88-0-62 

88-0-70 

88-0-70 

88-0-75 

88-0-75 

88-0-81 

88-0--85 

88-0-85 

88-0-88 

88-0-88 

88-0-90 

88-0-90 

88-0-93 

Year 

2013 

2014 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

� 
2013 

2013 

2014 

2013 

2014 

2013 

2014 

pH 

9.0 

8.9 

7.8 

7.5 

8.2 

8.4 

8.8 

8.5 

9.0 

7.1 

8.5 

8.4 

8.8 

8.7 

8.7 

8.1 

7.9 

7.9 

7.9 

8.1 

� 
8.0 

8.0 

7.8 

7.9 

7.7 

8.0 

8.0 

2013 8.0 

2014 7.9 

2013 7.8 

2014 7.8 

2013 7.9 

2013 7.9 

2014 8.0 

2013 8.0 

2014 8.0 

2013 8.1 

2014 8.1 

2013 8.1 

Report of Waste Discharge, 

Electrical 
Conductivity 

micromhoslcm 

1,400 

1,200 

1,200 

2,300 

1,700 

2,500 

1,500 

390 

430 

1,200 

1,200 

1,600 

1,700 

2,000 

2,000 

1,200 

1,100 

1,400 

1,200 

1,200 

1,200 

1,200 

1,200 

1,200 

1,400 

1,600 

850 

910 

1,400 

1,400 

610 

660 

530 

620 

560 

740 

730 

630 

670 

740 

Total 
Dissolved 

Solids 
mgn<•> 

820 

810 

810 

1500 

1100 

1600 

950 

200 

270 

620 

720 

910 

1100 

1300 

1400 

710 

730 

920 

920 

BOO 

810 

830 

750 

840 

1300 

1200 

570 

580 

1000 

1100 

360 

430 

320 

360 

340 

490 

490 

360 

440 

360 

California Resources Corporation, BekersfiBid, California 
GUS.Group\A<hl1""'"-"1<114<llll3ilOO_C.C'W--�NAI.R�_201:J.IOG/ID�axlsx 

Hardness as 
Calcium 

Boron Calcium Magnesium Sodium Potassium Hydroxide Carbonate Bicarbonate Chloride Sulfate Nitrate Carbonate SAR ESP Gypsum 
mgll mg/1 mgfi mgfl mgll mg/1 mg/1 mgll mg/1 mg/1 mg/1 mg/1 mg/1 mgll mgfl 

0.17 120 0.05 180 1.9 27 20 190 340 11 300 4.4 5.0 

0.15 100 0.05 170 1.6 7.1 22 170 330 10 250 4.6 5.2 

0.10 150 6.40 76 3.1 73 140 300 66 400 2.2 1.9 

0.10 220 0.33 300 3.0 16 350 620 41 550 5.4 6.3 

0.10 160 0.22 230 2.0 18 260 490 29 400 5.1 5.9 

0.10 210 0.06 380 3.5 0.52 16 470 550 14 520 6.4 7.6 

0.10 110 0.05 230 1.6 4.50 19 270 330 6 270 5.7 6.7 

0.11 7 0.05 64 0.5 0.08 38 63 40 2 18 7.2 8.6 1,346 

0.12 13 0.05 87 0.5 9.4 38 66 61 2 33 5.8 6.8 1,225 

0.10 67 0.16 180 1.1 32 220 200 2 170 5.8 6.8 132 

0.10 70 0.18 200 1.2 2.2 28 220 230 2 180 6.2 7.3 248 

0.10 110 0.15 250 1.7 28 290 300 3 280 5.7 6.7 

0.10 110 0.14 260 1.9 6.0 19 310 350 4 280 6.7 7.9 

0.10 170 0.65 300 4.2 20 22 330 440 63 430 5.7 6.7 

0.10 180 0.76 300 3.7 3.8 20 340 510 68 450 6.0 7.1 

0.10 120 0.87 120 4.4 79 140 290 46 300 3.4 3.6 

0.10 110 0.70 110 2.7 65 120 250 35 280 2.8 2.8 

0.10 150 1.1 110 5.0 74 210 320 56 380 3.6 3.9 

0.10 160 1.2 130 4.0 36 210 330 52 400 3.0 3.1 

0.10 150 8.50 75 4.2 96 120 290 63 410 1.9 1.5 

0.10 150 7.30 80 3.1 96 120 270 55 400 1.7 1.2 

0.10 150 9.0 67 4.4 97 130 280 67 410 1.9 1.5 

0.10 170 16 61 4.3 120 110 280 99 490 1.2 0.5 

0.10 160 16 61 3.2 120 110 280 88 470 1.4 0.8 

0.10 190 5.4 91 5.3 55 190 320 110 500 2.1 1.8 

0.10 200 7.0 94 4.3 53 190 330 100 530 1.8 1.4 

0.10 110 7.5 54 3.4 75 84 180 70 310 1.3 0.7 

0.10 100 6.7 59 2.3 62 86 170 67 280 1.5 0.9 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

190 

190 

66 

74 

59 

73 

61 

87 

83 

74 

71 

97 

28 

28 

11 

13 

8.0 

9.9 

8.2 

8.8 

8.2 

7.3 

7.0 

13 

48 

51 

26 

34 

28 

30 

35 

38 

42 

35 

36 

32 

4.6 

3.7 

2.6 

2.3 

2.4 

2.8 

1.7 

3.1 

1.5 

2.5 

1.0 

2.9 

110 

120 

90 

89 

71 

88 

83 

89 

91 

89 

95 

130 

110 

100 

45 

52 

46 

55 

49 

85 

84 

78 

83 

70 

340 

320 

67 

75 

67 

75 

61 

88 

82 

75 

71 

130 

150 

130 

81 

77 

82 

72 

51 

74 

2 

39 

2 

36 

590 

590 

210 

240 

180 

220 

190 

250 

240 

210 

210 

300 

1.1 

0.7 

0.9 

0.1 

1.2 

0.8 

0.7 

1.1 

0.5 

1.1 

0.9 

0.1 

0.4 

.0.2 

0.1 

-0.5 

0.5 

-0.1 

-0.2 

0.4 

-0.5 

0.4 

0.1 

.0.1 
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Appendix C: Groundwater Quality Data for All NKWSD Wells (2013-2014) 

Well# 

88-0-96 

88-0-96 

88-0-98 

88-1-10 

88-1-10 

88-1-13 

88-1-13 

88-3-9 

88-3-9 

88-3-12 

88-3-12 

88-3-21 

88-3-21 

88-3-30 

88-3-30 

88-3-36 

88-3-36 

88-3-47 

88-3-47 

88-5-3 

88-5-3 

88-5-11 

88-5-11 

88-7-4 

88-7-4 

88-7-6 

88-7-6 

88-9-6 

88-9-6 

88-9-9 

88-9-9 

88-11-11 

Electrical 
Year pH Conductivity 

micromhosfcm 
2013 

� 
2013 

8.2 360 

8.1 370 

8.3 240 

2013 

2014 

7.5 1,300 

8.2 1,400 

2013 

2014 

8.1 800 

8.1 1,100 

2013 

2014 

7.8 2,500 

7.8 2,200 

2013 

2014 

8.3 420 

8.3 280 

2013 8.0 1,400 

2014 7.9 

2013 8.4 

2014 8.0 

2013 8.0 

2014 8.1 

2013 8.0 

2014 8.0 

2013 9.1 

2014 8.6 

2013 8.1 

2014 8.2 

2013 8.3 

2014 8.7 

2013 8.1 

2014 8.0 

2013 8.3 

2014 8.4 

2013 8.3 

2014 8.3 

2013 8.2 

1,300 

910 

850 

690 

480 

980 

1,200 

360 

330 

610 

550 

600 

sao 

520 

520 

430 

440 

370 

360 

88-11-11 2014 8.1 

420 

430 

88-11-21 2013 8.0 

88-11-21 2014 7.8 

88-17-9 2013 8.0 

88-17-9 2014 7.9 

88-17-15 2013 8.0 

88-17-15 2014 8.5 

88-17-22 2013 8.0 

Report of Waste Discharge, 

640 

620 

690 

810 

510 

630 

600 

Total 
Dissolved 

Solids 
mgf�a) 

190 

240 

140 

820 

870 

490 

720 

1700 

1800 

250 

170 

880 

940 

550 

540 

440 

310 

670 

1000 

170 

200 

380 

410 

360 

300 

320 

370 

250 

240 

230 

240 

240 

290 

410 

400 

430 

520 

320 

400 

360 

California Resources Corporation, Bakersfield, California 
GIIS.Gr-H\14flll3800_CRCI00-1'4<>t>lfiNAJ..R0��-21l\:J-HGWD�oXIS>. 

Hardness as 
Calcium 

Boron Calcium Magnesium Sodium Potassium Hydroxide Carbonate Bicarbonate Chloride Sulfate Nitrate Carbonate SAR ESP Gypsum 
mgfl mg/1 mgfl mgll mgfl mgfl mg/l mgfl __ mgll mgfl mg!_l __ mgfl mg/1 _ m_g_ll __ mgfl 

0.10 38 3.1 25 1.9 89 39 23 9 110 1.0 0.2 

0.10 37 3.2 30 0.5 90 37 24 2 110 1.0 0.2 

0.10 19 0.67 23 1.3 0.90 65 21 18 5 50 2.0 1.7 540 

0.27 90 0.32 190 2.1 28 170 330 3 230 5.1 5.9 

0.29 100 0.27 220 1.7 25 210 350 4 250 5.4 6.3 

0.14 41 0.05 120 0.7 37 97 180 2 100 5.0 5.8 456 

0.12 

0.10 

0.10 

0.12 

0.13 

0.10 

0.10 

0.10 

0.10 

0.16 

0.27 

0.16 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

65 

210 

210 

26 

20 

95 

96 

28 

31 

60 

25 

110 

130 

3 

4 

61 

65 

51 

31 

56 

49 

36 

35 

33 

31 

42 

41 

78 

75 

87 

94 

61 

76 

64 

0.14 

1.1 

1.2 

0.15 

0.05 

0.57 

0.54 

0.07 

0.05 

1.0 

0.06 

1.7 

0.85 

0.05 

0.05 

2.1 

2.4 

0.40 

0.08 

4.8 

3.4 

2.1 

1.8 

1.8 

1.6 

3.4 

3 6  

12 

12 

14 

15 

8.4 

11 

7.6 

210 

360 

390 

53 

56 

210 

240 

150 

170 

72 

84 

89 

180 

55 

72 

50 

65 

56 

64 

32 

44 

35 

42 

30 

36 

30 

36 

31 

34 

33 

39 

28 

36 

29 

0.9 

3.2 

2.3 

1.1 

0.8 

2.2 

1.5 

1.2 

0.7 

1.6 

0.5 

2.2 

1.7 

0.6 

0.5 

2.6 

2.3 

2.4 

1.0 

2.4 

1.6 

1.9 

1.2 

1.8 

1.1 

2.3 

1.8 

2.7 

2.0 

3.2 

2.5 

2.5 

2.2 

2.8 

1.3 

0.92 

9.9 

3.0 

5.0 

0.88 

1.6 

7.8 

26 

80 

29 

76 

86 

46 

29 

30 

28 

66 

36 

88 

38 

38 

45 

65 

67 

43 

38 

100 

78 

55 

53 

65 

65 

77 

74 

130 

130 

140 

150 

120 

150 

100 

140 

360 

390 

35 

12 

160 

160 

100 

110 

48 

33 

72 

120 

67 

69 

55 

59 

90 

77 

42 

48 

52 

51 

35 

27 

36 

31 

42 

35 

41 

47 

27 

34 

34 

330 

730 

750 

75 

45 

410 

420 

230 

230 

190 

150 

290 

440 

21 

20 

130 

130 

91 

66 

82 

84 

56 

55 

55 

54 

65 

66 

110 

100 

90 

99 

63 

78 

83 

2 

48 

27 

4 

4 

32 

28 

9 

6 

10 

8 

20 

29 

2 

2 

24 

21 

21 

11 

23 

22 

22 

18 

21 

15 

23 

19 

36 

25 

67 

77 

33 

40 

40 

160 

530 

530 

66 

50 

240 

240 

70 

78 

150 

63 

280 

330 

8 

11 

160 

170 

130 

78 

160 

140 

99 

95 

90 

84 

120 

120 

240 

240 

270 

300 

190 

240 

190 

6.2 

7.3 

7.4 

3.2 

3.1 

6.2 

6.1 

8.4 

7.7 

2.8 

4.6 

2.5 

3.9 

11.3 

9.2 

2.0 

1.8 

2.5 

3.5 

1.4 

1.8 

2.2 

2.2 

1.9 

1.7 

1.5 

1.4 

0.9 

0.6 

0.6 

0.6 

1.0 

0.9 

0.8 

7.3 

8.7 

8.8 

3.3 

3.2 

7.3 

7.2 

10.0 

9.2 

2.8 

5.2 

2.4 

4.3 

13.4 

11.0 

17.0 

1.4 

2.4 

3.8 

0.8 

1.4 

1.9 

1.9 

1.5 

1.2 

0.9 

0.8 

0.1 

-0.4 

-0.4 

-0.4 

0.2 

0.1 

-0.1 

418 

559 

1,166 

82 

1,043 

1,107 

1,021 

1,766 

1,873 

519 

117 

98 

103 

52 
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Appendix C: Groundwater Quality Data for All NKWSD Wells (2013-2014) 

Well# 

88-17-22 

88-17-23 

88-17-23 

88-17-24 

88-17-24 

88-17-36 

88-17-36 

88-17-59 

88-17-59 

88-19-3 

88-19-3 

88-21-5 

88-21-5 

88-21-16 

88-21-16 

88-25-5 

88-25-5 

88-25-10 

88-25-10 

88-25-13 

88-25-!3 

88-25-16 

88-25-16 

88-25-30 

88-25-30 

88-25-31 

88-25-31 

Year 

20!4 

20!3 

20!4 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

pH 

8.3 

8.2 

8.4 

8.5 

8.3 

7.9 

8.2 

8.1 

8.4 

8.4 

8.3 

8.5 

8.4 

8.1 

8.2 

8.1 

8.1 

8.1 

8.1 

8.2 

8.1 

8.3 

8.5 

8.2 

8.2 

8.3 

8.2 

88-29-6 2013 8.2 

88-29-9 2013 8.3 

88-29-9 2014 8.2 

88-29-13 2013 8.6 

88-29-13 2014 8.6 

88-29-14 2013 9.0 

88-29-14 2014 8.7 

88-29-15 2013 8.1 

88-29-15 2014 8.1 

88-29-35 2013 8.2 

88-29-35 2014 8.1 

88-29-39 2013 8.4 

99-0-3 2013 7.5 

Report of Waste Discharge, 

Electrical 

Conductivity 

micromhoslcm 

560 

390 

400 

210 

220 

730 

780 

420 

440 

300 

350 

270 

270 

520 

360 

410 

420 

410 

420 

450 

470 

270 

200 

310 

310 

260 

250 

1,300 

240 

240 

230 

220 

220 

230 

280 

270 

285 

280 

210 

900 

Total 

Dissolved 

Solids 
mgnC•J 

370 

240 

300 

120 

180 

450 

490 

270 

260 

190 

190 

150 

180 

310 

230 

240 

230 

230 

250 

310 

290 

200 

130 

220 

170 

180 

160 

150 

130 

130 

120 

150 

120 

160 

150 

170 

170 

180 

140 

550 

California Resources Corporation, Bakersfield, California 
G"S.Qo,p>.."""""""'411oi<al31lOO_CRC'I(Il.-lfi�·�VW::fl�1<GND«a�"' 

Hardness as 
Calcium 

Boron Calcium Magnesium Sodium Potassium Hydroxide Carbonate Bicarbonate Chloride Sulfate Nitrate Carbonate SAR ESP Gypsum 

mgn mg/1 mg/1 mg/1 mgll mg/1 mgll mgn mgll mgll mgll mg/1 mg/1 mgll mgll 
0.10 62 8.8 3! 2.1 3.3 120 3! 76 36 190 1.! 0.4 

0.10 42 3.8 27 2.1 90 2! 44 28 120 0.9 O.i 

0.10 4! 4.0 32 1.9 1.9 93 21 46 26 120 1.2 0.5 

0.10 16 0.51 23 1.4 2.6 65 9 17 7 42 1.9 1.5 622 

0.10 15 0.41 26 0.6 71 9 18 8 39 2.0 1.7 539 

0.10 96 14 35 3.2 190 35 99 37 300 0.5 -0.5 

0.10 100 16 43 2.8 2.1 190 37 110 35 320 0.8 -0.1 

0.10 49 3.9 25 2.2 100 21 55 27 140 0.9 0.1 

0.10 53 5.0 31 2.0 3.7 110 22 59 25 150 1.2 0.5 

0.10 28 2.0 26 1.7 2.2 69 17 30 20 78 1.5 0.9 69 

0.!0 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.24 

34 

22 

19 

60 

34 

47 

46 

46 

45 

56 

53 

24 

10 

31 

29 

22 

� 
25 

18 

17 

12 

11 

9 

10 

25 

22 

28 

25 

12 

55 

2.7 

0.92 

0.73 

4.8 

2.6 

4.1 

3.8 

3.9 

3.9 

6.9 

6.9 

0.72 

0.05 

1.9 

54 

0.86 

0.60 

0.46 

0.29 

0.17 

0.05 

0.05 

0.05 

0.05 

1.1 

0.73 

1.4 

1.1 

0.41 

0.42 

31 

27 

31 

31 

30 

25 

31 

24 

30 

26 

28 

26 

29 

23 

1300 

22 

28 

25 

24 

28 

25 

31 

29 

36 

25 

30 

22 

29 

25 

100 

1.2 

1.5 

0.5 

2.3 

0.5 

2.1 

1.0 

2.2 

0.9 

2.2 

0.9 

1.6 

0.5 

1.8 

280.0 

1.4 

0.5 

1.7 

1.5 

0.5 

1.3 

0.5 

1.2 

0.5 

1.7 

0.5 

1.7 

0.5 

1.4 

2.6 

2.7 

2.2 

2.2 

0.08 

3.8 

3.8 

7.7 

3.9 

1.3 

73 

62 

58 

110 

86 

100 

100 

110 

110 

140 

140 

81 

57 

96 

96 

74 

73 

69 

64 

63 

52 

51 

35 

40 

75 

68 

84 

79 

55 

79 

20 

17 

16 

32 

20 

42 

44 

33 

34 

27 

28 

20 

14 

19 

18 

22 

� 
33 

21 

22 

21 

20 

16 

18 

23 

23 

20 

21 

17 

98 

37 

31 

30 

76 

44 

30 

32 

36 

39 

40 

44 

18 

16 

24 

24 

17 

.!I 
18 

15 

17 

18 

19 

27 

30 

22 

24 

21 

23 

17 

180 

26 

12 

12 

31 

17 

10 

12 

12 

14 

13 

15 

6 

5 

6 

7 

4 

§_ 
7 

6 

8 

6 

8 

11 

14 

8 

10 

6 

8 

5 

17 

96 

59 

50 

170 

96 

130 

130 

130 

130 

170 

160 

63 

25 

85 

290 

58 

50 

64 

46 

43 

30 

28 

22 

24 

67 

58 

76 

67 

72 

140 

0.9 

1.9 

2.2 

1.1 

1.4 

0.8 

1.1 

0.9 

1.1 

0.6 

0.9 

1.4 

3.2 

1.1 

-6.0 

1.5 

.!& 
1.9 

2.1 

2.1 

2.9 

3.3 

3.5 

3.8 

1.4 

1.8 

1.1 

1.3 

2.6 

4.5 

0.1 

1.5 

1.9 

0.4 

0.8 

-0.1 

0.4 

0.1 

0.4 

-0.4 

0.1 

0.8 

3.3 

0.4 

-11.2 

0.9 

ll 
1.5 

1.8 

1.8 

2.9 

3.5 

3.8 

4.2 

0.8 

1.4 

0.4 

0.7 

2.5 

5.1 

401 

536 

104 

1,361 

23,987 

155 

363 

571 

551 

991 

1,300 

1,183 

1,400 

70 

324 

12 

954 

151 
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Appendix C: Groundwater Quality Data for All NKWSD Wells (2013-2014) 

Total 

Electrical Dissolved 

Well# Year pH Conductivity Solids 

micromhosfcm mgn<•) 

99-0-3 2014 7.9 890 570 

99-0-6 

99-0-8 

99-0-8 

99-0-9 

99-0-9 

99-0-12 

99-0-17 

99-0-17 

99-0-18 

99-0-18 

99-0-22 

99-0-22 

99-0-26 

99-0-26 

99-0-32 

2014 7.8 

2013 7.5 

2014 7.9 

2013 7.4 

2014 7.8 

2013 7.3 

2013 7.3 

2014 8.2 

2013 7.7 

2014 

2013 8.4 

2014 8.4 

2013 8.4 

2014 8.5 

2013 8.4 

99-0-32 2014 8.4 

99-0-35 2013 8.6 

99-0-35 2014 8.4 

99-0-67 2013 8.1 

99-0-81 2013 7.9 

99-0-81 2014 8.5 

99-0-84 2013 7.9 

99-0-90 2013 8.0 

99-0-90 2014 8.7 

99-0-96 2013 8.1 

99-0-102 2013 8.2 

99-0-102 2014 8.4 

99-0-106 2013 8.2 

99-0-106 

99-0-108 

99-0-108 

99-0-114 

99-0-114 

99-0-117 

99-0-117 

99-0-119 

99-0-119 

99-2-4 

99-2-4 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

8.4 

8.2 

8.4 

8.2 

8.3 

8.3 

8.2 

8.3 

8.2 

8.4 

8.8 

Report of Waste Discharge, 

1,500 

1,600 

1,600 

1,600 

1,600 

1,000 

880 

890 

420 

250 

240 

230 

200 

270 

240 

320 

290 

450 

770 

700 

710 

484 

500 

380 

310 

320 

290 

300 

260 

270 

230 

230 

230 

230 

253 

260 

480 

410 

980 

1100 

1100 

1000 

2.!.QQ. 
590 

540 

530 

230 

210 

140 

180 

140 

130 

150 

150 

190 

180 

310 

530 

460 

460 

310 

340 

230 

200 

210 

170 

180 

130 

160 

160 

11 

160 

130 

160 

180 

220 

270 

California Resources Corporation, Bakersfield, California 
G"S.Gr«4M<>nirio.lob\I"I'�OO_CRC1ffi.�*I.W.·R0�_2013-I'GWD�oxlsx 

Hardness as 
Calcium 

Boron Calcium Magnesium Sodium Potassium Hydroxide Carbonate Bicarbonate Chloride Sulfate Nitrate Carbonate SAR ESP Gypsum 

mgfl mg/1 mg/1 mg/1 mg/1 mgfl mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 
0.27 63 0.40 140 1.7 74 90 200 18 160 4.0 4.4 13 

0.19 

0.35 

0.48 

0.19 

� 
0.12 

0.10 

0.10 

0.10 

0.10 

0.13 

0.12 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

.QJ..Q. 
0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.21 

0.22 

130 

140 

160 

130 

150 

51 

37 

44 

14 

13 

9 

9 

9 

8 

10 

9 

9 

11 

41 

100 

92 

81 

54 

59 

40 
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Kennedy/.Jenks Consultants 

Appendix C: Groundwater Quality Data for All NKWSD Wells (2013-2014) 

Well# 

99-2-6 

99-2-8 

99-2-8 

99-2-24 

99-2-24 

99-4-5 

99-4-5 

99-6-8 

99-22-10 

99-22-10 

99-22-14 

99-22-14 

99-22-29 

99-22-29 

99-22-41 

99-22-41 

99-22-84 

99-22-84 

99-26-10 

99-26-10 

99-26-26 

99-26-26 

99-26-85 

99-26-85 

Note: 

Year 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

2013 

2014 

Total 
Electrical Dissolved 

pH Conductivity Solids 
micromhos/cm mg/IC•) 

8.8 310 190 

8.5 380 220 

8.6 350 240 

8.2 360 190 

8.4 320 230 

8.7 300 160 

8.6 240 160 

8.6 170 95 

8.2 280 190 

8.4 290 160 

8.3 220 140 

8.1 240 200 

8.3 240 150 

8.2 240 160 

8.3 250 160 

8.3 260 170 

8.3 250 160 

8.2 260 200 

8.3 250 130 

8.2 240 160 

8.5 200 110 

8.5 200 110 

U 100 M 

s1 1w ro 

(a) mg/1 =milligrams per liter 

Report of Waste Discharge, 

California Resources Corporation, Bakersfield. California 
G\ls.G<o..po\""""""'14\1-I&'OOBOO_CRC'IIl'!--'"'I�·�Jrn�l<GNO.o•"" 

Hardness as 
Calcium 

Boron Calcium Magnesium Sodium Potassium Hydroxide Carbonate Bicarbonate Chloride Sulfate Nitrate Carbonate SAR ESP Gypsum 
mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 ______!!!9_11 ___ mg/1 mg/1 _____!!!9/1 
0.17 4 0.05 75 0.5 5.5 48 53 25 2 10 9.6 11.4 2,147 

0.10 0 0.05 54 1.2 1.1 45 41 63 2 1 48.1 41.1 1,870 

0.13 8 0.05 81 0.5 2.8 38 35 84 3 21 7.2 8.6 1,919 

0.10 11 0.05 46 1.4 46 30 72 4 28 5.0 5.8 1,113 

0.10 14 0.05 65 0.8 1.2 37 23 83 6 35 4.4 5.0 1,385 

0.13 4 0.05 43 1.1 66 14 40 29 2 10 10.1 12.0 2,550 

0.12 4 0.05 57 0.5 3.5 49 27 31 3 10 7.4 8.8 2,243 

0.10 6 0.05 35 0.5 0.10 53 9 18 3 14 4.3 4.8 2,034 

0.10 28 1.6 22 1.7 89 17 22 6 77 1.1 0.4 

0.10 30 1.8 27 1.2 2.1 92 16 24 6 82 1.5 0.9 116 

0.10 13 0.35 26 1.5 65 16 17 5 34 2.2 1.9 636 

0.10 15 0.50 35 2.2 69 16 19 5 40 2.1 1.8 504 

0.10 16 0.22 27 1.5 1.0 67 15 21 7 41 2.4 2.2 761 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

15 

19 

21 

18 

17 

18 

17 

10 

9 

7 

7 

0.16 

0.66 

0.70 

0.32 

0.25 

0.19 

0.05 

0.13 

0.05 

0.34 

0.26 

32 

26 

35 

28 

40 

24 

31 

25 

29 

22 

27 

1.3 

1.5 

1.0 

1.8 

0.9 

1.5 

0.5 

1.3 

0.5 

0.9 

0.5 

1.3 

0.80 

2.0 

1.8 

4.2 

69 

81 

85 

70 

74 

67 

65 

49 

48 

43 

49 

14 

14 

14 

13 

13 

20 

21 

15 

16 

10 

10 

21 

19 

20 

26 

27 

18 

20 

16 

18 

13 

14 

6 

5 

5 

10 

9 

4 

7 

5 

7 

5 

5 

38 

50 

55 

46 

43 

46 

43 

26 

23 

19 

19 

1.9 

1.7 

2.1 

2.3 

2.3 

1.8 

2.2 

2.7 

3.3 

2.8 

2.8 

1.5 

1.2 

1.8 

2.1 

2.1 

1.4 

1.9 

2.7 

3.5 

2.8 

2.8 

371 

316 

595 

707 

5.7 

337 

633 

981 

1,355 

1,253 

923 
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Appendix D 

Arsenic Attenuation of Famoso Groundwater Banking Project Soils 



APPENDIX D -Arsenic Attenuation on Famoso Groundwater Banking Soils 

D.l. General Information 

One of the main criteria for establishing an anti-degradation plan for the Famoso Recharge Area was the 

assessment of arsenic (As) attenuation in the Famoso soils. Prior water quality analyses on the blended 

oilfield produced water used for aquifer recharge at the Famoso site have detected low concentrations 

of As in the 15-20 parts per billion (ppb) range. Though this concentration range is low enough to be of 

no concern for agricultural uses, the 10-20 ppb range is above the U.S. Environmental Protection Agency 

MCL of 10 ppb for As. In addition, the cumulative effects of multiple recharge cycles containing low As 

concentrations requires an analysis of the long term effects of low level As inputs on local the soil profile 

and groundwater resources. 

Given these demands for a more detailed understanding of the impacts of multiple (annual) recharge 

inputs of oilfield water to the Famoso site, the overall objective of this study was to establish the As 

attenuation capacity of the Famoso soils by conducting detailed laboratory tests using soil and water 

samples collected at the Famoso site. Arsenic 'attenuation' is defined here as the adsorption, or surface 

binding, of dissolved As to a soil mineral surface. Greater attenuation will result in As tightly bound in 

the soil profile that is unlikely to migrate significantly down gradient in the soil profile. The specific 

objectives were (1) measure important bulk soil properties that are known to affect As attenuation 

capacity of soil, (2) to study the As attenuation reaction in Famoso soils by standard batch equilbrium 

studies, (3) to establish the rate of As attenuation on Famoso soil, and {4) to determine whether Famoso 

surface soils oxidize arsenite (As(lll)) to arsenate (As(V)) under conditions expected at the site. 

0.2. Soil Sampling 

The Famoso Groundwater Recharge site is situated in Kern County, CA and is dominated by the Wasco 

sandy loam soil type (Soil Survey of Kern Co., CA- Northwestern Part). As described in Section 3 of this 

report, the Famoso surface soils consist of about 250 feet of Pleistocene-age lenticular, loosely 

consolidated deposits of clay, silt, sand, and gravel. The surface soils are primarily silty sands underlain 

by poorly graded sands to a depth of about twenty-five feet. The soil profile includes extensive and 

discontinuous sandy clay lenses two to five feet thick. 

On June 9, 2010 several soil samples {n = 12) were taken at the Famoso Groundwater Banking Project 

site to provide a reasonable representation of the soil variability (FigureD 1 ). In addition to surface 

samples a group of subsurface soil samples (n = 8) were obtained from soil cores collected by Kleinfelder 

& Associates (Kieinfelder- June 23, 2010}. The subsurface samples were distributed over the Famoso 

Basin site and range in depths from 15-35 feet. 
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Legend 

Surface sols 

collected 

6-19-10 

Subsurface soils 

collected 

4-22-10 

Figure 0.1. Photo of the June 9, 2010 soil sampling event and soil sample location map for Famoso 

Groundwater Banking Project soils used in the arsenic (As) attenuation study. Samples 1-6 are surface 

sample locations with depths at 1 and 8 feet to produce a total of n = 12 samples. Samples B-1 to B-5 

are soil bores collected by Kleinfelder & Associates (n = 8) at depths varying from 15-35 feet. 
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0.3. Study Methods 

0.3.1. Bulk Soil Properties 

All whole soil samples were subjected to an initial, preparative step to separate the coarse and fine 

fractions with a 200-micron stainless steel sieve. In preliminary tests it was determined that the fine 

fractions had greater As(V) attenuation and much better experimental reproducibility than the whole 

soil. Therefore, the fine fraction was used in most tests of As(V) attenuation. The results of all work 

with the fine (<200 micron) fraction of whole soil were eventually scaled back to whole soil on a mass 

basis in order to allow for accurate predictions of As(V) attenuation on whole soil at the Famoso field 

site. Both coarse and fine soil fractions were analyzed by X-ray diffraction (XRD) analysis using a Bruker 

08 ADVANCE X-ray diffractometer to provide bulk mineralogy. XRD data were analyzed with EVA XRD 

diffraction software with an ICDD Database for identification of crystalline mineral phases in the soils. 

Other measurements performed included bulk water content and pH of a 1:10 soil:deionized water 

suspension. 

0.3.2 Total Fe and As in Famoso Soils 

Total soil iron (Fe) and As were determined by extraction of whole soil with 50% high purity nitric acid 

(HN03) followed by analysis with a Varian 220FS atomic absorption spectrometer (AAS). Both Fe and As 

were measured in the filtered, undiluted 50% HN03 extraction solutions. Iron analyses were performed 

by air-acetylene flame AAS (FAAS) whereas total As analyses were conducted using hydride generation 

atomic absorption spectrometry (HGAAS). The HGAAS is a sensitive and reliable technique for 

determination of trace (ppb-level) As in complex solution matrices such as soil extracts (limit of 

detection= 0.2 parts per billion As). All tests run including total As in untreated soil and As-treated soils 

used the HGAAS technique. All analyses of total Fe and As were performed in duplicate. Duplicate runs 

that failed to provide consistent results were repeated until duplicates were within ±5% precision. In 

addition to FAAS, the total Fe content of the soils was investigated with a Bruker Tracer Ill hand-held X

ray Fluorescence (XRF) analyzer. The XRF measurement is an "in-situ" measurement that does require 

sample preparation or acid extraction. 

0.3.3 As(lll} Oxidation by Famoso Soils 

It was determined in preliminary tests that oilfield produced waters from Reservoir B contained low 

concentrations (1-5 ppb) of As(lll) in addition to As(V). Though these levels are low, both the toxicity 

and mobility of As(lll) are reported to be higher than the more oxidized As(V) species. Previous 

investigations have reported As(lll) oxidation in soil samples from the California San Joaquin Valley 

( Manning and Suarez 2000). Therefore, one of the experimental goals was to assess the stability of the 

As(lll) species toward oxidation to As(V) under the surface whole soil conditions expected at the Famoso 

Basin site which is expected to enhance the overall attenuation of As in the Famoso soils. 

Three surface, whole soil samples (3-1, 4-1, and 5-1) were selected for the As(lll) treatment experiments 

based on their relatively high coarse fraction content (69-86%) and their relatively low As attenuation. It 

must be noted that the objective was to test oxidation of dissolved As(lll) to As(V) and thus it was 

necessary for As(V) to remain in the aqueous phase for further As(III)/As(V) speciation analysis; strongly 

attenuating soils could not be tested because they removed the As(V) product from solution making it 

difficult to ascertain the extent of As(lll) oxidation. 
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In all As(lll) oxidation experiments the soil:solution ratio was maintained at 1:10 by reacting 30 g soil 
with 300 mL of reaction solution. The As(lll)-treated soil samples were shaken periodically for 24 h and 
allowed to settle for 2 h prior to removal of the clear overlying solution. Approximately 250 mL volumes 
of the recovered reaction solution were filtered and placed into 250 mL amber polyethylene bottles. 
Sample bottles were refrigerated for less than 24 h and overnight-shipped on ice to Week Laboratories 
(a certified analytical laboratory in City of Industry, CA). The speciation analyses of As(III)/As(V) were 
performed using anion exchange chromatography for As{III)/AS(V) separation in series with inductively 
coupled plasma-mass spectrometry {ICP-MS) for detection (EPA Method 200.8M). 

0.3.4. Arsenic Attenuation in Famoso Soils 

0.3.4.1. Project Water 

The As attenuation experiments reported in this study used oilfield produced water samples collected in 
October 2010 from two locations: (1) Chevron Discharge to Reservoir B and (2) Valley Waste Discharge 
to Reservoir. The objective was to simulate the solution properties anticipated at the Famoso Basin 
Groundwater Banking Project using actual oilfield produced water in the As attenuation experiments. 
Table 0.1. Shows typical water quality data (annual averages) for Chevron, Valley Waste, Kern River, and 
Blended water samples measured by Precision Analytical, Inc. 

Table 0.1. Select water quality parameters measured in oilfield waters (Chevron and Valley WasteL 
Kern River water, and blended oilfield water measured by Precision Analytical, Inc. Values reported here 
are the annual average of monthi'Y samples (n = 12). 

Water As Na HC03 Cl EC TOS 

sample (ppb) (ppm) (ppm) (ppm) pH @25C (ppm) 

Chevron 16.6 119 242 113 6.71 717 396 
Valley Waste 79.0 175 379 87 7.44 836 474 

Kern River 5.01 26 67 27 7.35 226 147 
Blended 18.0 83 165 73 7.11 490 278 

The procedure used to produce blended oilfield (project) water involved mixing Chevron and Valley 
Waste Discharge to Reservoir B water with a laboratory-prepared synthetic Kern River water at a typical 
ratio anticipated at the Fa moso Basin site. Table 0 2. lists the laboratory recipe used for generating 
blended oilfield rproject") water. The Chevron: Valley Waste (oilfield) blending ratio was 4.5:1 followed 
by a Kern River:oilfield blending ratio of 8:1. The As concentrations of the Chevron, Valley Waste, 
synthetic Kern River, and blended project waters were tested by HGAAS and confirmed by Week 
Laboratories, Inc. using ICP-MS. The As concentration for soil treatment solutions were then adjusted by 
addition of known concentrations of arsenate (As(V)). 

Table 0.2. Blending ratio used to produce blended oilfield ("project") water in the As attenuation 
experiments. 

Volume As 

Water Sample (ml) (ppb) 
Chevron 90 18 

Valley Waste 20 110 
Kern River (synthetic) 890 0 

Blended 1000 4 
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0.3.4.2. Arsenic Attenuation Experiments 

The As attenuation experiments were performed using blended oilfield "project" water treated with 

varying concentrations of As(V). Project water was treated with a 2 parts per million (ppm) sodium 

arsenate (Na2HAs04) stock solution to prepare As(V)-treated project water. For the surface soils (0-8 ft. 

depth) the As(V) treatment concentrations were 0, 20, 25, 30, 35, 40, 50, 60 ppb As(V). The procedure 

used for all As(V) uptake experiments included equilibrating 2.00 grams of soil (<200 micron fraction) 

with 20 ml of project water solution containing known As(V) treatment concentrations (0-120 ppb) for 

24 hours. The soil:solution mixtures were then centrifuged, filtered, and analyzed for total As by 

HGAAS. The amount of As(V) uptake was determined by the difference between added As(V) and the 

total concentration remaining in solution after 24 equilibration time. 

In order to simulate a typical field treatment of the soils with project water a six-step multiple, "cyclic" 

treatment scheme was performed as outlined in Table 0.3. The resulting treatments included two 

successive As(V) treatments (Steps 1 and 2) followed by a wash step using clean Kern River Water (Step 

3). This was repeated (Steps 4-6) making a total of four As(V) treatment steps and two wash steps. 

Table 0.3. Cyclic As(V) attenuation treatment scheme used to simulate multiple As(V) treatments of the 

Famoso Soils. This scheme was applied to all project soils. 

Step Treatment 

a. React soil with As(V)-treated project water for 24 hours 

1 b. Centrifuge, remove solution, analyze for total dissolved As by HGAAS 

2 Repeat Step 1 

a. React soil with synthetic Kern River Water (zero As) for 24 hours 

3 b. Centrifuge, remove solution, analyze for total dissolved As by HGAAS 

a. React soil with As(V)-treated project water for 24 hours 

4 b. Centrifuge, remove solution, analyze for total dissolved As by HGAAS 

5 Repeat Step 4 

a. React soil with synthetic Kern River Water (zero As) for 24 hours 

6 b. Centrifuge, remove solution, analyze for total dissolved As by HGAAS 

0.3.4.2. Arsenic Attenuation Kinetics Experiments 

Separate experiments were performed on a subset of subsurface soils to determine the As(V) 

attenuation rate on Famoso soil. This experiment was performed in a 250 ml stirred reactor containing 

4.0 g soil in 250 ml of As(V)-treated project water. The soil was allowed to equilibrate first with 

untreated project water for 0.5 h followed by addition of As(V) stock solution to initiate the reaction 
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with an initial As(V) concentration of 20 ppb. Samples of the suspension were withdrawn at selected 

times with a 10 mL syringe, immediately filtered with 0.1 micron membrane syringe filter, and analyzed 

for total dissolved As by HGAAS. 

0.3.5. Modeling Arsenic Attenuation and Transport in Famoso Soils 

The experimental results of laboratory work are useful for the development and application of computer 

modeling of the fate and transport of As at the Famoso Groundwater Banking Project. To establish a 

theoretical link between bench-scale tests of As(V)-treated soil we applied the Langmuir equilibrium 

adsorption isotherm model to describe the attenuation data. The Langmuir model is a simple 

expression that relates the amount of attenuated solute (As) to the equilibrium concentration of that 

solute in contact with a solid (soil): 

(C)= KbC 
q l+KC 

where q(C) is the quantity of As(V) uptake (e.g., mg/kg), Cis equilibrium As(V) concentration (e.g., ppb), 

K is the uptake constant, and b is the theoretical As(V) attenuation maximum (mg/kg). The Langmuir 

expression was fit to several As(V) soil attenuation data sets using a non-linear least squares 

optimization technique using K and b as adjustable parameters. The results of fitting the Langmuir 

isotherm expression (values of K and b) were then exported for use in the HYORUS 20 solute transport 

model. The results of solute transport modeling using HYORUS 20 are explained in Section 5.4 Modeling 

Potential Groundwater Impacts. 
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0.4 .Results 

0.4.1. Bulk Soil Properties Results 

The results of measured soil properties in the Famoso soil samples set are shown in Table 0.4. Both soil 

texture and amount of total Fe are well known to affect soil retention of anions such as As(V). Soils with 

a fine texture and higher Fe content generally display a higher As(V) uptake (attenuation) capacity. The 

Famoso soil texture was highly variable within the sample set varying between 10-90% coarse fraction. 

The Famoso soil textures were generally dominated by the sand fraction with a mean coarse fraction 

(particles larger than 200 microns) of 71% by weight. This value is in reasonable agreement with the 

60% coarse-grained material estimate derived from field observations, drillers logs, and e logs from the 

Famoso Groundwater Banking Project soils discussed earlier in this report (see Section 3.5.3 Ratio 

Coarse-Grained Material to Fine-Grained Material). 

Measurements of bulk soil pH in 1:10 soil:water extracts showed slightly alkaline conditions with a mean 

pH of 7.6 ranging between 6.88-8.11. The subsurface samples were slightly less alkaline (mean pH = 

7.34) than the surface sample set (mean pH = 7.81). Lower pH favors the development of positive 

surface charge on inorganic soil mineral surfaces, especially metal hydroxide weathering products such 

as Fe(OHh and AI(OHh (McBride. 1994) The metal oxide/hydroxide minerals (especially Fe) are known 

to display a high surface affinity for anions such as H2As04. in soil, especially at low-neutral pH. High 

natural Fe contents, low-neutral soil pH, and finer textured soil materials all contribute to increasing the 

As(V) attenuation of the soil (Mannin� and Suarez. 2000). In separate experiments, the soil:water 

suspension pH was adjusted between pH 6-8 to test the effects of pH on As(V) attenuation. No 

significant difference in As(V) attenuation on Famoso soils was observed over the adjusted pH range 6-8. 

0.4.2. Total Fe and As in Famoso Soils 

Table o 4. includes the results of total Fe as determined by FAAS. The mean Fe concentration in the 20 

soil sample set was 0.5(±0.3)% Fe with a range between 0.10 to 1.34%. The results suggest a reasonably 

high natural variability in total soil Fe at the Famoso site. Soils containing in excess of 1% Fe are 

favorable for the attenuation of As(V). Total As in the Famoso soils is also shown in Table o 4. The mean 

As concentration in the 20 soil sample set was 1.7(±0.5) mg/kg As with a range between 0.80 to 2.90 

mg/kg. These levels are generally low and represent background levels from natural sources such as 

primary minerals and weathering products from the alluvial setting surrounding the Famoso 

Groundwater Banking Project site. 

Results from X-ray diffraction analyses revealed that the bulk Famoso soil mineralogy was dominated by 

quartz (alpha-Si02) and aluminosilicates such as albite (plagioclase feldspar, NaAISi308). Two 

representative examples of XRO results are shown in Figures 0.2 and 0 3. Certain surface soil samples 

contained traces of Fe minerals such as fayalite (Fe2Si04) and Fe oxyhydroxide (FeOOH) and secondary 

clay minerals such as montmorillonite. The presence of iron was confirmed both by FAAS 

measurements of HN03 extracts and XRF (Figure 0 4 ). Though traces of crystalline Fe oxide were 

detected in some XRD measurements, a poor correlation was observed between the amount of total Fe 

and the detection of crystalline Fe phases. Most of the soils showed no detectable crystalline Fe 

oxide/hydroxide including soils containing significant (>1%) total Fe. 
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Table 0.4. Famoso Groundwater Banking Project soils (n = 20) studied in the As attenuation 
experiments. Selected properties included are coarse fraction (>200 micron), fine fraction ( <200 
micron), total Fe, and total As determined by HN03 digestion. Iron and As values are the concentrations 
in the whole soil and are the average of duplicate extractions with relative errors <5%. 

Course Fine 
Sample Sample Soil pH fraction fraction Total Fe Total As 

ID Depth (ft.) (1:10) (%) (%) (%) (mg/kg) 

1-1 0 7.93 78 22 0.206 1.74 

1-2 8 7.84 80 20 0.101 1.71 

2-1 0 8.04 53 47 0.450 1.01 

2-2 8 7.92 46 54 0.220 1.30 

3-1 0 6.93 77 23 0.557 2.89 

3-2 8 7.54 67 33 0.654 1.77 

4-1 0 7.95 69 31 0.637 1.92 

4-2 8 7.90 20 80 0.770 1.95 

5-1 0 7.83 86 14 0.155 0.76 

5-2 8 7.68 67 33 0.556 1.09 

6-1 0 8.11 77 23 0.299 1.33 

6-2 8 8.05 75 25 0.613 1.97 

B-1-30 30 7.81 76 24 1.339 1.59 

B-2-35 35 6.98 55 45 0.943 2.07 

B-3-15 15 7.56 77 23 0.790 0.89 

B-4-25 25 7.80 77 23 0.531 1.76 

B-4-30 30 6.88 81 19 0.320 1.55 

B-5-15 15 7.72 85 15 0.949 1.98 
B-5-25 25 6.98 82 18 0.340 2.10 

B-5-35 35 6.95 90 10 0.359 2.31 

High 8.11 90.5 79.7 1.34 2.9 

Low 6.88 20.3 9.5 0.10 0.8 

Mean 7.6 71 29 0.5 1.7 

Std Dev 0.4 20 20 0.3 0.5 
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Figure 0.2. X-ray diffraction results from soil 2-1. The colored bars are the library search-match results 
from the ICDD mineral database showing the presence of alpha-quartz (a-Si02), fayalite (Fe2Si04), 
sodium-magnesium silicate (NaMg4Si6015(0Hh), and Fe oxide hydroxide (d-FeOOH) . 
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Figure 0.3. X-ray diffraction results from soil B-5-35. The colored bars are the library search-match 
results from the ICDD mineral database showing the presence of alpha-quartz (a-Si02), albite 
(NaAISi308). 
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Figure 0.4. Representative X-ray fluorescence (XRF) spectrum of Famoso soil sample 2-1 showing the Fe 

Ka and Fe KP peaks. The XRF instrument was optimized for Fe quantitative analysis. The total Fe 

concentration in this soil is 0.45% by weight when measured by HN03 extraction and FAAS. 

0.4.3. Results of As(lll) Oxidation by Famoso Soils 

Preliminary tests of the As(III)/As(V) speciation in oilfield waters indicated that low levels (1-5 ppb) of 

As(lll) were present along with As(V). Oxidation of As(lll) to As(V) is a necessary step in most water 

treatment strategies to remove dissolved As. In addition, As(lll) oxidation to As(V) has been observed in 

previous studies with San Joaquin Valley soils (Manning and Suarez. 2000: Manning 2005). Therefore, 

oxidation of As(lll) to As(V) in the oxidizing surface soil environment at the Famoso Groundwater 

Banking Project site was anticipated. 

The results of As(lll) tests using three As(lll)-treated whole surface soils and three solution controls are 

shown in Table o 5 As noted earlier, the soils used in this test were whole surface soils with modest 

As(V) attenuation due to their high coarse-grained material content (68-86% coarse material). The 

objective was to maintain the total As in the aqueous phase so that As(III}/As(V) speciation could be 

performed using ICP-MS. Despite the coarse-grained texture of the soils, the total %recovery of added 

As varied between 44-90% suggesting attenuation of As(V) had occurred. The solution controls showed 

nearly 100% recovery of added As(lll) and total As recoveries between 94-105%. In soils 3-1 and 4-1 

As(lll) was not detected whereas in soil 5-1 a small amount of As(lll} remained (1.4 ppb). The 

mechanism of As(lll} oxidation by soil is complex, involving dissolved oxygen and heterogeneous 

reactions on mineral surfaces. Manganese oxides are also well-known oxidants that can occur naturally 
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in soil (Kim et al. 2002). Based on these results it was concluded that (1) Famoso surface soils oxidize 

As{lll) to As(V) in 1:10 suspension (24 h) and (2) added As{lll) is partially attenuated as As(V) in Famoso 

whole soils. 

TableD 5 Treatment conditions and results for As(lll)-treated Famoso surface (0 ft ) soils 

Soil Soln Added Recovered 
Sample mass Vol As(lll) As(V) As{ I II) As(V) 

Description (g) (ml) (ppb) (ppb) (ppb) (ppb) 
Soil sample 3-1 30.23 300 20 0 ND 8.7 
Soil sample 4-1 30.50 300 20 0 ND 18 
Soil sample S-1 30.59 300 20 0 1.4 14 

Solution control 0 300 20 0 18 0.8 
Solution control 0 300 0 20 ND 21 
Solution control 0 300 20 20 18 23 

0.4.4 Results of Arsenic Attenuation Experiments 

0.4.4.1 Surface (0.8 ft.) Soils 

Total 

(%) 
44 
90 
77 

94 
105 
103 

The results of the cyclic As(V) attenuation experiments on the subset of surface soils (0-8 ft.) are shown 

in Figure D.S.A. The data in Steps 1-6 are the means of 12 surface soils with standard deviations in the 5-
10% range. The results revealed that between 70-85% of added As(V) in the project water was 

attenuated by the surface soils (<200 micron fraction) during the Step 1 treatment. Step 2 showed a 

modest increase in the attenuation (percent uptake) of added As(V) for the lower treatments (20 and 25 
ppb As(V)) with a slight decrease in attenuation at higher As(V) concentrations (30-60 ppb). Despite the 

decrease, the attenuation remained high at "'65-70% added As(V). 

Washing the treated soils with Kern River Water (Step 3) was intended to simulate leaching conditions 

at the Famoso site where relatively low As-content water is occasionally supplied to the recharge basins. 

Step 3 removed <10% of the accumulated As(V) from the treated soils suggesting that attenuated As(V) 

is strongly bound to soil mineral surfaces. This phenomenon has been attributed to "specifically 

adsorbed" As(V) which forms a covalent chemical bond with metal (Fe and AI) oxide mineral surfaces. 

Specifically adsorbed ions such as As(V) are semi-irreversibly incorporated into soil and are not readily 

leached from the soil unless extremely alkaline waters (pH > 8.5) or waters containing elevated 

concentrations of competing anions such as phosphate are encountered. 

During Steps 4 and 5 the soils continued to maintain a substantial As(V) uptake capacity (>65% added 

As(V)). This behavior suggests that the surface soils (0-8 ft.) will continue to attenuate As(V) during 

successive recharge cycles. The final wash step (Step 6) recovered <5% of the accumulated As(V) from 

the surface soils. This demonstrated that the attenuated As(V) was tightly bound to the soils, and that 

once attenuated, As(V) will not easily leach from the soil profile. 
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Figure 0.5. Cumulative uptake of added As(V) in project water by surface (A) and subsurface (B) soils 

from the Famoso Groundwater Banking Project site. The results are the means with standard deviation 

shown (error bars). Only the low, medium, and high treatment error bars are shown for clarity. The 

treatment steps 1-6 are outlined in Table 0.3. Steps 3 and 6 are Kern River Water wash steps showing 

the amount of previously attenuated As(V) removed. The reaction conditions were 2.00 g soil in 20 ml 

of As(V)-treated project water shaken for 24 h. 
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0.4.4.2. Subsurface (15-35 ft.) Soils 

The cyclic addition results for the 8 subsurface soils are shown in Figure D.S.B. The general, overall 

As(V) uptake behavior of the subsurface soils on a relative (percent uptake) basis is similar to the surface 

soils. However, the subsurface soils have a greater uptake capacity and thus respond to the higher As(V) 

treatment range (20-120 ppb) with a greater absolute As(V) uptake. This is attributed to the higher 

mean Fe content of the subsurface sample set. After four treatments of 120 ppb As(V) in project water 

the mean soil As content had increased by 2.90 mg/kg As. The trend showing a slight decrease in As(V) 

attenuation during the final As(V) addition step (Step 5) suggested that the subsurface soils will maintain 

the trend of As(V) attenuation for successive recharge cycles. 

The highest As(V) attenuation on an individual soil sample was observed in soil B-4-25 (25 foot depth of 

B-4 bore hole) yielding 3.75 mg/kg when treated with four cycles of project water containing 120 ppb. 

When considering the amount of mean background total As in the B-4-25 soil prior to treatment with 

project water (1.76 mg/kg) the total cumulative As content after multiple was calculated to be 5.51 

mg/kg. This soil As concentration is still normal when considering a global average range of natural As 

content in soils between 5-10 mg/kg. This level of As accumulation is also well below typical As levels 

found in As-contaminated soils where it was demonstrated that soils containing As(V) up to 100 mg/kg 

show extremely low As leachability using a standard leachability test (Akhter et al, Miller et al.}. 

0.4.4.5. Results of Arsenic Attenuation Kinetics 

Arsenic attenuation kinetics in a stirred reactor-type experiment was examined to determine the rate of 

the reaction expected in the Famoso soils. Several surface and subsurface soils were investigated in this 

part of the study and all exhibited similar time-dependent attenuation behavior. Figure D.6.A. shows a 

representative plot of the removal (attenuation) of 20 ppb As(V) by soil B-2-35. The time dependent 

attenuation reaction is characterized by an initial fast reaction where approximately 50% of added As(V) 

is removed during the first 20 minutes of reaction. This initial fast step is followed by a slow attenuation 

reaction that continues for up to 48 h before final equilibration is reached. During the slow step an 

additional10-20% of added As(V) is removed. 

This time-dependent behavior, when combined with the results of soil leaching tests (Steps 3 and 6 of 

the cyclic As(V) treatment scheme) has implications for the definition of forward and reverse As(V) 

attenuation rate constants employed in solute transport modeling. The forward As(V) attenuation rate 

constant was estimated using a standard log transform of the normalized (C/C0) data and fitting a first 

order (linear) rate expression to the data (0-2 minute fast time frame only) (Figure D.6.B.). Using this 

approach, the estimated fast As(V) attenuation forward rate constant (k1) was 0.1211 s·1. 
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Figure 0.6. Representative time-course for the attenuation of As(V) in project water by a subsurface soil 

(B-2-35, <200 micron fraction) (A). The figure shows regions of the reaction characterized by "fast" and 

"slow" uptake (attenuation) by the soil suspension. Log transformed, normalized data (ln(C/CO) for the 

initial fast reaction (0-2 minutes) used for calculation of the attenuation forward rate constant (B). 
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0.4.4.6. Results of Modeling Arsenic Attenuation and Transport in Famoso Soils 

The experimental results of laboratory work are useful for the development and application of computer 

modeling of the fate and transport of As at the Famoso Groundwater Banking Project. To establish a 

theoretical link between bench-scale tests of As(V)-treated soil we applied the Langmuir equilibrium 

adsorption isotherm model to describe the attenuation data. The Langmuir model is a simple 

expression that relates the amount of attenuated solute (As) to the equilibrium concentration of that 

solute in contact with a solid (soil): 

(C)= KbC 
q l+KC 

where q(C} is the quantity of As(V) uptake (e.g., mg/kg), Cis equilibrium As(V) concentration (e.g., ppb), 

K is the uptake constant, and b is the theoretical As(V) attenuation maximum (mg/kg). The Langmuir 

expression was fit to several As(V) soil attenuation data sets using a non-linear least squares 

optimization technique using K and bas adjustable parameters. 

For proper export of equilibrium As(V) attenuation data into the HYDRUS 20 solute transport model the 

units of length, mass, and concentration were converted to meters (m), milligrams (mg), milligrams per 

cubic meter (mg/m3) for solution concentrations, and milligrams per milligram (mg/mg) for solid 

concentrations. Exporting attenuation constants to the HYDRUS 20 solute transport allowed for an 

opportunity to group soil data into soil types that exhibited similar behaviors. The surface soils and 

subsurface soils were treated separately and were averaged to produce two separate sets of Langmuir 

constants. In addition, the Step 5 cyclic addition data were used instead of the Step 1 data because the 

Step 5 data represented a more conservative (lower) As(V) attenuation estimate due to the 

progressively greater competitive effects that previous As(V) treatments had on the soils. Table 0 6 

shows the Langmuir constants calculated by fitting the Langmuir expression to a subset of Famoso soils. 

Table o 6 Results of Langmuir adsorption isotherm model fit to a subset of Famoso Groundwater 

Banking Project soils. 

Soil 

Location 

Surface 

Subsurface 

Soil 

Sample 

Sample 

Depth 

15 

K b 



The results of the fitting the Langmuir adsorption isotherm model to the Step 5 cyclic addition step data 

for As(V) adsorption on Famoso soils are presented in Figure 0.7. The results of fitting the Langmuir 

isotherm expression (values of K and b) were then exported for use in the HYORUS 20 solute transport 

model. The results of solute transport modeling using HYORUS 20 are explained in Section 5- Analysis 

of Potential Groundwater Impacts. 
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Figure 0.7. Adsorption isotherms and Langmuir model fits to a subset of Famoso Groundwater Banking 

project soils. The data shown are separate Langmuir model fits to a subset of surface soils (A) and 

subsurface soils (B). The data are plotted as As(V) adsorption vs. As(V) equilibrium solution 

concentration in the units utilized in the HYORUS 20 solute transport model. The reaction conditions 

are 2.00 g soil in 20 mL of As(V)-treated project water shaken for 24 h. 
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0.5. Summary and Conclusions of As Attenuation Experiments 

Several soils collected from the Famoso Groundwater Banking Project were extensively tested for bulk 

soil properties, As( II I) oxidation capacity, As(V) attenuation extent, and rate of As(V) attenuation. The 

conditions used in experiments were intended to simulate field conditions by using project water 

collected from Reservoir B discharges (Chevron and Valley Waste) as well as a multiple As(V) treatment 

protocol which reflects the anticipated recharge cycles at the Famoso site. 

It was concluded that the natural Fe content and soil pH of the Famoso soils are generally favorable for 

As(V) attenuation whereas the high proportion of coarse-grained material is generally not favorable. 

Nonetheless, there appear to be ample inter-bedded finer-grained materials at varying depths in the soil 

profile beneath the Famoso site that would favor attenuation. The form of Fe in the Famoso soils is 

most likely a poorly-ordered phase of Fe(lll) oxide/hydroxide, probably as a weathering product or 

coating on larger particles. 

Based on the laboratory results the following conclusions were made for the potential As(V) attenuation 

in the Famoso soils: 

• Subsurface soils with finer texture and higher total Fe than surface soils display a higher mean (n 

= 8) cumulative As(V) adsorption between 1.0-2.8 mg/kg 

• Oxidation of As(lll) to As(V) by Famoso surface soils is expected in Famoso soil under the 

aerated, oxidative conditions expected at the Famoso Basins site 

• Subsurface soil layers have a substantial As(V) attenuation capacity capable of >80% adsorption 

of dissolved As(V) from solutions as high as 120 ppb As(V) in project waters over multiple cycles 

• Adsorbed As(V) is tightly bound to soil particle surfaces and only modest (<8 percent) of total 

adsorbed As(V) is leached by treatment with Kern River water (Steps 3 and 6) for both surface 

and subsurface soils 

• The As(V) adsorption reaction is initially rapid in the Famoso soils from 0-20 minutes followed by 

a slower adsorption reaction that occurs for several hours 

• Based on experimental findings, the steady, cumulative adsorption observed during the cyclic 

As(V) treatments (multiple, successive As(V) treatments), the Famoso Basins soils will attenuate 

the low (m/1) levels of As(V) in project water within the soil profile 
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Appendix D 

Historic Diversions to North Kern WSD 
Spreading Areas and from Kern River 
Surface Water



NORTH KERN WATER STORAGE DISTRICT
Diversions to District Spreading Areas

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
1956 15,305 11,117 2,359 4,501 9,481 7,611 5,408 10,643 15,261 5,843 7,673 2,662 97,864
1957 643 5,388 722 50 33 34 545 895 625 1,248 4,838 12,112 27,133
1958 9,562 13,818 6,751 11,944 16,204 16,435 13,289 2,893 3,929 14,034 7,830 8,631 125,320
1959 5,088 3,546 544 42 0 0 0 20 0 0 32 1,946 11,218
1960 3,268 6,778 322 0 0 0 0 0 0 0 374 9,393 20,135
1961 2,726 712 0 0 0 0 0 0 0 0 0 1,298 4,736
1962 3,123 12,919 5,849 2,206 2,446 366 541 0 0 0 412 1,421 29,283
1963 212 12,145 1,971 1,624 818 646 3,012 1,829 12,721 15,697 5,652 4,785 61,112
1964 416 0 0 1,235 124 0 0 0 0 0 0 1,895 3,670
1965 15,477 3,820 476 7,839 254 0 0 0 0 0 1,884 1,641 31,391
1966 4,138 1,284 0 0 0 0 0 0 0 0 0 9,253 14,675
1967 15,914 11,066 1,729 19,416 20,734 16,340 13,427 14,768 16,090 3,482 6,120 9,530 148,616
1968 5,124 439 0 0 0 0 0 0 0 0 0 530 6,093
1969 6,019 14,271 17,147 14,782 18,291 20,427 20,008 14,760 15,913 15,670 18,338 6,559 182,185
1970 7,266 7,761 32 0 0 52 0 24 0 0 547 425 16,107
1971 0 0 0 0 48 0 0 0 0 0 0 0 48
1972 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 2,360 4,808 5,322 473 390 5,489 8,998 1,028 0 0 3,864 5,295 38,027
1974 4,343 39 0 3,781 3,208 2,424 1,826 2,501 2,342 14,748 15,006 2,144 52,362
1975 232 919 1,806 3,006 0 0 0 0 0 0 0 0 5,963
1976 81 439 0 0 0 0 0 0 4,706 8,537 3,779 5,147 22,689
1977 2,851 0 184 0 195 0 0 0 0 0 1,248 4,284 8,762
1978 9,093 5,939 13,181 11,723 13,701 10,664 8,595 8,888 19,431 23,231 17,370 10,214 152,030
1979 13,293 11,110 2,138 1,098 0 734 216 28 394 3,693 6,259 9,606 48,569
1980 14,892 20,050 24,315 21,662 19,971 22,258 17,594 19,170 20,605 13,204 15,590 12,422 221,733
1981 4,485 5,310 2,890 616 0 0 0 0 46 517 8,741 9,389 31,994
1982 8,797 1,305 6,945 16,466 12,936 6,267 12,130 18,735 19,553 21,007 20,879 21,916 166,936
1983 20,429 18,748 19,136 18,118 17,901 16,725 16,006 15,666 16,824 16,269 16,163 16,211 208,196
1984 15,740 6,989 2,860 1,541 0 0 0 0 2,054 15,434 12,959 16,676 74,253
1985 7,640 375 135 0 0 252 0 0 0 0 0 10,787 19,189
1986 4,856 6,344 17,283 21,839 22,990 16,780 14,624 6,660 2,483 13,400 12,474 10,132 149,865
1987 12,892 2,440 0 0 0 0 0 0 0 112 4,064 3,492 23,000
1988 672 12 0 2,910 720 0 0 0 0 0 132 338 4,784
1989 101 0 199 98 0 0 0 0 0 0 0 0 398
1990 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 497 727 0 0 0 0 0 593 1,918 303 4,038
1992 265 6,718 647 276 0 0 0 0 0 19 3,094 1,737 12,756
1993 2,059 1,245 4,367 5,899 3,273 642 0 3,905 1,357 971 3,072 7,269 34,059
1994 667 523 413 0 0 0 0 0 0 0 1,535 240 3,378
1995 0 9,389 21,676 21,042 23,668 20,063 20,330 17,884 16,992 19,028 19,230 13,279 202,581
1996 8,914 15,513 8,536 2,882 12,881 890 0 0 0 384 15,845 20,583 86,428
1997 20,202 21,043 20,148 3,729 238 323 10 0 0 1,517 23,369 15,608 106,187
1998 14,065 20,646 23,756 22,662 24,774 24,289 22,247 18,765 16,694 17,770 17,933 15,140 238,741
1999 10,921 14,321 1,128 2,217 1,321 515 0 0 0 0 0 222 30,645
2000 50 1,503 3,116 0 0 0 0 0 0 0 0 0 4,669
2001 0 0 0 0 0 0 0 0 0 0 0 0 0
2002 0 0 0 0 0 0 0 0 0 0 0 2,099 2,099
2003 0 0 0 0 0 0 0 0 0 0 143 754 897
2004 2,643 0 0 0 0 0 0 0 0 1,728 6,424 3,068 13,863
2005 17,711 6,988 4,766 6,572 12,823 13,971 7,613 423 0 7,716 11,562 14,981 105,126
2006 15,392 349 3,517 19,001 21,512 21,613 21,927 0 3,496 17,891 15,044 20,071 159,813
2007 15,364 14,787 0 0 0 0 0 0 0 0 0 0 30,151
2008 0 0 0 0 0 0 0 0 0 0 1,583 904 2,487
2009 111 4,463 0 0 0 0 0 0 0 0 7,843 1,019 13,436
2010 3,059 3,388 0 514 3,959 664 0 75 0 417 454 6,595 19,125
2011 22,243 13,966 19,853 23,663 21,166 21,233 19,085 0 7,640 26,906 18,024 12,419 206,198
2012 2,995 0 0 0 0 0 0 0 0 0 0 0 2,995
2013
Total 353,699 324,733 246,716 276,154 286,060 247,707 227,431 159,560 199,156 281,066 339,301 346,425 3,288,008
Maximum 22,243 21,043 24,315 23,663 24,774 24,289 22,247 19,170 20,605 26,906 23,369 21,916 238,741
Average 6,205 5,697 4,328 4,845 5,019 4,346 3,990 2,799 3,494 4,931 5,953 6,078 57,684

(VALUES IN ACRE-FEET)



Calendar Calendar 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Year

73% 1954 13,629 21,328 9,031 25,462 20,164 15,527 17,613 13,521 12,385 4,215 4,532 13,543 170,950 1954

62% 1955 16,088 12,764 7,137 4,278 5,282 9,161 8,950 2,408 1,692 1,509 8,247 23,472 100,988 1955

117% 1956 25,480 14,051 17,841 20,737 34,691 33,721 31,781 33,840 28,988 14,864 11,657 6,940 274,591 1956

62% 1957 1,343 12,960 7,323 4,761 4,622 14,601 19,926 16,148 11,326 8,600 8,295 14,019 123,924 1957

154% 1958 12,172 17,003 7,140 31,159 45,201 47,475 47,550 33,679 13,835 24,498 11,435 12,940 304,087 1958

36% 1959 9,120 10,483 13,412 10,669 9,489 9,636 12,218 8,136 1,603 653 83 9,011 94,513 1959

42% 1960 7,434 8,916 8,759 11,699 6,527 10,991 11,568 9,285 4,727 3,364 5,857 11,405 100,532 1960

25% 1961 6,190 2,795 1,736 4,834 6,125 3,810 7,113 7,456 7,204 2,640 1,896 8,293 60,092 1961

97% 1962 9,207 18,439 14,079 31,120 25,232 23,591 21,229 17,695 10,850 9,475 1,926 8,882 191,725 1962

111% 1963 6,566 15,882 12,871 14,326 16,914 22,523 38,176 26,344 41,599 43,219 19,660 16,194 274,274 1963

47% 1964 7,493 9,048 12,391 11,990 13,418 12,482 15,360 11,933 2,933 4,076 0 7,400 108,524 1964

100% 1965 19,426 14,206 17,889 15,739 23,061 21,140 21,989 18,499 10,935 7,377 8,497 5,928 184,686 1965

94% 1966 7,067 4,679 15,116 19,317 14,075 11,764 13,672 10,985 4,330 1,700 510 16,741 119,956 1966

194% 1967 31,846 17,899 19,933 28,344 40,656 42,335 46,253 46,605 36,813 16,939 14,501 12,897 355,021 1967

63% 1968 10,897 8,926 15,852 17,887 18,159 17,925 15,937 11,105 3,453 3,930 0 2,769 126,840 1968

342% 1969 8,970 19,492 30,762 30,551 39,050 41,142 43,422 38,255 28,134 23,619 21,278 10,892 335,567 1969

82% 1970 14,137 13,696 18,849 20,443 19,013 25,492 29,215 24,092 12,756 8,542 6,272 599 193,106 1970

59% 1971 1,474 7,307 13,107 9,234 7,776 13,926 19,961 13,934 5,788 3,163 3,901 0 99,571 1971

37% 1972 2,526 4,740 9,132 9,643 13,336 13,331 15,232 8,958 2,846 4,481 3,068 4,859 92,152 1972

136% 1973 5,807 11,166 14,456 16,420 28,208 40,515 44,545 24,181 12,866 8,019 7,424 9,959 223,566 1973

114% 1974 12,295 11,598 14,849 17,525 23,595 26,264 30,877 26,355 13,113 23,296 21,616 7,958 229,341 1974

79% 1975 7,366 12,936 17,468 16,017 19,273 22,927 26,137 21,184 11,158 7,174 7,894 10,759 180,293 1975

35% 1976 1,310 8,714 8,648 6,794 9,628 9,469 15,070 6,061 7,680 11,798 9,086 8,509 102,767 1976

27% 1977 4,917 1,997 1,270 2,052 4,662 7,028 8,130 3,449 734 626 3,729 7,602 46,196 1977

230% 1978 9,860 5,645 13,656 25,261 33,273 34,330 39,076 32,529 27,292 36,023 29,420 17,139 303,504 1978

94% 1979 18,122 18,440 8,824 12,706 18,573 27,412 34,250 21,773 6,958 4,056 10,280 6,960 188,354 1979

228% 1980 14,584 23,476 30,024 41,137 40,608 43,220 50,574 43,197 31,594 22,301 22,728 13,710 377,153 1980

62% 1981 8,659 10,304 8,925 9,125 14,230 14,074 12,164 5,597 3,133 6,605 13,382 11,082 117,280 1981

177% 1982 12,530 12,812 11,300 19,206 26,107 32,095 45,366 42,170 27,540 31,319 30,117 23,172 313,734 1982

346% 1983 19,715 18,088 18,450 25,696 34,756 48,042 47,462 35,645 32,307 29,229 22,552 15,348 347,290 1983

114% 1984 14,359 19,778 15,905 16,079 21,226 20,013 27,160 14,149 11,838 27,548 18,522 17,221 223,798 1984

94% 1985 14,081 12,394 15,045 18,703 24,230 22,781 27,588 14,193 6,440 7,443 3,235 10,857 176,990 1985

201% 1986 6,489 8,836 27,219 43,445 60,064 51,816 44,015 23,126 15,795 22,907 16,099 11,881 331,692 1986

52% 1987 13,612 10,884 13,440 17,126 16,616 11,754 15,017 5,254 2,790 5,101 5,851 3,792 121,237 1987

41% 1988 2,670 6,212 9,021 10,661 8,893 11,967 16,783 5,692 992 65 1,325 1,384 75,665 1988

55% 1989 573 2,775 6,723 5,617 7,481 13,012 12,112 4,993 1,226 2,103 2,220 853 59,688 1989

28% 1990 2,083 614 4,796 4,840 3,852 6,928 12,631 5,292 153 428 1,045 71 42,733 1990

57% 1991 746 125 3,934 4,675 1,673 3,790 5,462 976 107 1,850 3,642 1,004 27,984 1991

41% 1992 1,750 8,747 3,534 1,767 2,993 4,118 5,183 2,043 761 2,241 6,290 2,653 42,080 1992

119% 1993 2,600 4,768 9,630 12,931 17,328 34,213 37,141 19,706 11,459 9,644 6,986 7,932 174,338 1993

47% 1994 5,142 11,366 13,579 13,517 6,203 13,663 17,424 9,178 1,803 7,192 5,700 1,633 106,400 1994

193% 1995 1,486 6,877 18,307 35,800 42,812 46,090 50,297 42,557 29,950 33,090 30,135 18,517 355,918 1995

144% 1996 11,648 18,280 13,819 21,297 40,132 34,526 35,607 26,897 16,405 14,303 16,968 20,370 270,252 1996

164% 1997 14,334 21,716 37,027 22,299 28,627 31,384 31,254 23,079 15,201 11,500 26,908 16,074 279,403 1997

239% 1998 14,764 17,357 22,678 27,101 34,876 49,419 52,741 46,835 31,875 27,954 19,561 16,736 361,897 1998

60% 1999 13,665 16,495 8,363 6,900 6,108 9,016 14,680 7,745 9,353 4,669 938 3,493 101,425 1999

66% 2000 6,492 5,462 6,275 16,151 15,432 14,965 15,343 9,765 5,799 5,687 4,106 3,057 108,534 2000

54% 2001 2,609 4,158 4,298 6,159 8,354 11,879 9,971 8,418 8,382 6,506 3,126 1,710 75,570 2001

59% 2002 2,349 2,418 5,646 2,382 5,084 9,928 11,996 3,288 1,237 393 2,844 4,976 52,541 2002

72% 2003 2,083 6,829 2,872 4,281 9,652 21,805 22,225 14,689 8,243 8,674 3,365 3,370 108,088 2003

57% 2004 7,057 7,000 5,560 16,242 12,322 12,268 11,886 8,330 3,150 6,113 9,346 5,768 105,042 2004

161% 2005 18,835 12,027 8,782 4,703 17,847 39,500 44,985 28,522 14,601 21,106 18,426 21,009 250,343 2005

149% 2006 18,285 7,807 1,169 15,141 51,010 59,704 54,612 17,516 14,138 7,102 12,685 7,003 266,172 2006

35% 2007 5,017 8,070 5,077 5,403 9,694 14,521 14,209 3,701 2,104 2,167 868 3,079 73,910 2007

72% 2008 1,588 7,174 12,794 10,125 12,331 12,061 12,046 6,981 6,118 3,838 5,598 3,570 94,224 2008

65% 2009 1,723 8,864 4,487 7,162 9,761 12,893 14,575 8,936 7,012 3,751 2,917 3,708 85,789 2009

127% 2010 1,098 2,689 7,311 11,187 23,534 33,233 40,420 22,963 14,227 9,002 4,842 10,300 180,806 2010

191% 2011 28,788 20,511 19,026 34,981 49,677 53,992 49,175 21,928 24,762 36,953 10,379 8,716 358,888 2011

46% 2012 10,264 7,983 5,007 4,406 8,369 13,388 17,370 9,143 997 1,959 3,822 11,462 94,170 2012

Average:

(1980-2012) 8,536 10,088 11,516 15,038 20,360 24,608 26,651 16,440 10,954 11,538 10,198 8,652 174,577

(1954-2012) 9,363 10,814 12,060 15,512 19,862 23,230 25,673 17,473 11,585 11,163 9,451 9,173 178,460

Kern River Water Diverted - Col. D(1)
(values in acre‐feet)

Annual Runoff as a 

Percent of Long‐

Term Mean
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1.0 Introduction 

1.1 Purpose 

The Lost Hills Utility District (District) has prepared a Preliminary Engineering Report (PER) for the United 

States Department of Agriculture’s (USDA) Emergency Community Water Assistance Grant (ECWAG) to 

assist the District’s deepening/pump replacement of the existing wells in order to address short-term 

impacts from existing drought conditions and to provide more reliable water system infrastructure for the 

community. 

1.2 Overview 

Lost Hills is located 42 miles west-northwest of Bakersfield. The town is at the intersection of State Route 

46 (SR 46) and Lost Hills Road. The Lost Hills Oil Field, which is the sixth largest by remaining reserves 

in California, lies west and northwest of town, extending about 10 miles along the range of the low Lost 

Hills Range, after which the town was named. Interstate 5 (I-5) is located near, but not adjacent, to Lost 

Hills. A rest stop by I-5 including restaurants, gasoline stations, and motels is located about 1 mile east 

from the town. A vicinity map is shown in Figure 1: Vicinity Map. 

Lost Hills Utility District (District) provides water and sewer services to the residents of the Town of Lost 

Hills, CA, (Town). The District provides water service to the I-5 Travel Center (east of the Town, along 

Hwy 46 on the west side of I-5) and residential, commercial, and industrial customers that were formerly 

part of the Berrenda Mesa Water District (BMWD). The District took over the BMWD domestic water 

system in 2013, and it is now part of the District’s water system. 

The District was formed in 1980 to provide sewer services to the Town of Lost Hills. In 1989, the District 

took over a water system built in the 1950s by an oil company that was active in the Lost Hills area. The 

primary system included two wells, one storage reservoir, one fire water tank with a booster station, and 

transmission and distribution pipelines. Water underlying the Town is not potable so the wells are located 

approximately 12 miles east of the Town and within the Semitropic Water District. 

The water transmission main was in a state of disrepair at the time, and the District has made several 

upgrades since then, including upsize and replacement of the transmission main, upsize and replacement 

of some distribution pipelines, rehabilitation of both wells, and addition of an arsenic treatment system. 

The BMWD domestic water system includes a booster pump station near the District’s storage reservoir, 

18 miles of pipeline, and three distribution tanks, each with booster pump stations. 

1.3 Project Location 

The project site is located in the south half of the southwest quarter of Section 33 Township 26 south, 

Range 23 east, Mount Diablo Base Meridian. It is on the east side of the and adjacent to Gun Club Road, 

north of State Highway 46 and approximately 12 miles east of the community of Lost Hills in Kern County, 

California. The site is located on the western side of an 80-acre property owned by the District. 

1.4 Environmental Resources Present 

The District has not prepared a California Environmental Quality Act (CEQA) document for the proposed 

project yet. It is anticipated that an environmental document for this well deepening/pump replacement 

project is not required. However, LHUD can complete any additional environmental documentation 

requested by the USDA. The District did complete Initial Study and Negative Declaration (IS/ND) in 

November 2004 (Jones and Stokes) for construction of the Arsenic Water Treatment Plant (AsWTP), 

which is located within 500 feet of the two existing wells. In addition, the District recently completed a 

Biological Reconnaissance Survey (McCormick Biological, 2013) for AsWTP dewatering facility additions. 

The content of this section is based on information included in each of these reports. The 80 acre site for 

the existing well and WTP is:  
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• Situated on deep ancient San Joaquin Valley Alluvium and alluvium of the Poso Creek fan.  

• Located in an area known as the Semitropic ridge at an elevation of approximately 250 feet 

above mean sea level.  

• Natural slope of the land is approximately 1 to 2 percent.  

• Located within FEMA flood category Zone C, which is considered an area of minimal flooding. 

• Soils are shown on NRCS soil maps as being Garces silt loam and Milham sandy loam. Both are 

well drained soils 

• Native vegetation is mostly valley saltbush or alkali scrub and non-native annual grasses 

• With the exception of the 80 acres owned by the District, the property in the vicinity is being 

actively farmed 

• The 80-acre site owned by the District is characterized mostly as disturbed (ruderal) akali 

scrubland 

The 2004 AsWTP IS/ND identified six special-status species that have the potential to occur within the 

AsWTP project site. The IS/ND summary of potential environmental impacts stated:  

After close examination of the issues indicated in the CEQA Checklist and Initial Study – especially 

Biological Resources, Hydrology and Water Quality, and Hazards and Hazardous Materials – it is 

determined that there are no potential environmental impacts. The proposed project incorporates design 

and operational measures and pre-construction surveys and construction monitoring efforts to avoid any 

potential impacts. Therefore, the proposed project is self-mitigating and no significant adverse impacts 

are anticipated. 

The Biological Reconnaissance Survey for expansion of the AsWTP dewatering facility found no evidence 

of any listed or special-status species during the field survey and that “it is very unlikely that the project 

would result in direct impacts to special status species within the identified [AsWTP Dewatering] project 

footprint.” Several measures were identified to avoid potential adverse impacts to special-status species, 

primarily: 

• Contractor orientation on local special-status species and habitat requirements 

• Pre-construction biological survey 

As a result of the District’s on-going efforts with the planning of a new well at the LHUD well site, an Initial 

Study/Mitigated Negative Declaration was prepared in August 2014.  
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2.0 Existing Facilities 

2.1 Existing System Components 

The District’s existing water system consists of four primary components: 

• Gun Club Road Site (Wells and Treatment) 

• Town and I-5 Travel Center Distribution System 

• Brown Material Road Site (Distribution Reservoir and BMWD Booster Pumps) 

• BMWD Domestic Water Distribution System 

A schematic of the system is shown Figure 2: Water System Schematic. 

2.1.1 Gun Club Road Site  

The Gun Club Road Site provides the water supply for the District and is located approximately 12 miles 

east of the Town. The facilities include two wells, raw water tanks, Arsenic Removal Water Treatment 

Plant (AsWTP), treated water tank, and distribution system pumps. Figure 3 is an aerial of the existing 

well sites which includes the ASWTP. 

Two wells – North Well and East Well – pump groundwater from what is locally known as the lower or 

confined layer, which is a substantial clay layer at a depth of approximately 300 feet. Poor water quality 

exists above layer, and the water quality beneath the layer is adequate but deteriorates with depth. The 

wells are sited approximately 10 miles east of the Town due to groundwater with high total dissolved 

solids concentrations in the west side of San Joaquin Valley. High levels of arsenic occur locally and 

appear to be associated with lakebed areas that exist along the west side of the Valley. Concentrations 

vary from just below 10 ppb to 50 ppb and instigated the need for construction of the AsWTP in 2008. 

The East Well was constructed in 1954 at a depth of 615 feet, and the North Well was drilled in 1988 to a 

depth of 623 feet and screened from 450 feet to 600 feet. Static water depth ranges between 200 and 

300 below ground surface. Both well pumps are 75 hp and have a rated flow of 500 gpm at total design 

head of 384 feet. Generally, the East Well produces groundwater with lower arsenic concentrations than 

the groundwater produced by the North Well. Both wells were rehabilitated in 2008, including a new pump 

and replacement of worn columns, tubes, and shafts. The well was also pressure wash and motor 

rehabilitated.  

Table 1: Groundwater Supply 

 North Well East Well 

Pumping/Flow Rate (gpm) 520 560 

Pump Motor Size (HP) 75 75 

Current Water Table (ft bgs) 346
a
 334

b
 

Pump Depth (ft bgs) 420 420 

Well Depth (ft bgs) 625 615 

Screened Interval Depth (ft bgs) 450 - 600  450 - 600 

Well Yield (gpm) 448
a
 524

a
 

Well Casing Material steel steel 

Well Casing Diameter (in) 14 14 

Age (years) 26 62 

Regulatory Contaminants Arsenic Arsenic 
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Notes: 
a. Measurement taken in February 2015. 
b. Measurement taken in February 2015. 
c. Existing well yields have fallen in recent years as the groundwater table has dropped. 

In 2013, the District spent approximately $60,000 for improvements to the two existing wells. Work at the 

North Well and East well included: 

• Removed pump from well for inspection 

• Cleaned and tore down pump, tube, and shaft 

• Replaced worn pump parts 

• Repaired and replaced worn tube and shaft 

• Replacement of 140 ft of 6” pump column pipe for the East Well 

• Reassembled pump, tube, and shaft 

Pumped groundwater is conveyed to two 42,000-gallon raw water tanks. One tank was added with the 

construction of the AsWTP, and the other tank was constructed in 1988. The tanks provide operational 

storage upstream of the AsWTP. The second tank was added as part of AsWTP project for redundancy to 

allow for shutdown of the either tank for repairs or rehabilitation.  

The AsWTP is an Oxidation-Filtration Water Treatment System that commenced operation in 2008 to 

address the high levels of naturally occurring arsenic in the groundwater supply. The treatment 

component consists of two 625-gpm filter vessels. Two filters provide redundancy for O&M and flexibility 

of operating one or both wells. The AsWTP is operated to achieve final treated water arsenic 

concentration of less than 10 ppb and is designed to reduce concentrations to 8 ppb to provide a safety 

factor.  

The AsWTP product water is stored in an 84,000-gallon Treated Water Tank. Water quality compliance 

testing occurs at the outlet of the tank. Two 375-gpm Distribution System Pumps feed the Town and I-5 

Travel Center Distribution System, which is described in the following section. 

Emergency Operations Plan 

The District has implemented an Emergency Operations Plan to ensure the water system can operate 

with the Brown Material Road Reservoir offline. The plan includes installation of: 

• Third Distribution System Pump with variable frequency drive (VFD); pump design flow of 

approximately 450 gpm is based on system analysis results in Section 4.3.1. 

• VFD for one of two existing Distribution System Pumps 

• An automatic transfer switch for connecting a mobile emergency generator at Gun Club Road 

Site facilities in case of power loss 

• Plans for rental of an emergency generator when necessary 

2.1.2 Town and I-5 Travel Center Distribution System 

The Town and I-5 Travel Center (Town/I-5) distribution system consists of a 12-inch-diameter polyvinyl 

chloride (PVC) transmission pipeline that forms the backbone of the system. The line was installed in 

1993 to replace the 8-inch transmission pipeline when the District took over the water system in 1989. 

The distribution system within the Town consists of 2- to 10-inch pipelines, and the distribution system 

within the I-5 Travel Center consists of 6- to 8-inch pipelines. In 1999, approximately 17,000 LF of 

undersized pipelines within the Town were replaced with 8-inch pipelines as part of the Fire Loop 

Protection System to enable sufficient fire flow. Four-inch pipelines are typically the smallest size 

constructed under current distribution system standards for fire flow. Therefore, the Town’s 2-inch 
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pipelines are slated for replacement in the future. Plans have already been created and will be 

implemented as funds are available. 

2.1.3 Brown Material Road Site 

The Brown Material Road Site is located approximately 3 miles west of the Town and includes a 2.2-MG 

distribution reservoir feeding the Town/I-5 distribution system and BMWD booster pumps. The Distribution 

System Reservoir is part of the system that the District took over in 1989. The reservoir lies approximately 

100 feet higher than the Town and can provide low-pressure gravity supply back to the Town (100 feet of 

pressure is equivalent to approximately 40 psi). In January 2013, the District commissioned a reservoir 

inspection that determined the reservoir to be in dire need of repair or replacement. Until the rehabilitation 

or replacement of the existing reservoir, the District is implementing an Emergency Operations Plan to 

ensure the water system can operate without the reservoir.  

2.1.4 BMWD Domestic Water Distribution System 

The District took over ownership and operations of the BMWD Domestic Water Distribution System in 

2013. The system consists of a booster pump station adjacent to the Brown Material Road Reservoir, 

approximately 18 miles of distribution pipeline, and three storage tanks, each with booster pump stations 

for local distribution. Approximately 49,000 LF of 6-inch PVC pipeline and 9,000 LF of 4-inch PVC 

pipeline were installed in 2011/12 to replace existing deteriorated pipe installed in the 1950s. The 

remainder of the distribution system pipeline consists of approximately 7 miles of 3- and 4-inch PVC pipe 

installed in the mid-1980s to replace the 1950s pipe. The LHUD has serviced this system with water since 

the creation of the water system in Lost Hills and BMWD operated the Domestic Water Distribution 

system. 

The BMWD Domestic Water Pump Station consists of two, 50-gpm pumps and a single 100-gpm pump, 

all of which were installed in 2012. The three storage tanks with booster pump stations are: 1) Blackwell’s 

Corner Tank; 2) Union Oil Tank; and 3) Blackwell LCA Tank. Blackwell’s Corner Tank serves residential 

and commercial customers at the intersection of Hwy 46 and 33 and is approximately 6,500 LF south of 

the backbone pipeline. The Blackwell LCA Tank is at the end of the system, and the Union Oil Tank is 

approximately 3 miles from the Blackwell LCA Tank. 

The District used to operate two pipelines from the booster pumps: 1) Belridge pipeline to customers 

south of Hwy 46; and 2) North pipeline to residential and commercial customers north of Hwy 46. Service 

to these lines was abandoned in 2010. 

The District will continue to deliver water to Chevron north from the booster pump station, but the demand 

is small (less than 1 AFY). 

2.1.5 Operations 

The District’s system operates based on set points monitored by the SCADA System, which was 

overhauled in 2008. The system operates based on three primary inputs: 

• The well pumps operate based on level set points in Raw Water Tanks. 

• The distribution system pumps operate based on levels in the Brown Material Road Reservoir. 

The Distribution System Reservoir has a maximum operating water level of 21 feet and a low 

operating water level of 17 feet. 

• The BMWD domestic water system pumps operate based on BMWD domestic water system 

pressure of 191 psi. The pressure decreases as the distribution system storage tanks fill to meet 

local demands. 
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2.1.6 Surface Water 

The District does not currently use any surface water for potable use. However, two of the largest 

irrigation areas within the District – Lost Hills Park and Lost Hills Elementary School – use untreated 

water from the State Water Project. The water supplied is not part of the District’s water system. 

2.1.7 Water Quality 

As discussed above, the Arsenic Water Treatment Plant commenced operation in 2008 to address the 

high levels of naturally occurring arsenic in the groundwater supply. The AsWTP has been successful in 

reducing arsenic to below 8 ppb.  

The District plans to conduct zone testing during development of the proposed new Well 3 to try to 

minimize pumping in zones of arsenic. The existing wells were constructed prior to the arsenic issue 

arising so they are screened continuously for approximately 150 feet. Selective screening could 

potentially reduce the arsenic concentration in pumped groundwater and the use of the AsWTP. 

2.2 Water Demand 

2.2.1 Historical Water Demand 

The District’s water use comprises three primary demand groups: 

• Residential and commercial use in the Town 

• Commercial Use at the I-5 Travel Center 

• Sales to residential, commercial, agricultural, and industrial customers to the west of the Brown 

Material Road reservoir, including Berrenda Mesa Water District (BMWD)
1
 and Chevron 

Historically, the Town accounts for roughly 60% of total District water use, I-5 Travel Center roughly 30%, 

and BMWD roughly 10%. The District’s average annual water use over the past 15 years is 125 MG. 

Since 2002, the District’s total annual water use has fluctuated between a low of 116 million gallons (MG) 

in 2001 to a peak of 138 MG in 2007, as shown in Figure 4. Total water use in 2010 and 2011 averaged 

approximately 120 MG per year and, of that, the Town has averaged approximately 72 MG per year. 

Figure 4: Historical District Annual Water Use (Million Gallons per Year) 

 
 

                                                      
 
1
 As discussed in Section 1, the District recently took over operations of the BMWD domestic water system. 
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The range in historical average annual growth can be attributed to: 

• Housing market correction and economic downturn starting in 2007, which eliminated housing 

growth, increased unemployment, and reduced transportation-related commercial activity 

• No growth within the former BMWD service area due to limited water supply  

• Elimination of delivery to several connections located west of the service area (Belridge and 

North lines) 

• Reduced purchases by BMWD in 2009 as they switched to untreated SWP water for some of 

their non-potable water uses 

• Decreased BMWD sales in 2012 after the reduction of water losses following replacement of 11 

miles of deteriorated pipe 

The latter three items are expected to remain in effect into the future; however, going forward, an 

economic and housing recovery is expected to contribute to future growth in water demand. Additionally, 

all three major components of the District’s demand – Town, I-5 Travel Center, and BMWD Area – are 

expected to grow in the future through a combination of expansion within existing planning limits and 

through annexation.  

2.2.2 Projected Water Demand 

Projected water demand was estimated to increase at a rate of 1.8% per year in the Water System 

Master Plan (Cannon, January 2014) after an analysis of historical water use, historical population 

growth, historical per-capita water use, and remaining infill and buildout development. Existing and future 

(buildout / 2030) demand conditions are summarized below. 

Table 2: District Water Use Scenarios 

Scenario Basis 

Existing Future (2030) 

120 MG/Yr 171 MG/Yr 

MGD gpm MGD gpm 

Average Annual Demand  0.33 229 0.47 326 

Max Month Demand (MMD) Notes 1 & 2 0.54 375 0.77 535 

Max Day Demand (MDD) 1.7 x MMD
3 

0.92 638 1.19 910 

Peak Hour Demand (PHD) 1.5 x MDD  957  1,364 

MDD plus Fire Flow - Residential  MDD plus 1,000 gpm for 2 hours in Town 

MDD plus Fire Flow - Commercial  MDD plus 1,500 gpm for 2 hours at I-5 Center 

Notes: 
1. Existing MMD based on 16.6 MG in August 2007 (Max Month since 2000) 
2. 2030 MMD calculated by applying ratio of Existing MMD:AAD to 2030 AAD. 
3. Analysis of daily water used resulted in a 1.7 multiplier for MDD. 

 

2.2.3 Equivalent Dwelling Units / Unit Water Use 

The existing gallons per capita per day (gpcd) water use for the District is approximately 136 gpcd based 

on District water use of 120 MG in 2010 and Lost Hills CDP population of 2,412 in 2010.The 2020 

targeted daily per-capita water use value established for the Tulare Lake hydrologic region is 188 gallons 

gpcd (Kennedy Jenks, 2011), so the District’s water use is well within targeted use for the region.  

Water use in an equivalent dwelling unit (EDU) basis is summarized below. 
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Table 3: Equivalent Dwelling Unit Estimates 

User Type 

Average Total Use 
Number of 

Connections 

Average Use per 
Connection 

Number of 
EDUs Annual  Monthly Monthly Daily 

MG MG # Gallons Gallons # 

Residential 
(Single-Family) 

42.0 3.5 299 11,706 385 299 

Multi-Family 
Residential  

16.2 1.4 3 450,000 14,795 115 

Commercial/ 
Institutional 

65.6 5.5 85 64,314 2,114 467 

Total 123.8  387   881 

Notes: Based on actual use in 2013 as reported to the California Department of Water Resources on 
DWR Form 38 – Public Water System Statistics. 
 

2.3 System Analysis 

The District’s two existing wells (with a combined capacity of 1,000 gpm) can meet the existing MDD (560 

gpm).  However, with the on-going draught conditions the water table is dropping dramatically and is 

projected to reach the existing well pumps in the Spring of 2016.  The North Well water table is slightly 

deeper than the east well. Therefore, the North well will not be able to produce water first, leaving the 

District with a pumping capacity at approximately 300 gpm (0.43 mgd) which will be approximately 50% 

less than the potential maximum date demand or  ~600 gpm (0.86 mgd).  Shortly after with continuing 

water  

 

Well Depth Data vs. Time 

 

  Well Depth Data for LHUD Wells 
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24-Jan-01 -204.1 

17-Oct-01 -266.3 

25-Jan-02 -237.9 

20-Jan-03 -234.6 

07-Nov-03 -236.8 

28-Jan-04 -225 

22-Feb-05 -246.5 

26-Oct-05 -234 

17-Jan-06 -220.5 

12-Oct-06 -224.5 

01-Feb-07 -211 

16-Oct-07 -275.8 
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16-Jan-08 -268.5 

22-Jan-09 -280.7 

21-Oct-09 -312.2 

01-Feb-10 -289.9 

21-Oct-10 -296.7 

09-Feb-11 -281.3 

14-Oct-11 -269.4 

27-Jan-12 -265.1 

31-Jan-13 -272.2 

16-Oct-13 -313.5 

L
H

U
D

 D
A

T
A

 

22-Apr-14 -317 

26-Jun-14 -338 

22-Jul-14 -330 

28-Aug-14 -338 

    

21-Oct-14 -336 

03-Nov-14 -333 

04-Dec-14 -328 

January -317 

17-Feb-15 -334 

23-Mar-15 -337 

22-Apr-15 -335 

27-May-15 -342 

    

      

Note: 

LHUD Well Data is for East Well 

only.  

  North wells are difficult to obtain 

 

Based on the average water table drop over the last 3 years, the water table has dropped an average of 

1.9 feet per month. The average drop is predicted to increase as a result of the prolonged drought and 

with a sharp decline in surface water allocations.   
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3.0 Need for Project 

The District has little control over management of their groundwater basin since agricultural pumping 
surrounds the community and agricultural pumping far exceeds the District’s groundwater production. The 
District does not have any alternative water supplies to groundwater so the District must be conservative 
in anticipating groundwater basin issues affecting their sole water supply, such as significant decreases in 
groundwater levels.  
 
The District recently completed a Water System Master Plan (dated January 2015) that identified the 
need for increased firm pumping capacity. The master plan did not address near-term impacts from the 
on-going drought, which has resulted in static groundwater levels decreasing by over 130 feet in the past 
15 years. The current groundwater levels (while pumping) at the District’s existing wells are within 55-70 
feet of the pump bowls.  
 
Due to the severity of the on-going drought, we can safely predict that the water table will drop an 
additional 40-50 feet drop by Spring 2016. By spring 2016, the water table is predicted to be at 386-396 
feet below grade surface. Each well pump will be producing approximately 300 gallons per minute when 
the water table reaches these critical elevations.  The North well will likely go dry before the east well 
leaving approximately 300 gpm available. Shortly after, the east will also go dry depending on the 
transmissivity of the soil strata.  In summary, the District will likely experience a 50% loss in water supply 
in Spring 2015 leaving the district unable to supply the MDD. Additionally, the East Well will also be lost 
with continuance of a falling water table.    
 

3.1 Water Conservation 

The District has passed an Ordinance on May 1, 2014 which restricts the use of water in the following 

areas. 

• Unattended outdoor watering is prohibited. 

• Unattended hose must have a nozzle with automatic shutoff. 

• Unattended hose nozzle must be in the off-position 

The ordinance establishes the right to terminate and/or restrict water to water service connections outside 

the district boundaries. There are currently several water users outside the water service area (primarily 

west of lost hills). 

The two largest irrigation areas within the District – Lost Hills Park and Lost Hills Middle School (K-8) – 

use untreated surface water from the State Water Project. The water supplied is not part of the District’s 

water system. The Lost Hills Park implemented the use of the surface water over the last several years 

while the school has utilized surface water for many years. Additionally, the BMWD domestic water 

system was upgraded as described in Section 2.1.4. As a result, the system reduced water consumption 

by approximately 50 percent (or 5 MG). This is mainly attributed to the replacement of the 60 year old 

steel water transmission main that had reoccurring leaks. 

As shown in Section 2.2, the peak water use for the LHUD occurred in 2007 and has experienced a 

steady decline. Although this cannot be attributed to a single effort, the 2013 annual water use is 

approximately 10% less than the 2007 water use of 137.9 MG. This trend will continue with the water use 

restrictions and the heightening awareness of the drought.  

 



Preliminary Engineering Report Draft 

 
 

Lost Hills Utility District 
10/2014  11 

4.0 Alternatives Considered 

The drought conditions have caused groundwater levels to decrease severely in the vicinity of the 

District’s wells. The decreased water levels have raised two primary urgent issues for the District: 

• The existing well pumps will be at risk of failure if groundwater levels drop below minimum NPSH.  

• Reduced flows from each existing well because the existing pumps have to increase total head, 

which causes the District to be at risk of meeting MDD with the highest capacity well offline.  

To address immediate issues caused by the falling groundwater levels, the District could: 

• Lower the pump column and add pump bowls to increase the pump head output and restore 

historical well production capacity 

• Lower the pump column and install a new pump to increase upon historical well production 

capacity 

Another approach is to address longer-term issues at the same time that immediate issues are 

addressed. For example, the District could: 

• Construct a new well that is at adequate depth and with adequate flow capacity to address 

existing and future needs. 

• Acquire SWP rights and construct a WTP 

• Import groundwater pumped by the City of Wasco, which is the closest municipal water supplier 

and located approximately 9 miles to the east   

TABLE 5 below summarizes the alternatives considered to address the water supply issues caused by 

the drought conditions. The table is organized into the five categories identified in the PER guidance 

document. 

Table 4: Alternatives Considered 

Categories Alternatives 

(1) optimize the current facilities operation (no 
construction) 

None identified 

(2) upgrade the current facilities operation Alternative 2a – Repair / Rehabilitate Well 
Alternative 2b – Deepen Well / Add Bowl(s) 
Alternative 2c – Deepen Well / Replace Pumps 

(3) develop new source(s) of supply Alternative 3b – New Well 3 
Alternative 3b – State Water Project 

(4) interconnect with other existing systems Alternative 4 – Wasco Connections 

(5) build new facilities for regional/joint management use None Identified 

 

4.1 Alternative 2a – Repair / Rehabilitate Existing Wells 

Recently, the District spent approximately $60,000 for minor improvements to the two existing wells. Work 

at the North Well and East well included: 

• Removed pump from well 

• Cleaned and tore down pump, tube, and shaft 

• Replaced worn pump parts 

• Repaired and replaced worn tube and shaft 



Preliminary Engineering Report Draft 

 
 

Lost Hills Utility District 
10/2014  12 

• Replacement of 140 ft of 6” pump column pipe for the East Well 

• Reassembled pump, tube, and shaft 

These actions increase the reliability of the two existing wells but do not address the water supply threats 

caused by falling groundwater levels. 

4.2 Alternative 2b – Deepen Existing Wells / Add Bowl(s) 

 

In order to test the existing well capacities, a field test can be conducted on the existing wells by replacing 

the existing motors with a mobile engine and gearbox. This will allow running the wells at a higher speed. 

Practically speaking the existing system may only produce an additional 100 gpm maximum without over 

stressing the Column, Tube, & Shaft. This pump test will determine the potential for capacity increasing. 

Lowering the pump column avoids the risk of well pump failure resulting from water levels dropping below 

the NPSH level. Adding pump bowls increases the pump head output to restore historical pumping 

capacity (500 gpm) and avoid the risk of being unable to meet MDD with the highest capacity well offline. 

The technical feasibility of the alternative considers that: 

• Water quantity should not be an issue as long as the pump remains sufficiently below 

groundwater levels.  

• Water quality will likely continue to be an issue due to the presence of arsenic in the groundwater. 

The existing wells were constructed prior to the arsenic issue arising so they are screened 

continuously for approximately 150 feet. 

• No agreements are needed to implement this alternative. 

• Design parameters include  

o Deepening the pump column for each well by 100 feet 

o Adding one or more pump bowls to each well pump to increase total dynamic head from 

the pump to restore production to 500 gpm 

o Motor upgrades to handle the increased horsepower requirements 

• No direct or indirect environmental impacts are anticipated other than temporary construction 

impacts. The project is likely Categorically Exempt from CEQA since it is considered maintenance 

of existing facilities. 

• No additional land is required. 

• No potential construction problems have been identified since the project consists of 

improvements to existing facilities. 

Based on the information listed above, the alternative is technically feasible. 

4.3 Alternative 2c – Deepen Existing Wells / Replace Pumps 

 

In order to test the existing well capacities, a field test can be conducted on the existing wells by replacing 

the existing motors with a mobile engine and gearbox. This will allow running the wells at a higher speed. 

Practically speaking the existing system may only produce an additional 100 gpm maximum without over 

stressing the Column, Tube, & Shaft. This pump test will determine the potential for capacity increasing. 

 
The District could take the opportunity of lowering the pump column described in Alternative 2b to install a 
new pump that is capable of providing higher flows than 500 gpm to address meeting future increases to 
MDD.  

The technical feasibility of the alternative considers that: 
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• Water quantity should not be an issue as long as the pump remains sufficiently below 

groundwater levels.  

• Water quality will likely continue to be an issue due to the presence of arsenic in the groundwater. 

The existing wells were constructed prior to the arsenic issue arising so they are screened 

continuously for approximately 150 feet. 

• Design parameters include  

o Deepening the pump column for each well by 100 feet 

o Adding one or more pump bowls to each well pump to increase total dynamic head from 

the pump to increase production to 600 gpm 

o Motor upgrades to handle the increased horsepower requirements 

• No direct or indirect environmental impacts are anticipated other than temporary construction 

impacts. The project is likely Categorically Exempt from CEQA since it is considered maintenance 

of existing facilities. 

• No additional land is required. 

• No potential construction problems have been identified since the project consists of 

improvements to existing facilities. 

Based on the information listed above, the alternative is technically feasible. 

4.4 Alternative 3a – New Well 3 

This alternative proposes installation of new well approximately 500 feet east of the existing East Well. 

The new well would be sized to provide 300 to 800 gpm of flow with a 40hp to 100 hp motor, which 

accounts for the recent decrease in groundwater levels. The new well would serve multiple purposes: 

• Provide adequate flows to meet existing MDD at current groundwater levels. 

• Reduce reliance on 60+ year old East Well and, as a result, increase reliability of meeting 

increases to future MDD 

• Reduce use of wells producing high arsenic concentrations 

The technical feasibility of the alternative considers that: 

• Water quantity should not be an issue since the pump will be located well below existing 

groundwater levels. Pumping from the new well will directly reduce pumping from the existing 

wells. The only increase to pumping will result from increased water demands over time as 

residential, commercial, and industrial activities grow within the District. 

• Water quality may continue to be an issue due to the presence of arsenic in the groundwater. 

However, the District plans to conduct zone testing during development of the new well to try to 

minimize pumping of zone(s) of arsenic. Selective screening could potentially reduce the arsenic 

concentration in pumped groundwater and the associated cost of operating the AsWTP. 

• Design parameters include  

o Develop well to a depth of 800 feet and 16 inch diameter 

o Place pump at approximately 540 feet 

o Screened intervals to be determined based on zone testing. 

o New motor (40 to 100 hp depending on capacity) 

o New 8-in diameter pipeline from the well to the existing AsWTP raw water tanks 

o Receipt of well development approval from CDPH 

• No direct or indirect environmental impacts are anticipated other than temporary construction 

impacts. A Initial Study/Negative Declaration is anticipated with similar findings and measures 

required as for the recent AsWTP dewatering expansion project, which includes: 
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o No evidence of any listed or special-status species during the field survey and that “it is 

very unlikely that the project would result in direct impacts to special status species within 

the identified project footprint.”  

o Contractor orientation on local special-status species and habitat requirements 

o Pre-construction biological survey 

• The District already owns the land surrounding the proposed project site. 

• No potential construction problems have been identified since the District (and local contractors) 

has experience developing similar wells in the area. Also, the well and installation of the pipeline 

(approximately 1,000 ft) have a small footprint. 

Based on the information listed above, the alternative is technically feasible. 

4.5 Alternative 3b – State Water Project 

This alternative consists of: 

• Acquisition of SWP water rights 

• Construction of a Water Treatment Plant 

• Construction pipelines to convey the treated water from the WTP to the existing distribution 

system. 

The District has not investigated this alternative in much detail due to extremely high cost and lack of 

drought benefit. However, for the purposes of this report, a 500 gpm (0.72 mgd) system is assumed with 

the ability to expand to 800 gpm (1.15 mgd) in the future. 

The technical feasibility of the alternative considers that: 

• Surface water supply from the SWP will likely be expensive to purchase, is highly unreliable, and 

would not provide a solution to the existing drought conditions due to the extremely low 

availability of SWP water in 2014.  

• The raw surface water requires a surface water treatment plant to protect public health and meet 

drinking water regulations 

• Several agreements would be necessary to implement the project, including for water rights and 

for a new diversion point from the canal or with an entity that operates an existing diversion. 

These agreements are expected to take at least 12 months to negotiate (and probably longer). 

• Design parameters include  

o Diversion facility with near-term capacity of 500 gpm (0.72 mgd) and ability to expand to 

800 gpm (1.15 mgd), or an agreement to expand an existing diversion facility 

o Pipeline or canal from the diversion facility to the WTP to convey 800 gpm (1.15 mgd), 

o WTP with near-term capacity of 500 gpm (0.72 mgd) and ability to expand to 800 gpm 

(1.15 mgd) 

o Pressure pipeline from the WTP to the District’s distribution system to convey 800 gpm 

(1.15 mgd) at system pressure (minimum of 50 psi) 

• An Environmental Impact Report is expected to be required to address impacts to the seller of the 

water rights and impacts to the SWP system. Development of such a document is expected to 

take at least 12 months (and probably longer). 

• Land must be purchased for the new WTP site and easements must be acquired for the 

transmission pipeline(s). Land must also be purchased for a new diversion structure (if an existing 

structure is not shared with the District). 

• Potential construction problems cannot be identified very accurately until a site for the diversion 

structure, WTP, and pipeline(s) are identified. 
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Based on the information listed above, the alternative is technically feasible; however, the project would 

not address water supply issues caused by the drought since SWP is severely impacted by the drought 

and the project could not be implemented promptly – it would be at least one year and likely two to three 

years before the system would be operational. 

4.6 Alternative 4 – Wasco Connection 

This alternative proposes to connect with the closest municipal water system, which is the City of Wasco. 

The City’s sole source of potable water is groundwater. They have nine wells, operate six wells, and 

pumped 4,681 af in 2010 (4.2 mgd). The City projects to nearly quadruple water use to 17,397 afy (15.6 

mgd) in 2035. The City plans to upgrade several existing and improve distribution system resiliency to 

meet the future demands. 

An interconnection would require approximately 9 miles of new pipe from the City to the District’s 

distribution system and likely would require a contribution toward upgrade of the City’s existing wells. The 

District has not investigated this alternative in much detail due to high cost. However, for the purposes of 

this report, a 500 gpm (0.72 mgd) system is assumed with the ability to expand to 800 gpm (1.15 mgd) in 

the future. The District has not contacted the City about the potential for an interconnection. 

The technical feasibility of the alternative considers that: 

• Water quantity should not be an issue as long as the City’s well pumps remain sufficiently below 

groundwater levels. 

• The City does not operate one well due to high nitrate concentrations and does not operate 

another well due to high nitrate and dibromochloropropane (DBCP) concentrations. The City is 

conducting ongoing monitoring of nitrates, coliform, and organics (DBCP and ethylenedibromide 

(EDB)) as directed by CDPH based on previous detections. The District may need to contribute to 

wellhead treatment for these constituents if they exceed MCLs in the future. 

• An agreement with Wasco is necessary and may face public resistance to ‘exporting’ local 

groundwater. 

• Design parameters include  

o Pump station with near-term capacity of 500 gpm (0.72 mgd) and ability to expand to 800 

gpm (1.15 mgd). The facility could be located at the beginning of the pipeline in Wasco or 

at the end of the pipeline at the existing AsWTP site. Either way, sufficient pressure must 

be provided to the distribution system. 

o 12-inch diameter pipeline to convey up to 800 gpm (1.15 mgd) over 9 miles 

o Upgrades to the City distribution system may be necessary to avoid negative impacts of 

conveying up to 800 gpm to the District’s connection point. 

• The need for an EIR or an MND is not clear at this time. Primary impacts would likely be a 

decrease in groundwater levels below Wasco and temporary construction impacts from pipeline 

and pump station construction. A MND is probably if groundwater impacts are minimal but an EIR 

is anticipated, especially if public opposition exists. 

• Easements for the pipeline are necessary and land purchase would be needed for the pump 

station if it is located near Wasco but not likely needed if located by the existing AsWTP. 

• Potential construction problems are mainly associated with pipeline construction, which should be 

straight-forward since the probably alignment generally consists of public roads agricultural land.  

4.7 Technically Infeasible Alternatives 

No technically infeasible alternatives were identified. 
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4.8 Cost Estimates 

 

Table 5: Cost Estimates 

Alternative # 2a  2b 2c 3a 3b 4 

 

Repair / 
Rehabilitate 

Well 

Deepen 
Wells / Add 

Bowls 

Deepen 
Wells / 

Replace 
Pumps New Well 3 

State Water 
Project 

Wasco 
Connection 

Construction 
Costs 

$ 56,000 $ 112,000 $ 280,000 $ 610,500 $ 5,672,500 $ 7,938,000 

Non-Construction 
Costs 

$ $ 12,000 $ 28,000 
$ 275,100 $ 1,419,000 

$ 1,985,000 

Total Capital 
Costs 

$ 56,000 $ 124,000 $308,000 
$ 885,600 $ 7,091,500 

$9,932,000 

O&M Costs $0 $1,000/yr $ 1,000/yr $2,000/yr $40,000 $ 30,000 

Notes: 

1. Detailed cost estimates are included in Appendix A. 

2. O&M costs included here are the increased above O&M costs for the two existing wells. To 

simplify the comparison, the electricity usage (and associated cost) of the two existing wells is 

assumed to be the same as for each of the alternatives. 
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5.0 Selection of Alternative 

The District identified six technically feasible alternatives in the previous section. In addition to the costs 

estimates summarized in TABLE 6, the District considered several non-monetary factors to select a 

preferred alternative. The factors are: 

• Addresses Immediate Drought Risk: Does the project reduce the potential impacts of continued 

decrease in groundwater levels and enable the District to meet minimum water demands for 

public health and safety (excludes irrigation). 

• Addresses Extended Drought Risk: Does the project enable the District to meet existing 

maximum day demand (MDD). 

• Addresses MDD Growth: Does the project enable the District to meet projected increases in 

maximum day demand (MDD). 

• Addresses East Well Age Risk: Does the project enable the District to continue serving water if a 

significant failure of the East Well occurs? The well is over 60 years old. 

Each of the non-monetary factors is discussed further. 

Addresses Immediate Drought Risk 

The District has little control over management of their groundwater basin since agricultural pumping 

surrounds the community and agricultural pumping far exceeds the District’s groundwater production. The 

District does not have any alternative water supplies to groundwater so the District must be conservative 

in anticipating groundwater basin issues affecting their sole water supply, such as significant decreases in 

groundwater levels. 

Lowering of groundwater levels close to the NPSH of the existing pumps would soon cause pump and 

well failure. Current groundwater levels are within approximately 70 feet of the North Well pump NPSH. 

The District is concerned that this level could be approached prior to the next wet season (2014/2015) 

due to the extreme drought conditions. The District would not have an alternate water supply if this 

occurs. 

Addresses Extended Drought Risk 

Decreased groundwater levels causing existing equipment to provide more head to meet necessary 

pressure requirements. Increased head produced from the same pump will decrease flow output. As a 

result, the District’s maximum production capacity has reduced in recent years as groundwater levels 

dropped. The current production capacity risks dropping below being able to meet MDD with the largest 

well offline. New bowls can be added to existing pumps to increase the head produced but would not 

increase flow. A new pump would be necessary to meet increased head needs and restore flows to 

existing MDD. Also, a new motor would likely be needed due to higher horsepower needs. 

If the drought continues and groundwater levels continue to fall, the District will need a new pump to 

restore the ability to meet existing MDD flows. 

Addresses MDD Growth 

The District currently meets the MDD capacity requirement but expects to require additional pumping 

capacity in the near future when water demand increases as the general economy improves and housing 

development restarts. The highest priority project is replacement of the existing distribution system 

storage tank, which is in urgent need of repair and is currently in the project design phase. 

This factor identifies the need to address near-term water supply issues for the District.  
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Addresses East Well Age Risk 

Deepening the existing wells and replacing the pumps would increase the reliability of both the East and 

West wells.  

 

5.1 Alternatives Comparison 

TABLE 7 summarizes the cost and non-monetary factors for the alternative evaluation and Figure 6 

present capital costs compared with non-monetary scoring.  

Table 6: Alternative Comparison Matrix 

Alternative #  2a  2b 2c 3a 3b 4 

 

 Repair / 
Rehabilitate 

Well 

Deepen Well 
/ Add 

Bowl(s) 

Deepen Well 
/ Replace 
Pumps New Well 3 

State Water 
Project 

Wasco 
Connection 

Cost 
Comparison        

Capital Cost  $56,000 $124,000 $308,000 $885,600 $7,091,500 $9,923,000 

O&M Cost per 
yr  $0 $1,000 $1,000 $2,000 $40,000 $30,000 

Non-Monetary 
Factors        

Addresses 
Immediate 
Drought Risk  

Partially Yes Yes Yes Yes Yes 

Addresses 
Extended 
Drought Risk  

No No Yes Yes Yes Yes 

Addresses MDD 
Growth  

No No No Yes Yes Yes 

Addresses East 
Well Age Risk  

No No No Yes Yes Yes 

Non-Monetary 
Scoring  

      

Addresses 
Immediate 
Drought Risk 

20 5 10 10 10 10 10 

Addresses 
Extended 
Drought Risk 

15 -- -- 10 10 10 10 

Addresses MDD 
Growth 

10 -- -- -- 5 5 5 

Addresses East 
Well Age Risk 

5 -- -- -- 5 5 5 

Total  20 20 35 50 50 50 

Notes: 

1. Detailed cost estimates are included in Appendix A. 
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2. O&M costs included here are the increased above O&M costs for the two existing wells. To 

simplify the comparison, the electricity usage (and associated cost) of the two existing wells is 

assumed to be the same as for each of the alternatives. 

  

Figure 6: Comparison of Capital Cost and Non-Monetary Scoring 

 

Two trends are evident in Figure 6: 

• Higher costs are associated with higher non-monetary factor scoring for Alternatives 2a, 2b, 2c, 

and 3a 

• Alternatives 3b and 4 provide the same non-monetary factor scoring at a significantly higher cost 

The District’s Preferred Alternative is 2c - Deepen Existing Wells/ Replace Pumps.  
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6.0 Proposed Project (Recommended Alternative) 

6.1 Description 

This alternative proposes deepening of the existing wells as well as pump replacement for each. Each of 

the wells would be deepened by approximately 100 feet in order to account for the falling groundwater 

levels. The existing wells will be retrofitted to increase yield to 600 gpm. Design Parameters include: 

• Increase pump depth by approximately 100 feet to a total pump depth of 520 ft for the North Well 

and 520 ft for the East Well 

• Replace old pumps, motor, tube and shaft with new items to reach desired flow rate 

• Place pumps at approximately 520 ft 

• Maintain yield to approximately 600 gpm 

• Screened intervals to be determined based on zone testing 

• Provide new 100 hp motor, at each well, depending on final sizing 

The existing well upgrades would serve multiple purposes: 

• Provide adequate flows to meet existing MDD at current groundwater levels. 

• Increase reliability of the 60+ year old East well and as a result, increase reliability of meeting 

future increases to MDD.  

Water Quantity 

Water quantity should not be an issue since the pump will be located well below existing groundwater 

levels. The only increase to pumping will result from increased water demands over time as residential, 

commercial, and industrial activities grow within the District. 

Water Quality 

Water quality may continue to be an issue due to the presence of arsenic in the groundwater. However, 

the District could possibly implement zone testing during development of the existing wells to try to 

minimize pumping of zone(s) of arsenic. Selective screening could potentially reduce the arsenic 

concentration in pumped groundwater and the associated cost of operating the AsWTP. 

Environmental Impacts 

No direct or indirect environmental impacts are anticipated other than temporary construction impacts. An 

Initial Study/Negative Declaration is anticipated with similar findings and measures required as for the 

recent AsWTP dewatering expansion project, which includes: 

• No evidence of any listed or special-status species during the field survey and that “it is very 

unlikely that the project would result in direct impacts to special status species within the 

identified project footprint.”  

• Contractor training on local special-status species and habitat requirements 

• Pre-construction biological survey 

 

The proposed project presents no direct or indirect environmental impacts other than temporary 

construction impacts. The project is most likely categorically exempt from CEQA since it is considered 

maintenance to new facilities. Environmental reports can be completed for the USDA if necessary.  

Purchase of Land / Easements 

The District already owns the land surrounding the proposed project site. 
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Agreements 

No agreements are needed to implement this alternative. 

Potential Construction Problems 

No potential construction problems have been identified since the District (and local contractors) have 

experience developing similar wells in the area.  

6.2 Project Schedule 

The following schedule has been developed for the upgrade of the existing wells.   

Table 7: Proposed Project Schedule 

Task Start Date End Date Notes 

Planning April 1, 2014 Oct 2014 Preliminary Engineering Report 

Design Nov 2014 Jan 2015  

Permits Nov 2014 March 2015 To be conducted in parallel with Design 

Land/Easement Acquisition -- -- Not applicable 

Bid Advertise and Award Jan 2015 March 2015  

Construction Start April 2015 Sept 2015  

Substantial Completion  Sept 2015  

Final Completion  Sept 2015  

Operational Startup Sept 2015   

6.3 Permit Requirements 

No county permits are anticipated as the LHUD is a special utility district. 

 

6.4 Total Project Cost Estimate 

TABLE 9 below provides a construction cost estimate for the proposed project provides a total cost 

estimate for the proposed project. 
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Table 8: Total Project Cost Estimate (PER Guidance Document, Attachment 1) 

Total Project Cost Estimate 

Item   

Property Purchase / Lease Agreement   

Easement Acquisition / Right of Way / Water Rights   

Bond Counsel  $ 10,000 

Legal Counsel  $ 2,000 

Interest / Refinancing Expense   

Other (Identify)   

Environmental Services   

- NEPA Environmental Report  $ 3500  

Engineering Services   

     - Preliminary Engineering Report  $ 18,000 

     - Preliminary and Final Design Phase  $ 28,000 

     - Bidding / Contract Award Phase Services  $ 15,000 

     - Construction & Post-Construction Phase Services (w/o inspection)  $ 14,000 

     - Resident Project Representative Services (resident inspector)  $ 14,000 

   

Additional Services   

     - Permitting  $ 2,500 

     - Regulatory Compliance Reports  $ 1,800 

     - Environmental Mitigation Services (Construction Phase)  $ 2,500 

     - Easement Acquisition/ROW’s Services (Construction Phase)   

     - Surveying Services (Construction Services)   

     - Operation & Maintenance Manual(s)   

     - Geotechnical Services   

     - Hydrogeologic Services   $ 5,500 

     - Material Testing Services   

     - Other Services - Advertisement  $ 1,700 

Total Engineering Services $ 103,000 

Equipment / Materials (Direct Purchase using approved methods)   

Construction Cost Estimate  $ 280,000 

Contingency  $ 14,500 

Total Project Cost Estimate $ 413,000 

 
 
 

6.5 Operations and Maintenance Costs 

Table below summarizes estimated increases in O&M costs for the proposed project. 
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Table 9: Increased Annual Operations and Maintenance Cost Estimate 

Item 
Annual O&M 

Cost Notes 

Salaries $ 0  

Benefits $ 0  

Water Purchase $ 0  

Taxes $ 0  

Professional Service Fees  $1,000  For annual well assessment 

Interest $ 0  

Utilities 
$2,000 Use may decrease due to more optimal pump 

operation 

Insurance $ 0  

Annual Repairs & Maintenance $10,000 Based on cost for existing 

Supplies ($10,000) Reduced operation of the AsWTP 

Total Increased O&M $3,000  

Note: Table does not include short-lived assets, which are discussed in the following section. 
 

6.6 Short-Lived Asset Reserve 

Table below presents a schedule of short-lived assets (useful life of less than 15 years) for components of 

the proposed project and a recommended annual reserve deposit to fund the replacement of the short-

lived assets.  

Table 10: Increased Annual Operations and Maintenance Cost Estimate 

Equipment Useful Life
1
 Replacement Cost Annual Reserve

2
 

Motor 10 $5,000 $500 

Pump 10 $12,000 $1,200 

  Total $1,700 

Note: Table does not address annual O&M costs, which are discussed in the previous section. 
1. Useful Life is listed as 10 years. 
2. Annual Reserve = Replacement Cost ÷ Useful Life 
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7.0 Conclusions and Recommendations 

It is my professional opinion that it is imminent that the community will experience a significant decline in 

the quantity of water if the current drought conditions persist and result in continued decrease in 

groundwater levels and that such a significant decline is likely to occur within one year.  

It is also my opinion that the proposed project is necessary to alleviate this upcoming problem as well as 

the long term supply requirements. The proposed project addresses both near-term drought impacts and 

near-term water system upgrades identified in the Water Master Plan. More expensive options are 

presented that can also respond to long-term drought impacts, but cannot be considered due to 

insufficient capital funds.  
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Alternative Cost Estimates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Line Item No. Unit Unit Cost Capital Cost Unit Cost O&M Cost

East Well 1 LS $29,000 $29,000 $0

West Well 1 LS $27,000 $27,000 $0

Construction Subtotal $56,000 $0

Construction Contigency N/A

Construction Total $56,000

Non-Construction Costs N/A

Project Total $56,000 $0

Line Item No. Unit Unit Cost Capital Cost Unit Cost O&M Cost

East Well

Well Pump Capacity Test 1 EA $5,000 $5,000

Extend Pump Column 50 LF $400 $20,000

Add Bowl(s) 2 EA $2,000 $4,000

New Motor 1 EA $5,000 $5,000

Cover Screened Interval 30 LF $300 $9,000

North Well

Well Pump Capacity Test 1 EA $5,000 $5,000

Extend Pump Column 50 LF $400 $20,000

Add Bowl(s) 2 EA $4,000 $8,000

New Motor 1 EA $5,000 $5,000

Cover Screened Interval 20 LF $1,000 $20,000

Construction Subtotal $101,000 $0

Construction Contigency 10% $11,000

Construction Total $112,000

Non-Construction Costs 10% $12,000

Project Total $124,000 $0

Line Item No. Unit Unit Cost Capital Cost Unit Cost O&M Cost

East Well

New Col., Tube & Shaft 470 LF $200 $94,000

New Pump 1 EA $8,000 $8,000

New Motor 1 EA $5,000 $5,000

Cover Screened Interval 20 LF $1,000 $20,000

West Well

New Col., Tube & Shaft 470 LF $200 $94,000

New Pump 1 EA $8,000 $8,000

New Motor 1 EA $5,000 $5,000

Cover Screened Interval 20 LF $1,000 $20,000

Construction Subtotal $254,000 $0

Construction Contigency 10% $26,000

Construction Total $280,000

Non-Construction Costs 10% $28,000

Project Total $308,000 $0

Alternative 2a - Repair / Rehabilitate Well

Note: Project is complete. Construction values are from contractors invoices.

Alternative 2b - Deepen Wells / Add Bowl(s)

Alternative 2c - Deepen Wells / Replace Pumps



Line Item No. Unit Unit Cost Capital Cost Unit Cost O&M Cost

Develop Well 800 LF $200 $160,000 LS $10,000

Zone Testing 10 EA $1,000 $10,000

Pump Casing (C, T & S) 520 LF $120 $62,400

Pump 1 EA $8,000 $8,000

Motor 1 EA $5,000 $5,000

Aboveground Piping & Valves 1 LS $5,000 $5,000 1% $50

I&E 1 LS $10,000 $10,000 5% $500

8" Pipeline 1100 LF $100 $110,000 1% $1,100

Construction Subtotal $370,400 $11,650

Construction Contigency 15% $56,000

Construction Total $426,400

Non-Construction Costs 15% $64,000

Project Total $490,400 $11,650

Line Item No. Unit Unit Cost Capital Cost Unit Cost O&M Cost

SWP Water Rights 500 AFY $200 $100,000 $0

Diversion Structure 1 LS $100,000 $100,000 5% $5,000

Pipe to WTP 1000 LF $120 $120,000 1% $1,200

WTP 1.15 mgd $3,000,000 $3,450,000 $100,000 $115,000

Aboveground Piping & Valves 10% of WTP $345,000 1% $3,450

Pump Station 1 EA $100,000 $100,000 10% $10,000

I&E 5% of WTP $172,500 10% $17,250

12" Pipeline 1000 LF $150 $150,000 1% $1,500

Construction Subtotal $4,537,500 $153,400

Construction Contigency 25% $1,135,000

Construction Total $5,672,500

Non-Construction Costs 25% $1,419,000

Project Total $7,091,500 $153,400

Line Item No. Unit Unit Cost Capital Cost Unit Cost O&M Cost

Wasco Distribution System Upgrade 1 LS $50,000 $50,000 5% $2,500

Wasco Well Upgrades 1 LS $200,000 $200,000 5% $10,000

Pump Station 1 LS $100,000 $100,000 10% $10,000

I&E 1 LS $60,000 $60,000 10% $6,000

12" Pipeline 47520 LF $125 $5,940,000 1% $59,400

Construction Subtotal $6,350,000 $87,900

Construction Contigency 25% $1,588,000

Construction Total $7,938,000

Non-Construction Costs 25% $1,985,000

Project Total $9,923,000 $87,900

Alternative 4 - Wasco Interconnection

Alternative 3a - New Well 3

Alternative 3b - State Water Project
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2007 Pump Curves 
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