
AGENDA 
IRVINE RANCH WATER DISTRICT 

SUPPLY RELIABILITY PROGRAMS COMMITTEE 
THURSDAY, APRIL 20, 2023  

 

This meeting will be held in-person at the District’s headquarters located at 15600 Sand Canyon 
Avenue, Irvine, California.  The meeting will also be broadcasted via Webex for those wanting 
to observe the meeting virtually. 
 
To observe this meeting virtually, please join online using the link and information below: 
 
Via Web:  https://irwd.webex.com/irwd/j.php?MTID=mbba8c62df820b4264a862a0d7b1c64cc  
Meeting Number (Access Code):  2495 626 6661 
Meeting Password:  7XBrUyye8J2 

 
As courtesy to the other participants, please mute your phone when you are not speaking. 

 
PLEASE NOTE:  Participants joining the meeting will be placed into the Webex lobby when 
the Committee enters closed session.  Participants who remain in the “lobby” will automatically 
be returned to the open session of the Committee once the closed session has concluded.  
Participants who join the meeting while the Committee is in closed session will receive a notice 
that the meeting has been locked.  They will be able to join the meeting once the closed session 
has concluded. 
 
 
CALL TO ORDER 1:30 p.m. 
 
ATTENDANCE Committee Chair:  Douglas Reinhart   
 Member:  Peer Swan   

Note: Director Swan will be calling in via Webex for this meeting from 
7 Terraza Drive, Newport Coast, CA 92657 

 
ALSO PRESENT Paul Cook   Paul Weghorst   
 Kellie Welch   Fiona Sanchez   
 Kent Morris   Christine Compton   
 Natalie Palacio   Marina Lindsay   
 Robert Huang    Cheryl Clary    
         
 
 

PUBLIC COMMENT NOTICE 
 

If you wish to address the Committee on any item, please submit a request to speak via the 
“chat” feature available when joining the meeting virtually.  Remarks are limited to three 
minutes per speaker on each subject.  Public comments are limited to three minutes per speaker 
on each subject.  You may also submit a public comment in advance of the meeting by emailing 
comments@irwd.com before 5:00 p.m. on Wednesday, April 19, 2023. 
  

https://irwd.webex.com/irwd/j.php?MTID=mbba8c62df820b4264a862a0d7b1c64cc
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COMMUNICATIONS 
 
1. Notes:  Weghorst 
2. Public Comments 
3. Determine the need to discuss and/or take action on item(s) introduced that came to the 

attention of the District subsequent to the agenda being posted. 
4. Determine which items may be approved without discussion. 
 
 

INFORMATION 
 
5. DRAFT RECHARGE ENHANCEMENT STUDY AND PRELIMINARY 

DESIGN REPORT – WELCH / SANCHEZ / WEGHORST 
 
 Recommendation:  Receive and file. 
 
6. WATER SUPPLY CONDITIONS AND WATER BANKING 

CONSIDERATIONS UPDATE – LINDSAY / WELCH / SANCHEZ / 
WEGHORST 

 
 Recommendation:  Receive and file. 
 
7. WATER BANKING PROJECT FACILITIES, CAPACITIES, OPERATIONS 

AND PROGRAMS – LINDSAY / WELCH / SANCHEZ / WEGHORST 
 
Recommendation:  Receive and file. 

 
 

OTHER BUSINESS 
 
8. Directors’ Comments 
 
9. Adjourn 
 
 
************************************************************************************************************************* 
Availability of agenda materials:  Agenda exhibits and other writings that are disclosable public records distributed to all 
or a majority of the members of the above-named Committee in connection with a matter subject to discussion or 
consideration at an open meeting of the Committee are available for public inspection in the District’s office, 15600 Sand 
Canyon Avenue, Irvine, California (“District Office”).  If such writings are distributed to members of the Committee less 
than 72 hours prior to the meeting, they will be available from the District Secretary of the District Office at the same time 
as they are distributed to Committee Members, except that if such writings are distributed one hour prior to, or during, the 
meeting, they will be available electronically via the Webex meeting noted.  Upon request, the District will provide for 
written agenda materials in appropriate alternative formats, and reasonable disability-related modification or 
accommodation to enable individuals with disabilities to participate in and provide comments at public meetings. Please 
submit a request, including your name, phone number and/or email address, and a description of the modification, 
accommodation, or alternative format requested at least two days before the meeting.  Requests should be emailed to 
comments@irwd.com. Requests made by mail must be received at least two days before the meeting. Requests will be 
granted whenever possible and resolved in favor of accessibility. 
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SUPPLY RELIABILITY PROGRAMS COMMITTEE 

DRAFT RECHARGE ENHANCEMENT STUDY AND PRELIMINARY DESIGN REPORT 

SUMMARY: 

The IRWD Water Bank consists of multiple elements for the conveyance, recharge, and recovery 
of groundwater.  Historically, the IRWD Water Bank’s recharge basins have exhibited high 
initial infiltration rates which tend to decline after the first few months of recharge.  At IRWD’s 
request, consultants at Thomas Harder & Co. prepared a draft Recharge Enhancement Study and 
Preliminary Design Report, which provides an assessment of potential technologies to enhance 
recharge at the IRWD Water Bank.  The report also includes preliminary designs and cost 
estimates to pilot test two approaches.  At the Committee meeting, Thomas Harder will present 
an overview of the study and associated findings. 

BACKGROUND: 

The IRWD Water Bank includes recharge basins that are formed by small earthen embankments, 
with each basin having a different size, shape, and depth.  During past recharge events, the basins 
have exhibited high initial infiltration rates, which decline over time.  Infiltration rates can be 
impacted by factors including surface soil conditions, subsurface geology, soil saturation, 
suspended sediment concentrations, and nutrient loading in the source water.  Of these factors, 
subsurface geology has the greatest impact on infiltration rates. 

In August 2022, Thomas Harder and his staff began an investigation into available techniques 
and technologies that could enhance infiltration rates at the IRWD Water Bank.  This work 
included reviewing past studies of managed aquifer recharge, analyzing actual recharge data 
from the historic operation of IRWD’s Water Bank and other recharge areas, as well as 
evaluating recent advances in recharge techniques and technologies.  Additionally, the work 
included an evaluation of sediment loads suspended in the water being delivered to the IRWD 
Water Bank and identifying concepts to remove sediment prior to delivery to the recharge basins.  
Based on the information compiled and evaluated, Thomas Harder identified two recharge 
technologies for pilot testing. 

Draft Study and Preliminary Design Report: 

In January 2023, Thomas Harder submitted the draft Recharge Enhancement Study Preliminary 
Design Report that is provided as Exhibit “A”.  This report documents his investigation, 
findings, and recommendations to consider for enhancing infiltration rates at the IRWD Water 
Bank.  The draft report includes preliminary designs for pilot testing of dry wells and over 
excavation techniques.  The report also includes a description of testing methodologies and data 
collection.  The preliminary cost estimate for pilot testing the two concepts is approximately 
$1.9 million.  At the Committee meeting, Thomas Harder will present an overview of the study 
and associated findings. 
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FISCAL IMPACTS: 
 
Given site conditions, it is expected that a pilot test involving dry wells offers the best 
opportunity to enhance recharge at the IRWD Water Bank.  Funding for such a pilot test will be 
included in the proposed FY 2024-25 Capital Budget. 
 
ENVIRONMENTAL COMPLIANCE: 
 
The implementation of a pilot project to enhance recharge at the IRWD Water Bank would be 
subject to environmental review under the California Environmental Quality Act.  The 
appropriate type of environmental review would be identified once additional information is 
available. 
 
RECOMMENDATION: 
 
Receive and file. 
 
LIST OF EXHIBITS: 
 
Exhibit “A” – Thomas Harder & Co. Draft Recharge Enhancement Study and Preliminary 

Design Report dated April 2023 



Draft-Final Recharge Enhancement Study Preliminary
Design Report - Bakersfield, California

April 2023

EXHIBIT "A"
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1 Introduction 

This report presents a summary of potential methodologies and technologies that may have 
applicability for enhancing recharge rates at the Irvine Ranch Water District (IRWD) recharge 
facilities in the Kern Fan area near Bakersfield, California (see Figure 1).  While historical 
infiltration rates at IRWD’s Strand Ranch and Stockdale West facilities have generally been 
consistent with rates measured in other basins in the area, Strand Ranch basins south of the Cross 
Valley Canal (CVC) and at the Stockdale West basins have shown lower infiltration rates than 
Strand Ranch basins north of the canal.  As water for recharge is often available in large quantities 
over short periods of time, increasing the infiltration rates would potentially allow IRWD to 
recharge more water in a shorter time, thus maximizing IRWD’s stored water account.   

This report evaluates historical infiltration rates, potential causes of slow infiltration rates, previous 
studies to assess technologies to maximize recharge rates, evaluates other methods for enhancing 
recharge rates based on data collected since the IRWD facilities were constructed, and 
recommends recharge enhancement methods for further testing.  The last three sections present a 
pilot testing preliminary design to test the effectiveness of the recommended recharge 
enhancement methods at improving infiltration rates.  While the pilot testing is proposed for the 
Strand Ranch South basins, where infiltration rates are generally lower than adjacent basins, the 
technologies tested, if successful, could be applied to other IRWD facilities, such as Strand North 
and Stockdale West. 

1.1 Study Area 

The Study Area for this report generally applies to IRWD’s Strand Ranch and Stockdale West 
banking facilities abutting and to the south of Stockdale Highway approximately five miles west 
of Bakersfield, California (see Figures 1 and 2).  In the interest of time, more focused attention 
was given to the South Strand Ranch recharge basins where recharge rates have historically been 
lower than the other basins.  However, with site specific investigation, the concepts explored herein 
would apply to any of the recharge basins in the Study Area and throughout other parts of the Kern 
Fan. 

1.2 Strand Ranch and Stockdale West Facilities 

The Strand Ranch recovery facilities were completed in 2009 with the construction of eleven North 
Basins (7 through 17) and nine South Basins (1 through 6 and 18 through 20).  The total area 
available for recharge is 490 acres.  Groundwater recovery from Strand Ranch occurs via six 
production wells (SREX-1 through SREX-5 and SREX-7).  Well SREX-6 was a pre-existing 
agricultural well that has also been utilized for groundwater recovery.  Groundwater levels are 
monitored via three nested observation wells (SROW-1, SROW-3 and SROW-4) and 16 shallow 
piezometers (SR-1 through SR-12 and SW-1 through SW-4; see Figure 2).  Water is delivered to 
the North and South Basins from the Cross Valley Canal (CVC) via two unlined feeder canals, one 
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to the north of the CVC and one to the south, each located on the east side of the basins (see  
Figure 3). 

Stockdale West consists of approximately 265 acres of additional basins and three additional 
extraction wells located adjacent and west of the Strand Ranch North basins.  Water was first 
delivered to this facility for recharge in 2011 (see Figure 2). 

1.3 Potential Causes of Slow Infiltration Rates 

Infiltration rates in managed recharge basins can decline over time.  Typical causes of infiltration 
rate declines over time include: 

• Accumulation of fine sediment on the basin floors from source water suspended 
sediment, wind-blown dust, and erosion of the basin slopes.  Fines accumulating on the 
surface of basin floors can form a low permeability clogging layer that impedes 
infiltration. 

• Algae growth and accumulation within the basins. 
• Geochemical reactions between surface water and sediments in the basins. 

In addition to, or instead of basin clogging mechanisms, hydrogeologic conditions at the basins 
can impede recharge rates.  These conditions include subsurface fine-grained silt and/or clay 
between the land surface and the regional aquifer that impede and, in the worst case, perch 
percolating water in the vadose zone.  The ultimate recharge rate will be dictated by the lowest 
permeability layer in the unsaturated zone between the land surface and regional groundwater 
table.  If groundwater rises too close to the land surface during managed recharge, infiltration rates 
will slow as well.  Finally, during initial managed recharge activities after a long hiatus, air can 
become trapped beneath the infiltration wetting front and temporarily slow infiltration rates.  This 
effect is temporary and typically occurs in the first few weeks of an initial recharge event.  After 
the air is displaced, recharge rates increase again. 

1.4 Purpose and Scope  

The purpose of this report is to assess the relative effectiveness of potential technologies and 
options to enhance recharge rates at the IRWD recharge facilities in the Kern Fan Area near 
Bakersfield, California.  The scope of work included: 

1. Describing the hydrogeologic setting of the groundwater system at the basins. 

2. Documenting historical recharge rates at the Strand Ranch and Stockdale West basins. 

3. Reevaluating previous studies to assess various technologies to improve or maximize 
recharge rates. 
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4.  Evaluating additional technologies or methodologies to improve recharge rates, not 
previously considered. 

5. Developing a planning-level pilot test program to test two of the recharge enhancement 
technologies. 

6. Planning-level costs to conduct the pilot testing program. 

7. Preparing this report. 
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2 Kern Fan Area Physical Setting 

2.1 Hydrogeological Setting 

The Study Area is in the Tulare Basin, which is the southernmost extension of the San Joaquin 
Valley Groundwater Basin, a geographically significant structural depression of the Central Valley 
of California that extends from the City of Stockton on the north to the Tehachapi Mountains on 
the south (Faunt, 2009).  The Tulare Basin is bounded by crystalline rocks of the Sierra Nevada to 
the east, crystalline rocks of the Tehachapi Mountains to the south and southeast, and Tertiary 
marine rocks of the Coast Ranges to the southwest (see Figure 4).   

The Study Area is located on the flat distal portions of the alluvial fan deposited by the Kern River 
as it flows out of the Sierra Nevada Mountains on the east side of the Tulare Basin.  Land surface 
elevation ranges from approximately 400 ft above mean sea level (amsl) on the east to 
approximately 300 ft amsl on the west (except for the Elk Hills).  In general, the proportion of 
fine-grained sediments increases toward the terminus of the river and southwest of the Study Area 
where the depositional environment is dominated by lacustrine, marsh, and flood-basin deposits.   

The groundwater system in the vicinity of the Study Area can generally be divided into four aquifer 
zones based on a previous analysis of the geology and hydrogeology of the area (TH&Co, 2011).  
The shallow aquifer zone generally extends from the groundwater table to approximately 100 feet 
below ground surface (ft bgs) (see Figure 5).  This aquifer zone is unconfined to semi-confined 
and is periodically dewatered during low groundwater conditions.  The intermediate aquifer zone 
generally extends from approximately 100 ft bgs to 350 ft bgs.  Groundwater level differences 
between wells perforated in the upper part of this aquifer and wells perforated in the upper aquifer 
suggest that the intermediate aquifer zone is confined during periods of high groundwater levels 
but becomes unconfined to semi-confined when groundwater levels drop below the top of the zone.  
Many of the production wells associated with other area banking projects are perforated, at least 
partially, in the intermediate aquifer.  The deep aquifer zone generally occurs from a depth of 
approximately 350 ft bgs to 950 ft bgs and is confined.  Most of the area production wells, 
including the Strand Ranch wells, are perforated in the deep aquifer zone.  A very deep aquifer has 
been characterized below 950 ft bgs.  Few wells in the Kern Fan Area are perforated into this 
aquifer due to high arsenic concentrations and locally low permeability. 

2.2 Soil Stratigraphy 

An east-west cross section across the Stockdale West and Strand North Basins, that is depicted on 
Figure 2, shows that the upper 1,000 ft of alluvial sediments in the Study Area consists of a highly 
stratified sequence of more permeable sand and gravel interbedded with silt and clay (see Figure 
6).  No significant laterally extensive subsurface fine-grained units (i.e. silt and clay) are observed.  
Similarly, no distinct permeable units (aquifers) could be correlated across the area.   
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A more focused cross section of the upper 300 feet beneath the South Strand Basins (Section B-
B’) is shown on Figure 7 (see Figure 2 for cross section location).  This cross section was 
developed based on detailed borehole lithologic logs from SR-9, SREX-5, SROW-3, SROW-1, 
SREX-7 and surface geophysical surveys (towed transient electromagnetics or “tTEM” of basins 
1, 4, 6, 8 and 9).  The tTEM geophysical results are shown on Figure 7 as subsurface profiles of 
varying electrical resistivity at locations along the section where measurements were taken.   
Electrical resistivity variation is shown as different colors, with the lowest resistivities in the blue 
to green color spectrum representing relatively low permeability.  Electrical resistivity becomes 
increasingly higher from red to purple.  While red colors are expected to be associated with more 
permeable sand sediments, the highest resistivities (purple colors) may represent either permeable 
sand and gravel or saturated sediments (the presence of groundwater can skew the electrical 
resistivity).  It is noted that the tTEM surveys were conducted shortly after water was delivered to 
the basins and some basins to the west of the survey still contained surface water at the time of the 
surveys.   

While comparison of the lithologic descriptions from the detailed borehole logs with the 
subsurface characteristics indicated by the tTEM survey do not always match exactly, they reveal 
general characteristics that allow grouping of three general layers: 

1. A generally consistent layer of silt and silty sand (expected to be low permeability material) 
in the shallowest 10 to 50 ft bgs.   

2. A predominantly sandy layer that extends below the shallow low permeability silt/silty 
sand to depths ranging from approximately 80 to 130 ft bgs (bottom of the shallow aquifer).   

3. A layer of silty sand and sandy clay below the overlying sand that is expected to be lower 
in permeability.   

The upper 80 to 130 feet of sediments (Nos. 1 and 2 above) represent the shallow aquifer system 
when saturated.  The sediments below No. 3 above represent the intermediate aquifer.  The purple 
areas from the tTEM survey likely represent saturated conditions at the time the survey was 
conducted as it was conducted in late September 2019 when water had recently been delivered to 
the basins.  

2.3 Groundwater Occurrence 

The term groundwater, as used herein, refers to underground water in the pore spaces of 
unconsolidated sediments to the point of saturation.  It is distinguished from underground pore 
water adhered to sediment grains in the unsaturated, or vadose zone (i.e. soil moisture). 

The occurrence of saturated groundwater conditions in the shallow aquifer beneath the Study Area 
(upper 80 to 120 feet below land surface) is almost completely controlled by managed recharge 
and recovery operations at the site and in the area.  Periods of managed recharge result in rising 
groundwater levels and saturation of sediments.  Subsurface percolation of water from managed 
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recharge at the land surface will move by gravity drainage at rates dictated by the permeability of 
the sediments through which they infiltrate.  The lowest permeability sediments in the vadose zone 
will dictate the overall percolation rate between the land surface and groundwater table.   

Differences in groundwater levels measured in wells with varying perforation depths show that the 
levels become progressively lower with increasing perforation depth (see Figures 7 and 8), even 
during periods of recharge and relatively high groundwater levels.  For example, groundwater 
levels in the shallowest wells (SR-1 through SR-8; perforated 10 to 25 ft bgs in the shallow aquifer) 
are approximately 30 feet higher than the next shallowest monitoring well SROW-3/1 perforated 
from 220 to 270 ft bgs in the intermediate aquifer.  These data indicate a downward vertical 
gradient and movement of water from the shallow aquifer zone into the intermediate aquifer.  The 
rate of vertical percolation of water from the shallow aquifer into deeper aquifers is dictated by the 
permeability of the sediments separating them, in this case the silty sand and sandy clay sediments 
occurring from approximately 100 to 200 ft bgs beneath South Strand (see Figure 7). 

2.4 Groundwater Level Trends Over Time 

Groundwater level changes over time can be observed from hydrographs developed from data 
collected from monitoring wells in the Study Area (see Figures 8 and 9).  Changes in groundwater 
levels over time at Strand Ranch are correlated with recharge and recovery cycles (see Figure 8).  
During periods when project operations were predominantly recharge (e.g. between October 2011 
and January 2012), groundwater levels rose in response to the addition of water to aquifer storage.  
During periods of groundwater recovery (e.g. May 2013 through December 2015) groundwater 
levels dropped in response to groundwater pumping.   

Groundwater levels in the Study Area aquifers not only respond to recharge and recovery 
operations at the Strand Ranch and Stockdale West but also recharge and recovery operations at 
the other surrounding banking projects (e.g. Kern Water Bank and Pioneer Project; see Figure 9).  
Typically, when water is available to recharge at Strand Ranch, it is also available at the other 
banking projects.  Similarly, groundwater pumping generally occurs at the same time.  These 
coincident groundwater utilization activities have a compounded impact on groundwater levels 
beneath Strand Ranch.  As a result, groundwater levels in the upper aquifer can fluctuate from 
within 10 ft of the land surface to below the bottom of the aquifer.  Groundwater levels in the 
intermediate aquifer can fluctuate from within 80 feet of the land surface to greater than 300 ft bgs.   

It is not clear the impact of neighboring recharge operations on groundwater levels in the shallow 
aquifer beneath the Strand Ranch.  However, given their proximity, it is likely that there is at least 
some horizontal flow of water into the shallow aquifer beneath the Strand Ranch from neighboring 
areas.  As recharge in the Strand Ranch and Stockdale West must stop if groundwater levels rise 
within 10 feet of the land surface along the CVC, contribution of water from neighboring areas 
may have a limiting effect on the recharge capacity of the Study Area. 
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2.5 Groundwater Chemical Characteristics 

The groundwater chemistry in the shallowest portion of the aquifer system beneath the Study Area 
for which data are available (the intermediate aquifer) is relatively enriched in calcium and chloride 
relative to other cations and anions (see Figure 10).  These findings are based on groundwater 
chemistry data from samples collected from the shallowest perforated completion of the Strand 
Ranch nested monitoring wells (SROW-1, SROW-3, and SROW-4).  In contrast to shallow 
groundwater chemistry, groundwater from nested monitoring wells perforated in the deeper part 
of the intermediate aquifer and the deep aquifer is generally enriched in sodium/potassium relative 
to other cations and bicarbonate relative to other anions (see Figure 11).   

Total dissolved solids (TDS) concentrations in groundwater generally decrease with depth (see 
Figure 6;  Table 1).  The TDS concentrations in the shallowest portion of the aquifer system ranges 
from approximately 380 to 680 milligrams per liter (mg/L).  By contrast, the TDS of the deep 
aquifer at Strand Ranch ranges from approximately 100 to 320 mg/L.  TDS concentrations 
measured in samples from pre-existing Strand Ranch agricultural wells with upper perforations as 
shallow as 90 to 250 feet below ground surface (ft bgs) ranged from 560 to 850 mg/L (Wildermuth, 
2010).  The high TDS concentrations in the shallow zones are likely associated with evaporative 
concentration of salts in the vadose zone and subsequent flushing from return flow of applied 
irrigation water.  

2.6 California Aqueduct Water Chemical and Physical Characteristics 

Water quality data for imported California Aqueduct water was relatively limited.  The most 
complete data set available for plotting on the trilinear diagram on Figure 10 was from Check 28 
collected on June 7, 2007 (CDWR, 2022).  These data indicate the imported water is a sodium 
chloride type water, like that observed in the samples collected from the shallowest Strand Ranch 
observation wells.  The data suggest that the groundwater chemistry of the shallowest portions of 
the aquifer system beneath the Study Area are influenced by the water chemistry of imported 
California Aqueduct water that has been recharged in the area since 1995.  The TDS of imported 
water ranges from approximately 230 to 300 mg/L, based on the same dataset as obtained above. 

Total suspended sediments (TSS) in California Aqueduct water were evaluated to assess the 
potential for their contribution to sediment buildup in the Study Area basins.  Based on the datasets 
referenced above (CDWR, 2022), the TSS values in California Aqueduct water range from 3 to  
8 mg/L (see Table 1).  Turbidity generally ranges from 3 to 5 Nephelometric Turbidity Units 
(NTUs).   
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3 Historical Strand Ranch Operations and Infiltration Rates 

Water was initially delivered to the Strand Ranch basins in September 2010.  After a 4-yr hiatus, 
water was again delivered to the Strand Ranch Basins beginning in January 2017.  Since that time, 
water has been delivered to the basins in 2018, 2019 and 2020.  Water is delivered to the basins 
through releases from the CVC, which separates the North Strand basins from the South Strand 
basins (see Figure 2).  The water is released to two unlined feeder canals, one to the north of the 
CVC and one to the south (feeder canal for South Strand is shown on Figure 3).  The maximum 
rate of water released to either individual canal is 100 cubic feet per second (cfs) (44,883 gallons 
per minute). 

3.1 North Strand Basins Infiltration Rates 

Infiltration rates were measured in the individual North Strand basins during pond drop tests in 
January 2012.  Based on that test, they ranged from 0.02 ft/day to 0.18 ft/day (see Table 2).   

Although formal infiltration tests (i.e. “pond drops”) have not been conducted since 2012, the 
infiltration rates can be estimated for the North Strand basins as a whole from time periods when 
all the basins were full and the inflow rate was relatively constant.  TH&Co identified four time 
periods for analysis of North Basin infiltration rates based on data provided by RRBWSD (see 
Table 3).  The time periods and their average infiltration rates are summarized as follows: 

1. 21-May-17 through 25-Jul-17  0.33 ft/day 
2. 3-Sep-17 through 3-Nov-17  0.41 ft/day 
3. 13-Dec-17 through 4-Feb-18  0.45 ft/day 
4. 22-Mar-18 through 25-Jun-18  0.38 ft/day 
5. 2-Aug-18 through 15-Oct-18  0.41 ft/day 

The average infiltration rate for the time periods analyzed for the North Basins was 0.4 ft/day.  
These infiltration rates are higher than those previously observed in the North Basins during the 
January 2012 pond drop testing (average of 0.11 ft/day) although they are more consistent with 
qualitative field observations of recharge rates (personal communication with Zach Smith, 2022).  

3.2 South Strand Basins Infiltration Rates 

Infiltration rates measured in the individual South Strand basins during the pond drop tests in 
January 2012 ranged from 0.08 ft/day to 0.31 ft/day in the South Basins (see Figure 3; Table 4).  
Using the same methodology described in Section 3.1, TH&Co also estimated the recharge rates 
in the South Strand basins for the following time periods: 

1. 1-Mar-17 through 31-Mar-17  0.16 ft/day 
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2. 1-Apr-17 through 30-Apr-17  0.18 ft/day 
3. 1-May-17 through 16-Jul-17                 0.15 ft/day 
4. 13-Sept-17 through 31-Oct-17                  0.15 ft/day 
5. 1-Jan-18 through 1-Feb-18  0.19 ft/day 

The average infiltration rate over this time was 0.17 ft/day, as compared to an average of  
0.16 ft/day during the 2012 pond drop test.   These data do not show any declines in infiltration 
rate over the six-year period between 2012 and 2018 nor do they indicate any deterioration of 
infiltration rate between March 2017 and February 2018.  However, they are lower than estimated 
for the North Strand basins. 

3.3 Stockdale West Basins Infiltration Rates 

Infiltration rates were measured in the individual Stockdale West basins during pond drop tests in 
January 2012.  Based on that test, they ranged from 0.11 ft/day to 0.17 ft/day (see Table 2).  Daily 
inflow rates after 2012 were not available for Stockdale West for this study.  However, reviewing 
the monthly inflow rates to the facility between May 2017 and August 2017 when the basins were 
relatively full showed an average inflow rate of approximately 80 acre-ft/day.  Given the 265-acre 
area of the basins, this equates to an average infiltration rate of approximately 0.3 ft/day.  This 
infiltration rate is lower than Strand North but higher than Strand South. 

3.4 Kern Fan Area Infiltration Rates 

Comparison of the infiltration rates measured at the Strand Ranch between 2012 and 2018 are 
comparable with infiltration rates previously measured in other recharge basins in the Kern Water 
Bank (see Figure 12).  In general, infiltration rates measured through controlled pond drop tests 
by the Kern County Water Authority between 1995 and 2005 have ranged from 0.1 to 0.24 ft/day 
in the basins immediately adjacent and to the west, south, and east of the Strand Ranch.  These 
values are in line with those measured at the Strand Ranch.  Infiltration rates as high as 1.2 ft/day 
have been measured in other areas of the Kern Fan.  However, these infiltration rates are likely 
related to more permeable shallow subsurface conditions than have been observed in the Study 
Area. 
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4 Evaluation of Potential Causes of Low Recharge Rates in the Study 
Area 

4.1 Accumulation of Fine Sediment on the Basin Floors 

4.1.1 Suspended Sediments in Source Water 

The source water for Strand Ranch and Stockdale West basins is mostly State Project water from 
the California Aqueduct.  As described in Section 2.6 herein, the available data indicate the TSS 
concentration of this water is very low; typically below 10 mg/L.  The turbidity is typically below 
10 NTU, which is comparable to drinking water (see Photo 1).  For comparison, during testing of 
surface water in the Santa Ana River in the Orange County Forebay between 2014 and 2016, TSS 
concentrations in the water, which is a source of managed recharge for nearby spreading basins, 
can exceed 200 mg/L and had a median of approximately 23 mg/L over the reporting period 
(Hutchinson, 2017). 

 

Photo 1:  Cross Valley Canal outlet to South Strand feeder canal. 
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Given the low suspended sediment and turbidity of the imported water used for recharge in the 
Strand Ranch and Stockdale West basins, it does not appear to be contributing suspended sediment 
to the basins at levels that would result in significant clogging.   

4.1.2 Suspended Sediments Mobilized in Transit to the Basins 

The Strand Ranch basins receive water from two largely unlined canals on the east side of the 
basins; one on the north and the other on the south.  A fine-grained sediment layer was observed 
on the surface of the dry floor of these canals during a site visit on August 31, 2022 (see Photo 2).  
Fine-grained sediment buildup was also observed at the discharge points from the CVC and at the 
inlets to Basin 11 (North Strand) and Basin 4 (South Strand) (see Photos 3 and 4).  As water can 
be released from the CVC to the unlined transit canals at rates as high as 100 cfs (44,883 gallons 
per minute), the force of water into the canals can suspend a significant amount of sediment prior 
to entry into the recharge basins.   

 

Photo 2:  Fine-grained buildup on the bottom of the South Strand feeder canal.  The fines 
become cracked and breakup during dry periods but likely go into solution when water is 
released from the CVC. 
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Photo 3:  View looking south at the CVC outlet to the South Strand feeder canal.  Silt buildup can 
be seen on either side of the outlet pipe. 

 

Photo 4:  View of South Strand Basin 4 inlet pipelines showing buildup of silt near the pipes.   
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Settling of suspended sediment in water introduced to the recharge basins has the potential to clog 
surface and shallow subsurface pore spaces and reduce infiltration rates.  To date, there is no 
evidence that this has taken place.  However, based on observation of the fine-grained sediment 
buildup on the surface of the feeder canals and near the inlet pipes, the suspension of sediment 
from the walls and floor of the feeder canals when water is released from the CVC is a likely 
source of fines to the basins. 

4.1.3 Suspended Sediments Mobilized from Wave-Induced Erosion of Basin Sides 

During windy conditions, wave action against the basin sides can suspend fine sediments from the 
berms that are later deposited on the basin bottoms.  The Kern Fan Area has periodic strong winds, 
and this is a possibility.  Strand Ranch and Stockdale West basin berms have been designed with 
relatively gentle (3:1) side slopes to prevent erosion of basin sides from wave action.  While this 
suspended sediment from wave erosion of basin sides may be depositing some fines on the basin 
bottoms, there is no evidence from infiltration rate decay that this is a significant issue. 

4.2 Algae Growth 

Algae growth is a common issue in recharge basins and has been observed throughout the Kern 
Fan Area banking projects (see Photo 5).  The shallow water conditions, warm water, and nutrients 
in the soil combine to make optimum conditions for algae growth.  When the basins dry, algae 
dries as well creating an algal mat on the basin bottom that can clog the near-surface sediments 
when the basins are re-wetted.  Rosedale-Rio Bravo Water Storage District periodically treats the 
algal growth when the basins have water in them (personal communication with Zach Smith, 2022) 
to keep it from accumulating.  To date, algal accumulation does not appear to have affected 
infiltration rates in the Strand Ranch basins. 

4.3 Geochemical Reactions 

Mixing water from two different sources can have the potential to supersaturate the mixture with 
respect to certain minerals depending on the concentrations of those minerals, the pH, and the 
temperature in the end member waters.  The result can be precipitation of the mineral, which can 
clog the soil matrix and reduce the infiltration rate.  Calcium carbonate is a common precipitant.   

Based on analysis of the imported water from the California Aqueduct and groundwater beneath 
the Study Area, it is unlikely that mixing these sources will result in geochemical reactions that 
could cause precipitation of minerals.  Both waters are very similar (see Figure 10) with relatively 
low TDS concentrations.  As such, significant geochemical reactions that result in precipitants that 
could cement the soil matrix and reduce infiltration rates are not likely. 
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Photo 5:  Strand Ranch basin during full condition showing algae buildup in surface water.  (Photo 
from HDR, 2009). 

4.4 Shallow Low Permeability Layers  

Shallow low permeability sediments beneath the recharge basins are likely a limiting factor to 
recharge rates in the Study Area.  A generally consistent layer of silt and silty sand (expected to 
be low permeability material) was observed in the shallowest 10 to 50 ft bgs at Strand Ranch South 
(see Figure 7).  Fine sediments in the upper 10 to 20 ft bgs have also been observed beneath the 
Strand Ranch North (see Figure 6) and Stockdale West (Ramboll, 2020).  As infiltration rates are 
constrained by the lowest permeability sediments between the land surface and groundwater table, 
these low permeability subsurface fine-grained sediments are a limiting factor to recharge rates. 

4.5 Shallow Groundwater Levels  

Shallow groundwater levels can also limit recharge rates in the Project Area.  When groundwater 
levels in the shallowest SROW monitoring well completions rise above 50 ft bgs, RRBWSD is 
required to monitor groundwater levels in the Strand Ranch monitoring wells located along the 
CVC canal (see Figure 2).  If groundwater levels in the Strand Ranch monitoring wells rise to 
within 10 feet of the land surface, delivery of water to the basins must stop to avoid damaging the 
CVC canal structure.  It is noted that recharge rates at these shallow groundwater levels will 
decrease and eventually stop if groundwater rises to the land surface.  Thus, shallow groundwater 
is a limiting factor for recharge rate and maintaining it at a depth at which delivery of water to the 
basins can continue will increase the volume of water IRWD can recharge in the area. 
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It is possible that some subsurface fine-grained sediment layers in the upper 50 ft bgs are 
constraining recharge rates or perching groundwater.  Penetrating this fine-grained zone may help 
keep groundwater levels lower to facilitate more recharge.  The fine-grained zone observed 
beneath the South Strand basins at a depth of approximately 100 to 120 ft bgs (bottom of the 
shallow aquifer) may also be limiting downward percolation to deeper zones and thus contribute 
to shallow groundwater. 

Another factor contributing to shallow groundwater levels beneath the IRWD recharge facilities is 
recharge in other adjacent banking projects.  Typically, when water is available for recharge in the 
IRWD facilities, it is also available for the Kern Water Bank and Pioneer Project, which are 
adjacent to Stockdale West and Strand Ranch.  Subsurface groundwater mounding in the area is 
additive, such that nearby recharge raises  

4.6 Factors Reducing Infiltration Rates in the Study Area  

Based on a review of the various factors that can limit recharge rates in the basins of the Study 
Area in the context of the hydrogeological data reviewed to date, it is concluded that shallow low 
permeability layers in the upper 50 ft bgs and shallow groundwater levels are the two most likely 
limiting factors to recharge.  While the feeder canals are a likely source of fine sediments that settle 
onto the surface of the basins, the buildup of these fines appears to be minor and has not reduced 
infiltration rates between 2012 and 2018. 
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5 Previous Studies to Evaluate Methods to Enhance Recharge in the 
Study Area 

Near the time that the Strand Ranch recharge facilities were constructed, IRWD commissioned a 
study to evaluate options to improve the cost effectiveness of water banking in the Study Area 
(HDR, 2009; see Appendix A).  As part of this study, HDR evaluated five recharge concepts and 
six sediment removal strategies.  One of the recharge concepts evaluated, surface recharge ponds, 
has already been implemented and is not further evaluated herein.  The other four concepts are 
revisited to discuss their potential applicability to Study Area banking activities.  Potential for 
application of the sediment removal concepts previously evaluated are also discussed below. 

5.1 General Recharge Concepts Evaluated in the HDR Report 

5.1.1 Subsurface Recharge Galleries 

This recharge concept is essentially a leach field, whereby rows of 5-foot deep trenches are 
excavated in the recharge area and lined with filter fabric, gravel backfill, and perforated PVC 
laterals.  The PVC laterals are connected to a trunk line that receives water from the source, in this 
case the CVC. 

Subsurface recharge galleries are suited to areas with limited to no space for recharge basins.  For 
example, Santa Margarita Water District is incorporating a subsurface recharge gallery along San 
Juan Creek in the San Juan Basin of Orange County, California (personal communication with 
Michael Blazevic, 2022) in an urban developed area along the creek.  For areas with available land 
to construct basins, this concept adds unnecessary capital cost for additional piping, logistics 
challenges as well as potential added operations and maintenance cost to replace clogged filter 
fabric (if the filter fabric can be replaced at all), and reduced recharge rates using the filter fabric.  
While the filter fabric could be removed from the design to improve recharge rates, the concept 
does not address the hydrogeological issues that are dictating infiltration rates in the Study Area; 
namely low permeability subsurface sediment layers in the upper 50 feet bgs and high groundwater 
levels.  For this reason, the subsurface recharge gallery concept is not recommended for the 
banking projects in the Study Area. 

5.1.2 Shallow Radial Injection Wells 

The shallow radial injection wells concept is similar to Ranney Collector Wells except that water 
is injected into the formation instead of pumping it out.  This concept consists of installing multiple 
horizontal wells in trenches trending in different directions from a central concrete caisson.   The 
radial horizontal casings were conceptualized by HDR (2009) to be 250-foot long and could be 
installed at different depths up to approximately 12 feet below land surface.  The trenches for the 
PVC laterals would be lined with filter fabric and backfilled with gravel around the PVC pipes 
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although, as described in Section 5.1.1, the filter fabric could be removed from the design.  HDR 
estimated that 454 individual centralized modules, each with 12 laterals, would be necessary to 
recharge 10,000 acre-ft in four months across 250 acres.  This is a comparable recharge rate to a 
250-acre recharge basin with a 0.33 ft/day infiltration rate.   

The shallow radial injection well concept is not predicted to improve recharge rates in the Study 
Area.  While the laterals, which are installed as deep as 12 feet, could penetrate shallow low 
permeability layers in some areas of the basins, they would not penetrate low permeability 
subsurface sediments in other areas that extend as deep as 50 ft bgs (see Figure 6).  No advances 
in the concept have been identified since 2009.  Given the relatively high cost of this concept and 
its predicted limited effectiveness, it is not recommended for implementation in the Project Area.   

5.1.3 CULTEC Engineered Systems 

The CULTEC Engineered Systems consist of plastic corrugated semi-circular domes that are 
buried within a trench or larger catchment basin.  The domes are perforated and hollow to allow 
water in temporarily stored until it infiltrates into the subsurface through an open bottom.  HDR 
described the base beneath the domes as being covered in filter fabric overlain by gravel.  They 
are typically used in stormwater capture applications that allow for additional subsurface retained 
water capacity.  The domes are approximately 36-inches high and are buried just beneath the land 
surface. 

While the Cultec Engineered System would provide for more subsurface storage space for water, 
it is not predicted to improve recharge rates in the Study Area.  The domed chambers would not 
be constructed deeper than approximately five to ten ft bgs such that they would not penetrate low 
permeability subsurface sediments in other areas that extend as deep as 50 ft bgs.  Based on a 
review of the Cultec Engineered System web page (https://cultec.com/), the technology is 
essentially the same as it was in 2009.  The additional storage space could just as easily be achieved 
through deepening of the existing recharge basins.  Basin deepening would be simpler and more 
effective at removing shallow low permeability layers as the basins can be deepened more than 10 
feet given their current footprint. 

5.1.4 Subsurface Conveyance Concept 

The subsurface conveyance concept incorporates both an underground water transmission trench 
as well as a recharge basin.  The underground water transmission portion incorporates an inverted 
concrete trench box that is open on the bottom and similar to the Cultec Engineered System except 
that the water is recharged under dynamic (flowing) conditions rather than static conditions.  Water 
not recharged within the conveyance trench is discharged to the recharge basin for infiltration.  
The HDR (2009) report suggests that 65 miles of trench and a 125-acre basin are necessary to 
recharge 10,000 acre-ft in four months. 
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Given the relatively high anticipated cost of this concept and relatively large footprint needed for 
the conveyance trench, it is not recommended for implementation in the Project Area.   

5.2 Sediment Removal Concepts Evaluated in the HDR Report 

The sediment removal concepts evaluated in the HDR (2009) report assumed that there was, or 
would be, entrained sediment in the source water to the basins that would collect on the basin 
bottoms and reduce infiltration rates.  These sediment removal concepts included: 

• High-Rate Sedimentation – The use of shallow gravitational settlers (tanks) to facilitate 
settling of suspended sediment prior to discharge to the basin.  The tanks are designed with 
tubes or inclined plates to increase the settling efficiency, hence the term “high-rate.”   

• Ballasted Sedimentation – Introduction of fine sand, a coagulant and a polymer to turbid 
water inside a settling tank to facilitate the settling out of suspended sediment prior to 
discharge to the basin. 

• Dissolved Air Flotation – The removal of suspended sediment by injecting dissolved air 
into the turbid water under pressure and then releasing the air under atmospheric pressure 
inside a flotation tank.  The suspended sediment adheres to bubbles in the water and floats 
to the top of the water where it is skimmed off. 

• Cloth Media Filter – A physical removal process that involves trapping sediment on cloth 
fabric in the influent stream of a tank.  The cloth is periodically backwashed or vacuumed 
to remove sediment.  Clarified water would be discharged to the basin. 

• Microfiltration – Involves drawing water through a series of hollow fiber membranes to 
treat it to a high quality prior to discharge to the basin. 

• Passive Treatment – Installing a Ranney Collector well, or wells (see Section 5.1.2), in 
the Kern River using the river sediments as a natural filter medium, transporting the water 
to the Project Area and discharging the clarified water to the basins.  

The feasibility of these technologies was evaluated for recharge basin applications through a multi-
phased large scale testing program, conducted for the Orange County Water District (OCWD) 
(HDR, 2010).  The results of this testing showed that cloth filtration and riverbed filtration were 
the most effective at removing sediments and increasing recharge.  Sediment removal technologies 
that involved adding chemicals to settle out solids (e.g. Ballasted Sedimentation) were effective at 
removing suspended sediment but resulted in elevated rates of basin clogging, presumably from 
residual flocculants or polymers in the water reacting with near-surface basin sediments.  As a 
result of this testing, OCWD conducted a multi-year riverbed filtration test, which is described in 
this report in Section 5.3. 

As noted in Sections 2.6 and 4.1.1 herein, the total suspended sediment and turbidity of the primary 
source water to Strand Ranch (imported State Project Water) is typically below 10 mg/L and 10 
NTUs, respectively and is not expected to contribute sediment settling out on the basin bottoms at 
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a rate that would cause significant clogging and reduced infiltration rates.  Thus, these sediment 
removal concepts do not appear to be necessary, would be expensive to build and operate, and 
would not address IRWD’s goal of increasing recharge rates at the Study Area facilities. 

5.3 Subsurface Filtration System 

As a result of the HDR (2010) Recharge Water Sediment Removal Feasibility Study described in 
Section 5.2, OCWD conducted field scale tests of the riverbed filtration concept (Hutchinson et 
al., 2017).  The riverbed filtration concept consists of utilizing the native sediments of the river 
bottom to filter out suspended sediment in the surface water.  The filtered water is captured through 
a gallery of shallow subsurface slotted PVC pipes and then conveyed to the recharge basin.  
OCWD tested two configurations of subsurface piping: one with pipeline parallel to the flow path 
in the river and one with pipeline perpendicular to the flow path.   The pipelines were buried within 
trenches that were backfilled with gravel around the pipes and the covered with native riverbed 
sediments.  The length of the filtration system was greater than 2,000 feet with a total infiltration 
area of approximately 10 acres. 

During the OCWD subsurface filtration field test, the system could produce a maximum flow of 
18 cfs, which was sustainable for weeks at a time.  Source water pretreated TSS ranged from 
approximately 10 to 200 mg/L.  Hutchinson et al., 2017 showed that the riverbed filtration system 
was effective at removing 97 percent of the suspended sediment from the source river water. 

While it may be feasible to implement a riverbed-type filtration system in the CVC feeder canals 
for the Project Area recharge basins, the available data and operational parameters of the CVC 
system suggest that it is not likely the most cost-effective way to remove or limit TSS load to the 
basins.  As noted previously in this report, the primary source of TSS in water delivered to the 
basins appears to be suspended sediment that is churned up in the unlined feeder canals during 
delivery of water from the CVC to the basins (see Section 4.1.2 herein).   A riverbed filtration 
system in the feeder canal may help remove this TSS but it may not be as effective as the OCWD 
system for the following reasons: 

• The inlet of the first basin is within 100 ft of CVC outlet.  It’s not possible to install a 
riverbed filtration system large enough to effectively remove suspended sediment 
between the CVC outlet and the Basin 4 inlet.  This may be addressed through 
permanent removal of the inlet although this would need to be checked through analysis 
of land elevation slope. 

• The feeder canal for the South Strand basins is approximately 900 feet long and 40 feet 
wide.  A subsurface PVC collector gallery could be installed within the canal, resulting 
in approximately 36,000 square feet of collector piping (0.83 acres).  Given that the 
OCWD field test apparatus was 10 acres and could produce a maximum of 18 cfs, it is 
not likely that a riverbed infiltration system in the feeder canal could accommodate  
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100 cfs, which is the maximum released from the CVC.  A riverbed infiltration system 
in the feeder canal would accommodate approximately 1 to 2 cfs of flow.  Thus, it 
would likely only address the TSS in some of the water released to the canal.  

As per Hutchinson et al., 2017, the riverbed infiltration system they tested was constructed in 2013 
at a cost of $1,900,000, of which $950,000 was for the pipeline connecting the system to the basin 
(this pipeline would not be necessary for the Project Area basins).  Thus, in 2013 dollars, the 
OCWD system, which is approximately 10 times the size of that which the South Strand feeder 
canal could accommodate, was approximately $950,000.  Assuming the cost is proportional to the 
size of the project, a riverbed infiltration system for the South Strand feeder canal would cost 
approximately $95,000 in 2013 dollars.  Given inflation since that time, particularly in the last two 
years, this cost would be significantly higher. 

For comparison, the South Strand feeder canal could be lined with concrete, which, given the 
apparent source of TSS in the water delivered to the basins, would address the issue.  The cost to 
line the canal with concrete, in 2022 dollars, would be approximately $6 per square foot ($216,000) 
(personal communication with Curtis Skaggs, 2022).  This option would address the potential for 
introducing TSS into the water after it is released from the CVC into the feeder canal at a cost that 
is comparable to the riverbed infiltration system and would be effective on the full 100 cfs capacity 
of the feeder canal. 

Due to the limited available TSS data for CVC water, it is recommended to conduct further testing 
to confirm that the TSS of this water is always low.  If the CVC water delivered to the Project Area 
basins is periodically much higher, then the riverbed filtration system may be revisited.  However, 
based on the available data and observations in the field, concrete lining of the feeder canals 
appears to be a more effective solution to any TSS in the source water delivered to the basins.  
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6 Evaluation of Additional Recharge Enhancement Options 

The recharge enhancement technologies previously evaluated assumed high TSS and turbidity in 
the source water delivered to the basins for recharge, which would cause clogging of the basin 
bottoms and reduced infiltration rates.  Based on the available imported water quality data, 
observations of the lack of recharge rate decay in the Strand Ranch basins, analysis of subsurface 
lithology, and observations of groundwater levels (see Sections 2, 3 and 4), it is concluded that 
high TSS and high turbidity in the source water for recharge is not a limiting factor for recharge 
in the Study Area.  While some sediments get churned up into suspension during delivery to the 
basins via the unlined feeder canals, this condition would be more effectively addressed through 
concrete lining of the canals (see Section 6.1).  The additional recharge enhancement options 
discussed in this section address the role of subsurface lithology on recharge rate limitations. 

6.1 Concrete Lining of Feeder Channels 

One way to address surface fine-grained sediment suspended in the unlined feeder canal during 
inflow of water from the CVC is to line the canal floors and walls with concrete (see Section 4.1.2; 
Figure 3; Photos 2 through 4; see also Section 5.3).  This would effectively address suspended 
sediment kicked up from the high energy inflow of water into the canals prior to delivery to the 
basins. 

6.2 Over Excavation and Deepening of Basins 

Over excavation involves excavating and removing shallow subsurface fine-grained sediments that 
cause reduced infiltration and recharge rates.  Borehole data and tTEM show that the upper 10 to 
50 feet of sediments in the South Strand Ranch basins consist of silt and silty sand, that would be 
expected to have lower permeability than the underlying sand sediments.  Removal of these upper 
sediments through excavation to the depth that they intersect the sand would remove the shallow 
low permeability impediment to recharge.  While deepening of the basins would not be feasible to 
50 feet, there are areas where these fine sediments only extend between 10 to 20 ft bgs where 
removal through excavation is feasible. 

The Buena Vista Water Storage District, located in the Kern Fan Area west of Strand Ranch, has 
deepened portions of recharge basins at their Palms, Corn Camp and Daly Ranch facilities to 
strategically remove shallow subsurface low permeability sediments (see Photos 6 and 7).  As of 
August 2022, the only modified recharge facility that had received water for recharge was the 
Palms West and South basins.  BVWSD reported that the infiltration rate in these basins during 
that year (2017) was approximately 0.6 ft/day.  They had not conducted any infiltration testing 
prior to basin modification to determine what the infiltration rate was before deepening the basins.  
Further, they had not monitored groundwater levels during recharge to assess the impact that the 
managed recharge had on groundwater levels.  Thus, how long they can recharge the groundwater 
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at those rates is not known.  However, the reported infiltration rate was significantly higher than 
that measured in many other basins in the western portion of the Kern Water Bank (see Figure 12). 

 

Photo 6:  View of Buena Vista Water Storage District Daly Ranch recharge facility showing 
deepened basins to expose sandy material (lighter colored sediments in the center right of the 
picture). 

 

Photo 7:  Deepening of basins at the Buena Vista Water Storage District Daly Ranch Facility. 
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Deepening of some and/or a portion of all the basins in the Study Area appears to be a viable option 
to increase recharge rates, at least in the short-term.  While ultimately the limiting factor for 
recharge will be groundwater levels rising to within 10-ft of the land surface, this may allow IRWD 
to get more water into the ground quicker, thus increasing the volume of water stored when water 
is available for recharge. 

6.3 Dry Wells 

Dry wells consist of a large-diameter borehole either held open by a casing open at the bottom or 
filled with gravel (see Figure 13).  In the Study Area, dry wells could be employed to facilitate 
recharge in areas where shallow subsurface fine-grained sediments extend to depths below that 
which excavation cannot feasibly remove.  Dry wells can be constructed to maximum depths of 
approximately 120 feet.  Thus, it is envisioned that they could be employed in areas of the Study 
Area basins where subsurface fine-grained sediments extend between approximately 20 and 50 ft 
bgs.  The gravel-filled borehole would provide a conduit for surface water to percolate past the 
fine-grained layers to the sand below.  Dry well boreholes would be approximately 48 to 52 inches 
in diameter and filled with ¼-inch to ½-inch gravel.  The boreholes can be completed at the land 
surface with a gravel mound that can be easily scraped should basin maintenance be required. 

These types of boreholes/wells have been used to facilitate recharge of captured stormwater as 
well as managed recharge in basins.  In the Pinal Valley area of Arizona, dry wells were 
successfully employed to infiltrate recharge water past shallow subsurface caliche layers that were 
previously impeding recharge.  Dry wells have also been employed in the Tejon Ranch area to 
facilitate stormwater capture (personal communication with Curtis Skaggs, 2022). 

6.4 Deep Aquifer Injection Wells 

Injection wells are another method of recharging deeper aquifers below shallower subsurface fine-
grained layers.  These wells are distinguished from a dry well in that they are completed similar to 
an extraction or production well with a well casing and perforated section in the target aquifer.  
They also are constructed with a gravel envelope around the perforations and a deep annular seal.  
Injection wells are more expensive than dry wells but can be drilled much deeper and allow for 
direct injection into any given aquifer, including either the intermediate, deep aquifer or both in 
the Project Area.  As existing production wells can be converted to injection or dual “Aquifer 
Storage and Recovery” wells, the existing Strand Ranch wells may be modified to be utilized in 
this way.  While this requires further investigation, conversion of Strand Ranch wells to enable 
injection would allow for recharging both the shallow aquifer via basins and deep aquifer via 
injection at the same time.  Research would need to be performed to determine what type of pre-
treatment would be needed to recharge water into the intermediate and deep aquifers using aquifer 
injections wells. 
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6.5 Regional Recharge Management Coordination 

Currently, when water is available to the Kern Fan Area, most, if not all, water banking entities 
recharge at the same time.  There have been periods of very high precipitation and available water 
when all of the basins in the area, including around the Project Area, have become full.  However, 
it would be beneficial to coordinate with other banking entities, namely the Kern Water Bank 
Authority and the Kern County Water Agency, to strategically prioritize recharge in their basins 
that are further away from the Project Area to limit groundwater level rise beneath the Project 
Area.  As stated earlier, when groundwater levels beneath the Strand Ranch rise to within 10 feet 
of the land surface, delivery of water to the basins must stop.  By delaying the groundwater level 
rise in the Project Area associated with area banking, it may be possible for IRWD to recharge 
more water.   

6.6 Recommended Recharge Enhancement Concepts for Further Testing 

Given the conditions that are currently dictating recharge rates in the Project Area (shallow 
subsurface fine-grained layers and periodic high groundwater levels), we are recommending the 
following potential concepts for further testing to assess their feasibility for increasing recharge 
rates: 

• Over Excavation 
• Shallow Dry Wells 

The following section presents a preliminary design to test the feasibility and effectiveness of each 
of the recommended recharge enhancement concepts.   
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7 Pilot Testing Preliminary Design – Over Excavation Concept 

A pilot testing program has been developed to test the feasibility and effectiveness of increasing 
recharge rates by deepening a portion of one of the Strand Ranch basins.  For this test, TH&Co 
selected a 2-acre area of South Strand Ranch Basin No. 1.  This 2-acre area corresponds to an area 
where surface geophysics (tTEM) has shown that the upper approximately 20 feet of the 
subsurface consists of fine-grained sediments that are expected to result in low infiltration rates 
(see Figure 14).  Pond drop data from 2012 indicates that the infiltration rate in this basin is 
approximately 0.1 ft/day.  The purpose of this pilot test is to: 

• Assess whether removal of the subsurface fine-grained sediments in the upper 20 ft bgs 
would improve infiltration rates and to what degree, 

• Observe the paths and timing of recharge water migration in the shallow and intermediate 
aquifers, and 

• Measure the magnitude and timing of groundwater level changes from recharge in the 
shallow and intermediate aquifers. 

7.1 Pilot Over Excavated Recharge Basin 

A 2-acre pilot recharge basin will be constructed in the southeast portion of South Strand Ranch 
Basin 1 (see Figure 14).  The location of the basin corresponds to an area where tTEM surveys 
have indicated subsurface fine-grained sediments in the upper approximate 20 ft bgs.  The pilot 
basin will initially be constructed without changing the existing basin bottom depth, which is 
approximately 5-feet below the top of berm.  Recharge testing in this configuration of the basin 
will allow a more focused testing of infiltration rates without removing the shallow fine-grained 
sediments.   

Upon completion of baseline pilot testing in the unimproved basin, the bottom will be deepened 
to a depth of approximately 20 feet below the existing basin bottom to remove subsurface fine-
grained sediments indicated by the tTEM surveys.  Excavation to this depth should expose 
underlying sand sediments, which are expected to be more permeable and will enable us to test the 
impact that removal of these upper fine-grained materials has on infiltration rates, through 
comparison with infiltration rates in the unimproved pilot basin. 

Temporary berms will be constructed for the north, west and part of the south side of the pilot 
basin (see Figures 14 and 15).  It is envisioned the berms will be constructed from basin bottom 
sediments outside the pilot basin berms.  The inside and outside of each pilot basin berm will be 
constructed with 3:1 slopes to minimize erosion (see Figure 15).  The basin will be supplied water 
via an 10-inch diameter PVC inlet pipeline connecting to the CVC feeder canal.  The inlet pipeline 
will terminate inside the basin inside a small catchment lined with a 6-foot diameter plastic splash 
guard that is filled with riprap. This design prevents scouring of the basin bottom and excessive 
suspension of fine-grained material in the standing water in the basin. 
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7.2 Supply Water and Conveyance 

There are two options for supplying water for pilot testing: 

1. Imported water from the CVC, and 
2. Groundwater pumped from Well SREX-7. 

7.2.1 Option 1 – CVC/Off-Basin Supply Channel 

If water is available from the CVC to supply the pilot test, then a conveyance pipeline will be 
connected to one of the corrugated pipelines making up the inlet structure to Basin 1 (see Figures 
14 and 15).  The remaining existing inlet pipelines to Basin 1 would be blocked off to focus water 
directly into the pilot testing conveyance pipeline.  The conveyance pipeline would consist of 
above-ground 10-inch diameter PVC capable of supplying up to 500 gallons per minute.  The 
pipeline alignment would be as shown on Figure 15.  The inlet structure to each pilot basin would 
be constructed as shown on Figure 15 and described in Section 7.1 herein. 

7.2.2 Option 2 – Groundwater from SREX-7 

If water for pilot testing is not available from the CVC, then it could be alternatively supplied from 
groundwater pumped by Well SREX-7, located at the northwest corner of Basin 1 (see Figure 14).  
For this option, groundwater from SREX-7 would be discharged to the CVC as in a pump back 
condition.  A like amount of water would be released from the CVC to the eastern feeder canal for 
conveyance to the pilot basin via the 10-inch diameter PVC pipeline.  The pipeline alignment 
would be as shown on Figure 15.   

7.3 Basin Instrumentation 

7.3.1 Staff Gage 

Surface water in the pilot basins will be monitored using a graduated staff gage.  One gage will be 
placed in the basin as shown on Figure 16. 

7.3.2 Monitoring Well 

One nested monitoring well is proposed for the pilot basin, to be in the center of the basin on a 
raised earthen island (see Figure 16).  It is planned to drill and construct the 280-ft deep monitoring 
wells prior to pilot basin construction such that the wellhead will be completed above the current 
basin floor.  The island will have 3:1 slopes as with the basin walls. 

The monitoring well will be completed as a nested well with two independent well casings in the 
same borehole, each with different perforation intervals (see Figure 17).  The uppermost 
perforation interval will correspond to the shallow aquifer (conceptually approximately 50 to  
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100 ft bgs) and will enable monitoring of the timing and magnitude of changes in groundwater 
levels from recharge into this aquifer.  The lowermost perforation interval will correspond to the 
intermediate aquifer (conceptually approximately 220 to 270 ft bgs) and will enable monitoring of 
the timing and magnitude of changes in groundwater levels in this aquifer during pilot recharge 
testing.  The final depth and perforation interval of each casing will be determined from logging 
and analysis of data during the drilling of the borehole for the well. 

The borehole for the monitoring well will be drilled using a direct mud rotary drilling method.  
Soil samples will be collected during drilling across 10-foot intervals and visually classified in the 
field in accordance with the USCS. All drilling, sample collection, and soil logging will be 
conducted under the supervision of a California Certified Hydrogeologist. Soil cuttings generated 
during drilling will be spread out on the ground in the western pilot basin.  Drilling fluids will be 
transported offsite for disposal. 

Upon completion of the monitoring well, the contractor will collect a suite of downhole 
geophysical logs including: 

• Gamma Ray 
• Sonic Velocity Variable Density 
• Spontaneous Potential 
• Short Normal Resistivity 
• Long Normal Resistivity 
• Laterolog Resistivity 

The recommended preliminary design for the nested monitoring well is shown on Figure 17 and 
incorporates the following: 

• 4-inch diameter PVC blank casing (+2 to 50 ft bgs and +2 to 220 ft bgs). 
• 4-inch diameter PVC well screen (50 to 100 ft bgs and 220 to 270 ft bgs). 
• Screen consisting of horizontal slots with 0.02-inch openings. 
• A 20-ft deep mild steel conductor casing and seal. 
• Annular cement/bentonite seals from 0 to 40 ft bgs and 110 to 210 ft bgs. 

The preliminary design for the monitoring well is based on best available data and presented for 
planning purposes.  However, the final design will be refined based on site-specific data to be 
collected during drilling of the borehole for the well. 

The well will be completed at the surface inside a 12-inch diameter mild steel above-ground riser 
that extends three feet above the land surface.  A dedicated reference point will be established and 
marked on the top of the well casing.  The elevation of the reference point will be surveyed to an 
accuracy of 0.01 foot relative to mean sea level (NAVD88) by a California licensed land surveyor.  
All groundwater level measurements will be obtained relative to the reference point.   
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After installation, the monitoring well will be developed using a combination of swabbing and 
bailing. The well will be developed for approximately 8 to 16 hours, depending on the time 
required to produce clear water that is free of suspended sediment. During development, periodic 
measurements of electrical conductivity (EC), pH, temperature, and total dissolved solids will be 
recorded with a portable parameter kit and recorded on field daily summaries. The parameter kit 
will be calibrated in the field at the beginning of each day of development. Groundwater generated 
during the development process will be temporarily contained at the drilling site until suspended 
sediment has settled out.  Clarified water will be discharged to the basins.  Residual sediment will 
be transported offsite for disposal. 

Upon completion, each completion in the nested monitoring well will be equipped with a 
continuous read pressure transducer for measuring groundwater levels.  Transducers will be 
installed below the groundwater level with enough submergence to accommodate anticipated 
groundwater level fluctuations.  Each pressure transducer will be programmed to collect data at 
15-minute intervals. 

7.3.3 Soil Moisture Neutron Probe Boreholes 

Two boreholes will be drilled and completed with 2-inch diameter PVC casing for the purpose of 
enabling the periodic collection of neutron probe soil moisture data.  The neutron probe is 
periodically run inside the casing during recharge testing where it emits neutrons through the 
casing and into the adjacent formation.  The neutrons interact with water in the soil to provide a 
measurement of the degree of saturation.  The probes will enable tracking the timing of vertical 
percolation of water introduced into the pilot recharge basin.  The boreholes will be installed on 
each side of the central monitoring well island (see Figure 16).  The casings will be constructed of 
blank Schedule 40 PVC installed to a total depth of 200 ft bgs inside a 6-inch diameter hollow-
stem auger borehole. 

7.3.4 Surface Electrical Resistivity Tomography 

Electrical Resistivity Tomography (ERT) will be conducted in the pilot basin to track the vertical 
percolation of water in the subsurface.  The ERT instrumentation is established in the basin bottom 
as an array of electrodes each connected by electrical wiring.  Current is induced into the ground 
using two electrodes and the electrical potential drop is read using up to six other electrodes.  In 
so doing it is possible to estimate lateral and vertical variations in electrical resistivity.  As water 
changes the electrical resistivity, it can be used to measure variations and changes in soil saturation.  
This method is complimentary to the neutron probes, providing an independent method to track 
recharge water percolation. 

The electrodes will be placed across the pilot basin bottoms with a spacing of approximately 5 
feet. Line spacing will be approximately 10 feet.  ERT data will be collected continuously 
throughout the pilot recharge testing. 
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7.4 Pre-Test Baseline Conditions 

Pre-test observations and measurements will be conducted for a period of approximately 1 week 
prior to the start of the infiltration test to ensure that all monitoring equipment is working properly 
and to establish a baseline groundwater level condition for the project area. Baseline data to be 
collected will include: 

• Soil moisture readings, 
• Groundwater level measurements, and   
• Groundwater quality data (one-time).  

Soil moisture data and groundwater levels will be recorded automatically at regular intervals (15 
minutes).  Manual groundwater level measurements will be collected from the newly installed 
monitoring well prior to testing at least twice to compare and calibrate the transducer data. 

Groundwater quality data will be obtained through analysis of samples collected from the newly 
installed monitoring well.  One sample will be collected from each nest (if saturated) and analyzed 
for the constituents summarized in Table 5.  This sample will be collected upon completion of 
monitoring well development (Section 7.3.2).  

All groundwater samples will be collected in accordance with ASTM Standard Method D4448-
85a. Prior to sampling, approximately three well volumes will be removed from each well using a 
submersible pump. Pumped groundwater will be monitored for temperature, pH, EC and TDS 
using field calibrated instrumentation. Measurements and observations will be recorded on daily 
field forms. Groundwater samples will be collected after three well volumes have been pumped, 
the water is relatively free and clear of suspended sediment, and the groundwater parameters have 
stabilized. Samples will be pumped directly into laboratory prepared sample containers. Each 
container will be labeled with the date and time sampled, the well name and number, the sampler’s 
initials, and the preservative (if applicable). Samples will be placed in a field cooler with ice 
immediately upon collection. All groundwater samples will be submitted to a State-certified 
analytical laboratory under chain-of-custody protocol within 24 hours of collection. The 
submersible pump will be cleaned at the beginning of each sampling day and in between wells 
using a Liqui-Nox soap (or equivalent) solution wash and potable and distilled water rinses. 

7.5 Infiltration Testing and Monitoring 

A pilot infiltration test is proposed to assess the effectiveness of removing shallow low 
permeability layers at improving recharge rates in the project area.  The test will be conducted in 
two phases: 

1. Phase I will be to first introduce water into the unimproved pilot basin for a period of one 
month and measure infiltration rates, deep percolation of water, and effects on groundwater 
levels. Upon completion of Phase I, there will be a one-week period of ongoing monitoring 
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to assess soil moisture changes, deep percolation, and groundwater level change.  The ERT 
and DTP instrumentation will then be temporarily removed and the basin bottom deepened 
to approximately 20 feet below current grade.  The ERT and DTP instrumentation will then 
be reinstalled on the new basin floor. 

2. Phase II will be to introduce water into the deepened pilot basin for a period of two months 
to measure infiltration rates, deep percolation of water, and effects on groundwater levels. 

By comparing the infiltration rates between the two tests (Phase I and Phase II) and the 
corresponding deep percolation rates and response in groundwater levels, it will be possible to 
measure the relative benefit of removing shallow fine-grained layers on recharge rates.   

Measurements to be gathered during each phase of recharge testing will include:   

Basin Inflow – Basin inflow readings will be checked daily for the first week of each test.  
Inflow reading frequency may be decreased thereafter if recharge rates stabilize.   At each 
reading, the instantaneous and total flow will be recorded.  Inflow starting and stopping dates 
and times will also be recorded in a dedicated field manual by a TH&Co technician. 

Surface Water Level Measurements - The depth of surface water in the pilot basins will be 
measured daily from the graduated staff gauges located in each pilot basin. 

ERT Data – ERT data will be recorded continuously on a data logger and downloaded 
periodically during the pilot infiltration test.   

Soil Neutron Probe Moisture Measurements – Downhole soil moisture measurements will 
be made using a neutron probe on a weekly basis.   

Groundwater Level Measurements – Groundwater level measurements will be recorded at 
15-minute intervals using downhole pressure transducers and downloaded periodically during 
the pilot infiltration test.  Manual measurements of groundwater level will be made periodically 
during the pilot test using an electronic sounder to verify the accuracy of the transducer data. 

Source Water Total Suspended Sediment Measurements – Surface water samples will be 
collected weekly from the unlined feeder canal prior to entry into the conveyance pipeline.  
Two samples will be collected during each sampling event:  one from the discharge inlet from 
the CVC and one from immediately prior to the connection to the 8-inch conveyance pipeline. 

Groundwater Quality Sampling/Analysis - Groundwater samples will be collected from the 
nested monitoring well upon completion of Phase I pilot infiltration testing and then again 
upon completion of Phase II pilot testing.    
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Observations of Basin Integrity – General observations of basin integrity, pipeline integrity, 
siltation, algal growth and any other factors that could affect the infiltration test will be make 
on a daily basis during the first week of each Phase of test and then as needed thereafter.  Notes 
regarding pipeline leakage, basin side deterioration, siltation, algal growth and wildlife will be 
recorded on standard field forms. 

7.6 Reporting 

Throughout the pilot infiltration test project, monthly progress reports will be submitted to IRWD 
to summarize progress with the scope of work and communicate changes to the scope and/or 
schedule, as necessary. Preliminary results from the preliminary field testing phase will be 
summarized for IRWD via an interim report. In addition to reporting preliminary results of the 
project, the report will present pilot basin design drawings.  

At the completion of the pilot infiltration testing, a draft report will be prepared and submitted to 
IRWD that summarizes the results of the pilot infiltration testing. Key elements of the report will 
include:  

• The project background, purpose and scope;  
• A description of the pilot testing approach and methodology; 
• A description of the geology and aquifer systems, refined according to the results of the 

field drilling and testing program;  
• A description of the pilot infiltration test set up and instrumentation;  
• Analysis and findings of infiltration rates for the pilot test area;  
• Analysis and findings of subsurface recharge water migration extent and paths;  
• Analysis of groundwater level response and timing to artificial recharge of surface water;  
• Conclusions regarding feasibility and potential effectiveness of large-scale over 

excavation/basin deepening as a means of improving recharge rates in the Project Area, 
and 

• Recommendations for further analysis and/or regional implementation of this concept. 
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8 Pilot Testing Preliminary Design – Shallow Dry Wells 

A separate pilot testing program has been developed to test the feasibility and effectiveness of dry 
wells at increasing recharge rates.  For this test, TH&Co selected a 1-acre area of South Strand 
Ranch Basin No. 4 (see Figures 3 and 18).  Surface geophysics (tTEM) and the borehole log for 
nearby Well SREX-7 has shown that the upper approximately 50 feet of the southwestern portion 
of this basin consists of fine-grained sediments that are expected to result in low infiltration rates 
(see Figure 7).  Pond drop data from 2012 indicates that the infiltration rate in Basin 4 is 
approximately 0.31 ft/day.  The purpose of this pilot test is to: 

• Assess whether the dry wells are effective at improving infiltration rates in areas where 
fine-grain sediments extend deeper than excavation can remove; 

• Test different gravel backfill sizes and surface completion configurations to assess 
effectiveness at improving and maintaining recharge rates; 

• Observe the paths and timing of recharge water migration in the shallow and intermediate 
aquifers; and 

• Measure the magnitude and timing of groundwater level changes from recharge in the 
shallow and intermediate aquifers. 

8.1 Pilot Recharge Basin 

One pilot recharge basin will be constructed in the southwest corner of South Strand Ranch Basin 
4 (see Figures 18 and 19).  The location of the pilot basin corresponds to an area where tTEM 
surveys and the borehole log from Well SREX-7 have indicated fine-grained sediments in the 
upper approximately 40 feet of sediments.  The pilot basin will be approximately 1-acre, with 5-
foot high berms constructed from sediments excavated from the areas of Basin 4 outside the pilot 
basin.  The pilot basin will be constructed without changing the existing basin bottom depth, which 
is approximately 5-feet below the top of berm.  This basin will allow for testing of the impacts that 
dry wells have on increasing infiltration rates in the area.   

The inside and outside of the pilot basin berm will be constructed with 3:1 slopes to minimize 
erosion (see Figure 19).  The basin will be supplied water via an 10-inch diameter PVC inlet 
pipeline connecting to the CVC feeder canal.  The inlet pipeline will terminate inside the basin 
inside a small catchment lined with a 6-foot diameter plastic splash guard that is filled with riprap. 
This design prevents scouring of the basin bottom and excessive suspension of fine-grained 
material in the standing water in the basin. 

8.2 Dry Well Construction 

Six dry wells will be drilled and completed inside the pilot basin.  Each dry well will be constructed 
as an uncased boreholes drilled to approximately 100 ft bgs using a 52-inch diameter bucket auger 
or solid stem auger drilling rig.  Three of the boreholes will be backfilled with 1/4-inch “pea” 
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gravel.  The other three boreholes will be backfilled with ¾-inch gravel.  The surface completion 
of each borehole will consist of a mound of ¼-inch gravel.   

8.3 Supply Water and Conveyance 

There are two options for supplying water for pilot testing: 

3. Imported water from the CVC, and 
4. Groundwater pumped from Well SREX-7. 

8.3.1 Option 1 – CVC/Off-Basin Supply Channel 

If water is available from the CVC to supply the pilot test, then a conveyance pipeline will be 
connected to one of the corrugated pipelines making up the inlet structure to Basin 4 (see Figures 
18 and 19).  The remaining existing inlet pipelines to Basin 4 would be blocked off to focus water 
directly into the pilot testing conveyance pipeline.  The conveyance pipeline would consist of 
above-ground 10-inch diameter PVC capable of supplying up to 500 gallons per minute.  The 
pipeline alignment would be as shown on Figure 19.  The inlet structure to each pilot basin would 
be constructed as shown on Figure 19 and described in Section 8.1 herein. 

8.3.2 Option 2 – Groundwater from SREX-7 

If water for pilot testing is not available from the CVC, then it could be alternatively supplied from 
groundwater pumped by Well SREX-7, located at the southwest corner of Basin 4 (see Figure 18).  
For this option, groundwater from SREX-7 would be discharged to the CVC as in a pump back 
condition.  A like amount of water would be released from the CVC to the eastern feeder canal for 
conveyance to the pilot basin via the 10-inch diameter PVC pipeline.  The pipeline alignment 
would be as shown on Figure 19.   

8.4 Basin Instrumentation 

8.4.1 Staff Gages 

Surface water in the pilot basins will be monitored using a graduated staff gage.  One gage will be 
placed in the basin as shown on Figure 20. 

8.4.2 Monitoring Wells 

One nested monitoring well is proposed for the pilot basin, to be in the center of the basin on a 
raised earthen island (see Figure 20).  It is planned to drill and construct the monitoring well prior 
to pilot basin construction such that the wellhead will be completed above the current basin floor.  
The island will have 3:1 slopes as with the basin walls. 
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The monitoring well will be completed as a nested well with two independent well casings in the 
same borehole, each with different perforation intervals (see Figure 17).  The uppermost 
perforation interval will correspond to the shallow aquifer (conceptually approximately 50 to  
100 ft bgs) and will enable monitoring of the timing and magnitude of changes in groundwater 
levels from recharge into this aquifer.  The lowermost perforation interval will correspond to the 
intermediate aquifer (conceptually approximately 220 to 270 ft bgs) and will enable monitoring of 
the timing and magnitude of changes in groundwater levels in this aquifer during pilot recharge 
testing.  The final depth and perforation interval of each casing will be determined from logging 
and analysis of data during the drilling of the borehole for the well. 

The borehole for the monitoring well will be drilled using a direct mud rotary drilling method.  
Soil samples will be collected during drilling across 10-foot intervals and visually classified in the 
field in accordance with the USCS. All drilling, sample collection, and soil logging will be 
conducted under the supervision of a California Certified Hydrogeologist. Soil cuttings generated 
during drilling will be spread out on the ground in the western pilot basin.  Drilling fluids will be 
transported offsite for disposal. 

Upon completion of the monitoring well, the contractor will collect a suite of downhole 
geophysical logs including: 

• Gamma Ray 
• Sonic Velocity Variable Density 
• Spontaneous Potential 
• Short Normal Resistivity 
• Long Normal Resistivity 
• Laterolog Resistivity 

The recommended preliminary design for the nested monitoring well is shown on Figure 17 and 
incorporates the following: 

• 4-inch diameter PVC blank casing (+2 to 50 ft bgs and +2 to 220 ft bgs). 
• 4-inch diameter PVC well screen (50 to 100 ft bgs and 220 to 270 ft bgs). 
• Screen consisting of horizontal slots with 0.02-inch openings. 
• A 20-ft deep mild steel conductor casing and seal. 
• Annular cement/bentonite seals from 0 to 40 ft bgs and 110 to 210 ft bgs. 

The preliminary design for the monitoring well is based on best available data and presented for 
planning purposes.  However, the final design will be refined based on site-specific data to be 
collected during drilling of the borehole for the well. 

The well will be completed at the surface inside a 12-inch diameter mild steel above-ground riser 
that extends three feet above the land surface.  A dedicated reference point will be established and 
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marked on the top of the well casing.  The elevation of the reference point will be surveyed to an 
accuracy of 0.01 foot relative to mean sea level (NAVD88) by a California licensed land surveyor.  
All groundwater level measurements will be obtained relative to the reference point.   

After installation, the monitoring well will be developed using a combination of swabbing and 
bailing. The well will be developed for approximately 8 to 16 hours, depending on the time 
required to produce clear water that is free of suspended sediment. During development, periodic 
measurements of electrical conductivity (EC), pH, temperature, and total dissolved solids will be 
recorded with a portable parameter kit and recorded on field daily summaries. The parameter kit 
will be calibrated in the field at the beginning of each day of development. Groundwater generated 
during the development process will be temporarily contained at the drilling site until suspended 
sediment has settled out.  Clarified water will be discharged to the basins.  Residual sediment will 
be transported offsite for disposal. 

Upon completion, each completion in the nested monitoring well will be equipped with a 
continuous read pressure transducer for measuring groundwater levels.  Transducers will be 
installed below the groundwater level with enough submergence to accommodate anticipated 
groundwater level fluctuations.  Each pressure transducer will be programmed to collect data at 
15-minute intervals. 

8.4.3 Soil Moisture Neutron Probes 

Eight boreholes will be drilled and completed with 2-inch diameter PVC casing for the purpose of 
enabling the periodic collection of neutron probe soil moisture data.  The neutron probe is 
periodically run inside the casing during recharge testing where it emits neutrons through the 
casing and into the adjacent formation.  The neutrons interact with water in the soil to provide a 
measurement of the degree of saturation.  The probes will enable tracking the timing of vertical 
percolation of water introduced into the pilot recharge basin.  Four boreholes will be constructed 
surrounding the northwesternmost dry well and four will be constructed surrounding the 
southeasternmost dry well (see Figure 20).  The casings will be constructed of blank Schedule 40 
PVC installed to a total depth of 200 ft bgs inside a 6-inch diameter hollow-stem auger borehole. 

8.4.4 Surface Electrical Resistivity Tomography 

ERT equipment will be installed both at the surface in the pilot basin and as depth-specific sensors 
attached to the outside of selected casings for neutron probe surveys.  In the basin bottom, the ERT 
is established as an array of electrodes each connected by electrical wiring.  Current is induced 
into the ground or formation using two electrodes and the electrical potential drop is read using up 
to six other electrodes.  In so doing it is possible to estimate lateral and vertical variations in 
electrical resistivity.  As water changes the electrical resistivity, it can be used to measure 
variations and changes in soil saturation.  This method is complimentary to the neutron probes, 
providing an independent method to track recharge water percolation. 
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The electrodes will be placed across the pilot basin bottoms with a spacing of approximately 5 
feet. Line spacing will be approximately 10 feet.  In the boreholes, the ERT sensors will be attached 
at 10-ft intervals from the land surface to the bottom of the casings (200 ft bgs).  ERT data will be 
collected continuously throughout the pilot recharge testing. 

8.5 Pre-Test Baseline Conditions 

Pre-test observations and measurements will be conducted for a period of approximately 1 week 
prior to the start of the infiltration test to ensure that all monitoring equipment is working properly 
and to establish a baseline groundwater level condition for the project area. Baseline data to be 
collected will include: 

• Soil moisture readings, 
• Groundwater level measurements, and   
• Groundwater quality data (one-time).  

Soil moisture data and groundwater levels will be recorded automatically at regular intervals (15 
minutes).  Manual groundwater level measurements will be collected from the newly installed 
monitoring well prior to testing at least twice to compare and calibrate the transducer data. 

Groundwater quality data will be obtained through analysis of samples collected from the newly 
installed monitoring well.  One sample will be collected from each nest (if saturated) and analyzed 
for the constituents summarized in Table 5.  This sample will be collected upon completion of 
monitoring well development (Section 8.4.2).  

8.6 Infiltration Testing and Monitoring 

The pilot infiltration test to assess the effectiveness of dry wells at improving recharge rates in the 
project area will be conducted in two phases: 

1. Phase I will be to first introduce water into the pilot basin for a period of one month prior 
to the construction of the dry wells.  During this time, infiltration rates, deep percolation 
of water, and effects on groundwater levels will be observed and measured. Upon 
completion of Phase I, the dry wells will be constructed in the locations shown on Figures 
18 and 20.  During drilling, it may be necessary to remove some ERT and DTP 
instrumentation, which would be reestablished upon completion of the dry wells. 

2. Phase II will be to introduce water into the pilot basin with the dry wells in place.  This test 
would be for a period of two months to measure infiltration rates, deep percolation of water, 
and effects on groundwater levels. 

By comparing the infiltration rates between the two tests (Phase I and Phase II) and the 
corresponding deep percolation rates and response in groundwater levels, it will be possible to 
measure the relative benefit of dry wells on recharge rates.   
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Measurements to be gathered during each phase of recharge testing will include:   

Basin Inflow – Basin inflow readings will be checked daily for the first week of each test.  
Inflow reading frequency may be decreased thereafter if recharge rates stabilize.   At each 
reading, the instantaneous and total flow will be recorded.  Inflow starting and stopping dates 
and times will also be recorded in a dedicated field manual by a TH&Co technician. 

Surface Water Level Measurements - The depth of surface water in the pilot basins will be 
measured daily from the graduated staff gauges located in each pilot basin. 

ERT Data – ERT data will be recorded continuously on a data logger and downloaded 
periodically during the pilot infiltration test.   

Soil Neutron Probe Moisture Measurements – Downhole soil moisture measurements will 
be made using a neutron probe on a weekly basis.   

Groundwater Level Measurements – Groundwater level measurements will be recorded at 
15-minute intervals using downhole pressure transducers and downloaded periodically during 
the pilot infiltration test.  Manual measurements of groundwater level will be made periodically 
during the pilot test using an electronic sounder to verify the accuracy of the transducer data. 

Source Water Total Suspended Sediment Measurements – Surface water samples will be 
collected weekly from the unlined feeder canal prior to entry into the conveyance pipeline.  
Two samples will be collected during each sampling event:  one from the discharge inlet from 
the CVC and one from immediately prior to the connection to the 8-inch conveyance pipeline. 

Groundwater Quality Sampling/Analysis - Groundwater samples will be collected from the 
nested monitoring well upon completion of Phase I pilot infiltration testing and then again 
upon completion of Phase II pilot testing.    

Observations of Basin Integrity – General observations of basin integrity, pipeline integrity, 
siltation, algal growth and any other factors that could affect the infiltration test will be make 
on a daily basis during the first week of each Phase of test and then as needed thereafter.  Notes 
regarding pipeline leakage, basin side deterioration, siltation, algal growth and wildlife will be 
recorded on standard field forms. 

8.7 Reporting 

Throughout the pilot infiltration test project, monthly progress reports will be submitted to IRWD 
to summarize progress with the scope of work and communicate changes to the scope and/or 
schedule, as necessary. Preliminary results from the preliminary field testing phase will be 
summarized for IRWD via an interim report. In addition to reporting preliminary results of the 
project, the report will present pilot basin design drawings.  
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At the completion of the pilot infiltration testing, a draft report will be prepared and submitted to 
IRWD that summarizes the results of the pilot infiltration testing. Key elements of the report will 
include:  

• The project background, purpose and scope;  
• A description of the pilot testing approach and methodology; 
• A description of the geology and aquifer systems, refined according to the results of the 

field drilling and testing program;  
• A description of the pilot infiltration test set up and instrumentation;  
• Analysis and findings of infiltration rates for the pilot test area;  
• Analysis and findings of subsurface recharge water migration extent and paths;  
• Analysis of groundwater level response and timing to artificial recharge of surface water;  
• Conclusions regarding feasibility and potential effectiveness of large-scale implementation 

of dry wells as a means of improving recharge rates in the Project Area, and 
• Recommendations for further analysis and/or regional implementation of this concept. 
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9 Planning Level Cost Estimates 

Planning-level cost estimates were developed for pilot testing both recommended recharge 
enhancement concepts described in Sections 7 and 8 (see Table 6).  Key assumptions used in the 
development of the cost estimates are as follows: 

• Water from either the CVC or Well SREX-7 will be available to conduct the testing and 
will be available without cost. 

• Rosedale-Rio Bravo Water Storage District (RRBWSD) will provide access to Strand 
South to conduct the testing. 

• All piping supplying water for pilot testing and basin berms will be temporary and will be 
removed following tesing. 

• All conveyance piping will be temporary above-ground piping constructed of PVC. 
• At Basin 1, the existing area outside the basin at the southeast corner will be available to 

stockpile soil from over excavation of the pilot basin.  No over excavated soil will be hauled 
offsite. 

• All field data collection work will be coordinated with Lawrence Berkeley Laboratories 
(LBL).  Costs are included for LBL to coordinate instrumentation needs, help set up 
instrumentation, and process results.  It is further assumed that LBL would be 
subcontracted to TH&Co. 

• RRBWSD staff will be available periodically to check flow rates, inflow structures, and 
instrumentation periodically during pilot testing.  Costs for this work are not included. 

• Each pilot testing program would include a one-week pretesting period, an initial four-
week monitoring phase to establish baseline infiltration rates, and a second four-week 
monitoring phase to measure infiltration rates with the concepts implemented.  Total 
duration of each pilot testing program is estimated to be approximately 32 weeks (eight 
months).  It may be possible to pilot test both concepts at the same time. 

• Planning-level costs for monitoring well drilling are based on recent Contractor bids for 
drilling monitoring wells in alluvial aquifer systems in the Central Valley of California.  
The costs are for budget and planning purposes only and it is noted that recent well drilling 
costs have been unpredictable.  Final costs would be obtained from a formal Contractor bid 
process. 

The planning-level cost estimate for the Basin 1 over excavation pilot testing concept, as 
summarized in Table 6, is: 

Base Estimate:   $757,500 
Contingency of 15%:   $113,625 
Total Planning Estimate:   $871,125 
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The planning-level contractor cost estimate for the Basin 4 dry well pilot testing concept, as 
summarized in Table 6, is: 

Base Estimate:   $860,500 
Contingency of 15%:   $129,075 
Total Planning Estimate:   $989,575 

The total planning level estimate to pilot test both concepts is $1,860,700.   
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SROW-3 Hydrographs and Strand Ranch Recharge and Pumping

1/1/2009
1/1/2023

0

50

100

150

200

250

300

350

400

450

De
pt

h 
to

 G
ro

un
dw

at
er

 (�
 b

gs
)

SROW-3

SROW-3/1 (220-270 � bgs) SROW-3/2 (370-470 � bgs) SROW-3/3 (570-650 � bgs)

April 2023

0

100

200

300

400

500

600

De
pt

h 
to

 G
ro

un
dw

at
er

 (�
 b

gs
)

SROW-3/1 (220-270 � bgs) SROW-3/2 (370-470 � bgs) SROW-3/3 (570-650 � bgs)

8,000

4,000

-4,000

Recharge (Acre/Ft)

Pumping (Acre/Ft)

A-56



SROW-4

SROW-3

SROW-1

SREW-7

SREW-2

SREW-6

SREW-5

SREW-3

SREW-4SREW-1

Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the
GIS User Community

Figure 9

0 1 20.5
Miles

NAD 83 State Plane CA Zone 5

5

Enos
Basins

Mayer
Basins

West Ponds

Stockdale
West

Cross Valley Canal

Strand Ranch

Kern River

Stockdale
East

Map Features
Proposed Stockdale West Well

Existing Stockdale Agricultural Well

Strand Ranch Production Well

Existing Strand Ranch Agricultural Well

Strand Ranch Observation Well

Nested Monitoring Well

Private Wells in RRBWSD
Service Area

Other Banking Project Wells

Stockdale West Basins

Strand Ranch Recharge Basins

Stockdale Project Property Boundary

Strand Ranch Project

Rosedale-Rio Bravo Water
Storage District Recharge Basins
Rosedale-Rio Bravo Water
Storage District Service Area

Lined Canal

30S/25E-04J
30S/26E-06L

Study Area Hydrographs

Stockdale Highway

Kern

Los Angeles

San Luis
Obispo

Ventura
Santa Barbara

Ventura County
Copyright:(c) 2014 Esri

Regional Map

Pacific Ocean

Stockdale West

SWEX-1
SWEX-2

SWEX-3

Bakersfield

Basemap source esri.com

Recharge Enhancement Study 
Preliminary Design Report - 

Bakersfield, California

DRAFT-FINAL

30S/25E-11PO1

29S/25E-25MO1

0

50

100

150

200

250

300

350

400

198
8

198
9

199
0

199
1

199
2

199
3

199
4

199
5

199
6

199
7

199
8

199
9

200
0

200
1

200
2

200
3

200
4

200
5

200
6

200
7

200
8

200
9

201
0

201
1

201
2

201
3

201
4

201
5

201
6

201
7

201
8

201
9

202
0

202
1

202
2

202
3

Gro
un

dw
ate

r Le
vel

 Ele
vat

ion
 (ft

 am
sl)

29S/25E-25M02 

Ground Surface Elevation 328 ft

0

50

100

150

200

250

300

350

400

198
8

198
9

199
0

199
1

199
2

199
3

199
4

199
5

199
6

199
7

199
8

199
9

200
0

200
1

200
2

200
3

200
4

200
5

200
6

200
7

200
8

200
9

201
0

201
1

201
2

201
3

201
4

201
5

201
6

201
7

201
8

201
9

202
0

202
1

202
2

202
3

Gro
un

dw
ate

r Le
vel

 Ele
vat

ion
 (ft

 am
sl)

30S/25E-04J02 

Ground Surface Elevation 311 ft

0

50

100

150

200

250

300

350

400

198
8

198
9

199
0

199
1

199
2

199
3

199
4

199
5

199
6

199
7

199
8

199
9

200
0

200
1

200
2

200
3

200
4

200
5

200
6

200
7

200
8

200
9

201
0

201
1

201
2

201
3

201
4

201
5

201
6

201
7

201
8

201
9

202
0

202
1

202
2

202
3

Gro
un

dw
ate

r Le
vel

 Ele
vat

ion
 (ft

 am
sl)

30S/25E-11P01 

Ground Surface Elevation 317.2 ft

0

50

100

150

200

250

300

350

400

198
8

198
9

199
0

199
1

199
2

199
3

199
4

199
5

199
6

199
7

199
8

199
9

200
0

200
1

200
2

200
3

200
4

200
5

200
6

200
7

200
8

200
9

201
0

201
1

201
2

201
3

201
4

201
5

201
6

201
7

201
8

201
9

202
0

202
1

202
2

202
3

Gro
un

dw
ate

r Le
vel

 Ele
vat

ion
 (ft

 am
sl)

30S/26E-06L01 

Ground Surface Elevation 331 ft

April 2023

A-57



April 2023

Irvine Ranch Water District
Recharge Enhancement Study Preliminary Design Report

Figure 10
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Water Quality Trilinear Diagram
California Aqueduct Water Quality Station

and Intermediate Aquifer Groundwater

Notes:
Data from California Department of Water Resources 
(2022) and from Strand Ranch Well Completion 
Reports (2010).
















































































 


 










































 
 
 
 

This figure shows the general chemical 
characteristics of surface water from 
California Aqueduct water quality station 
KA023811 and groundwater from select 
Strand Ranch wells. KA023811 surface 
water quality data was based on samples 
collected in June 2007. Groundwater quality 
data from samples collected from July 2009 
through November 2009. 

Bicarbonate and potassium values were not 
available for station KA023811. The total 
alkalinity value was used in lieu of bicarbon-
ate data and the potassium values were 
substituted from California Aqueduct surface 
water station KA016950.
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Figure 11
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Water Quality Trilinear Diagram
Intermediate and Deep Aquifer Groundwater

Notes:
Data from California Department of Water Resources 
(2022) and from Strand Ranch Well Completion 
Reports (2010).
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1. Not to Scale.
2. Centralizers to be placed every 50 ft in screened sections and every 100 ft in blank sections.
3. Four protective cement-filled mild steel bollards.
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Source: Esri, Maxar, GeoEye,
Earthstar Geographics,
CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS User
Community
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1. Not to Scale.
2. Centralizers to be placed every 50 ft in screened sections and every 100 ft in blank sections.
3. Four protective cement-filled mild steel bollards.
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Figure 19
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Table 1 
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Perforation 
Interval Turbidity Total Suspended 

Solids
Total Dissolved 

Solids
Sulfate Chloride Calcium Magnesium Sodium Potassium Alkalinity 

(as CaCo3)
Bicarbonate 
(as CaCo3)

Carbonate 
(as CaCo3)

(NTU)1  (mg/L)2  (mg/L)2 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)     (mg/L)

KA016950 Surface Water - 12/3/1990 - - - - - - - - 4.2 - - -
KA023811 Surface Water - 3/6/2001 3 3 299 54 78 26 15 60 - 85 - -
KA023811 Surface Water - 5/1/2007 4 - 233 35 63 19 11 45 - 73 - -
KA023811 Surface Water - 5/15/2007 5 - 246 35 69 20 12 51 - 77 - -
KA023811 Surface Water - 6/7/2007 4 - 261 34 69 22 13 53 - 79 - -
SROW-1/1 Groundwater 250 - 290 7/30/2009 0.39 - 380 45 92 63 0.71 58 <2 130 130 <1
SROW-1/2 Groundwater 430 - 470 7/30/2009 <0.13 - 320 35 96 28 0.32 81 <2 72 72 <1
SROW-1/3 Groundwater 550 - 590 7/29/2009 0.15 - 320 40 81 44 0.39 71 <2 120 120 <1
SROW-3/1 Groundwater 220 - 270 11/19/2009 0.12 - 680 42 170 110 4.60 57 <2 120 120 <1
SROW-3/2 Groundwater 370 - 470 11/6/2009 <0.1 - 180 21 59 13 0.14 51 <2 43 42 1.5
SROW-3/3 Groundwater 570 - 650 11/10/2009 <0.1 - 100 12 10 2.2 <0.1 34 <2 59 30 29
SROW-4/1 Groundwater 220 - 260 9/21/2009 0.18 - 590 51 160 110 3.60 57 <2 120 120 <1
SROW-4/2 Groundwater 350 - 450 9/24/2009 0.12 - 340 35 104 40 0.26 80 <2 35 35 <1
SROW-4/3 Groundwater 605 - 665 10/1/2009 <0.1 - 110 11 28 3.4 <0.1 42 <2 48 29 20

Notes:
1 NTU - nephelometric turbidity unit
2 mg/L - milligrams per liter
3 <X - Analyte not detected above the detection limit

Surface water data used on the trilinar diamgram is highlighted yellow.

Summary of Imported Surface Water and Groundwater Quality Data from the Study Area

Sample 
DateLocation Source

1 of 1 April 2023
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Jan-5 Jan-6 Jan-7 Jan-8 Jan-9 Jan-10 Jan-11 Jan-12 Jan-13 Jan-14 Infiltration Rate1

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/day)

South Strand 1 25.46 3.00 2.80 2.66 2.56 2.42 2.30 2.20 2.06 1.92 1.78 0.14
South Strand 2 31.44 -2 2.10 2.00 1.96 1.86 1.80 1.70 1.60 1.50 1.40 0.09
South Strand 3 32.21 - 1.68 1.58 1.52 1.42 1.32 1.24 1.14 1.06 0.96 0.09
South Strand 4 9.94 3.08 2.48 2.00 1.66 1.30 0.96 0.64 - 0.38 0.30 0.31
South Strand 5 10.56 2.38 2.04 1.66 1.40 1.12 0.84 0.58 0.32 0.00 - 0.30
South Strand 6 7.54 2.30 1.96 1.62 1.34 1.06 0.78 0.50 0.26 0.00 - 0.29
South Strand 18 37.00 1.72 1.68 1.60 1.50 1.42 1.34 1.24 1.16 1.06 0.96 0.08
South Strand 19 40.00 1.40 1.34 1.24 1.16 1.10 1.00 0.96 0.84 0.74 0.64 0.08
South Strand 20 38.00 0.32 0.22 0.12 0.00 - - - - - - 0.11
North Strand 7 21.35 2.78 2.46 2.20 2.04 1.90 1.80 1.70 1.60 1.52 1.44 0.15
North Strand 8 25.44 2.30 2.24 2.16 2.10 2.04 1.96 1.90 1.84 1.76 1.68 0.07
North Strand 9 17.66 2.26 2.22 2.22 2.18 2.14 2.12 2.12 2.12 2.12 2.10 0.02
North Strand 10 19.80 1.84 1.80 1.76 1.70 1.66 1.60 1.56 1.52 1.46 1.40 0.05
North Strand 11 24.29 2.50 2.10 1.98 1.90 1.80 1.70 1.60 1.48 1.36 1.12 0.15
North Strand 12 26.56 2.52 2.10 2.00 1.96 1.90 1.74 1.70 - 1.76 1.62 0.10
North Strand 13 30.60 2.44 2.08 1.84 1.76 1.72 1.66 1.64 1.62 1.56 1.56 0.10
North Strand 14 19.16 2.58 2.36 2.16 2.04 1.84 1.64 1.46 1.26 1.10 0.96 0.18
North Strand 15 25.89 2.26 2.08 1.98 1.72 1.56 1.36 1.14 0.98 0.80 0.62 0.18
North Strand 16 32.05 - - 2.04 1.94 1.86 1.80 - 1.66 1.64 1.60 0.06
North Strand 17 30.88 - - 2.40 2.30 2.20 2.02 1.88 1.74 1.60 1.42 0.14

Stockdale West 1 57.80 2.58 2.50 2.26 2.12 1.98 1.80 1.66 1.50 1.34 1.18 0.16
Stockdale West 2 69.00 2.70 2.60 2.40 2.24 2.02 1.86 1.68 1.50 1.30 1.14 0.17
Stockdale West 3 67.10 2.46 2.40 2.24 2.16 2.04 1.94 1.82 1.70 1.60 1.44 0.11
Stockdale West 4 56.50 1.86 1.66 1.50 1.32 1.06 1.00 0.84 0.68 0.54 0.40 0.16

Notes:
1Infiltration rate is equal to the first measurement minus the last measurement, divided by the number of days.
2Indicates measurements not used in the analysis.

Staff Gauge Readings for January 2012 Pond Drop Test

AcresBasin
NumberArea

1 of 1  April 2023

A-71



Irvine Ranch Water District

Recharge Enhancement Study - Preliminary Design Report
Table 3

DRAFT-FINAL

Recharge 
Period Date Average 

Inflow (cfs)
Average Inflow 

(acre-ft/day)
Estimated Infiltration Rate1

(ft/day)

1-Jan-12 0.11
1 5/21/17 - 7/25/17 43.60 86 0.33
2 9/3/2017 - 11/3/2017 54.40 108 0.41

3 12/13/2017 - 2/4/2018 60.90 121 0.45

4 3/22/2019 - 6/25/2019 51.60 102 0.38

5 8/2/2019 - 10/15/2019 54.40 108 0.41

Average:  0.40

Notes:
1Based on a total area of the North Basins of approximately 266 acres.

Analysis of Strand Ranch Basin Infiltration Rates
North Basins

 April 2023
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Irvine Ranch Water District

Recharge Enhancement Study - Preliminary Design Report
Table 4

DRAFT-FINAL

Recharge 
Period Date Average 

Inflow (cfs)
Average Inflow 

(acre-ft/day)
Estimated Infiltration Rate1

(ft/day)

1-Jan-12 0.16
1 3/1/2017 - 3/31/2017 18.19 36 0.16

2 4/1/2017 - 4/30/2017 20.77 41 0.18

3 5/1/17 - 7/16/17 17.43 35 0.15

5 9/13/2017 - 10/31/2017 16.90 34 0.15

6 1/5/2018 - 2/1/2018 21.00 42 0.19

Average:  0.17

Notes:

1Total area of the South Basins is approximately 224 acres.

Analysis of Strand Ranch Basin Infiltration Rates
South Basins

 April 2023
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Irvine Ranch Water District

Recharge Enhancement Study - Preliminary Design Report
Table 5

DRAFT-FINAL

General Physical Properties

Color Color Unit 3.0 SM-2120B
Odor Odor Unit 1.0 SM-2150B
Turbidity* NTU 0.2 SM-2130B
General Minerals

Ammonia as N mg/L 0.1 EPA-350.1
Ortho Phosphate as P mg/L 0.1 EPA-365.1
Total Phosphate mg/L 0.2 EPA-365.4
Total Phosphorus as P mg/L 0.1 EPA-365.4
Total Hardness mg/L 3.1 SM 2340B/EPA
Calcium mg/L 1.0 EPA-200.7
Magnesium mg/L 1.0 EPA-200.7
Sodium mg/L 1.0 EPA-200.7
Potassium mg/L 1.0 EPA-200.7
Total Alkalinity, as CaCO3 mg/L 3.0 SM 2320B
Hydroxide mg/L 3.0 SM-2320B
Carbonate mg/L 3.0 SM-2320B
Bicarbonate mg/L 3.0 SM-2320B
Sulfate mg/L 0.5 EPA-300.0
Chloride mg/L 1.0 EPA-300.0
Nitrate, as N mg/L 0.2 EPA-300.0
Fluoride mg/L 0.1 EPA-300.0
pH* pH unit 1.0 EPA-150.1
Temperature*
Electrical Conductance* μmhos/cm 1.0 SM-2510B
Total Dissolved Solids (TDS) mg/L 20.0 SM-2540C

Explanation of Units
NTU - nephelometric turbidity units
mg/L - milligrams per liter
μmhos/cm - micromhos per centimeter
μg/L - micrograms per liter

*Temperature, pH, electrical conductivity and turbidity will also be measured in the field. 

Laboratory Water Quality Testing Suite

Constituent Units MethodDetection 
Limit

Page 1 of 1 April 2023
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Irvine Ranch Water District

Recharge Enhancement Study - Preliminary Design Report
TABLE 6

Basin 1 Basin Over Excavation and Pilot Testing

Labor (TH&Co and LBL) $271,000

TH&Co Direct Costs $21,000

Monitoring Well Drilling Contractor $222,000

Neutron Probe Drilling Contractor $58,000

Laboratory Costs $5,000

Instrumentation Costs $28,000

Excavation/Pipeline Costs $152,500

Total Basin 1 Deepening and Testing  $757,500

15% Contingency $113,625

Total Basin 1 with Contingency $871,125

Strand Ranch Recharge Enhancement Pilot Tests
Planning Level Cost Estimates

Description Planning Cost

1 of 2 April 2023
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Irvine Ranch Water District

Recharge Enhancement Study - Preliminary Design Report
TABLE 6

Strand Ranch Recharge Enhancement Pilot Tests
Planning Level Cost Estimates

Description Planning Cost

Basin 4 Dry Well Pilot Testing

Labor (TH&Co and LBL) $305,000

TH&Co Direct Costs $36,000

Monitoring Well Drilling Contractor $222,000

Neutron Probe Drilling Contractor $202,000

Laboratory Costs $5,000

Instrumentation Costs $13,000

Excavation/Pipeline Costs $77,500

Total Basin 4 Dry Well Testing $860,500
15% Contingency $129,075

Total Basin 4 with Contingency $989,575

2 of 2 April 2023
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Appendix A 

Kern Fan Groundwater Recharge Evaluation 

HDR, 2009 
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April 20, 2023 
Prepared by: M. Lindsay / K. Welch 
Submitted by: F. Sanchez / P. Weghorst 
Approved by: Paul A. Cook 

SUPPLY RELIABILITY PROGRAMS COMMITTEE 

WATER SUPPLY CONDITIONS AND 
WATER BANKING CONSIDERATIONS UPDATE 

SUMMARY: 

To improve IRWD’s water supply reliability, the District has developed a diverse water supply 
portfolio that includes water banking projects in Kern County that are available to supplement 
supplies during major droughts and supply interruptions.  Provided below is an update on 
current water supply conditions in the Colorado River, State Water Project (SWP), Central 
Valley Project (CVP), and Kern River systems.  Current expectations and considerations for 
securing water for recharge at the IRWD Water Bank in Kern County are also provided. 

BACKGROUND: 

Approximately 18% of IRWD’s water supply is imported through Metropolitan Water District 
from the Colorado River and SWP.  Over the past several years, extreme drought conditions 
have impacted supplies available from these sources.  The extreme drought has reinforced the 
need to secure sources of water for IRWD’s Water Bank.  The following is an overview of 
water supply conditions in California as well as expectations and considerations for securing 
water for recharge at the IRWD Water Bank.  At the Committee meeting, staff will present 
further details through the draft presentation that is provided as Exhibit “A”. 

Colorado River: 

Metropolitan typically relies on the Colorado River for approximately 25% of its imported 
water.  A combination of drought, climate change and population growth have contributed to 
reduced water levels in Lake Mead and Lake Powell, causing the Bureau of Reclamation to 
declare in 2021 the first Colorado River shortage condition.  Reclamation prepares a 24-Month 
Study which assesses future Colorado River conditions and the most probable elevation 
conditions at Lake Mead over the next two years.  At the meeting, staff will provide an update 
on the latest 24-Month Study results.  Staff will also update the Committee on Reclamation’s 
efforts to evaluate alternatives that could reduce Colorado River water use. 

State Water Project: 

Due to recent winter storms, the California Department of Water Resources (DWR) increased 
the SWP Table A allocation from 35% to 75% on March 24.  The allocation is expected to 
further increase with spring snowmelt and additional precipitation events.  The SWP’s two 
largest reservoirs, Lake Oroville Reservoir and San Luis Reservoir, continue to fill.  In 
anticipation of the spring snowmelt, Lake Oroville is releasing water through the spillway to 
reduce future flood risks to downstream communities.  San Luis Reservoir, which serves as a 
key water facility for both the SWP and the federal CVP, is currently at 99% capacity.  At the 
meeting, staff will provide the latest storage update for Lake Oroville and San Luis Reservoir. 
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Central Valley Project: 

CVP Reservoirs have also continued to fill, with releases being made for flood control 
purposes.  Storage in Lake Shasta, the largest reservoir on the CVP system, has increased more 
than 1.5 million acre-feet in the last two months.  Millerton Lake releases at Friant Dam have 
continued with substantial precipitation events that have occurred through early April.  At the 
Committee meeting, staff will provide an update on storage levels in Millerton Lake. 

The Friant Water Authority began construction on the Friant-Kern Canal Middle Reach 
Capacity Correction Project in January 2022.  The project was initiated to restore conveyance 
capacity to 4,000 cubic feet per second (cfs) after major land subsidence reduced capacity to 
1,600 cfs.  Construction of the project is ongoing, causing limited delivery capacity to lower 
Friant Water Users.  In mid-March the Friant-Kern Canal construction work was temporarily 
interrupted by a severe breach in the new parallel canal. 

Lake Isabella Dam and Kern River: 

In 2006, safety concerns were raised for Lake Isabella Dam due to seismic stability issues.  
These concerns prompted the United States Army Corps of Engineers (ACOE) to implement 
the Lake Isabella Dam Safety Modification Project and to enact temporary risk reduction 
measures that lowered the maximum storage at Lake Isabella by 36%.  On April 4, 2023, the 
ACOE announced that the project was completed.  The gross pool level has been returned to 
100% capacity, increasing needed storage.  The Kern River watershed snowpack is more than 
400% of normal and snowmelt is underway.  High-flow Kern River conditions exist 
downstream of the reservoir.  This summer, as Lake Isabella water levels approach the 
maximum storage capacity with significant inflows, there will be an increased probability of 
Kern River flood flow releases. 

Expectations and Considerations for IRWD’s Water Banking Program: 

High-flow Kern River water is available for diversion into the Rosedale-Rio Bravo Water 
Storage District service area.  The diversion of Kern River water directly to the IRWD Water 
Bank is currently not possible because river diversion facilities at the Cross Valley Canal 
(CVC) are constrained by ongoing repairs.  Furthermore, delivering significant amounts of 
water to the IRWD Water bank via the Rosedale Slough is not hydraulically possible at this 
time.  It is possible to divert Kern River exchange water into the CVC that is stored in the 
SWP.  Buena Vista Water Storage District is expected to be making such deliveries to the 
IRWD Water Bank by the time the Committee meets. 

Should flood flow releases be made from Lake Isabella, Rosedale will have first priority right 
to the use of the recharge basins at IRWD’s Water Bank.  IRWD will receive 20% of any flood 
water that Rosedale is able to recharge at the Strand Ranch and 50% of any flood water 
recharged at the Stockdale West facilities.  Because of the limited Kern River water diversion 
capabilities, staff is expecting that even during periods of Kern River flood releases that IRWD 
will be able to continue recharging Kern River exchange water and Table A water from the 
SWP that are delivered to the IRWD Water Bank through the CVC. 
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With the SWP reservoirs nearly full, staff expects DWR to increase the SWP Table A allocation 
above the current 75%.  Staff expects that much of SWP Contractor Table A supplies will 
remain in storage in the SWP as carryover water into the next year.  Accordingly, it is 
anticipated that IRWD will have opportunities to bank SWP supplies available to IRWD and its 
exchange partners through at least the end of 2023.  Staff expects that Article 21 supplies will 
be available to IRWD through the end of May. 
 
FISCAL IMPACTS: 

 
None. 
 
ENVIRONMENTAL COMPLIANCE: 
 
Not applicable. 
 
RECOMMENDATION: 
 
Receive and file. 
 
LIST OF EXHIBITS: 
 
Exhibit “A” – Water Supply Conditions and Water Banking Considerations Draft Presentation 
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Exhibit "A"

1

SUPPLY RELIABILITY PROGRAMS 
COMMITTEE

APRIL 20, 2023

WATER SUPPLY 
CONDITIONS AND 
WATER BANKING 
CONSIDERATIONS 
UPDATE

2

PRESENTATION OVERVIEW 

• Water Supply Conditions Update:

• Colorado River

• State Water Project (SWP)

• Central Valley Project (CVP)

• Lake Isabella Dam and Kern River

• Water Banking Considerations
California Aqueduct, SWP

1

2
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3

COLORADO 
RIVER

4

WESTERN U.S. DROUGHT MONITOR

Colorado River Basin Remains in 
Drought Conditions

3

4
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5

LAKE MEAD – 24-MONTH STUDY RESULTS 

6

LAKE MEAD – DCP TIERS AND CALIFORNIA CUTS 
Lake Mead Level, April 12, 2023: 1,046 ft

California Reductions
DCP and Guidelines

Combined Shortage Contribution

0 TAF

0 TAF

2b: 200 TAF 
2c: 250 TAF 
2d: 300 TAF

3: 350 TAF

0 TAF

5

6
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7

COLORADO RIVER WATER USE REDUCTIONS

• Negotiations among the seven Basin States continue.

• Bureau of Reclamation released Draft Supplemental EIS:

Alternative 1: Water reductions based on priority of water rights 

Alternative 2: Equal percentage reductions for Arizona, Nevada, and 
California

(Also, potential for a hybrid of Alternative 1 and 2)

• Reclamation decision expected August 2023.

8

STATE WATER 
PROJECT 

7

8
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9

STATE WATER PROJECT ALLOCATION 

• Increased from 35% to 75%
on March 24

• Article 21 Water Available

• Allocation expected to
increase in April

Atmospheric River (30+ in California for WY 2023)

10

LAKE OROVILLE – STORAGE AND FLOOD REGULATIONS

9

10
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11

SAN LUIS RESERVOIR – STORAGE AND SHARED CAPACITY 

12

CENTRAL 
VALLEY 

PROJECT

11

12
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13

SHASTA RESERVOIR – STORAGE LEVELS

14

FOLSOM LAKE – STORAGE LEVELS

13

14
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15

MILLERTON LAKE – STORAGE LEVELS

16

FRIANT-KERN CANAL – CONSTRUCTION UPDATE

• Middle Reach Capacity Correction Project

• Construction of parallel canal

• Canal reaches suffered “severe breach”
causing delays in construction

• Delivery of potential Section 215 water
limited by capacity constraints

Friant-Kern Canal Breach, March 11, 2023

15

16
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17

LAKE ISABELLA 
DAM AND KERN
RIVER

18

LAKE ISABELLA DAM - CONSTRUCTION UPDATE

• Repairs and maintenance complete

• Army Corps “Initial Fill Plan” approved on March 30th

• Gross Pool Level of 568,025 AF reinstated

Lake Isabella (photographed prior to construction)

17

18
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19

LAKE ISABELLA AND KERN RIVER SUPPLIES

• Kern River Watershed Snowpack: 429% of Normal as of April 12

• Increased flows into Lake Isabella

• Reservoir storage at 53% of Gross Pool Level

• Extensive runoff expected in spring and into summer

• Increased probability of flood releases

• Current releases greater than 5,000 cfs

20

WATER BANKING PROGRAM CONSIDERATIONS

• SWP allocation expected to increase
• Article 21 available into the future

• High flow Kern River water available

• Kern River flood flows expected:
• Rosedale to have first-priority use of

IRWD recharge basins:
• 20 percent to IRWD on Strand Ranch

• 50 percent to IRWD on Stockdale West

• Difficult to divert flood flows to IRWD
Water Bank

• SWP deliveries to IRWD Water Bank
may continue

Lake Oroville, March 2023

19

20
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April 20, 2023 
Prepared by: M. Lindsay / K. Welch 
Submitted by: F. Sanchez / P. Weghorst 
Approved by: Paul A. Cook 

SUPPLY RELIABILITY PROGRAMS COMMITTEE 

WATER BANKING PROJECT FACILITIES, 
CAPACITIES, OPERATIONS AND PROGRAMS 

SUMMARY: 

Staff has prepared information related to IRWD’s water banking facilities, capacities, operations, 
and exchange programs.  The information is regularly updated to reflect changes in the status of 
IRWD’s projects, programs, and operations.  At the Committee meeting, staff will review this 
information and present information on current and scheduled deliveries and recharge rates at the 
IRWD Water Bank.  Staff will also provide an update on efforts to secure additional water for 
recharge at IRWD’s water banking projects. 

BACKGROUND: 

To facilitate discussions with the Committee, staff has prepared reference materials in tabular, 
map, and schematic formats to describe IRWD’s water banking facilities, capacities, operations, 
storage, and exchange programs.  The reference materials are updated regularly to reflect 
changes in the status of the projects, programs, and operations.  The following is an overview of 
the reference materials. 

Capacity and Operations Tables: 

A table presenting storage, recharge and recovery capacities of existing and planned IRWD 
water banking projects, including capacities available to IRWD in the Kern Water Bank, is 
provided as Exhibit “A”.  Exhibits “B” and “C” provide an update on water banking recovery 
and recharge operations, as well as the balance of the water stored in the Kern Water Bank.  
Exhibit “B” provides before-loss estimates of water recharged at the water banking projects, and 
Exhibit “C” provides after-loss estimates of water recharged at the projects.  Changes shown in 
red on Exhibits “B” and “C” depict an updated State Water Project (SWP) Table A Allocation 
from 30 to 75 percent.  In addition, changes to Exhibits “B” and “C” reflect an estimated 4,000 
AF of deliveries of Dudley Ridge return water.  The delivery of 450 AF of Table A water from 
the Central Coast Water Authority is not yet shown in Exhibits “B”, “C”, and “D” because 
exchange related transactions are not yet complete. 

Summary of Programs: 

A table presenting a summary of IRWD’s water purchase and exchange programs is presented as 
Exhibit “D”.  The table lists each purchase and exchange program that IRWD has entered into 
and presents information related to the type of exchange, year executed, agreement type, and 
water type.  IRWD and partner shares are listed and show the total amount of water included in 
each program.  The balances listed for IRWD and its partners show the amount of water 
remaining in storage, with IRWD’s balances specifying whether the water is stored in 
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Metropolitan’s system, Kern County, or owed to IRWD by Dudley Ridge.  The table also 
provides details related to the exportability of IRWD’s supplies.  Changes shown in red on 
Exhibit “D” correspond with the changes made to Exhibits “B” and “C.”  All Central Coast 
Water currently stored is exportable to IRWD. 

Exhibit “E” graphically depicts how storage of SWP and non-SWP water has changed annually 
in the Strand and Stockdale Integrated Banking Projects.  The table provided as Exhibit “F” 
shows how capacities in the water banking projects have been dedicated to IRWD’s existing and 
proposed exchange programs. 

Project Maps: 

To support the tables and figures provided as Exhibits “A”, “B”, “C”, “D”, “E” and “F”, staff has 
prepared maps that depict project wells and pipelines, recharge basins and Cross Valley Canal 
turnout locations, along with the most current recharge rates.  These maps are provided as 
Exhibits “G”, “H”, and “I”, respectively.  Exhibit “I” has been updated with current recharge 
rates for IRWD’s Water Bank.  The facilities shown on the maps are associated with the Strand 
Ranch, Stockdale West, Stockdale East, and Drought Relief Projects. 

Program Agreement Diagrams: 

Schematic diagrams have been prepared that depict IRWD water banking and exchange 
programs with Rosedale-Rio Bravo Water Storage District, Buena Vista Water Storage District, 
Dudley Ridge, and Metropolitan Water District.  These diagrams are provided as Exhibits “J”, 
“K”, “L”, “M”, “N”, and “O”, as described in the List of Exhibits. 

Cost of Water Table: 

A table presenting a summary of the costs of water from each of IRWD’s unbalanced exchange 
partnerships is provided as Exhibit “P”.  The table lists each of IRWD’s unbalanced exchange 
partnerships and presents information related to the period over which water was acquired, water 
type, IRWD’s share of water, and various cost components as well as the total cost of water 
delivered to IRWD’s service area.  Cost components include fixed and variable operating costs, 
estimated future IRWD recovery costs, the 2023 Metropolitan Full Service Untreated Tier-1 Rate 
and a capital cost of water.  The variable costs include an administrative fee issued by the Kern 
County Water Agency for staff time related to processing Transaction Request Forms.  The costs 
of water are presented on a dollar per acre-foot basis. 

IRWD’s Coordinated Agreement with Metropolitan: 

An overview of IRWD’s Coordinated Operating, Water Storage, Exchange, and Delivery 
Agreement with Metropolitan Water District and Municipal Water District of Orange County 
(MWDOC) is provided as Exhibit “Q”.  The benefits to IRWD are foundational to the success of 
IRWD’s water banking project and programs. 
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2023 Water Recharge Activities: 

Since April 4, 2023, water deliveries from the State Water Project (SWP) have been made to the 
IRWD Water Bank at the rate of 200 cfs, or approximately 400 AF per day.  The water is being 
delivered to IRWD from Dudley Ridge to satisfy return obligations associated with Dudley 
Ridge’s prior use of non-SWP water from IRWD’s Water Bank.  These returns are occurring 
consistent with the 1-for-1 long term exchange program that is depicted in Exhibit “O”.  Dudley 
Ridge is working with the California Department of Water Resources to get approval to deliver 
SWP Article 21 water to the IRWD Water Bank.  Deliveries from Buena Vista are expected to 
begin soon which will consist of Kern River water that is currently stored in the SWP.  These 
deliveries will be made pursuant to the long-term 2-for-1 exchange program between IRWD and 
Buena Vista that is depicted in Exhibit “K”.  At the meeting, staff will present information on 
current and expected recharge activities at IRWD’s Water Bank including a schedule and rate of 
deliveries. 

Other Program Opportunities: 

At the Committee meeting, staff will provide an update on efforts to develop unbalanced 
exchange programs with Metropolitan Water District, Antelope Valley-East Kern Water Agency, 
Santa Clarita Valley Water Agency, Santa Clara Valley Water Agency, and Mojave Water 
Agency. 

FISCAL IMPACTS: 

None. 

ENVIRONMENTAL COMPLIANCE: 

Not applicable. 

RECOMMENDATION: 

Receive and file. 

LIST OF EXHIBITS: 

Exhibit “A” – Recharge, Storage and Recovery Capacities of Current and Anticipated Water 
Banking Projects 

Exhibit “B” – Water Banking Storage, Recharge, and Recovery Operations before Losses 
Exhibit “C” – Water Banking Storage, Recharge, and Recovery Operations after Losses 
Exhibit “D” – Status of IRWD Purchase and Exchange Programs 
Exhibit “E” – Historic Water Storage in Strand and Stockdale Projects 
Exhibit “F” – Dedicated Capacities of Current Water Banking Projects 
Exhibit “G” – Map of Water Banking Project Wells and Pipelines 
Exhibit “H” – Map of Water Banking Recharge Basins and Cross Valley Canal Turnout 

Facilities 
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Exhibit “I” – Map of Water Banking Recharge Rates 
Exhibit “J” – Diagram of IRWD-Rosedale Water Banking and Exchange Program Agreements 
Exhibit “K” – Diagram of Long-term Water Exchange Program with Buena Vista Water Storage 

District and Diagram of One-year Program to Augment Recharge Using 
Stockdale West Recharge Facilities with Buena Vista Water Storage District 

Exhibit “L” – Diagram of Unbalanced Exchange Program Diagram with Dudley Ridge 
Exhibit “M” – Diagram of Coordinated Operating, Water Storage, Exchange, and Delivery 

Agreement with Metropolitan 
Exhibit “N” – Diagram of Template Wheeling Agreement with Metropolitan 
Exhibit “O” – Diagram of Dudley Ridge One-for-One Exchange 
Exhibit “P” – Cost of Water Table 
Exhibit “Q” – Summary of IRWD’s Coordinated Operating, Water Storage, Exchange and 

Delivery Agreement with Metropolitan and MWDOC 



IRWD 
OWNED

WELLS 
EXISTING

TOTAL 
STORAGE 
CAPACITY

ANNUAL 
RECHARGE 

1ST 

PRIORITY

ANNUAL 
RECHARGE 

2ND 

PRIORITY

ANNUAL 
RECOVERY 

1ST 

PRIORITY

ANNUAL 
RECOVERY 

2ND 

PRIORITY

RECOVERY 
CAPACITY AS 
PLANNED1

RECOVERY 
CAPACITY 

(Average Daily 
Production 
1/1/2021 ‐ 
7/31/2022)

RECOVERY 
CAPACITY AS 
PLANNED

RECOVERY 
CAPACITY 
CURRENT 

CONDITIONS

Strand Ranch  Yes 7 50,000 17,500 ‐ 17,500 ‐ 40.0 20.5 ‐ ‐
Stockdale West  Yes 3 26,000 27,100 ‐ 11,250 ‐ 15.0 11.6 ‐ ‐
Stockdale East  No 2 ‐ ‐ 19,000 ‐ 7,500 ‐ ‐ 10.0 9.0

IRWD Acquired Storage Account2 No ‐ 50,000 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐
Drought Relief Project Wells2 No 3 ‐ ‐ ‐ ‐ ‐ 15.0 16.5 ‐ ‐

Kern Water Bank Storage Account4 No ‐ 9,495 3,200 ‐ 1,520 <5,000 ‐ ‐ ‐ ‐
TOTALS  15 135,495 47,800 19,000 30,270 12,500 70.0 48.6 10.0 9.0

38,000 22,300 9,500 10,850 0 35.5 25.0 ‐ ‐
88,000 22,300 9,500 17,900 7,500 34.5 25.0 ‐ ‐

12,420 9,000 ‐ ‐
5,480 6,733 ‐ ‐
17,900 15,733 ‐ ‐

8.6 10.2 ‐ ‐

2IRWD has use of Acquired Storage and Drought Relief Project wells until January 12, 2039, unless the term of the agreement is extended.
3One half of storage capacity at Stockdale West and Strand Ranch will be allocated for partners. 

ALLOCATED CAPACITY (AF) 1st PRIORITY RECOVERY 
CONDITIONS (CFS)

WATER BANKING PROJECT

IRWD's recovery after  6 month partner recovery period (AF)

Number of months needed to recover IRWD's total AF after partners' recovery
(Assumes IRWD has use of total recovery capacity after partners' recovery)  

IRWD's recovery during  6 month partner recovery period (AF)

OWNERSHIP AND 
WELL INFO

Strand Ranch monthy recharge amount assuming 0.3 ft/day average recharge rate (AF)
Stockdale West monthy recharge amount assuming 0.3 ft/day average recharge rate (AF)

TOTALS (AF)

Partner Capacities3 

IRWD Capacities (does not include Kern Water Bank capacities)

2nd PRIORITY RECOVERY 
CONDITIONS (CFS)

4Kern Water Bank capacities based on 6.58% of Dudley Ridge Water District's 9.62% share of the Kern Water Bank.  Annual recharge amount is based on an average of recharge rates for high and low  groundwater level 
conditions. 5,000 AF of recovery capacity may be available for second priority use. 

1 Based on designed Strand recovery capacity assuming 370' bgs. Assumes 5 cfs for each of the Stockdale West and Drought Relief wells in order to meet IRWD's Water Banking, Transfers, and Wheeling policy position. 
Assumes partners' water is recovered over 6 months.

4,518
2,331

Exhibit "A"
TABLE 1

Current and Anticipated Water Banking Project 
s Recharge, Storage and Recovery Capacities 

April 20, 2023
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BUENA VISTA (BVWSD) CENTRAL COAST (CCWA)
DUDLEY RIDGE WATER 
DISTRICT (DRWD)3

SWP1 NON‐SWP2 NON‐SWP SWP SWP

Total Kern Water Bank4 ‐  3,848           ‐ ‐  ‐  3,848 
Total MWD System 8,062           ‐  ‐ ‐  ‐  8,062 
Total Kern County  5,234           14,416         ‐  ‐  ‐  19,650 
Total DRWD 1‐for‐1 Long Term Exchange Credit5 11,000         ‐  ‐  ‐  ‐  11,000 
TOTAL STORED WATER  (1/1/2022) 24,296    18,264         ‐  ‐  ‐  42,560 

KWB Recovery for use on Jackson Ranch 6 ‐  (84)               ‐ ‐ ‐  (84) 
2022 SWP Allocation (5%) 44                 ‐  ‐  ‐  43  87 
2019 Reserve Water 76                 225              225  ‐  526 
Kern River Water  ‐    (5,000)          ‐  ‐  ‐     (5,000) 
DRWD 1‐for‐1 Long Term Exchange Credit 5,500           ‐  ‐  ‐  ‐  5,500 
Reocvery of Banked SWP Water for MWD (3,927)          ‐  ‐  ‐  ‐     (3,927) 
MWD Credit for SWP Water  3,927           ‐  ‐  ‐  ‐  3,927 
TOTAL 2022 TRANSACTIONS 5,620           (4,859)          225  ‐  43  1,029
Total Kern Water Bank9 ‐  3,764           ‐ ‐ ‐  3,764
Total MWD System 12,033         ‐  ‐ ‐ 43  12,076 
Total Kern County 1,383           9,641           225  ‐  ‐  11,249 
Total DRWD 1‐for‐1 Long Term Exchange Credit 16,500         ‐  ‐  ‐  ‐  16,500 
TOTAL STORED WATER  (1/1/2023) 29,916         13,405         225  ‐  43  43,589 

‐      (235)             ‐  ‐     ‐ (235)
656              ‐  ‐ ‐ 656 1,312

‐  ‐  ‐  ‐  ‐  ‐ 
4,000           ‐  ‐  ‐  ‐  4,000

‐  ‐  ‐  ‐ ‐  ‐ 

KWB Recovery for use on Jackson Ranch
6
 (estimated)

2023 SWP Allocation (75%)
3

Kern River Water 
DRWD 1‐for‐1 Long Term Exchange (Recharge) 
Recovery of Banked SWP Water for MWD 
MWD Credit for SWP Water  ‐  ‐  ‐  ‐  ‐  ‐ 
TOTAL ESTIMATED 2023 TRANSACTIONS 4,656           (235)             ‐  ‐  656  5,077 

Total Kern Water Bank ‐  3,529           ‐ ‐ ‐  3,529
Total MWD System 12,033         ‐  ‐ ‐ 43  12,076 
Total Kern County 6,039           9,641           225  ‐  656 16,561 
Total DRWD 1‐for‐1 Long Term Exchange Credit 12,500         ‐  ‐  ‐  ‐  12,500
TOTAL ESTIMATED STORED WATER  TO DATE 30,572         13,170         225  ‐  699 44,666 

BEGINNING WATER IN STORAGE 2022 (AF)

(RECOVERY) AND RECHARGE IN 2022 (AF)

(RECOVERY) AND RECHARGE IN 2023 (AF) 

ESTIMATED WATER IN STORAGE 2023 (AF)

TABLE 2
IRWD's Water Banking Storage, Recharge and Recovery Operations ‐ BEFORE LOSSES

April 14, 2023

TRANSACTIONS

WATER BANKING ENTITY
TOTAL BY WATER TYPE 

AND STORAGE 
LOCATION

IRWD

NOTES:
‐MWD = Metropolitan Water District of Southern California.
1 IRWD's SWP includes 295 AF from CVWD that stays in Kern County.
2 IRWD's Non‐SWP total includes 2,403 AF, net of losses, of Kern County Water Agency Article 21 Water.
3 DRWD water supply will be returned by MWD or IRWD's Strand Ranch to IRWD's Jackson Ranch.  MWD took delivery of IRWD's 2022 SWP allocation in June 2022. MWD will not take delivery of IRWD's 
2023 SWP Allocation.
4 IRWD's KWB Account balance includes SWP, Friant and Kern River water. The KWB account balance is included in the Non‐SWP column because it is not exportable to IRWD's service area. The 
2022 beginning KWB balance was revised by DRWD based on KCWA 2021 end of year balances.
5 Per the DRWD Long‐Term 1‐for‐1 Exchange Program,  Non‐SWP water delivered to DRWD landowners will be returned to IRWD as SWP water at a later date. To account for the SWP water that 
will be returned at a later date, the amount of water owed will be shown as a credit. Total assumes all water is returned to IRWD Water Bank which adds in a 10% loss factor. 
6 Water recovered from IRWD's Kern Water Bank account for use on Jackson Ranch.   

Exhibit "B"
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BUENA VISTA (BVWSD) CENTRAL COAST (CCWA)
DUDLEY RIDGE WATER 
DISTRICT (DRWD)3

SWP1 NON‐SWP2 NON‐SWP SWP SWP

Total Kern Water Bank4 ‐  3,848           ‐ ‐ ‐  3,848 
Total MWD System 8,062           ‐  ‐ ‐ ‐  8,062 
Total Kern County  4,199           10,492         ‐  ‐  ‐  14,691 
Total DRWD 1‐for‐1 Long Term Exchange Credit5 10,000         ‐  ‐  ‐ 
TOTAL STORED WATER  (1/1/2022) 22,261         14,340         ‐  ‐  ‐  36,601 

KWB Recovery for use on Jackson Ranch6 ‐ (84)               ‐ ‐ ‐  (84) 
2022 SWP Allocation (5%) 44                 ‐  ‐  ‐  43  87 
2019 Reserve Water 72                 213              225  ‐ ‐  510 
Kern River Water  ‐     (5,000)          ‐  ‐  ‐    (5,000) 
DRWD 1‐for‐1 Long Term Exchange Credit 5,000           ‐  ‐  ‐  ‐  5,000 
Recovery of Banked SWP Water for MWD (3,927)          ‐  ‐  ‐  ‐    (3,927) 
MWD Credit for SWP Water  3,927           ‐  ‐  ‐  ‐  3,927 
TOTAL 2022 TRANSACTIONS 5,116   (4,871)          225  ‐  43  513 
Total Kern Water Bank ‐  3,764           ‐ ‐ ‐  3,764
Total MWD System 12,033         ‐  ‐ ‐ 43  12,076 
Total Kern County 344              5,705           225  ‐  ‐  6,274
Total DRWD 1‐for‐1 Long Term Exchange Credit 15,000         ‐  ‐  ‐  ‐  15,000 
TOTAL STORED WATER  (1/1/2023) 27,377         9,469           225  ‐  43  37,114 

‐     (235)             ‐  ‐  ‐       (235)
561              ‐  ‐ ‐  560  1,121

‐  ‐  ‐  ‐  ‐  ‐ 
3,417           ‐  ‐  ‐  ‐  3,417

‐ ‐  ‐ ‐ ‐  ‐ 

KWB Recovery for use on Jackson Ranch
6
 (estimated)

2023 SWP Allocation (75%)
3

Kern River Water
DRWD 1‐for‐1 Long Term Exchange (Recharge) 
Recovery of Banked SWP Water for MWD
MWD Credit for SWP Water  ‐ ‐  ‐  ‐  ‐  ‐ 
TOTAL ESTIMATED 2023 TRANSACTIONS 3,978   (235)             ‐  ‐  560  4,303

Total Kern Water Bank ‐  3,529           ‐ ‐ ‐  3,529
Total MWD System 12,033         ‐  ‐ ‐ 43  12,076 
Total Kern County 4,322           5,705           225  ‐  560  10,812
Total DRWD 1‐for‐1 Long Term Exchange Credit 11,583         ‐  ‐  ‐  ‐  11,583
TOTAL ESTIMATED STORED WATER  TO DATE 27,938         9,234           225  ‐  603  38,000 

TOTAL BY WATER TYPE 
AND STORAGE 
LOCATION

TABLE 3
IRWD's Water Banking Storage, Recharge and Recovery Operations ‐ AFTER LOSSES

April 14, 2023

ESTIMATED WATER IN STORAGE 2023 (AF)

(RECOVERY) AND RECHARGE IN 2022 (AF)

BEGINNING WATER IN STORAGE 2022 (AF)

IRWDTRANSACTIONS

WATER BANKING ENTITY

(RECOVERY) AND RECHARGE IN 2023 (AF) 

NOTES:
‐Water in storage has been adjusted to account for losses. IRWD's water stored in Kern County is adjusted 15% for losses (5% for out of county loss, 6% surface loss, and 4% reserve loss); Water stored for
BVWSD in Kern County is adjusted 10% (6% for surface loss and 4% for reserve loss);  no losses for water directly delivered to MWD system. 
‐MWD = Metropolitan Water District of Southern California.
1 IRWD's SWP includes 251 AF from CVWD that stays in Kern County.
2 IRWD's Non‐SWP total includes 2,403 AF of Kern County Water Agency Article 21 Water.
3 DRWD water supply will be returned by MWD or IRWD's Strand Ranch to IRWD's Jackson Ranch. MWD took delivery of IRWD's 2022 SWP allocation in June 2022. MWD will not take delivery of 
IRWD's 2023 SWP Allocation.
4 IRWD's KWB Account balance includes SWP, Friant and Kern River water. The KWB account balance is included in the Non‐SWP column because it is not exportable to IRWD's service area. The 
2022 beginning KWB balance was revised by DRWD based on KCWA 2021 end of year balances.
5 Per the DRWD Long‐Term 1‐for‐1 Exchange Program,  Non‐SWP water delivered to DRWD landowners will be returned to IRWD as SWP water at a later date. To account for the SWP water that 
will be returned at a later date, the amount of water owed will be shown as a credit. Total assumes all water is returned to IRWD Water Bank which adds in a 10% loss factor. Final amounts may 
be subject to additional CVC losses.
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IN MWD 
SYSTEM
(AF)

STORED 
IN KERN
(AF)

OWED BY 
DUDLEY 

RIDGE WD

TOTAL
(AF)

EXPORTABLE 
TO IRWD

(AF)

NON‐ 
EXPORTABLE 

(AF)

FOR USE ON 
JACKSON 
RANCH 
(DRWD)

Semitropic Water 
Storage District NA 2008 Purchase SWP Article 21 NA NA 2,842 2,403 2,403 2,403 Yes

Carpinteria Valley 
Water District 2‐for‐1 2008 Short‐Term SWP Table A 277 250 250 250 250 Yes

2‐for‐1 2010 Pilot Kern River 4,108 3,903

2‐for‐1 2011 Long‐Term Kern River 21,473 225 20,399 3,302 3,302 3,302

Antelope Valley 
East Kern Water 
Agency 

2‐for‐1 2011 Pilot SWP Table A 2,229 2,337 2,337 2,337 2,337 No

Carpinteria Valley 
Water District 2‐for‐1 2011 Pilot SWP Table A 624 655 655 655 655 No

SWP Table A 1,876 1,876 1,876 1,876 1,876 Yes

SWP Article 21 1,553 1,554 1,554 1,554 1,554 Yes

Metropolitan 
Water District 2 1‐for‐1 2014 Short‐Term SWP Table A NA NA 4,000 4,000 4,000 4,000 No

Dudley Ridge Water 
District
 (SWPAO #17030)

2‐for‐1 2018 SWPAO SWP Table A 1,614 603 1,685 1,055 630 1,686 1,686 603 Yes

Central Coast 
Water Authority 2‐for‐1 2017 Short‐Term SWP Table A 258 258 258 258 258 No

SWP Table A 3,417 3,417 3,417 No

Credit  11,583 11,583 11,583 No

Central Coast 
Water Authority 2‐for‐1 2019 Short‐Term SWP Table A 298 323 298 25 323 323 No

Total: 34,310   828          55,082    12,033     10,027    11,583    33,644       27,689  5,955          603 NA

Dudley Ridge Water 
District 3 
(SWPAO #19001)

1‐for‐1 2017 Long‐Term 15,000

TABLE 4
Status of IRWD Purchase and Exchange Programs (AFTER LOSSES)

April 14, 2023

PARTNER 
BALANCE

(AF)

IRWD 
SHARE
(AF)

SELLABLE
(Y/N)

PARTNER
EXCHANGE 

RATIO
YEAR 

EXECUTED

PARTNER WATER IRWD WATER

AGREEMENT
 TYPE

Buena Vista Water 
Storage District 1

Yes

WATER TYPE PARTNER 
SHARE
(AF)

EXPORTABILITYIRWD BALANCE

Dudley Ridge Water 
District 
 (SWPAO #13012)

1
  Water acquired through BVWSD will be exportable after it is exchanged for SWP Table A through 1‐for‐1 exchange with Dudley Ridge Water District. 
2 Source of water was Buena Vista Water Storage District Kern River high flow water.
3 To account for the SWP water that will be returned to IRWD, the amount of water owed is shown as a credit.  The total net of losses is 15,000 AF. 

2‐for‐1 2013 SWPAO

Exhibit "D"
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Exhibit “E”

*After losses
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Program

Dedicated Storage 
Capacity 

Strand Ranch 
(AF)

Dedicated Storage 
Capacity 

Stockdale West 
(AF)

Dedicated Storage 
Capacity Leased 

Storage Account (AF)

Kern Water Bank 
Storage Capacity 

(AF) 

Total Capacity 50,000  26,000  50,000  9,495 

BVWSD 40,000  ‐  ‐  ‐ 
DRWD 10,000  ‐  ‐  ‐ 
AVEK ‐  20,000  ‐  ‐ 
Total Dedicated 50,000  20,000  ‐  ‐ 

Total Remaining ‐  6,000  50,000  9,495 

Program

Dedicated Recharge 
Capacity 

Strand Ranch  
(AF)

Dedicated Recharge 
Capacity Stockdale 

West (AF)

Dedicated Recharge 
Capacity Leased 

Storage Account (AF)

Kern Water Bank  
Recharge Capacity 

(AF)

Total Capacity 17,500  27,100  ‐  3,200 

BVWSD 17,500  ‐  ‐  ‐ 
DRWD ‐  ‐  ‐  ‐ 
AVEK ‐  20,000  ‐  ‐ 
Total Dedicated 17,500  20,000  ‐  ‐ 

Total Remaining ‐  7,100  ‐  3,200 

Program Partner

Dedicated Recovery 
Capacity 

Strand Ranch  
(AF)

Dedicated Recovery 
Capacity Stockdale 

West (AF)

Dedicated Recovery 
Capacity Leased 

Storage Account (AF)

Kern Water Bank  
Recovery Capacity 

(AF)

Total Capacity 17,500  11,250  ‐  1,520 

BVWSD 6,667  ‐  ‐  ‐ 
DRWD ‐  ‐  ‐  ‐ 
AVEK ‐  3,333  ‐  ‐ 
IRWD 10,833  7,084  ‐  1,520 
Total Dedicated 17,500  10,417  ‐  1,520 

Total Remaining ‐  833  ‐  ‐ 

RECOVERY CAPACITY

RECHARGE CAPACITY

Exhibit "F"

TABLE 5
IRWD Dedicated Water Banking Capacities for Existing and Proposed Exchange Programs

April 20, 2023

STORAGE CAPACITY
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS
User Community

Rosedale Highway

En
os

 L
n

Stockdale Highway

MAP FEATURES

!(

!(

Extraction Well 

Extraction Well 

Well Discharge Pipelines 

Stockdale East 

Stockdale West

Strand Ranch

L
0 0.5 10.25

Miles

NAD 83 State Plane Zone 5 (feet)
Central Meridian: -118

Location Map:
IRWD Water Banking Projects
Wells and Turnin Pipelines

This figure shows the location of 
IRWD's water banking project sites 
and extraction wells.

Cross Valley Canal

Drought Relief Project

Strand Ranch

Stockdale
East

Stockdale
West

Exhibit "G"Exhibit "G"
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Rosedale Highway

En
os

 L
n

Stockdale Highway

MAP FEATURES

#* Turnouts

Stockdale West

Strand Ranch

L
0 0.5 10.25

MilesNAD 83 State Plane Zone 5 (feet)
Central Meridian: -118

This figure shows the location of 
recharge basins, pipelines and 
turnout facilities.

Cross Valley Canal

Existing North & South
Strand Ranch

Turnout Facilities
100 CFS Capacity Each

Stockdale West 
Turnout

100 CFS Capacity 
 

 

Existing Siphon
50 CFS Capacity

From Strand

Location Map:
IRWD Water Banking Projects
Recharge Basins &Turnout
Facilities

Exhibit "H"

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, 
USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS
User Community

Exhibit "H"



 
Note:  This page is intentionally left blank. 

 



#*
#*

#*

§̈¦5

Rosedale Highway
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Stockdale Highway

MAP FEATURES

#* Turnouts

Stockdale West

Strand Ranch

L
0 0.5 10.25

MilesNAD 83 State Plane Zone 5 (feet)
Central Meridian: -118

This figure shows the location of 
recharge basins and their 
associated recharge rates as of  
April 14, 2023.

Cross Valley Canal

Location Map:
IRWD Water Banking Projects
Recharge Rates
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Strand Ranch 
North 0.54 feet/day

75 CFS

Stockdale West 
0.57 feet/day

 75 CFS

Strand Ranch South
 0 43 feet/day

50 CFS

Exhibit "I"

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, 
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Exhibit "I"



 
Note:  This page is intentionally left blank. 

 



* In exchange for 50,000 AF of Acquired Storage capacity, IRWD will fund up to $1.5 million for the drilling, construction and equipping of two extraction wells on Stockdale East.

IRWD’s Strand Ranch
7 recovery wells

50,000 AF storage

IRWD’s Stockdale West
3 recovery wells

26,000 AF storage

Rosedale’s 
Stockdale East

2 recovery wells*

Reciprocal 
use of 

facilities

IRWD 1st Priority 
Recharge & Recovery

IRWD 2nd Priority 
Recharge & Recovery

Rosedale Conjunctive 
Use Program

IRWD’s Acquired 
Storage Account *

50,000 AF

Future 3rd Project Site
Stockdale Integrated 

Banking Project

IRWD’s Acquired 
Storage Spills
> 50,000 AF

Spilled water can be transferred 
back to Acquired Storage, Strand

 Ranch, or Stockdale West

IRWD’s spilled water can be stored 
up to 3 years. After 3 years, 
Rosedale receives 10% of water 
spilled in a given year.

Spills are treated as first-in / first-
out (e.g. IRWD’s first spill event 
would be the first to be assessed 
10% by Rosedale). IRWD can avoid 
the 10% assessment of its spilled 
water by moving water back to 
Strand, Stockdale West, or 
Acquired Storage.

Recovery
17,500 af/yr

Recovery
11,250 af/yr

2nd Priority
Recovery

7,500 af/yr

Recharge 
17,500 af/yr

Recharge 
27,100 af/yr

2nd Priority
Recharge 

19,000 af/yr

During Kern River flood flows, 
Rosedale has 1st priority to recharge at 

all facilities
x IRWD receives 20% of flood flows

recharged at Strand
x IRWD receives 50% of flood flows

recharged at Stockdale West

IRWD’s water can 
move to and from 

acquired storage from 
Strand and Stockdale

Exhibit "J" 
IRWD-Rosedale Water Banking and Exchange Program Agreements

Effective 1/12/2009 through 1/12/2039 (Strand Ranch)
2/4/2016 through 1/12/2039 (Stockdale West)
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IRWD’s Strand Ranch
7 recovery wells
50,000 AF storage

(40,000 AF dedicated 
to BVWSD)

IRWD’s Stockdale West
3 recovery wells
26,000 AF storage

Water can move
between Strand and

Stockdale
(or acquired 

storage account)

Within 4 years, IRWD delivers 
50% of exchange water to BVWSD 

(no more than 6,667 AFY or 1,667 AF/mo.)† 

†IRWD shall remit one‐half of the 
exchanged supply less one‐half of 
reasonable losses back to BV no later 
than December 31st of the 4th year 
following the associated recharge 
event. IRWD pays for recovery of water 
returned to BV. Water to be remitted 
back to BV may remain in storage at 
Strand Ranch beyond the 4th year, in 
exchange for a greater percent being 
transferred to IRWD as compensation 
per the table shown to the right:

Year Following 
Recharge Event

Percent Transferred to 
IRWD

Percent Returned to BV During or 
Before Indicated Year

1 50% 50%
2 50% 50%
3 50% 50%
4 50% 50%
5 60% 40%
6 70% 30%
7 80% 20%
8 90% 10%
9 100% 0%

IRWD 1st Priority 
Recharge & Recovery

Rosedale Conjunctive 
Use Program & 
Coordinated Operation

K-1

Exhibit "K" 

Buena Vista Water Storage District Long Term Water Exchange Program
Effective 1/1/2011 through 1/12/2039

BVWSD delivers non‐SWP water to Strand Ranch
(IRWD receives 50%)

(Up to 17,500 AFY or 4,375 AF/mo.)



Buena Vista Water Storage District One-Year Program to Augment 
Recharge Using Stockdale West Recharge Facilities

Effective 4/1/2017 through 3/30/2018

IRWD’s Strand Ranch
7 recovery wells
50,000 AF storage

(40,000 AF dedicated 
to BVWSD)

IRWD’s Stockdale West
3 recovery wells
26,000 AF storage

Water can move
between Strand and

Stockdale
(or acquired 

storage account)

BVWSD delivers non‐SWP water to Stockdale West
(IRWD receives 50%)
(additional 12,500 AF)

Within 6 years, IRWD delivers 
50% of exchange water to BVWSD 

(additional 833 AFY recovery)† 

†IRWD shall remit one‐half of the 
exchanged supply less one‐half of 
reasonable losses back to BV no later 
than December 31st of the 6th year 
following the associated recharge 
event. IRWD pays for recovery of water 
returned to BV. Water to be remitted 
back to BV may remain in storage at 
Strand Ranch beyond the 6th year, in 
exchange for a greater percent being 
transferred to IRWD as compensation 
per the table shown to the right:

Year Following 
Recharge Event

Percent Transferred to 
IRWD

Percent Returned to BV During or 
Before Indicated Year

1 50% 50%
2 50% 50%
3 50% 50%
4 50% 50%
5 50% 50%
6 50% 50%
7 75% 25%
8 100% 0%
9 100% 0%

IRWD 1st Priority 
Recharge & Recovery

Rosedale Conjunctive 
Use Program & 
Coordinated Operation

K-2



IRWD’s Jackson Ranch
1,748 AF of SWP Table A 
entitlement through 

DRWD

At MWD’s call, DRWD delivers IRWD’s SWP water to either 
IRWD’s banking projects and/or MWD’s Southern California 

turnouts (IRWD receives 50%)† 

IRWD 1st Priority 
Recharge & Recovery

Rosedale Conjunctive 
Use Program & 
Coordinated Operation

Dudley Ridge Water 
District Boundary

IRWD’s Strand Ranch
7 recovery wells
50,000 AF storage

IRWD’s Stockdale West
3 recovery wells
26,000 AF storage

Water can move
between Strand and

Stockdale
(or acquired 

storage account)

MWD Turnouts in 
Southern California
(IRWD receives a 
credit for 50%)

By December 31, 2035, MWD shall have returned 50% of the water delivered 
(less losses) to IRWD’s Jackson Ranch (DRWD) via use of MWD’s future SWP 
water, with an equal amount recovered from IRWD wells to the California 
Aqueduct.

†Consistent with IRWD‐MWD coordinated operating agreement.

Exhibit "L"
Dudley Ridge Water District (DRWD) Unbalanced Exchange 

Program Up to 12,240 AF delivered from 6/7/2018 through 12/31/2027
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IRWD’s Strand Ranch
7 recovery wells
50,000 AF storage

IRWD’s Stockdale West
3 recovery wells 
26,000 AF storage

Water can move
between Strand and

Stockdale
(or acquired 

storage account)

IRWD 1st Integrated 
Banking Project

Rosedale Conjunctive 
Use Program & 
Coordinated Operation

x� Storage of water in IRWD’s Integrated Banking Project
x� Delivery to Southern California for immediate use and/or storage in MWD system
x� Borrow a portion of Program water, with accrual in MWD Delivery Account

MWD Storage and/or 
Turnouts in Southern 

California

MWD Borrows 
Program Water

(lesser of 17,500 AFY or 
1/3 amount stored

x� Under an MWD Allocation, when IRWD calls for water, IRWD must first recover Program Water from the Integrated Banking 
Project before receiving water from the MWD Delivery Account.

x� MWDOC shall pass through extraordinary supply credits for IRWD’s benefit. 
†      IRWD’s banking partner share of Program Water to be returned by MWD.

IRWD’s share of water 
accrues in MWD 
Delivery Account† 
(or is returned to 
IRWD’s Integrated 
Banking Project)

Exhibit "M"
Coordinated Operating, Water Storage, Exchange and Delivery Agreement  Between MWD, MWDOC and IRWD 

Effective 5/1/2011 through 11/4/2035

With MWD’s consent, IRWD secures SWP water (Program Water) through 
exchanges with IRWD Banking Partners for use as extraordinary supply under 

MWD Water Supply Allocation Plan

MWD has three options for the use and storage of Program Water:
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IRWD’s Strand Ranch 
7 recovery wells 
50,000 AF storage

IRWD’s Stockdale West
3 recovery wells

Water can move
between Strand and

Stockdale
(or acquired 

storage account)

IRWD recovers its share of non‐SWP water from its Integrated Banking Projects for use as 
extraordinary supply under a declared MWD Water Supply Allocation. MWD will coordinate 
the conveyance and delivery of recovered water to be used within IRWD’s Service Area. 

Delivery can also occur through an operational exchange.* 

*The recovered water mus  be used within IRWD’s service area. IRWD to pay MWD wheeling charges, including system access rate, water
stewardship rate, and treatment surcharge (if applicable),  for each acre foot of recovered water wheeled by MWD. IRWD will pay the 
actual costs of power incurred by MWD to convey recovered water in the California Aqueduct to IRWD delivery points.

IRWD 1st Priority 
Recharge & Recovery

Rosedale Conjunctive 
Use Program & 
Coordinated Operation

Exhibit "N"

Agreement for Conveyance of Water Between MWD, MWDOC, and IRWD (Wheeling Agreement)
Template for future agreements
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Scenario A

(Per Sections 2, 3, 4.1.1, and 4.1.3)
_______________________________

x= Non-Project Water required to stay 
     in Kern County
y= Non-Project Water allowed to leave 
     Kern County
z= DRWD Table A Water equal to x+y 

 less applicable losses, if any

Per Section 4.1.3, z can be delivered 
to IRWD via in-ground transfer to 

IRWD, SWP delivery to IRWD banking 
facilitites, or SWP delivery to MWDSC

To DRWD 
landowners in 

KCWA
IRWD Water Bank

To DRWD 
landowners in 

DRWD

IRWD

x

y

z

From DRWD 
landowners in 

DRWD

IRWD


To DRWD 

landowners in 
KCWA

IRWD Water Bank

To DRWD 
landowners in 

DRWD

IRWD Water Bank

Scenario B
(Per Sections 2, 3, and 4.1.2)

______________________________

a + b = c + d 
(less applicable losses, if any)

 Delivery

Delivery

Return

Return

a
b

c

d

Legend
______________________________

KCWA Service Area 

DRWD Service Area

IRWD Service Area



Exhibit "O"

Dudley Ridge Water District Long Term 1-for-1 Water Exchange Program 
Effective 5/31/2017 through 11/4/2035

†The cost of water exchanged between IRWD and DRWD will be equalized
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Exhibit "P"

Program 
Partner

Time Period Water Type
IRWD

 Amount 
(AF)

Variable 
costs2 

($/AF)
(A)

Fixed Cost 
Component3

 ($/AF)
(B)

Fixed & 
Variable
 ($/AF)
(C)

Capital 
Component4 

($/AF)
(D)

Cost of 
Water 
 ($/AF)
(E)

Estimated 
Recovery 
of Water5

 ($/AF)
(F)

2023
MWD Tier 1 
Untreated
 Rate + SAC 
Surcharge6 

($/AF)
(G)

Cost of 
Water in 
IRWD 
Service 

Area ($/AF)
(H)

A+B C+D E+F+G
Buena Vista 2010‐2015 Kern River 12,832    $   75.98   $          48.36   $124.34  190.00$        314.34$   120.00$       855.00$          1,289.34$  
Buena Vista1 2017‐2021 Kern River 11,256   159.16$   $          48.36   $207.52  190.00$        397.52$   120.00$       855.00$          1,372.52$  
AVEK 2012‐2014 SWP Table A 2,229      11.70$     $          48.36   $  60.06  190.00$        250.06$   120.00$       855.00$          1,225.06$  
AVEK7 2012‐2014 SWP Table A 108         11.70$     $          48.36   $  60.06  190.00$        250.06$   ‐$             855.00$          1,105.06$  
Carpinteria 2010‐2015 SWP Table A 874         27.04$     $          48.36   $  75.40  190.00$        265.40$   120.00$       855.00$          1,240.40$  
Carpinteria7 2010‐2015 SWP Table A 31           27.04$     $          48.36   $  75.40  190.00$        265.40$   ‐$             855.00$          1,120.40$  
Central Coast7 2017‐2021 SWP Table A 556         30.34$     $          48.36   $  78.70  190.00$        268.70$   ‐$             855.00$          1,123.70$  

DRWD 7 2014‐2021
SWP Table A 
/Article 21 4,452      362.67$   $          48.36   $411.03  190.00$        601.03$   ‐$             855.00$          1,456.03$  

Total  32,338  

1 Water purchased in 2019 includes commodity charge of $110/AF
2 Variable Costs include Rosedale variable operating costs, Rosedale administration fees, CVC pumping, operating and stand‐by fees, and KCWA fees. 
   (Net of partner payments to IRWD for their share of water)
3 Fixed costs include Rosedale fixed operating costs, property taxes, PG&E standby costs, GSP fees, CVC expansion costs and other minor fix costs
4 Capital component does not include land costs.
5 Increased PG&E costs for recovering water.
6 Assumes IRWD would take delivery as extraordinary supply through Irvine Lake to the Baker Water Treatment Plant.

TABLE 6
IRWD Water Banking Program Costs of Water Summary 

April 20, 2023

7  No recovery costs for DRWD water delivered in 2014‐2016 and water recovered in 2022 as part of MWD borrowing. 
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Exhibit “Q” 

Summary of IRWD’s Coordinated Operating, Water Storage, 
Exchange and Delivery Agreement with Metropolitan Water District and 

Municipal Water District of Orange County (MWDOC) 
Agreement approved (unanimously) by the IRWD Board on November 22, 2010; 
Agreement Term:  April 21, 2011 to November 4, 2035 

Summary of Benefits to IRWD: 
1. IRWD benefits from all State Water Project (SWP) water IRWD secures;

Metropolitan’s borrowing of this water is temporary.
2. On behalf of IRWD, Metropolitan uses its SWP exchange and conveyance

capacities to move IRWD’s water for banking.
3. IRWD can “store” water in Metropolitan’s system as a credit, freeing up space in

IRWD’s Water Bank with the water stored closer to the IRWD service area.
4. IRWD does not incur conveyance or evaporation losses on its water that is

conveyed in Metropolitan’s system and stored in Metropolitan’s reservoirs.
5. IRWD avoids groundwater recovery (pumping) costs when Metropolitan issues a

credit for IRWD’s SWP supplies in Southern California (currently $122/AF1).
6. IRWD pays Metropolitan’s melded system power rate – currently $167/AF, not

DWR’s current power costs of $395/AF2 ($228/AF savings).
7. Deliveries are on-demand to IRWD at its service connections in Orange County,

which are not subject to lower priorities for wheeling.
8. Metropolitan pays all SWP costs, including variable OMP&R supply costs,

associated with SWP water secured by IRWD3.
9. IRWD pays Metropolitan’s Full-Service Tier-1 Untreated Rate, which is currently

$799/AF, for deliveries at its service connections allowing IRWD to avoid higher
Metropolitan wheeling charges currently estimated at $856/AF4.

10. IRWD only pays once for supply at the current Tier-1 Supply Rate of $243/AF.
11. Deliveries to IRWD’s service area qualify as Extraordinary Supply during a Water

Supply Allocation, allowing IRWD to avoid Metropolitan’s Allocation Surcharge of
between $1,480/AF and $2,960/AF.

12. IRWD increases local water supply reliability for its ratepayers.

1 Estimated from IRWD’s current groundwater pumping costs and Water Bank related operations costs.  
Metropolitan has the option to extinguish credits by returning water to the IRWD Water Bank.  In recent 
borrowing letter agreement, Metropolitan agreed to waive its ability to return borrowed water to the 
Water Bank. 

2 Melded system and actual power costs were taken from Metropolitan’s April 2022 Bi-Annual Budget 
Report and 2022 Cost of Service Study. 

3 Does not include fixed costs paid by IRWD’s unbalanced exchange partners.  In 2014 and 2017, 
Metropolitan’s SWP costs were $1,097/AF and $359/AF, respectively. 

4 The Coordinated Agreement requires IRWD to pay Metropolitan its Full-Service Tier 1 Rate for 
exchange deliveries at IRWD service connections.  IRWD is expected to take delivery of such deliveries 
to the Baker Water Treatment Plant.  Metropolitan’s current Tier-1 Untreated Rate = $799/AF.  Current 
Metropolitan wheeling charges of $856/AF are estimated using Metropolitan’s current System Access 
Rate ($389/AF), estimated demand management charge ($72/AF), and actual power costs ($395/AF). 

Q-1



Q-2

Summary of IRWD’s Coordinated Operating, Water Storage, Exchange and Delivery 
Agreement with Metropolitan and MWDOC 
February 14, 2023
Page 2 of 2 

Summary of Benefits to MWD: 

1. Metropolitan maintains control of all SWP supplies entering its service area as
required by its SWP Contract with California Department of Water Resources
(DWR).

2. Metropolitan's investments in the SWP are protected by not causing a reduction
in revenue received by Metropolitan for payment of SWP fixed charge
obligations.

3. Metropolitan can temporarily borrow SWP water secured by IRWD.
4. Metropolitan is assured that IRWD is not competing for water supplies.
5. Increased regional water supply reliability.
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