





Summary of RRBWSD Banking Program CEQA Documents

Master EIR for Groundwater Storage, Banking, Exchange, FExtraction and Conjunctive Use Program

e
® & o

Up to 100,000 AF/year recharge.

Over 300,000 AF of groundwater storage volume used for programs.

Construction of 15 to 20 wells, extraction capacity of 35,000 to 45,000 AF/year

Recharge in advance of extraction.

Water supplies from SWP, Kem River, Friant-Kemn Canal, or other sources.

Overall program goal that for each acre foot of water extracted, one acre foot would remain in District
(2:1 program).

Expects that a MOU will be entered into and a monitoring committee will be established.

States that as details of each project are defined, site specific environmental reviews per CEQA will be
conducted.

Addendum No. 1 to Master EIR

States that groundwater storage capacity under District is 930,000 AF (per “Determination of Aquifer
Storage Capacity” by Sierra Scientific Services, January 20, 2003).

‘ EIR for BVWSD/RRBWSD Water Banking and Recovery Program

®

' 25% of groundwater banking from existing accounts in BVWSD, 75% from accounts developed
- primarily from recharge of BYWSD Kern River high flow water in RRBWSD.

100% of recovery for first two years will be from previously banked waters in BVWSD.
Thereafter, recovery will be made jointly by RRBWSD and BVWSD from the previously banked
accounts and the accounts to be developed through recharge within RRBWSD.

More than 80,000 AF/year could be recharged in RRBWSD.

Recovery/delivery may be more than 20,000 AF/year.

Primary method of recovery/delivery will be via SWP exchange.

RRBWSD to construct three additional extraction wells, and possibly replace two existing wells
(Westside Well Field). ,

Offers to enter into MOU’s setting provisions for monitoring program.

Maximum program storage of 200,000 AF in RRBWSD.

New recharge basins to be constructed for 200-300 cfs additional capacity (includes Paul Enns and
Fanucchi basins).

Negative Declaration for GLC Banking and Recovery Program

Development of recharge areas for a total District capacity of 600 cfs (includes Sec. 25).

Sale of a total of 220,000 AF to GLC according to buildup schedule, max. delivery of 9,500 AF/yr.
60,000 AF of storage for MWD exchange portion of project.

Max. delivery of 20,000 AF/yr with MWD exchange.

10 additional extraction wells to be constructed (8 new and 2 replacement, Westside Well Field).

Addendum No. 1 to Negative Declaration for GLC Program

Increases the total sale quantity to 262,500 AF if sufficient water supplies are available.

Negative Declarations for Kern Tulare and Groundwater Banking — Allen Road Wellfield (AEWSD)

Construction of a total of 7 extraction wells, extraction capacity of 20,500 AF/year.
2:1 Groundwater Banking Programs.
Provides for the construction of a2 monitoring well.
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Rosedale Rio-Bravo Water Storage District Water Balance, 2006

Source: Balance_c RRBWSD rev 2006.xls, RRBWSD Programs worksheet.

AEWSD 2:1 Program (from 2004 on)
For AEWSD
For RRBWSD
Net
Total Total Bank after
Year Delivered | Gross Returned Balance | Gross Losses Losses
38453

2004 0 0 17938 20515 0 0 21018

2005 86046 43023 3948 59590 43023 1506 41517

2006 0 0 417 59173 0 0 0

2007 0 0 0 59173 0 0 0

2008 0 0 0 59173 0 0 0

2009 0 0 0 59173 0 0 0

2010 0 0 0 59173 0 0 0

2011 0 0 0 59173 0 0 0

2012 0 0 0 59173 0 0 0

2013 0 0 0 59173 0 0 0

2014 0 0 0 59173 0 0 0

2015 0 0 0 59173 0 0 0

2016 0 0 0 59173 0 0 0

KT&RG 2:1 Program (from 2004 on)
For KT & RG
Total to For RRBWSD
Net

Total Banking  Bank Total Bank after

Year Delivered | Gross Losses (net) Returned Balance | Gross Losses Losses
1318

2004 0 0 0 0 0 1318 0 0 0
2005 49747 24874  1492.41 23381 0 24699 24874 249 24625
2006 10000 5000 300 4700 0 29399 5000 50 4950
2007 0 0 0 0 0 29399 0 0 0
2008 0 0 0 0 0 29399 0 0 0
2009 0 0 0 0 0 29399 0 0 0
2010 0 0 0 0 0 29399 0 0 0
2011 0 0 0 0 0 29399 0 0 0
2012 0 0 0 0 0 29399 0 0 0
2013 0 0 0 0 0 29399 0 0 0
2014 0 0 0 0 0 29399 0 0 0
2015 0 0 0 0 0 29399 0 0 0
2016 0 0 0 0 0 29399 0 0 0




BVWSD Banking Program
No net water to RRBWSD

For BVWSD
Total to
Total Banking Bank Total Bank
Year Delivered | Gross Losses {net) Returned Balance
2004 313 313 34 279 0 279
2005 58210 58210 6403 51807 0 52085
2006 38352 38352 4219 34133 0 86219
2007 0 0 0 0 0 86219
2008 0 0 0 0 0 86219
2009 0 0 0 0 0 86219
2010 0 0 0 0 0 86219
2011 0 0 0 0 0 86219
2012 0 0 0 0 0 86219
2013 0 0 0 0 0 86219
2014 0 0 0 0 o 86219
2015 0 0 0 0 0 86219
2016 0 0 0 0 0 86219
CLWA Banking Program
No net water to RRBWSD
For CLWA
Total to
Total Banking  Bank Total Bank

Year Delivered | Gross Losses (net) Returned Balance
2004 0 0 0 0 0 0
2005 20000 20000 2200 17800 0 17800
2006 20000 20000 2200 17800 0 35600
2007 0 0 0 0 0 35600
2008 0 0 0 0 0 35600
2009 0 0 0 0 0 35600
2010 0 0 0 0 0 35600
2011 0 0 0 0 0 35600
2012 0 0 0 0 0 35600
2013 0 0 0 0 0 35600
2014 0 0 0 0 0 35600
2015 0 0 0 0 0 35600
2016 0 0 0 0 0 35600




Total All Programs (from 2004 on)
For Partners For RRBWSD

Total Total to Total Bank After

Year Delivered Bank Returned Balance | Gross Losses Losses
39771

2004 313 279 17938 22112 0 0 21018
2005 214003 136011 3929 154175 67897 1755 66142
2006 68352 56633 417 210391 5000 50 4950
2007 0 0 0 210391 0 0 0
2008 0 0 0 210391 0 0 0
2009 0 0 0 210391 0 0 0
2010 0 0 0 210391 0 0 0
2011 0 0 0 210391 0 0 0
2012 0 0 0 210391 0 0 0
2013 0 0 0 210391 0 0 0
2014 0] 0 0 210391 0 0] 0
2015 0 0 0 210391 0 0 0
2016 0 0 0 210391 0 0 0

Notes: Losses for banked water assessed as 5%. The additional 1% loss is taken off the return
water (SWP exchange booked to RRB when water is returned to banking partners).
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Directors:

Fred L. Starrh
Division 1

Terry Rogers
Vice President
Division 2
Peter Frick
Division 3

Michael Radon
Division 4
Adrienne J. Mathews
Division 5
Lawrence P Gallagher
Division 6

lene A. Lundquist
President
Division 7

Thomas N. Clark
General Manager

John E Stovall

General Counsel

661/634-1400

{ailing Address
PO. Box 58
ield, CA 93302-0058

Street Address
3700 Rio Mirada Dr.
Bakersfield, CA 93308

April 30, 2004

Mr. Hal Crossley, General Manager
Rosedale-Rio Bravo Water Storage District
P.O. Box 867

Bakersfield, CA 93302

Re: Memorandum of Understanding, Rosedale-Rio Bravo Water
Storage District Groundwater Banking and Sale Program

Dear Mr. Crossley:

Enclosed please find executed copies of the above-referenced

Memorandum of Understanding. It is our understanding that this
MOU does not in any way modify or amend our letter agreement
regarding the banking and sales programs dated December 1, 2003.

Please acknowledge that this is also your understanding by signing the

acknowledgement below and returning a copy of this letter.

10

Thomas N. Clark
General Manager

Being authorized by the district, we agree to the foregoing.

Al Gl _—

Rosedale-Rio Bravo Water Storzzgé District

By Hal Crossley, Ggneral Manager
Dated: ﬂf&ﬂl 10, 2ZooYy
) { ;




MEMORANDUM OF UNDERSTANDING

REGARDING OPERATION AND MONITORING
OF THE
ROSEDALE-RIO BRAVO WATER STORAGE DISTRICT
GROUNDWATER BANKING AND SALE PROGRAM

This Memorandum of Understanding is entered into the Effective Date hereof by and among
ROSEDALE-RIO BRAYO WATER STORAGE DISTRICT, hereinafter referred to as
“Rosedale”, and ROSEDALE RANCH 1.D. OF NORTH KERN WATER STORAGE
DISTRICT, SEMITROPIC WATER STORAGE DISTRICT, BUENA VISTA WATER
STORAGE DISTRICT, HENRY MILLER WATER DISTRICT, BERRENDA MESA
WATER DISTRICT, KERN COUNTY WATER AGENCY, KERN WATER BANK
AUTHORITY, IMPROVEMENT DISTRICT NO. 4 KERN COUNTY WATER AGENCY, and
WEST KERN WATER DISTRICT, collectively referred to as “Adjoining Entities.”

RECITALS

WHEREAS, Rosedale expects that certain real property more particularly shown on the map
attached hereto as Exhibit A and incorporated herein by this reference (“Project Site™), or portions
thereof, will be used in connection with the Project; and -

WHEREAS, Rosedale intends to develop and improve the Project Site as necessary to permit
the importation, percolation and storage of water in underground aquifers for later recovery,
transportation and use for the benefit of Rosedale, all as more fully described in Exhibit B attached

hereto and incorporated herein by this reference (“Project’); and



WHEREAS, Adjoining Entities encompass lands and/or operate existing projects lying
adjacent to the Project Site as shown on said Exhibit A; and

WHEREAS, in recent years, water banking, recovery and transfer programs in Kern County
have become increasingly numerous and complex; and

WHEREAS, it is appropriate and desirable to mitigate or eliminate any short-term and long-
term significant adverse impacts of new programs upon potentially affected projects and landowners
within the boundaries of Adjoining Entities; and

WHEREAS, Adjoining Entities and Rosedale desire that the design, operation and
monitoring of the Project be conducted and coordinated in a manner to insure that the beneficial
effects of the Project to Rosedale are maximized but that the Project does not result in significant
adverse impacts to water levels, water quality or land subsidence within the boundaries of Adjoining
Entities, or otherwise interfere with the existing and ongoing programs of Adjoining Entities; and

WHEREAS, on October 26, 1995, the Kemn Water Bank Authority aﬁd 1ts Member Entities,
as the “Project Participants,” and Buena Vista Water Storage District, Rosedale-Rio Bravo Water
Storage District, Kern Delta Water District, Henry Miller Water District and West Kern Water
District, as the “Adjoining Entities,” entered into a Memorandum of Understanding, similar to this
Memorandum of Understanding, which provided among other things at Paragraph 8 that for “any
future project within the Kern Fan Area, the Parties hereto shall use good faith efforts to negotiate an
agreement substantially similar in substance to this MOU,” and by entering into this MOU the
Adjoining Entities find that this MOU satisfies such requirement for the Project; and

WHEREAS, Rosedale intends to operate its Project such that the same does not cause or

contrnibute to overdraft of the groundwater basin; and



WHEREAS, in connection with its environmental review for the Project, Rosedale
commissioned a hydrologic balance study for a period of years, which study shows that the District is
not currently operating in a state of overdrafi, and, further, Rosedale has projected said hydrologic
balance study into the future, assuming completion of the Project, and said projection demonstrates
that the District is not expected to operate in state of overdraft following implementation of the
Project, which studies have not been independently verified by the Adjoining Entities; and

WHEREAS, in the hydrologic balance studies conducted by Rosedale in connection with the
Project, the annual safe yield from the groundwater basin is assumed to be .3 acre-feet per acre times
the gross developed acres in the Distnict and no assumption is included with respect to groundwater
inflow or outflow; and

WHEREAS, this MOU affects the Project and other similar banking programs operated for
the benefit of third parties.

NOW, THEREFORE, BE IT RESOLVED that, based upon the mﬁtual covenants
contained herein, the parties hereto agree as follows:

1. Project Design and Construction. Rosedale has completed a preliminary Project

Description of the Project described in Exhibit B hereto representing the contemnplated facilities for
the Project. Said preliminary description has been reviewed by the parties hereto. The foregoing
shall not be interpreted to imply consent to any aspect of any future project not described in existing
approved environmental documentation. Rosedale will construct the Project consistent with such
preliminary description. Any major modifications of the facilities and/or significant changes from

that descnibed in Exhibit B and in the environmental documentation for the Project will be subject to



additional environmental review pursuant to CEQA and will be subject to review of#he Monitoring
Committee prior to implementation.

2. Project Operation. The Project shall be operated to achieve the maximum water

storage and withdrawal benefits for Rosedale consistent with avoiding, mitigating or eliminating to
the greatest extent practicable, significant adverse impacts resulting from the Project. To that end,
the Project shall be operated in accordance with the following Project Objectives and Minimum
Operating Cnteria:

a. Project Objectives. Consistent with the Project description, Rosedale will

make a good faith effort to meet the following objectives, which may or may not be met:

(1) The parties should operate their projects in such manner as to maintain
and, when possible, enhance the quality of groundwater within the Project Site and the Kem Fan
Area as shown in Exhibit C.

2) If supplies of acceptable recharge water exceed recharge capacity, all
other things being equal, recharge priority should be given to the purest or best quality water.

(3) Each project within the Kern Fan Area should be operated with the
objective that the average concentration of total dissolved salts in the recovered water will exceed the
average concentration of total dissolved salts in the recharged water, at 2 minimum, by a percentage
equal to or greater than the percentage of surface recharge losses. The average shall be calculated
from the start of each project.

(4) To maintain or improve groundwater quality, recovery operations
should extract poorer quality groundwater where practicable. Blending may be used to increase

recovery of lesser quality groundwater unless doing so will exacerbate problems by generating



unfavorable movement of lesser quality groundwater. It is recognized that the extentste which
blending can help to resolve groundwater quality problems is limited by regulatory agency rules
regarding discharges into conveyance systems used for municipal supplies, which may be changed
from time to time.

(5) All groundwater pumpers should attempt to control the migration of
poor quality water. Extensive monitoring will be used to identify the migration of poor quality water
and give advance notice of developing problems. Problem areas may be dealt with by actions
including, but not limited to:

(a) limiting or terminating extractions that tend to draw lesser
quality water toward or into the usable water areas;

{b) mcreasing extractions in areas that might generate a beneficial,
reverse gradient;

{©) increasing recharge within the usable water area to promote
favorable groundwater gradients.

(6) [t is intended that all recovery of recharged water be subject to the so-
called “golden rule.” In the context of a banking project, the “golden rule” means that, unless
acceptable mitigation is provided, the banker may not operate so as to create conditions that are
worse than would have prevailed absent the project giving due recognition to the benefits that may
result from the project, all as more fully described at paragraph 2(b)}12 below.

(7) The Project shall be developed and operated so as to prevent, eliminate
or mitigate significant adverse impacts. Thus, the Project shall incorporate mitigation measures as

necessary. Mitigation measures to prevent significant adverse impacts from occurring include but



are not limited to the following: (1) spread out recovery area; (ii) provide buffer areasbetween
recovery wells and neighboring overlying users; (ii1) limit the monthly, seasonal, and/or annual
recovery.rate; (iv) perVide sufficient recovery wells to allow rotation of recovery wells or the use of
alternate wells; (v) provide adequate well spacing; (vi) adjust pumping rates or terminate pumping to
reduce impacts, if necessary; (vii) impose time restrictions between recharge and recovery to allow
for downward percolation of water to the aquifer; and (viii) provide recharge of water that would
otherwise not recharge the Kern Fan Basin. Mitigation measures that compensate for unavoidable
adverse impacts include but are not limited to the following: (i) with the consent of the affected
groundwater pumper, lower the pump bowls or deepen wells as necessary to restore groundwater
extraction capability to such pumper; (i1) with the consent of the affected groundwater pumper,
provide alternative water supplies to such pumper; and (iii) with the consent of the affected
groundwater pumper, provide financial compensation to such pumper.

b. Minimum Operating Criteria.

N

(L) The Monitoring Commiittee shall be notified prior to the recharge of
potentially unacceptable water, such as “produced water” from oilfield operations, reclaimed water,
or the ike. The Monitoring Committee shall review the proposed recharge and make
recommendations respecting the same as it deems appropriate. Where approval by the Regional
Water Quality Control Board is required, the issuance of such approval by said Board shall satisfy
this requirement.

(2) Recharge may not occur in, on or near contaminated areas, nor may
anyone spread i1, on or near an adjoining area if the effect will be to mound water near enough to the

contaminated area that the contaminants will be picked up and carried into the uncontaminated



groundwater supply. When contaminated areas are identified within or adjacent to-the Project,
Rosedale shall also:

(a) participate with other groundwater pumpers to investigate the
source of the contamination;

(b) work with appropriate authorities to ensure that the entity or
mdividual, if any, responsible for the contamination meets its responsibilities to remove the
contamination and thereby return the Project Site to its full recharge and storage capacity;

{©) operate the Project in cooperation with other groundwater
pumpers to attempt to eliminate the migration of contaminated water toward or into usable water
quality areas.

3) Operators of projects within the Kern Fan Area will avoid operating
such projects in a fashion so as to significantly diminish the natural, normal and unavoidable
recharge of water native to the Kern Fan Area as it existed in pre-project condition. If and to the
extent this occurs as determined by the Monitoring Committee, the parties will cooperate to provide
equivalent recharge capacity to offset such impact.

(4) The mitigation credit for fallowed Project land shall be .3 acre-feet per
acre per year times the amount of fallowed land included in the Project Site in the year of calculation.

(5) The lands shown in Exhibit A may be utilized for any purpose
provided, however, the use of said property by Rosedale for the Project shall not cause or contribute
to overdraft of the groundwater basin.

(6) Each device proposed to measure recharge water to be subsequently

recovered and/or recovery of such water will be initially evaluated and periodically reviewed by the



Monitoring Comumnittee. Each measuring device shall be properly installed, calibrateds rated,
monitored and maintained by and at the expense of the owner of the measuring device.

(7) It shall be the responsibility of the user to insure that all measuring
devices are accurate and that the measurements are provided to the Monitoring Committee at the time
and in the manner required by the Monitoring Committee.

&) A producer’s flow deposited into another facility, such as a
transportation canal, shall be measured into such facility by the operator thereof and the measurement
reported to the Monitoring Committee at the time and in the manner required by such Monitoring
Committee.

) The Monitoring Committee or its designee will maintain official
records of recharge and recovery activities, which records shall be open and available to the public.
The Monitoring Committee will have the right to verify the accuracy of reported information by
inspection, observation or access to user records (i.e., P.G.&E. bills). The Monitoring Committee
will publish or cause to be published annual reports of operations.

(10)  Losses shall be assessed as follows:

(a) Surface recharge losses shall be fixed and assessed at a rate of
3%, which 1ncludes a “safety factor” of 1% of water diverted for direct recharge. An additional
surface recharge loss of 3% shall be fixed and assessed against water directly recharged which is
subsequently extracted for out-of-district use. Such initial 3% loss may be modified in the future 1f
studies acceptable to the parties demonstrate that such modification is appropriate, providing that a
1% “safety factor” shall be maintained and the total loss when directly recharged water 1s

subsequently extracted for out-of-district use shall not exceed 6%. Notwithstanding anything to the



X

contrary provided herein, water banked in Rosedale for or on behalf of third parties {&e., creating a
third party bank account) shall be subject to surface recharge losses calculated at 6% of water

diverted for direct récharge.

(b) To account for all other actual or potential losses (including
migration losses), a rate of 4% of water placed in a bank account shall be deducted to the extent that
Rosedale has been compensated within three (3) years following the end of the calendar year in
which the water was designated as banked at the SWP Delta Water Rate charged by DWR at the time
of payment; provided further, however, that the water purchased and subtracted from a groundwater
bank account pursuant to this provision shall only be used for overdraft correction within the District
purchasing the water.

{c) An additional 5% loss shall be assessed against any water
diverted to the Project Site for banking by, for, or on behalf of any out-of-County person, entity or
organization (except current SWP Agricultural Contractors).

(d) All losses provided for herein represent amounts of water that
are non-bankable and non-recoverable by Rosedale.

(I1)  Recovery of banked water shall be from the Project Site and recovery
facilities shall be located therein. Recovery from outside the Project Site may be allowed with the
consent of the District or entity having jurisdiction over the area from which the recovery will occur
and upon review by the Monitoring Committee.

(12)  Recovery of banked water may not be allowed if not otherwise
mitigated 1f it will result in significant adverse impacts to surrounding overlying users. “Adverse

impacts” will be evaluated using data applicable in zones including the area which may be affected



by the Project of approximately five miles in width from the boundaries of the Projectas designated
by the Monitoring Committee. In determining “adverse impacts,” as provided at this paragraph and
elsewhere in this MOU, consideration will be given to the benefits accrued over time during
operation of the Project to landowners surrounding the Project Site including higher groundwater
levels as a result of operation of the Project. In determining non-Project conditions vs. Project
conditions, credit toward mitigation of any otherwise adverse impacts shall be recognized to the
extent of the 4% loss and 5% losses recognized under paragraphs 2.b.(10){(b) and (c), for the

“mitigation credit recognized under paragraph 2.b.(4), if any, and to the extent of recharge on the
Project Site for overdraft correction.

(13)  To the extent that interference, other than insignificant interference,
with the pumping lift of any existing active well as compared to non-Project conditions, is
attributable to pumping of any wells on the Project Site, Rosedale will either stop pumping as
necessary to mitigate the interference or compensate the owner for such interference, or any
combination thereof. The Mbnitoring Committee will establish the criteria necessary to determine if
well interference, other than insignificant interference, 1s attributable to pumping of Project wells by
conducting pumping tests of Project wells following the installation of monitoring wells (if not
already completed) and considering hydrogeologic information.

(14)  The Kern Fan Element Groundwater Model, with input from Rosedale
and the Adjoming Entities, and utilizing data from a comprehensive groundwater monitoring
program, may be used by the Monitoring Committee as appropriate to estimate groundwater impacts

of the Project.
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(15)  The parties recognize that the Project shall be operated=with a positive
balance, i.e., there shall be no “borrowing” of water for recovery from the basin.

3. Project Monitoring. Adjoining Entities agree to participate in a comprehensive

monitoring program and as members of a Monitoring Committee, as hereinafter more particularly
described, in order to reasonably determine groundwater level and water quality information under
Project and non-Project conditions. The monitoring program will more particularly require the
following:

a. Monitoring Committee: Rosedale and the Adjoining Entities shall form a

Monitoring Committee for the Project upon terms and conditions acceptable to the participants. The
Monitoring Committee shall:

) Engage the services of a suitable independent professional groundwater
specialist who shall, at the direction of the Committee, provide assistance in the performance of the
tasks identified below;

(2) Meet and confer monthly or at other intervals deemed to be appropriate
in furtherance of the monitoring program;

3) Establish a groundwater evaluation methodology or methodologies;

(4) Prepare a monitoring plan and two associated maps, “Well Location,
Water Quality Network,” and “Well Location, Water Level Network,” which plan and maps depict
the location and types of wells anticipated to be used in the initial phase ofgréundwater monitoring
(said plan and maps are expected to be modified from time to time as the monitoring program 1s

developed and operated);

11



%) Specify such additional monitoring wells and ancillary-equipment as
are deemed to be necessary or desirable for the purposes hereof;

©) Prepare annual water balance studies and other interpretive studies,
which will designate all sources of water and the use thereof within the study area;

(7 Develop criteria for determining whether excessive mounding or
withdrawal is occurring or is likely to occur in an area of nterest;

(8) Annually or as otherwise needed determine the impacts of the Project
on each of the Adjoining Entities by evaluating with and without Project conditions; and

&) Develop procedures, review data, and recommend Project operational
criteria for the purpose of identifying, verifying, avoiding, eliminating or mitigating, to the extent
practicable, the creation of significant imbalances or significant adverse impacts.

b. Collection and Sharing of Data. The Adjoining Entities will make available to

the Monitoring Committee copies of all relevant groundwater level, groundWéter quality, and other
monitoring data currently collected and prepared by each. Rosedale shall annually report, by areas of
interest, water deliveries for banking and other purposes, groundwater withdrawals from bank
accounts, transfers and other changes in account balances.

c. Monitoring Costs.

(1) The cost of constructing monitoring wells and ancillary equipment
within Rosedale shall be bome by Rosedale. The cost of any new or additional monitoring wells and
ancillary equipment outside the boundaries of Rosedale shall be borne as may be determined by

separate agreement of Rosedale and Adjoining Entities.
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(2)  Each of the parties shall be responsible for the personnel.costs of its
representative on the Monitoring Committee. In addition, the Adjoining Entities shall be responsible
for all costs of monitoring operations and facilities within their respective boundaries and Rosedale
shall be responsible for all costs of monitoring operations and facilities within the Project Site.

(3)  All other groundwater monitoring costs, including employment of the
professional groundwater specialist, collection, evaluation and analyses of data as adopted by the
Monitoring Committee, shall be allocated among and borne by the parties as they shall agree among
themselves. Cost sharing among Adjoining Entities shall be as agreed by them. Any additional
monitoring costs shall be determined and allocated by separate agreement of those parties requesting
such additional monitoring.

4. Modification of Project Operations. The Monitoring Committee may make

recommendations to Rosedale, including without limitation recommendations for modifications in
Project operations based upon evaluation(s) of data which indicate that excessive mounding or
withdrawal is occurring or is likely to occur in an area of interest. The Monitoring Committee and its
members shall not act in an arbitrary, capricious or unreasonable manner.

5. Dispute Resolution.

a. Submission to Monitoring Committee. All disputes regarding the operation of

the Project or the application of this MOU, or any provision hereof, shall first be submitted to the
Monitoning Commuittee for review and analysis. The Monitoring Committee shall meet and review
all relevant data and facts regarding the dispute and, if possible, recommend a fair and equitable
resolution of the dispute. The Monitoring Committee and its members shall not act in an arbitrary,

capricious or unreasonable manner. In the event that (1) the Monitoring Committee fails to act as

13



herein provided, (2) any party disputes the Monitoring Committee’s recommended-reselution or

(3) any party fails to implement the Monitoring Committee’s recommended resolution within the
time allowed, any party to this MOU may seek any legal or equitable remedy available as hereinafter
provided.

b. Arbitration. If all of the parties agree that a factual dispute exists regarding
any recommendation of the Monitoring Committee made pursuant hereto, or implementation thereof,
such dispute shall, be submitted to binding arbitration before a single neutral arbitrator appointed by
unanimous consent and, in the absence of such consent, appointed by the presiding judge of the Kem
County Supenor Court. The neutral arbitrator shall be a registered civil engineer, registered
geologist, or other person agreeable to the parties, preferably with a background in groundwater
hydrology. The arbitration shall be called and conducted in accordance with such rules as the
contestants shall agree upon, and, in the absence of such agreement, in accordance with the
procedures set forth in California Code of Civil Procedure section 1282, et seq. Any other dispute
may be pursued through a court of competent jurisdiction as otherwise provided by law.

c. Burden of Proof. In the event of arbitration or litigation under this MOU, all

parties shall enjoy the benefit of such presumptions as are provided by law but, in the absence
thereof, neither party shall bear the burden of proof on any contested legal or factual issue.

d. Landowner Remedies. Nothing in this MOU shall prevent any landowner

within the boundaries of any party from pursuing any remedy at law or in equity in the event such
landowner is damaged as a result of projects within the Kern Fan Area.
6. Term. The Effective Date of this MOU shall be January 1, 2003 regardless of the date

of actual execution. This MOU shall continue in force and effect from and after the Effective Date
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until terminated by (1) operation of law, (2) unanimous consent of the parties, or (3) abandonment of
the Project and a determination by the Monitoring Committee that all adverse impacts have been
fully eliminated or mitigated as provided in this MOU.

7. Complete Agreement/Incorporation Into Banking Acreements. This MOU constitutes

the whole and complete agreement of the parties regarding Project operation, maintenance and
monitoring. Rosedale shall incorporate this MOU by reference into any further agreement it enters
into respecting banking of water in or withdrawal of water from the Project Site.

8. Future Projects. With respect to any future project within the Kern Fan Area, the

Parties hereto shall use good faith efforts to negotiate an agreement substantially similar in substance
to this MOU.

9. Notice Clause. All notices required by this MOU shall be sent via first class United
States mail to the addresses shown on the signature page of this agreement and shall be deemed
delivered three days after deposited in the mail. Notice of changes in the representative or address of
a party shall be given in the same manner.

10. Califorma Law Clause. All provisions of this MOU and all rights and obligations of

the parties hereto shall be interpreted and construed according to the laws of the State of California.
11. Amendments. This MOU may be amended by written instrument executed by all of
the parties. In addition, recognizing that the parties may not now be able to contemplate all the
implications of the Project, the parties agree that on the tenth anniversary of implementation of the
Project, if facts and conditions not envisioned at the time of entening into this MOU are present, the
parties will negotiate in good faith amendments to this MOU. If the parties cannot agree on whether

conditions have changed necessitating an amendment and/or upon appropriate amendments to the
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MOU, such limited issues shall be submitted to an arbitrator or court, as the case may be, as provided
above.

12. Successors and Assigns. This MOU shall bind and inure to the benefit of the

successors and assigns of the parties.

13. Severability. The rights and privileges set forth in this MOU are severable and the
failure or invalidity of any particular provision of this MOU shall not invalidate the other provisions
of this MOU; rather all other provisions of this MOU shall continue and remain in full force and
effect notwithstanding such partial failure or invalidity.

14, Force Majeure. All obligations of the parties shall be suspended for so long as and to
the extent the performance thereof is prevented, directly or indirectly, by earthquakes, fires,
tornadoes, facility failures, floods, drownings, strikes, other casualties, acts of God, orders of court or
governmental agencies having competent jurisdiction, or other events or causes beyond the control of
the parties. In no event shall any liability accrue against a party, or its officers, agents or employees,
for any damage arising out of or connected with a suspension of performance pursuant to this
paragraph.

15. Counterparts. This MOU, and any amendment or supplement thereto, may be
executed in two or more counterparts, and by each party on a separate counterpart, each of which,
when executed and delivered, shall be an onginal and all of which together shall constitute one
instrument, with the same force and effect as though all signatures appeared on a single document.

In proving this MOU or any such amendment, supplement, document or instrument, it shall not be
necessary to produce or account for more than one counterpart thereof signed by the party against

whom enforcement is sought.
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IN WITNESS WHEREOF the parties have executed this MOU as of

2004 (Effective Date) at Bakersfield, California.

ROSEDALE-RIO BRAVO WATER STORAGE DISTRICT
P. O. Box 867
Bakersfield, CA 93302-0867

S Yo - N
B . !.‘{j]//) l/‘) f - N —
Yo ol A A L7 St
L —

ROSEDALE RANCH 1.D.

NORTH KERN WATER STORAGE DISTRICT
P. O. Box 81435

Bakersfield, CA 93380-1435

By:

By:

SEMITROPIC WATER STORAGE DISTRICT
P.O.Box Z
Wasco, CA 93280-0877

By:

By:

BUENA VISTA WATER STORAGE DISTRICT
P. O.Box 756 -
Buttonwillow, CA

By:

By:
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HENRY MILLER WATER DISTRICT
P. 0. Box 9759
Bakersfield, CA 93389-9759

By:

By:

BERRENDA MESA WATER DISTRICT
2100 F Street, Suite 100
Bakersfield, CA 93301

By:

By:

KERN COUNTY WATER AGENCY
P. 0. Box 58
Bakersfield, CA 93302-0058

By:

By: President

KERN WATER BANK AUTHORITY
P. O. Box 80607
Bakersfield, CA 93380-0607

By:

By:

IMPROVEMENT DISTRICT NO. 4
KERN COUNTY WATER AGENCY
P. O. Box 58

Bakersfield, CA 93302-0058

By: /é?/wk a. W

By: President
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WEST KERN WATER DISTRICT
P.O.Box 1105
Taft, CA 93268-1105

By:

By:

RRB bankipg AQU - sabcy cdwiod - os) wgxd
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Sierra Scientific Services

An Evaluation of Well Placements and Potential Impacts
of the Proposed Strand Ranch Well Field, Kern County, California.

1. Summary of Findings

The purpose of this Report is to present the findings of a water-level-drawdown impact
evaluation for a proposed well field which is a part of the Strand Ranch aquifer storage and
recovery (ASR) project. The study includes the computer simulation of predicted water level
drawdowns in the local aquifer due to project pumping and the evaluation of the predicted
impacts within the area of influence. The study also includes the computer simulation and
evaluation of predicted water table mounding due to project recharge as part of a total-project-
impact analysis. The Strand Ranch project area covers nearly a full section of land, a square
area of approximately 611 acres. The study area includes the project site plus the eight (8)
contiguous adjoining sections, i.e., a square study area covering a total of nine (9) square miles.

The Strand Ranch project site is surrounded by other existing ASR projects which overlie the

prolific fresh water aquifer referred to locally as the Kern Fan in Kern County, California.

We calculated and summarized the drawdowns and mounding in several ways by
mapping the actual drawdown as a function of location and distance from the operating wells,
by calculating the average drawdown within the well field and within each of the eight adjacent
sections, and by calculating the specific drawdowns at selected locations of interest in the

surrounding sections.

Well Field and Aquifer Model.

For this study, we calculated the water level drawdowns for three hypothetical well-field

operating scenarios of 9-, 7-, or 5- wells. Each scenario is designed to recover 17,500 af of
ground water from the underlying aquifer in a year, with all wells pumped at a nominal S cfs.
The criteria which we used for well placements serve to: 1. minimize well interference, 2.
distribute the drawdown impacts as uniformly as possible across the largest possible area, and
3. minimize the drawdown impacts to non-project wells in the surrounding area. Based on

these criteria, we used a uniform square grid of 9 possible well locations with a well spacing of

Sierra Scientific Services. (661) 377 - 0123. €2007. 1



1/3-mile (1,760 ft) and a property line setback of 1/6-mile (880 ft). These dimensions are

consistent with existing well-field practices in other ASR projects located in the local area.

The Kern Fan aquifer behaves and is modeled as a 3-layer, semi-confined, i.e. “leaky”,
aquifer in which the shallow zone is unconfined, the deep zone is semi-confined, and the
intermediate zone acts as a leaky aquitard between the other two. The base case aquifer
parameters were the same for each case, i.e., a 300-ft thick, semi-confined aquifer with T =
17,100 ft*/d, S = 0.02, and porosity = 30%; an overlying aquitard with L’ = 0.000475 d” which
1s gives a Hantush leakage factor of B = 6,000 ft; and an overlying unconfined aquifer with a

specific yield of Sy = 21%.

The unimpacted, natural groundwater gradient was assumed to be zero unless otherwise
specified. For capture zone and particle trajectory calculation we used a groundwater gradient
of -25 ft/mi to the northwest (-0.0048 at a left aximuth of 135 degrees from east) and we
assumed a corresponding reference groundwater elevation at 100 ft below GL at the southeast
corner of the project area (i.e., the SE cor Sec 02, T30s, R25¢). We calibrated the results by
varying selected parameters to provide a sensitivity analysis to estimate the effects of parameter
uncertainty. The modeling parameters have been summarized in Table 1 and described in detail
in the text and Exhibit 2.

Calculated Drawdowns.

We calculated the leaky- aquifer, transient and steady-state (maximum) water level
drawdowns, capture zones, and particle trajectories using the commercially-available analytic
computer model “WinFlow” by Environmental Solutions, Inc. We present a discussion of
computer models in Exhibit 1, aquifer parameters and parameter values in Table 1 and Exhibit
2, limitations of the analysis in Exhibit 3, and a catalog of all model outputs in Exhibit 5. We

present the primary results of interest below.

Nine- well scenario:  q = 90 af/d, pumping t = 194 d, V = 17,500 af/yr.

The hypothetical steady-state drawdowns created by the Strand Ranch, 9-well, 194-day,
pumping scenario are presented on the map in Figure 5 and summarized in Tables 2 & 3. At
steady-state, the average drawdown under the project site is 43 ft and the average drawdowns in
the surrounding 8 sections are in the range of 12 - 20 ft. The drawdowns along the perimeter of

the study area are in the range of 5 - 9 ft and drawdowns decrease to negligible levels with

Sierra Scientific Services. (661) 377 - 0123. ©2007. 2



increasing distance from the perimeter. The drawdowns for the 9-well case superimposed on a

northwesterly groundwater gradient are shown on the map in Figure 9.

Under these assumptions, the area will achieve steady-state within about 100 days after
pumping begins and the water levels will begin to recover after 194 days when pumping ceases.
As long as the leaky-aquifer assumptions continue to be met, the water levels in the study area

will recover to pre-pumping levels in another 100 days or less, in the absence of other

influences.

Seven - well scenario: q = 70 af/d, pumping t = 250-day, V = 17,500 af/yr.

The hypothetical steady-state drawdowns created by the Strand Ranch, 7-well, 250-day,
pumping scenario are presented on the map in Figure 6 and summarized in Tables 2 & 3. At
steady-state, the average drawdown under the project site is 34 ft and the average drawdowns in
the surrounding 8 sections are in the range of 9 - 14 ft. The drawdowns along the perimeter of
the study area are in the range of 3 - 8 ft and drawdowns decrease to negligible levels with

increasing distance from the perimeter.

Under these well field assumptions, the area will achieve steady-state within about 100
days after pumping begins and the water levels will begin to recover after 350 days when
pumping ceases. As long as the leaky-aquifer assumptions continue to be met, the water levels
in the study area will recover to pre-pumping levels in another 100 days or less, in the absence

of other influences.

The hypothetical drawdowns created by the Strand Ranch 7-well, 250-day scenario are
approximately 78% of the hypothetical drawdowns for the 9- well scenario but the duration of
impact lasts about 56 days longer because the wells must operate longer to recover the same

total volume of water (17,500 af/yr) at the lower recovery rate (70af/d vs. 90 af/d).

Five - well scenario: g = 50 af/d, pumping t = 350-day, V = 17,500 af/yr.

The hypothetical steady-state drawdowns created by the Strand Ranch, 5-well, 350-day,
pumping scenario (wells 1, 3, 5, 7, 9) are presented on the map in Figure 7 and summarized in
Tables 2 & 3. At steady-state, the average drawdown under the project site is 24 ft and the

average drawdowns in the surrounding 8 sections are in the range of 7 - 11 ft. The drawdowns
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along the perimeter of the study area are in the range of 2 - 6 {t and drawdowns decrease to

negligible levels with increasing distance from the perimeter.

Under these well field assumptions, the area will achieve steady-state within about 100
days after pumping begins and the water levels will begin to recover after 350 days when
pumping ceases. As long as the leaky-aquifer assumptions continue to be met, the water levels
in the study area will recover to pre-pumping levels in another 100 days or less, in the absence

of other influences.

The hypothetical drawdowns created by the Strand Ranch 5-well, 350-day scenario are
approximately 56% of the hypothetical drawdowns for the 9- well scenario but the duration of
impact lasts about 156 days longer because the wells must operate longer to re-cover the same

total volume of water (17,500 af/yr) at the lower recovery rate (50 vs 90 af/d).

We have also calculated the hypothetical, steady-state drawdowns for an alternate Strand
Ranch, 5-well, 350-day, pumping scenario the same as above except using wells at locations
1,2,3.4,5 instead of 1,3,5,7.9. The drawdowns for this case are presented on the map in Figure 8
and summarized in Tables 2 & 3. At steady-state, the average drawdown under the project site
is 24 ft and the average drawdowns in the surrounding 8 sections are in the range of 7 - 11 ft.
The drawdowns along the perimeter of the study area are in the range of 2 - 6 {t and drawdowns

decrease to negligible levels with increasing distance from the perimeter.

The project has considerable flexibility in delivering less than the full recovery rate of 45
cfs and/or the annual recovery volume of 17,500 af. The project may meet reduced delivery
rates and volumes by choosing to pump for less time, and/or at lower pumping rates, and/or
using fewer wells. Each of these possible alternatives provides reduced drawdowns, somewhat

smaller areal distributions, and faster aquifer- recovery times.

Capture Zone.
For 300 days of pumping, the hypothetical capture perimeter surrounding the entire well

field extends only a few hundred ft outward from the individual wells and remains entirely
within the property boundary of the Strand Ranch. For a hypothetical 1000 days (approx. 3 yr)
of continuous pumping, the hypothetical capture perimeter extends about 1.800 ft from the

individual wells. For a hypothetical 3650 days (10 yr) of continuous pumping, the capture zone
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would extend about 2,300 ft down-gradient to the northwest and would extend about 4,500 ft
up-gradient to the southeast under conditions of long-term groundwater gradient of 25 ft/mi to
the northwest. Pumping by non-project wells in the surrounding areas will change the shape

and extent of this capture zone, as shown in the various model runs.

A capture zone analysis requires that we model the aquifer behavior as realistically as
possible, since true particle trajectories will respond to all influences on the potentiometric
pressure field and not just those generated by the Strand Ranch wells. Therefore, the most
realistic scenario assumes that the Strand Ranch wells will most likely be pumping in a dry year
when all of the neighboring wells are pumping as well. The combined pumping effects of these
wells superimposed on the natural groundwater gradient will determine the locations of capture

zone and particle trajectories with time.

The water level elevation map in Figure 10 shows the steady-state impacts of the nine
Strand Ranch wells and eleven Kern Water Bank wells superimposed on the local groundwater
gradient. The five wells located at the center and corners of the Strand Ranch well field (wells
1,3,5,7,9) have 1,000-day reverse particle trajectories attached to them which define the
shape and areal extents of the “3-year” capture zones for continuous pumping at these locations.
For reference purposes, the section corners have been labeled on the map. We have mapped
the locations of the capture zone perimeter for pumping times of 300-, 1000-, 1825-, and 3650-

days superimposed on 10-year continuous particle trajectories in Figure 11.

We have also mapped (Figure 12) the 10-year forward particle trajectories of a
hypothetical line source located in the southwest quarter of section 12, T30s, R25¢ under
conditions of continuous pumping of both the Strand Ranch and Kern Water Bank wells. Any
groundwater contamination which comes from a source located on or near this line will follow
the same trajectories. A slug or plume of contamination will eventually be captured by wells
located on the Kern Water Bank and/or Strand Ranch depending on the particular location of

the source and its downgradient trajectories.

Based on available existing water quality data, the shallow aquifer under the project site
(compared to the nearby, unimpacted shallow aquifer) has elevated concentrations of total
dissolved solids and several constituents of concern due to the inflow of a brine plume from an

unspecified, up-gradient source or sources in or near the southwest quarter of Section 12,
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T30s/25e. This brine plume represents a source of water quality degradation that falls within
the predicted capture zone of the well field under conditions of natural groundwater gradient
and under conditions of pumping. There is no recognized way of positioning the proposed
Strand Ranch wells to avoid the water quality impacts of this brine plume. The quantitative
analysis of the potential impacts of this brine plume on the Strand Ranch well field is outside

the scope of this study.

Calculated Recharge Mounding.

We calculated the unconfined- aquifer, transient, water table drawdowns using the
commercially-available analytic computer model “WinFlow” by Environmental Solutions, Inc.
We calculated the transient water level rises due to mounding assuming that the project
recharges 17,500 af in a single episode using 450 acres of ponds. For the range of expected
infiltration rates of 0.20, 0.25, and 0.30 ft/d, a recharge episode will last 129 - 194 days. We

present the primary results of interest below.

For the three recharge scenarios, the calculated maximum mound heights under the
project range from 32 - 40 ft and the maximum water level rises in the surrounding 8 sections

ranges from 6 - 14 ft.

As discussed in the Report, the positive impact of recharge mounding fully compensates
for recovery drawdown in all except the “least-favorable” case of a recharge/recovery cycle at
minimum recharge rates and maximum recovery rates. In this one case, the maximum
uncompensated net temporary drawdown in the surrounding eight sections is in the range of -6
to -7 ft. All other, more-favorable, scenarios result smaller net water level declines and/or net

water level rises at all locations surrounding the project site for comparable time periods.

Project Impact.

The proposed Strand Ranch ASR project operation is designed to always maintain a
positive project balance, i.e., a volume of water must always be stored in the aquifer prior to
removing a like volume from the aquifer. ASR projects usually operate by putting water into
the ground in a wet year and then recovering it as needed in some future dry year, so there is
little likelihood of recharge and recovery happening simultaneously. As long as the project puts
as much water in the ground as it takes out, the net basin impact from water level drawdown

will be pre-compensated for by the water-level rise due to recharge mounding, so there will be
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no net long term effect on the basin no matter how far apart recharge and recovery are separated

in time.

In the case of the proposed Strand Ranch project, both recharge and recovery facilities
will be co-located on the project site such that the approximately equal and opposite impacts of

both recharge and recovery will be superimposed on the same area and same aquifer zones.

The Project operators have voluntarily established operating limits which preclude the
occurrence of an unacceptable, unbalanced recharge/recovery cycle. The project is voluntarily
designed so that 1. the Strand Ranch project will not have more than 50,000 af of water in basin
storage, and 2. the project will not recharge or recover more than a maximum of 17,500 af of
groundwater per year during normal operations. The computer models of both recharge and
recovery have demonstrated that by capping the maximum inflow/outflow at 17,500 af/yr, that
1. the beneficial impacts of recharge are approximately equal to the potentially detrimental
impacts of recovery, and 2. by spreading the recovery of the maximum allowable volume of
water in storage over a 3-year period the individual and combined net impacts of the total

operation avoids and prevents unacceptable impacts to the aquifer and the basin.

Conclusions and Recommendations.

We conclude that the Strand Ranch well-field scenarios minimize the respective
predicted drawdown impacts by putting the maximum available distances between wells over
the widest available area by using well spacings and property line setbacks which are no less
than those being used successfully in other ASR projects in the Kern Fan project area. We
conclude that the project design results in approximately balanced recharge/recovery cycles so
that the transient water level rises due to recharge mounding episodes are approximately equal

and opposite to the transient water level declines due to recovery drawdown episodes.

We conclude that for this project to operate as predicted and desired, the total recharge
to this area must start out and remain in long term balance with total recovery in this area, as the

project is designed to do.
We conclude that under existing and foreseeable circumstances, the Strand Ranch, 9-

well, 45 cfs, maximum-recovery scenario is an acceptable short-term and long-term operating

scenario which does not create a net impact on the basin if recharge precedes recovery, as
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proposed. All other Strand Ranch scenarios using fewer wells, and/or lower total recovery

rates, and/or lower total recovery volumes are also acceptable by the same criteria.

We conclude that the brine plume which is flowing under the Strand Ranch from an
unspecified upgradient source or sources is a cause for concern which cannot be mitigated
through well placements within the project area. However, the plume is a residual effect from
oilfield-brine discharge sources which are no longer active and both periodic recharge and
periodic shallow groundwater extraction by the Kern Water Bank on adjacent lands is
remediating the plume by diluting and permanently removing groundwater with elevated TDS
content from within the plume perimeter. We note that the Kern Water Bank’s operation of
these wells is voluntary; the KWB was not responsible for the brine discharge nor are they
being held responsible for its cleanup. Future Strand Ranch project operations will have the

same beneficial impacts on the brine plume.

We recommend that the project test each new water well individually with a testing
program which will provide for aquifer parameter measurement as well as pump parameter
measurement. Such data will be useful and essential for a future aquifer model calibration. We
recommend that the project partners consider contracting with SSS to help design, observe, and

interpret the well tests.

We recommend that the project impacts be carefully monitored from startup so that we
can calibrate and verify the results of this work program and then make refinements in our

model of the aquifer behavior for future use.

We recommend installing monitoring wells to satisfy four different purposes. including
well testing, model calibration and verification, long- term operational water level monitoring,
and contaminant- detection monitoring. We recommend as many monitoring well installations
as are necessary to cover all of these functions at all important locations and in all necessary
aquifer zones. It may be necessary to install some monitoring wells which are useful for only
one of these functions, since a single well placement may not be effective for all purposes. We
recommend that the project consider designing the completion depth interval of each
monitoring well depending on the intended purpose for the well. We also recommend that the
project be willing to use multiple monitoring wells which are completed in different depth

intervals where potentially effective or necessary.
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We recommend that the project consider using the drawdown maps from this study to
locate the placement of monitoring wells for water level monitoring especially in and around
the recharge/recovery zones. We recommend that the project consider using the particle
trajectory and capture zone maps from this study to locate the placement of monitoring wells
for contaminant detection monitoring, especially to the east of the well field. We again
recommend that the project consider restricting the completion depth interval of each

monitoring well depending on the intended purpose for the well.

Note: Sierra Scientific Services reserves the copyright to this report. We request that all

references to this report or to material within it be referenced as:

Crewdson, Robert, A., 20 December, 2007, An Evaluation of Well Placements and Potential Impacts of the
proposed Strand Ranch Well Field, Kern County, California., Sierra Scientific Services, Bakersfield, CA.
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An Evaluation of Well Placements and Potential Impacts
of the Proposed Strand Ranch Well Field, Kern County, California.

2. Introduction

Purpose.

The main purpose of this Report is to describe the water level drawdown impacts which
are expected to occur as a result of the operation of the Strand Ranch Aquifer Storage and
Recovery Project. The potential drawdown impacts of interest are the impacts created by
pumping the proposed Strand Ranch recovery wells. The locations of interest include the
project site and the eight sections adjacent to the project and more specifically any existing
water wells in those sections. We have evaluated and summarized these drawdowns in several
ways by mapping the actual drawdown as a function of location and distance from the operating
wells, by calculating the average drawdown within the well field and within each of the eight
adjacent sections, and by calculating the specific drawdowns at selected locations in the

surrounding sections.

The findings of this study may be used to 1. evaluate the alternatives for numbers and
locations of water recovery wells in the future Strand Ranch well field, 2. evaluate the numbers
and locations of monitoring wells which are desired or required for purposes of water level and
water quality monitoring, and 3. evaluate the potential interactions and impacts between the

Strand Ranch project and adjacent entities.

Project Scope - Aquifer Storage and Recovery.

Aquifer storage and recovery (ASR) is the generic term which describes the practice of
deliberately putting surface water into a groundwater aquifer through infiltration basins with the
intention of recovering a like volume of water from the aquifer at a later date. Such a practice
presents a great opportunity to increase the local and statewide capacity to store water. ASR
projects help regulate the water supply and demand over time by storing excess water when 1t is

available in wet years for future recovery when water is needed in dry years.
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In Kern County, California, there are 3 main components to every ASR facility:
infiltration basins, water wells, and a conveyance system. The infiltration basins, also referred
to as recharge basins', are ponds which are constructed to allow ponded water to infiltrate into
the groundwater basin. The water wells, also referred to as recovery wells?, are conventional
high-flow water wells used to pump water out of the underlying aquifer. The project
conveyance system consists of one or more canals, ditches, or pipelines used to deliver water

between the ASR facility and the local or regional water conveyance infrastructure.

The Kern County water community generally refers to ASR projects as “banking”
projects. According the Kern County Water Agency, “These banking programs are essential to
Kern County’s water management and future growth’ and this is broadly true of the entire
State of California water infrastructure. As used in Kern County, the term “banking” is loosely
used to describe the act of physically putting water into the underlying aquifer and crediting the
owner with the right to remove a like volume of water from the aquifer at a later date. This

credit allows the owner to show such a volume of banked water as part of its current water

IWe prefer the terms “infiltration basin™ or “percolation basin™ rather than “recharge basin™ since the former terms are
neutral and descriptive while the latter term needlessly implies. contrary to intent. that we are putting water back into the aquifer
after it has been taken out, as has historically been the case in some conjunctive-use projects in Kern County. Ca. The primary
distinction, in our opinion, is that the concept of “recharge™ might be appropriate in a conjunctive-use context where water
borrowed from the basin must subsequently be replaced, i.e., the aquifer must be replenished or recharged as a means of
overdraft correction whereas “groundwater banking™, by definition, requires storing water prior to removing it. Nevertheless, we
recognize the common local use of “recharge™ to mean any addition of water to an aquifer.

We prefer the term “water well” rather than “recovery well” since the former term is neutral and descriptive while the latter
term needlessly suggests, contrary to intent. that such a “recovery” well may be different than other water wells and perhaps
restricted to the extraction of some particular water or water for some particular use.

3L]oyd Fryer. 2005, Kern County Groundwater Banking Projects, KCWA brochure.
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supply. If such water has been “banked” on behalf of another party, then it is considered to be
real water held in trust for that party who has an absolute right of recovery.

Local Operating Rules. The local water community in Kern County has established certain

conventions regarding the design, operation, and monitoring of aquifer storage and recovery
projects, i.e., “water banking” operations. The rules are the guiding principles which are
contained in the Memorandums of Understanding (MOUs) between Kern County project
operators and adjacent entities. The rules provide for creating intended project benefits while
eliminating or minimizing potentially significant adverse impacts. The MOUs elaborate on
these principles which are paraphrased below (the numbers below are for reference for our

convenience only):

A project should not degrade the basin and should enhance it when possible;
A project should minimize the impacts on the environment and adjacent entities;

A project should provide mitigation for unavoidable adverse impacts;

O S

A project mitigation can give consideration to the compensating aspects of recharge and
recovery operations;

5. A project site should be monitored for water levels and water quality:

6. A project should take water out where it puts water in;

7. A project should account for losses to the basin.

Project Background.

Location. The Irvine Ranch Water District JRWD) is currently in the process of developing
a 600 acre parcel in Kern County, California, as an Aquifer Storage and Recovery (ASR)
Project. The parcel of interest is located in Section 2, Township 30s, Range 25¢, MDBM,
located at the southwest corner of Stockdale Highway and Enos Lane, several miles west of the
City of Bakersfield. The +600-acre Strand Ranch ASR project will be the latest among several
existing ASR projects in the area which currently cover approximately 20,000+ acres and
include more than 120 wells. The project site is surrounded in all four compass directions by
existing ASR facilities belonging to the Kern Water Bank Authority or to the Rosedale - Rio
Bravo Water Storage District. The parcel has been known historically as the Strand Ranch, so-
named for the sand fairways crossing the property, so the project is informally referred to as the
Strand Ranch ASR project.
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Facilities.  For this study we have assumed that the proposed project is designed to include
approximately 450 acres of recharge ponds at full build-out which are expected to be able to
recharge as much as 150 af per day. The estimated maximum site recharge capacity is 57,500
af per year, assuming a 365-day, wet-year, water supply and an average infiltration rate of 0.35
ft/d. The project site currently has approximately 117 ac of existing recharge ponds which were

operated in 2006 on a pilot-study basis.

The Strand Ranch project plans to deliver water to and from the project site through the
Cross Valley Canal which runs through the Strand Ranch property. The project owner is
currently cooperating with the Kern County Water Agency for the installation of a CVC turnout
to service the project site. During the 2006 pilot phase, the project received water deliveries

through a cooperative agreement with the Kern Water Bank.

The site currently contains five or more irrigation wells which were installed by the
previous owners of the Strand Ranch and are capable of recovering groundwater at this time.
The project owner proposes to recondition or replace existing wells, and/or install recovery
wells, as necessary or as beneficial, to meet their proposed operating parameters. To date, no
recovery wells or pipelines have been installed on the property but the operational objective of
the Strand Ranch ASR well field is to recover water which has been previously stored in the
underlying groundwater aquifer. The project design objective is to store a sufficient volume of
water in the aquifer over the long term to be able to recover a maximum 17,500 af/yr with a

total in-ground storage limit of 50,000 af.

Aquifer. The site is flat at an elevation of about 320 ft above msl. The site overlies the
prolific aquifers which comprise the so-called Kern Fan which, geologically speaking, is a thick
pile of interbedded, fine- to coarse- grained, fluvial/alluvial sediments. The shallow aquifer is
recharged by natural and manmade percolation of (mostly) Kern River water. Recharge occurs
in the river bottom and nearby recharge ponds which form a 15-mile long, linear recharge axis
trending southwest across the southern San Joaquin Valley starting in the city limits of
Bakersfield, Ca. When we refer to the Kern Fan in this Report we will generally be referring to
the +15- mile wide elongate area which straddles the recharge axis and includes the river

channel, ASR project sites, and related surface infrastructures.
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The Strand Ranch ASR Project is near, but northwest of, the recharge axis of the Kern
Fan recharge mound. The depths to groundwater under the Project site fluctuate significantly
due to the rise and fall of the Kern Fan recharge mound under the influence of the regional
climatic wet/dry cycle. During consecutive dry years the groundwater may be 150 - 170 ft deep
such as in 1990 - 1994, whereas during consecutive wet years the groundwater under the site
may be 20 - 70 ft deep such as in 1995 - 1998. The unimpacted, natural groundwater gradient
under the Project site in dry years trends northwesterly at -10 to -15 ft/mi WNW and in wet
years trends northwesterly at -20 to -30 ft/m1 NW.

Surface Water Supply. The three potential sources of surface water which might be brought

to the property include high-flow water from the Kern River, water from the Federal Central
Valley Project (CVP) via the Friant- Kern Canal, and/or water from the California State Water
Project (SWP) via the California Aqueduct, etc. The source of both the Kern River water and
CVP water is runoff from the winter snowpack from the highlands of the southern Sierra
Nevada mountain range. The primary water source for the SWP is runoff from the greater
volcanic highlands surrounding Mt Shasta in northern California. The waters from all three

sources are very good quality when they reach their intended points of use within Kern County.

Work Program.

The components of the work program for this study included designing realistic well-
field alternatives based on the well-field spacing and operating practices within existing local
ASR projects, determining the aquifer parameters for the study area, calculating the water level
drawdowns and particle flow-trajectories for base case and non-base case scenarios, and
evaluating the project water level impacts, including consideration of the beneficial impacts of

project recharge operations. This Report presents the findings of the work program.

Personnel.

Dr. Robert A. Crewdson is a Bakersfield, California consultant doing business as Sierra
Scientific Services (SSS). SSS specializes in quantitative ground water hydrology, applied
potential theory and time series analysis, quantitative ground water flow analysis, water quality
geochemistry, well testing and monitoring, contaminant transport modeling, and aquifer

properties testing. Dr. Crewdson is a research associate and adjunct professor at California
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State University Bakersfield where he has taught hydrology, contaminant transport,

geochemistry and geophysics in upper division and graduate level courses.

SSS would like to thank Kellie Welch of the Irvine Ranch Water District and Jennifer
Jacobus of ESA, Inc. for their help preparing several maps and figures in this Report.

Methodology.

SSS obtained and reviewed well field data, historical recharge, pumping volume and
recovery rate data, and water level hydrographs for the ASR projects located on the Kern Fan
supplied by IRWD and as published in the KCWA 2001Kern Fan Area Operations and
Monitoring Report, April, 2005 and from other data sources generated for the bimonthly Kern
Fan Monitoring Committee. SSS used these data to define alternative hypothetical well-field
scenarios for the Strand Ranch ASR project which would be consistent with existing well field
practices in these other ASR projects. SSS obtained and reviewed the available sources of
aquifer parameter data which are referenced in this Report and selected a suite of aquifer
parameter values for use in the drawdown calculations. SSS used the “WinFlow” digital
computer program by Environmental Simulations, Inc. to model the two dimensional
groundwater flow, including the calculation of transient and steady-state water level

drawdowns and the calculation of particle flow trajectories for all of the cases of interest.
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An Evaluation of Well Placements and Potential Impacts
of the Proposed Strand Ranch Well Field. Kern County, California.

3. Discussion

Section I - Project and Study Area.

The Strand Ranch (SR) project covers essentially all of Section 02, T30s, R25¢. The
drawdown- impact study area covers a 3x3 sq. mi area which is centered on the project site in
section 02 and includes the surrounding eight contiguous sections, 34, 35, 36 (129s,R25¢) and
1, 3,10, 11, 12 (T30s, R25¢). The three sections to the north (34, 35, 36) are part of the
Rosedale - Rio Bravo Water Storage District (RRB). These sections include 3 existing farm
irrigation wells but no RRB district project wells. Parts or all of the other five sections to the
east, south, and west (1, 3, 10, 11, 12) are part of the Kern Water Bank (KWB). These sections

contain eleven (11) operable banking project recovery wells.

For this study, one hypothetical project well-field alternative is 90 af/d (approx. 45cfs)
which includes nine wells each pumping water at a nominal rate of at 5 cfs. The proposed
maximum annual recovery of 17,500 af/yr requires pumping for 194 days. The two other
hypothetical well-field alternatives we considered are 7 wells pumping at 70 af/d for 250 days
or 5 wells pumping at 50 af/d for 350 days. The final number and locations of wells in the

proposed Strand Ranch well field have not yet been determined.

The surrounding area contains three known private irrigation or domestic water wells
within the Rosedale - Rio Bravo Water Storage (RRBWSD) district approximately 'z - 1 mile
from the project site and eleven known banking project recovery wells which belong to the
Kern Water Bank Authority, two of which are located very close to the property boundary
between the Strand Ranch and the Kern Water Bank. The three private wells have an estimated
pumping capacity of 10 cfs and the eleven KWBA wells have a published average pumping
capacity of 62 cfs. Under the Strand Ranch (SR) hypothetical operating scenario of 45 cfs, the
total recovery capacity in the 9 sq. mi. study area is 117 cfs, equivalent to 232 af/d. This

maximum recovery scenario represents 38% of the total recovery capacity in the study area.
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Under the hypothetical 5-well and 7-well operating scenarios of 25 and 35 cfs each, the project
recovery would represent 26% or 33%, respectively, of the total recovery capacity in the study

arca.

Water level changes in the study area can be potentially effected by any or all of these
wells. We also note, based on historical data, that the basinwide water level response to the
climatic wet/dry cycle alone can be larger than the pumping drawdowns and may dominate the
water level fluctuations in some years, independent of the project operations. Since project
impacts may well occur at the same time as the water level impacts from other causes, the
combined year-to-year water level declines due to both climate and non-project pumping may

be significantly greater than the declines we have projected due to project pumping alone.

The potential drawdown impacts of interest are the impacts created by pumping the
Strand Ranch recovery wells. These impacts include both permanent, basinwide impacts and
local, temporary impacts and, according to the local MOU, the analysis of total net project
impact may also consider the compensating, beneficial impacts of water level rises due to
recharge mounding. The locations of interest include the eight sections adjacent to the project.
We have evaluated and summarized these drawdowns in several ways by mapping the predicted
drawdowns within the well field, by calculating the average drawdown within the well field and
within each of the adjacent eight sections, and by calculating the drawdowns at specific
locations of interest within the study area. We have evaluated water level rises due to recharge

mounding in the same way as a part of a total net project impact analysis.

Apart from selecting the proposed well locations, the drawdown impact analysis is the
main objective of this evaluation. This analysis assumes that the wells are drilled, completed,
and developed properly so that they are efficient and productive water wells, limited only by
the delivery capacity of the aquifer. The drawdown impact analysis requires several types of
essential information including operating parameters, well parameters, aquifer model and

aquifer parameters. We describe each of these parameter sets below.

Section II - Well Placement Analysis.
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Placement criteria. The three primary criteria for locating the Strand Ranch water recovery

wells are to meet project objectives and to 1. minimize well interference, 2. minimize the
magnitude of the water level drawdown at all Jocations by distributing the drawdown impacts
as uniformly as possible across the largest possible area, and 3. minimize the drawdown
impacts to non-project wells in the surrounding area. The first two criteria are best met by
placing the wells on the nodes of a uniform grid at the largest possible spacing and operating all
wells simultaneously at the same flow rate. The third is best met by orienting and sizing the
grid so that every possible well node is no closer to the nearest surrounding well of concern

than a minimum specified property-line setback distance.

There are several secondary constraints and operating criteria which limit the selection
of the proposed project well locations including: well spacing, voluntary property line setback
distance, water quality issues, and accommodating the existing and proposed surface facilities

including the CVC and the project recharge ponds and levees.

Based on our review of the well fields in other nearby ASR projects, we can achieve
acceptable well spacings for purposes of meeting the primary criteria and be consistent with
existing well placement practices, by using well spacings of 1/4 to 1/3-mile (1,320 to 1,760 ft)
and a property-line setback distance of 1/8 to 1/6-mile (660 to 880 ft). Based on our review of
these other fields, existing well placements in certain locations have ignored primary spacing
and/or setback criteria in favor of optimizing the placement with respect to secondary criteria
such as proximity to conveyance systems, total gathering system pipeline length, and/or
drainage of otherwise inaccessible areas, all of which are related to capital and operating costs,
and other factors. Therefore, all proposed well-field designs are based on 9 possible well
locations on an equi-spaced 3x3 grid (i.e.. a 9-spot pattern) with 1/3-mile spacings and 1/6-mile

property line setbacks.

Proposed Water Recovery Operations. For the purposes of this study, we have selected

three hypothetical well-field configurations for impact analysis on the Strand Ranch project
site. All three well-field patterns are based on the positions of an equi-spaced “9-spot” pattern
of NS/EW rows of wells centered on the project site. The first well-field scenario is 9 wells
fully occupying the “9-spot” pattern. An alternate, 5-well field uses 5 wells located at the
corner- and center- locations of the 9-spot pattern, and an alternate 7-well field uses 7 wells

located at all locations except the southwest and south-central positions.
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The proposed wells are designed to be 1,760 ft away from each other and 1,760 ft or
more away from the nearest non- project wells based on a voluntarily 880-ft setback from the
Strand Ranch property line. The projected recovery capacities of the three hypothetical well
fields are 90af/d, 70 af/d, and 50 af/d for 9, 7, and S wells operating at a nominal 5 cfs each.
The operating scenarios involve continuous pumping to recover a maximum 17,500 af/yr from
the groundwater aquifer. This represents projected pumping durations of 194 days, 250 days,

and 350 days for the 9, 7, and 5-well scenarios respectively.

The project has considerable flexibility in delivering less than the full recovery rate of
45 cts and/or the annual recovery volume of 17,500 af. The project may meet reduced delivery
rates and volumes by choosing to pump for less time, and/or at lower pumping rates, and/or
using fewer wells. Each of these possible alternatives provides reduced drawdowns, somewhat

smaller-, or differently located-, areas of impact, and faster aquifer- recovery times.

The project may have the operational flexibility to operate in cooperation with nearby
project operators so as to mitigate, minimize or eliminate the mutual impacts and interactions
between parties. One additional potential mitigation measure may include exercising an
opportunity to recover project water from up to three wells located in a proposed Rosedale -
Rio Bravo WSD well field about 1.4 miles north-northwest of the Strand Ranch well field. The
hypothetical impacts of such recovery pumping are substantially removed from the Strand
Ranch project site and adjacent properties; nevertheless, we have modeled the drawdown from
four such scenarios and have included that analysis in Exhibit 4. The water level impact

analysis for all on-site operations are presented in subsequent sections of this Report.

Total Study-area Recovery Capacity. The total recovery capacity in the 9-sq.mi. study arca
due to the proposed SR wells and the other existing wells is an estimated 117 cfs, which
mncludes 45 cfs for the Strand Ranch 9-well maximum- recovery scenario, 62 cfs from the 11
surrounding KWB wells, and 10 cfs from the three RRB irrigation wells. The hypothetical
future SR maximum recovery scenario represents 38% of the total recovery capacity in the
study area . Alternately, the hypothetical 7-well and 5-well SR scenarios, at 25 and 35 cfs
respectively, would represent 26% or 33% of the total recovery capacity in the study area.

The final numbers and locations of wells in the proposed Strand Ranch well field have

not been determined as of this Study. But the new wells will represent only about 5% of the
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more than 120 existing or currently planned project recovery wells in the ASR projects on the

overall Kern Fan.

Well Placement and Water Quality. Based on available existing water quality data, the

shallow aquifer under the project site (compared to the nearby, unimpacted shallow aquifer) has
residual, elevated concentrations of total dissolved solids and several constituents of concern
due to the inflow of an old brine plume from an unspecified, historic, up-gradient source or
sources in or near Section 12, T30s/25e. This brine plume represents a source of water quality
degradation that falls within the predicted capture zone of the well field under conditions of
natural groundwater gradient and under conditions of pumping. There is no recognized way of
positioning the proposed Strand Ranch wells to avoid the water quality impacts of this brine
plume. The quantitative analysis of the potential impacts of this brine plume on the Strand

Ranch well field is outside the scope of this study.

Section III - Aquifer Model and Parameter Selection.

There are several different computation methods for predicting water-level drawdown
from a pumping well in space and time and every method requires that the user select the
equations which are most appropriate for the user’s preferred model of the aquifer. In essence,
the user must try to select the set of mathematical expressions which best represent the user’s
physical model of the aquifer. The calculated results, if done correctly, always represent the
mathematical model and also represent the real aquifer behavior to the extent that the
parameters, simplifications and assumptions of the mathematical model reflect the true
workings of nature. The selection of the mathematical model and the equations, the accuracy of
the parameter values, and the representativeness of the calculated output all reflect the
correctness of- and uncertainty in- the judgments of the user. These judgments cannot be made
by the computer and the two critical judgments include the choice of mathematical model and

the choice of aquifer parameters.

The Real Aquifer. Based on our analysis of the local hydrogeology in the Strand Ranch

project area, the local aquifer is a semi-confined (leaky) aquifer which is recharged from the
sides and from the overlying layers. For a very small area such as the Strand Ranch project
site, it is relatively easy to define a constant-property aquifer model which is representative of

the entire area of interest. Our interpretations and our choices of model and parameter values
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differ from those of Schmidt in 1997 & 1998 and of the Department of Water Resources
(DWR) in 1995, which we discuss in Exhibits 2 and 3. The aquifer consists of a sequence of
nearly- horizontal, laterally discontinuous, interbedded, unconsolidated, sandy and silty
sediments but there 1s no widespread, laterally continuous impermeable confining layer
anywhere under the area of interest. Horizontal ground water flow occurs almost entirely
within the sandy units. The shallow sands behave as an unconfined aquifer, but deeper sands

show increasing amounts of delayed yield and confinement, according to KCWA hydrographs.

The total thickness of the commonly-used part of the aquifer is approximately 700 ft
and, for modeling purposes, assumed to consist of shallow, intermediate, and deep producing
zones. The shallow zone exhibits unconfined-aquifer behavior and is approximately 250 ft
thick. The middle zone which exhibits intermediate behavior is considered to be the retarding
layer and 1s approximately 100 ft thick. The deep zone exhibits short-term confined behavior
and long-term semi-confined behavior and is approximately 300 ft thick. Essentially all of the
existing recovery wells on the Kern Fan are completed across the intermediate and deep zones
and exhibit semi-confined, aka “leaky”, aquifer water-level behaviors. We have tabulated the
aquifer properties which we have used in our modeling in Table 1 and discussed them in
Exhibit 2.

Because the inter-bedded silts have some permeability of their own, and because
pumping in the deeper zones causes significant downward vertical gradients, the deeper sands
obtain a significant fraction of their recharge from the overlying layers. This “leakage
recharge” through the permeable silts is augmented by higher- speed, vertical flow at the lateral
margins of the silty layers through the more permeable sand facies between layers. The multi-
zone hydrographs which are prepared and presented by the Kern County Water Agency on a
monthly basis corroborate the widespread and persistent presence of downward vertical

gradients between successively deeper depth intervals which are indicative of leaky aquifers.

We also note, based on historical data, that the basinwide water level response to the
climatic wet/dry cycle alone can be larger than the pumping drawdowns and may dominate the
water level fluctuations in some years, independent of the project operations. Since project
impacts may well occur at the same time as impacts from other causes, the combined year- to-
year water level declines due to both climate and non- project pumping may be significantly

greater than the declines we have predicted due to project pumping alone.
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The Model Aquifer.  For this scope of work, we have a choice of computational method

(analytical or numerical) and a choice of three mathematical aquifer models. i.e.. a confined
aquifer, an unconfined aquifer, or a semi-confined, or “leaky”. aquifer. We chose to use
“Winflow™, a commercially-available analytical computational model written by ESI, as
discussed in Exhibit 1.

Based on the observed stratigraphy and aquifer hydrology, the aquifer underlying the
project site and study we chose to use a semi-confined-aquifer model. For the purpose of
computer modeling, we represented the local aquifer as three zones; a shallow, 250-ft thick,
unconfined aquifer, an intermediate, 100-ft thick “leaky” aquitard, and a deep, 300-ft thick
semi-confined aquifer. We assume in the computer model that all project water recovery wells
are completed across the full 300-ft thickness of the semi-confined zone. We have summarized
the relevant aquifer parameters in the next section of this report and have discussed them in
more detail in Exhibit 2.

There are other modeling variables besides the physical aquifer parameters which affect,
and could perhaps even dominate, the water levels under the site, and which are easy to
calculate but difficult to forecast in advance. The natural factors include the depth to the water
table at project startup, the magnitude and direction of the ground water gradient, and the large
water level fluctuations within the recharge area due to the climatic wet/dry cycle. The
manmade variables include non-project impacts caused by other recharge or pumping
operations in the surrounding area. The evaluation of these variables is outside the scope of
work, however, they are not relevant to the basic determination of water level drawdown
mmpacts due to Project well field operations. We have included a general discussion of the

limitations of computer modeling in Exhibit 3.

Aquifer Parameters.  For the leaky aquifer model, we must specify the aquifer dimensions,

regional gradient, aquifer storage properties, and aquifer flow properties in both the horizontal
and vertical directions. There is a scarcity of reliable parameter data in the Kern Fan area. We
have reviewed all of the available data and have found just enough data to make an estimate of
every required parameter. Because of the lack of replicate data, there is an unknown amount of
uncertainty in the representativeness of these single parameter values, which is in addition to

the uncertainty in the accuracy of these measurements themselves. We have accommodated the
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recognized uncertainty by repeatedly running the computer model with different sets of aquifer
parameter values to generate sets of predicted drawdowns for the full range of possible
parameter values in the Kern Fan area. We have discussed the aquifer parameters in more

detail in Exhibit 2 and elements of the concept of uncertainty in the Exhibits 1 - 3.

From top to bottom, the shallow, unconfined zone is 250-ft thick, the middle “leaky”
zone is 100-ft thick, and the deep semi-confined zone is 300 ft thick. All wells are assumed to
be completed across the full 300-ft thickness of the bottom, semi-confined zone. All zones are

assumed to have an average porosity of 30%.

The base case parameter values for the deep, semi-confined zone are as follows: the
value of horizontal hydraulic conductivity is Ky, = 57 ft/day, and the sensitivity analysis was run
for 40 <K < 100 ft/day; the value of specific storage is S, = 6.67x10” ft"! and was not re-
calculated in the sensitivity analysis although the range of possible values could be half to twice
the selected value. These valuers of Kj, and S; give equivalent values of semi-confined aquifer
transmissivity and storativity of T = 17,100 ft*/day and S = 0.02.

The base case parameter values for the middle, “leaky” zone are as follows: the value of
leakance is assumed to be L” = 0.000475 d”' which yields a Hantush leakage factor of B = 6,000
ft, and the sensitivity analysis was run for B = 3200, 6000, 10,000 ft. These values of B are
equivalent to values of weighted-average vertical hydraulic conductivities ( K,’ ) in the 100-ft
thick aquitard of K,” = 0.17, 0.0475, and 0.017 ft/day. However, for reasons of equivalence,
we place little significance in these specific values of K,” and prefer to limit the discussion of
aquitard behavior to expected leakance in the range 0.00017 <L’ < 0.0017.

The base case value of average specific yield for the shallow unconfined zone is 21%.
This parameter is not actually involved in the drawdown models of this study since none of the

calculated cases actually dewaters the shallow aquifer.

For the calculation of drawdown impacts, we have initially assumed that the regional
gradient in the test area is zero so that all model impacts are superimposed on an initially flat
water table. We set our reference elevation to be zero at the initial water table rather than at

ground level or at mean sea level so that all calculated drawdowns are relative to the initial
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water table. This device allows us to easily observe just the predicted pumping- induced

drawdown at any location without the complicating effects of the natural gradient.

However, in order to perform particle trajectory and capture zone analyses, we must
superimpose the calculated pumping- induced drawdowns on a realistic approximation of the
natural water table gradient. We have based our approximations on observed historical water
table behavior in the study area. We assume a groundwater gradient of -0.0048 at a left
azimuth angle of 135 degrees from east which is equivalent to a water table slope of 25 ft per
mile to the northwest. We set our reference water level elevation at a depth of 100 ft at the
southeast corner of section 02, T30s, R25e, which is the southeast corner of the Strand Ranch

project site.

Section IV - Drawdown Analysis.

When we speak of water level, we are always referring to the water level which would
be observed in a hypothetical monitoring well which is completed in the aquifer at the specified
Jocation and depth interval of interest. The water level in such a monitoring well represents the
elevation of the potentiometric surface, sometimes referred to as the pressure head, in the
aquifer at that location. A map of such water levels represents the distribution of pressure head
in the aquifer. When we speak of drawdown, we are always referring to a decline in

potentiometric water level caused by one or more pumping wells.

When an episode of groundwater pumping removes water from the underlying aquifer
the potentiometric water level changes in response to the decreasing volume of water in aquifer
storage. This water level behavior has both transient and permanent components, including the
temporary creation and then dissipation of a local cone of depression ending with a permanent.
small, net drop in the basinwide water table. We can predict the height, areal extent, and rate of
change of this falling, rising, and then re-equilibrating water table if we know the aquifer

properties and the location, volumetric rate, and duration of pumping.

Expected Results.  The drawdowns related to the proposed Strand Ranch pumping operations

are temporary rather than permanent water level impacts. We expect at any moment after
pumping has begun that a cone of depression will form around each well and that the cone of

depression will deepen and expand outward with time, subject to certain limits. This
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depression is a drop in the pressure levels (equivalent to potentiometric water levels in
properly-placed monitoring wells) within the aquifer but there is no corresponding creation of
an actual physical void space of the same shape within the aquifer under semi-confined (or
confined) conditions. The drop in pressure within this cone of depression is what causes
groundwater to flow along inward radial paths to the well. The actual region of the aquifer
from which water is removed by pumping is called the “capture zone”. The shape of the
capture zone 1s a vertical cylinder centered on the well and the radius of the capture zone is
much smaller than the radius of the cone of depression. As steady pumping continues, the
capture zone increases in radius, albeit at a continuously decreasing rate of expansion since the
radius is a function of the square root of pumping time and not directly of time itself. When
pumping ceases, the cone of depression immediately begins to shrink inward toward the central
well until the pressure levels have recovered to their pre-pumping state and the cone of

depression is gone.

A cone of depression in a semi-confined aquifer is a temporary condition in which the
depression deepens and widens only as long as the total well-field pumping rate exceeds the
downward vertical recharge from the overlying layers. Once those rates are equal (vertical
recharge rate increases as the size of the depression increases), the depression stops growing.
Then when pumping ceases, vertical recharge continues, causing the depression to shrink until
gone and the water levels are indistinguishable from the background water table behavior.
Since there is now less water in the basin than before pumping, all else equal, the average water

level in the basin is slightly lower than before pumping took place.

We expect at any moment, that the drawdowns will be larger close to the wells and
smaller farther away from the wells. We expect at any location that pressure drawdown
increases as the duration of pumping increases. We also expect for any specified time and
location, that the drawdown will be larger for higher pumping rates and smaller for lower
pumping rates. We also expect that for any location that is within the radii of influence of more
than one pumping well, that the observed drawdown will be the sum of the individual

drawdowns caused by every pumping well superimposed at that location.
What may not be as intuitive is the expected drawdown behavior depending on the

choice of aquifer model. If the aquifer is fully confined or fully unconfined, the drawdowns

will continue to decline indefinitely and the radius of the capture zone expands indefinitely. If
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the aquifer is semi-confined with leakage recharge from the overlying layers as we expect in
this area, then the observed qualitative behavior will be more complicated. For a short period
of time, the aquifer will behave as a confined aquifer, meaning that the observed drawdowns
near each of the wells will decline quickly and with the same time - distance relationship as is
predicted for a confined aquifer with the same values of T & S. Thereafter, the piezometric
water levels will decline at a decreasingly slower rate than predicted by the confined- aquifer
model until the water levels stop falling altogether. Once the water levels quit falling, the
capture zone will have reached its maximum radius and will quit expanding. At this time, all
recharge will flow vertically downward into the top surface of the cylindrical capture zone and
no flow will come from inward radial flow through its sides, i.e., there is no mining of water

from the adjacent areas outside the capture zone.

After an undetermined time period of leaky behavior during which there is little or no
observed drawdown despite continued pumping, we expect that the water table will once again
start to decline at a rate which is consistent with the de-watering of the overlying unconfined
aquifer. The durations of each of these behavioral phases may be estimated but the calculated
times of transition are not particularly precise because of the inability to predict future recharge.

This project can be in leaky steady state for a very long time if the shallow aquifer is
consistently recharged. Once this program has begun, a properly designed well- testing and
monitoring program will provide a wealth of new understanding of the aquifer, well beyond
what we are able to model with the small parameter set which is available at this time. We such
a program, we will be able to perform aquifer parameter test within the project area to verify ad

improve our current, limited knowledge of the aquifer.

The predicted drawdowns from this work program are significantly different than the
predicted drawdowns from three other recent impact analyses for entities on the Kern Fan by
other workers in five respects. First, SSS modeled the aquifer as a leaky aquifer rather than as a
confined aquifer. Second, SSS used the superposition method versus the so-called centroid
method used in the other studies. Third, SSS’s parameter values are different than those of the
other studies, and incidentally are different in such a way as to increase the calculated
drawdowns, all else being equal. Fourth, the leaky aquifer model which SSS used predicts that
the water levels will decline and then stabilize at a static, steady- state drawdown at least for a
while, compared to the other forecasts which predict that water levels will continue to decline

as long as pumping is continued. Fifth, for SSS’s choices of aquifer model and aquifer
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parameters, the predicted drawdowns are significantly less than the predicted drawdowns from

these other studies.

Modeling Scenarios.  The first hypothetical operating scenario is to pump 9 wells at a

combined rate of 90 af/d (based on a nominal rate of 5 cfs per well) for 194 days to recover a
total 17,500 af per year. For a given well-field configuration, the project has considerable
flexibility in delivering less than the hypothetical full 9-well, recovery rate of 45 cfs and/or the
annual recovery volume of 17,500 af. The project may also meet reduced delivery rates or
volumes by choosing to pump for less time, and/or at lower pumping rates, and/or using fewer
wells. Each of these possible alternatives provides reduced drawdowns, somewhat different
drawdown distributions, and faster aquifer- recovery times. The two alternate scenarios of
primary interest in this study are: pumping 7 wells at a combined rate of 70 af/d for 250 days to
recover a total 17,500 af in a year, or pumping 5 wells at a combined rate of 50 af/d for 350

days to recover a total 17,500 in a year.

In each case, the operating well field establishes a steady-state condition of no further
drawdown between 30 and 100 days of pumping due to leaky recharge. Therefore, pumping
more than 100 days and even multi- year continuous pumping will not increase the drawdown
as long as the project maintains its recharge commitment and the immediate area also continues
to receive sufficient total recharge to re-supply all non-project wells in the area. The key to
moderating the aquifer behavior is to keep the local area adequately recharged over time. If
recharge does not match recovery, then the predicted drawdowns within the aquifer after 300
days of pumping may be as much as twice as much as predicted or more, depending on the rate
of depletion of the shallow, unconfined aquifer. However, by design and by requirement, this

project will always recharge prior to recovery.

For 300 days of pumping, the hypothetical capture perimeter surrounding the entire well
field extends only a few hundred ft outward from the individual wells and remains entirely
within the property boundary of the Strand Ranch. For a hypothetical 1000 days (approx. 3 yr)
of continuous pumping, the hypothetical capture perimeter extends about 1,800 ft from the
individual wells. For a hypothetical 3650 days (10 yr) of continuous pumping, the capture zone
would extend about 2,300 ft down-gradient to the northwest and would extend about 4,500 ft
up-gradient to the southeast under conditions of dry-year groundwater gradient of 25 ft/mi to
the northwest.
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For the given set of aquifer conditions, the water-level drawdowns caused by the Strand
Ranch recovery well operations vary with our choices aquifer parameters, well parameters,
pumping duration, and location. Therefore, there is no way to represent the multiple potential
impacts with a single number unless we specify a single set of aquifer and well parameters, a

single pumping duration, and a single location.

We can reduce the number of possible operating scenarios by using a single “base case”
operating scenario. We can reduce the time variable by using a single pumping duration, and
we have chosen to compute drawdown for a time after which the drawdowns at all locations
have reached “steady-state”, i.e., maximum drawdown. At this point, the evaluation of impacts

is reduced to observing the predicted drawdowns simply as a function of location.

The three main cases of interest include the 9-well scenario, the 7-well scenario, and the
5-well scenario, each of which is evaluated with and without the presence of a superimposed
natural groundwater gradient. All drawdowns for all cases and all locations within the study

area are presented in a Catalog of Drawdown Maps in Exhibit 5, one case at a time.

Computed Results. The basic output from each drawdown analysis is a contour map of the

predicted water levels in and around the area of the well field. Each map shows the well
locations, the contours representing the water levels for a specified set of pumping parameters,
and flowpath particle trajectories, if included, for a specified duration of pumping. The
computer-generated maps cover a square, 3x3- mile area centered on the project area. Using
local (east, north) coordinates in units of feet, the local origin (0,0) is at the intersection of
Stockdale Hwy and Enos Lane. the southwest map corner is located at (-10,600, -10,600), and
the northeast corner (+5.400, +5,400) since the model uses an 80x80- cell model space with
each cell representing 200x200 ft in real space. The map scale of the computer printouts is
approximately 1 inch = 2290 ft. Additional map information is included at the beginning of
Exhibit 5 where we have compiled a catalog of all maps for all scenarios in a catalog of results.
The Catalog includes more modeling scenarios than were necessary for this study. They were
run as a diligent effort to investigate transient conditions, non-base case parameter impacts,
sensitivity analysis, comparisons with alternate aquifer models, etc. The maps which are
included as Figures in this Report cover everything discussed in the text and are derived from

the model runs in the Catalog.
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For this study, we have calculated the water level drawdowns for the three main
hypothetical well-field operating scenarios of 9-. 7-, or 5- wells each, each of which is designed
to recover 17,500 af of ground water from the underlying aquifer in a year. All three scenarios
used the same set of aquifer parameters. We calculated additional results by varying selected

parameters to provide a sensitivity analysis.

The base case aquifer parameters were the same for every case, i.e., a 300-ft thick, semi-
confined aquifer with T = 17,100 ft*/d, S = 0.02, and porosity = 30%; an overlying aquitard
with L” = 0.000475 d”' which is gives a Hantush leakage factor of B = 6,000 ft; and an
overlying unconfined aquifer with Sy = 15%. The unimpacted, natural groundwater gradient
was assumed to be zero unless otherwise specified. For capture zone and particle trajectory
calculation we used a groundwater gradient of -25 ft/mi to the northwest (-0.0048 at a left
aximuth of 135 degrees from east) and we assumed a corresponding reference groundwater
elevation at 100 ft below GL at the southeast corner of the project area (i.e., the SE cor Sec 02,
T30s, R25¢). All of the modeling parameters have been summarized in Table 1 and are
discussed in detail in Exhibit 2..

We present the calculated drawdown results for the three hypothetical operating

scenarios in the next three sections below.

Nine- well scenario: g = 90 af/d. pumping t =194 d, V = 17,500 af/yr.

The hypothetical steady-state drawdowns created by the Strand Ranch, 9-well, 194-day,
pumping scenario are presented on the map in Figure 5 and summarized in Tables 2 & 3. At
steady-state, the average drawdown under the project site is 43 ft and the average drawdowns in
the surrounding 8 sections are in the range of 12 - 20 ft. The drawdowns along the perimeter of
the study area are in the range of 5 - 10 ft and drawdowns decrease to negligible levels with
increasing distance from the perimeter. The drawdowns for the 9-well case superimposed on a

northwesterly groundwater gradient are shown on the map in Figure 9.
Under the base case assumptions, the area will achieve steady-state within about 100

days after pumping begins and the water levels will begin to recover after 194 days when

pumping ceases. As long as the leaky-aquifer assumptions continue to be met, the water levels
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in the study area will recover to pre-pumping levels in another 100 days or less, in the absence

of other influences.

Seven - well scenario: q = 70 af/d, pumping t = 250-day. V = 17,500 af/yr.

The hypothetical steady-state drawdowns created by the Strand Ranch, 7-well, 250-day,
pumping scenario are presented on the map in Figure 6 and summarized in Tables 2 & 3. At
steady-state, the average drawdown under the project site is 34 ft and the average drawdowns in
the surrounding 8 sections are in the range of 9 - 17 ft. The drawdowns along the perimeter of
the study area are in the range of 3 - 8 ft and drawdowns decrease to negligible levels with

increasing distance from the perimeter.

Under the modified well field assumptions, the area will achieve steady-state within
about 100 days after pumping begins and the water levels will begin to recover after 350 days
when pumping ceases. As long as the leaky-aquifer assumptions continue to be met, the water
levels in the study area will recover to pre-pumping levels in another 100 days or less, in the

absence of other influences.

The hypothetical drawdowns created by the Strand Ranch 7-well, 250-day scenario are
approximately 78% of the hypothetical drawdowns for the 9- well scenario but the duration of
impact lasts about 56 days longer because the wells must operate longer to recover the same

total volume of water (17,500 af/yr) at the lower recovery rate (70af/d vs. 90 at/d).

Five - well scenario: g = 50 af/d, pumping t = 350-day, V = 17,500 af/yr.

The hypothetical steady-state drawdowns created by the Strand Ranch, 5-well, 350-day,
pumping scenario (wells 1, 3, 5, 7. 9) are presented on the map in Figure 7 and summarized in
Tables 2 & 3. At steady-state, the average drawdown under the project site is 24 ft and the
average drawdowns in the surrounding 8 sections are in the range of 7 - 11 ft. The drawdowns
along the perimeter of the study area are in the range of 2 - 6 ft and drawdowns decrease to

negligible levels with increasing distance from the perimeter.
Under the modified well field assumptions, the area will achieve steady-state within

about 100 days after pumping begins and the water levels will begin to recover after 350 days

when pumping ceases. As long as the leaky-aquifer assumptions continue to be met, the water
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levels in the study area will recover to pre-pumping levels in another 100 days or less, in the

absence of other influences.

The hypothetical drawdowns created by the Strand Ranch 5-well, 350-day scenario are
approximately 56% of the hypothetical drawdowns for the 9- well scenario but the duration of
impact lasts about 156 days longer because the wells must operate longer to recover the same

total volume of water (17,500 af/yr) at the lower recovery rate (50 vs. 90af/d).

Base Case Specific Capacity of the Pumped Wells. Specific capacity (SC) is defined as the

ratio of pumping rate to drawdown within a pumping well and is used by local engineers as a
measure of well performance from which other parameters are calculated. Unfortunately SC is
not a constant and varies with pumping time, length of completion interval, hole diameter, and
well efficiency, so it is not an effective measure of anything without making the corrections for
each of these factors. We can calculate the theoretical specific capacity (SC) of the project
wells for the steady- state leaky aquifer condition from the selected base case parameters for
purposes of preliminary pump parameter selection. Normally for pump design purposes, we
would recommend using actual drawdown data from nearby pumping wells as the best

predictor of well performance, but we can calculate a value as well.

For the base case semi-confined aquifer parameters, we estimate the expected steady-
state project- well specific capacity to be about SC = 0.14 cfs/ft, which is equivalent to 63
gpnV/ft, for a 100% efficient well. For all pumping times less than the time required to reach
steady- state, the observed SC will appear to be larger and, in the first few hours and days,

perhaps much larger than this predicted final value.

Sensitivity Analysis.  Because of the uncertainties in the actual aquifer conditions, the actual

operating drawdowns when the well tield is finally installed and operated may be different than
the calculated base case values. We have already acknowledged that there is considerable
uncertainty in the few data available to us. Since the accuracy of the impact calculations for the
leaky aquifer mode] depends primarily on the values of T and B, we have varied the base case
parameters within the credible ranges of possible values and have re-calculated the drawdowns
for these other parameter values (Figure 13 and Table 4). We used the Hantush & Jacob, 1955

formula to calculate the steady-state drawdowns for various T & B for leaky-aquifer conditions.
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We selected a base case value of aquifer transmissivity T = 17,100 ft*/d for the computer
modeling based on a hydraulic conductivity of 57 ft/d and an aquifer thickness of h = 300 ft.
This T-value is at the lower end of the reported range of possible T-values in the Kern Fan area.

If the true aquifer transmissivity (T) is higher than our base case value, then the actual
observed drawdowns will be less than predicted drawdowns, all else equal. We have calculated
the hypothetical steady-state drawdowns for the 9-well, 194-day scenario using T-values
ranging from 12,000 ft*/d to 30,000 ft*/d. If the true transmissivity is15,000 ft*/d rather than
17,100 ft*/d, then the actual drawodows across the study area will be about 15% higher than
predicted but if the actual transmissivity is 24,000 - 30,000 ft*/d, then the actual drawdowns
across the study area will be only 72% - 58%, respectively, of the predicted drawdowns. Since
the sensitivity to T is a multiplicative effect, the greatest differences will tend to occur in the
areas of greatest drawdown and vice versa, that is, an error in T-value make the biggest
difference in and near the well field, and have a decreasing difference between predicted and

corrected drawdowns with distance away from the project area.

We selected a base case value of aquitard leakage factor B = 6,000 ft for the computer
modeling based on an aquitard leakance of L’ = 0.000474 d”'. This mid-range L- value is
consistent with the expected vertical hydraulic conductivities for sandy silts and/or silty sands
of the Kern Fan area. If the true aquitard leakage factor (B) is lower than our base case value,
then the real aquifer is less-confined than calculated which would cause smaller drawdowns
than calculated for B = 6,000. If the true aquitard leakage factor (B) is higher than our base
case value, then the real aquifer is more-confined than calculated which would cause larger
drawdowns than calculated for B = 6,000. If the actual leakage factor is B = 3,200 ft (L’ =
0.0017 d"), then the actual drawdowns across the study area will be about 2.5 ft less than
predicted and if the actual leakage factor is B = 10,000 ft (L” = 0.00017 d™). then the actual
drawdowns across the study area will be about 2.1 ft more than predicted. Since the sensitivity
to B is an additive effect, the same differences will tend to occur across the entire area of
interest, that is, an error in B-value makes the same difference in and near the well field as it

does between predicted and corrected drawdowns 1n the surrounding sections.

Section V - Flow Trajectory and Capture Analysis.

Particle trajectories. A particle trajectory represents the hypothetical flowpath of a water

molecule under ideal flow behavior. i.e.. ignoring the effects of dispersion, flowpath tortuosity.
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heterogeneity, etc. We can calculate particle trajectories in downgradient or upgradient
directions, which we refer to as forward or reverse particle tracking, respectively. In our
computational models we assume that the aquifer is horizontally isotropic so that particle
trajectories are always perpendicular to water level contours. For this project we used reverse
particle trajectories to determine the shapes and extents of the capture zones for each of the
pumping wells in the well field for different pumping durations. We also used one forward-
particle tracking model to the general pathway of contaminant flow from the southwest quarter
of section 12, T30s, R25e. An important use of particle trajectory mapping is for designing
contaminant- detection monitoring programs so that the operator can place the monitoring wells

in the likely flowpaths from known or suspected contaminant sources.

Capture zones. A capture zone is the enclosing perimeter of the actual bulk volume of the

aquifer from which a pumping well extracts water over a specified time period. The shape and
lateral extent of a capture zone is very different than that of the cone of depression. For a
confined or semi- confined aquifer, the capture zone is a vertical cylinder centered on the well
and bounded by the confining layers at the top and bottom of the aquifer. The radius of the
capture zone increases as long as pumping continues. The shape of the capture zone will be
distorted by the presence of other wells and/or recharge boundaries but it will always have a
fully enclosing perimeter. The method of reverse particle tracking will always provide a means

to map the shape and extent of the capture zone for a specified pumping duration.

Mapping a capture zone analysis requires that we model the aquifer behavior as
realistically as possible, since true particle trajectories will respond to all influences on the real
potentiometric pressure field and not just those generated by the Strand Ranch wells. There-
fore, we assume that the most realistic scenario will occur in a dry year when the Strand Ranch
wells will most likely be pumping and all of the neighboring wells are pumping as well. The
combined pumping effects of these wells superimposed on the natural groundwater gradient

will determine the locations of capture zone and particle trajectories with time.

The water level elevation map in Figure 10 shows the steady-state impacts of the nine
Strand Ranch wells and eleven Kern Water Bank wells superimposed on the local groundwater
gradient. The five wells located at the center and corners of the Strand Ranch well field (wells
1,3,5.7,9) have 1.000-day reverse particle trajectories attached to them which define the

shape and areal extents of the “3-year” capture zones for continuous pumping at these locations.
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For reference purposes, the section corners have been labeled on the map. We have mapped
the locations of the capture zone perimeter for pumping times of 300-, 1000-, 1825-, and 3650-

days superimposed on 10-year continuous particle trajectories in Figure 11.

The individual capture zones of widely-spaced wells, such as in the Strand Ranch
project, do not merge unless pumping continues for a relatively long time . The importance of
mapping the capture zone is for purposes of evaluating water quality, particularly the potential
for contaminant capture. We have mapped (Figure 11) the approximate locations of the particle
trajectories and expanding capture zone for continuous pumping of both the Strand Ranch and
Kern Water Bank wells for pumping times of 300-, 1000-, 1825-, and 3650- days for an aquifer

with a northwesterly water table gradient, as described below.

For 300 days of pumping, the hypothetical capture perimeter surrounding the entire well
field extends only a few hundred ft outward from the individual wells and remains entirely
within the property boundary of the Strand Ranch. For shorter pumping durations, such as our
hypothetical 9- and 7-well operating scenarios, the capture zones around each well would be
proportionately smaller. For a hypothetical 1000 days (approx. 3 yr) of continuous pumping,
the hypothetical capture perimeter extends about 1,800 ft from the individual wells. For a
hypothetical 3650 days (10 yr) of continuous pumping, the capture zone would extend about
2,300 ft down-gradient to the northwest and would extend about 4,500 ft up-gradient to the
southeast under conditions of groundwater gradient of 25 ft/mi to the northwest. Pumping by
non-project wells in the surrounding areas will change the shape and extent of this capture

zone, as shown in the various model runs.

We have also mapped (Figure 12) the 10-year forward particle trajectories of a
hypothetical line source located in the southwest quarter of section 12, T30s, R25¢ under
conditions of continuous pumping of both the Strand Ranch and Kern Water Bank wells. Any
groundwater contamination which comes from a source located on or near this line will follow
the same trajectories. A slug or plume of contamination will eventually be captured by wells
located on the Kern Water Bank and/or Strand Ranch depending on the particular location of

the source and its downgradient trajectories.

The time it takes contaminants to flow from the source to the well field perimeter will be

approximately equal to the capture-zone time-radius (approx. 8 years under continuous
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pumping of all wells) that crosses the source area assuming that the contaminant moves at the
same speed as the groundwater. For many contaminant constituents, this assumption is false,
since the processes of dispersion, retardation, and attenuation slow the flow velocity of
contaminants in ground water. There are no rules of thumb in this regard without specifying
the contaminant of concern, but the capture zones which are based on the flow velocity of the
ground water form the base case of any contaminant capture analysis. Sierra Scientific Services
has performed contaminant transport modeling for other clients, but it is outside this scope of

work.

Section VI - Recharge Mound Analysis.

When an episode of groundwater recharge adds water to the underlying unconfined
aquifer the water table changes in response to the increasing volume of water in aquifer storage.
This water level behavior has both transient and permanent components, including the
temporary rise and fall of a local water mound ending with a permanent, small, net rise in the
basinwide water table. We can predict the height, areal extent, and rate of change of this rising,
falling, and then re-equilibrating water table if we know the aquifer properties and the location,

volumetric rate, and duration of recharge.

Expected Results.

The initial recharge will create a fully-saturated, vertical column of water through the
vadose zone from the base of the recharge pond to the top of the water table. This column of
“falling” water is not part of a recharge mound per se. Once the flow front reaches the water
table, a water mound will begin to develop above the water table as downward-moving water
spreads out laterally into available space. The mound will continue to rise and widen as
recharge progresses until the rate of lateral mound outflow matches the rate of downward

vertical recharge.

The mound is a temporary condition in which the mound rises and widens only as long
as the continuing downward vertical flow of water into the mound exceeds the lateral flow out
of the mound. Once those rates are equal, the mound stops rising but continues to widen. Then
when recharge ceases, lateral outflow continues, causing the mound to flatten and widen until

the mound is indistinguishable from the background water table. Since there is now more water
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in the basin than before recharge, all else equal, the average water level in the basin is slightly

higher than before recharge took place.

The pond infiltration rate will be a maximum at the beginning of recharge and will
decrease continuously and perhaps quickly (perhaps over a few days or a couple of weeks) until
the pond infiltration rate is numerically equal to the vertical hydraulic conductivity of the
underlying flow path. The infiltration rate will remain steady at this value as long as the water
table (and associated capillary fringe) is far below the base of the infiltration pond. As the
water table rises during the time of recharge, the infiltration rate will also decrease accordingly
as the volume of available, unsaturated storage space decreases. If and when the rising water
table approaches the ground surface, the infiltration rate will be a minimum equal to some

fraction of the value of the hydraulic conductivity of the underlying flow path.

Modeling Scenarios.

The hypothetical base case recharge scenario is to maintain water in approximately 450
acres of recharge ponds on the Strand Ranch at an overall average infiltration rate (IR)
estimated to be between 0.2 - 0.4 ft/d. The duration of recharge will depend on the availability
of a surface water supply. In a maximum recharge scenario, recharge ceases when the
cumulative recharge volume equals 17,500 af in a given year, which requires recharge durations
in the range of 100 - 200 days for the reported range of parameter values. We assume in our
model for convenience and without a loss of generality that the recharge pond is circular with a

radius of 2,500 ft and centered in the Project site.

The key parameter controlling pond recharge is the long term infiltration rate which we
have estimated to be in the range from 0.2 - 0.4 ft/d on the Strand Ranch property, assuming
that the ponds are maintained in a clog-free state. The lowest recharge rate will occur when the
water table is very shallow and highest recharge rate will occur when the water table is very
deep. With respect to design, operations, and impact issues the critical project recharge
performance is the recharge which occurs at the lowest infiltration rate.

During 2006, the project operated a pilot recharge test which consisted of filling a 117-
acre pond from mid-July to mid-December. By September, the pond inflow had stabilized at a
steady recharge rate of 12 cfs, meaning that 23.8 af of water per day infiltrated from the 117 ac
pond, giving a computed infiltration rate of IR = 0.20 ft/d. Since the water table for the entire

duration of the pilot test was very shallow (less than a few feet deep) we conclude that the
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observed infiltration rate of 0.2 ft/d was a minimum rate and that future operations with a
deeper water table will experience higher infiltration rates, perhaps as high as 0.40 ft/d. For
modeling purposes, we made mound calculations for infiltrations rates of 0.20, 0.25, and 0.30
ft/d since all critical issues are related to mounding in the lower range of possible infiltration

rates.

For this study, we calculated the water level rises for a 450-acre recharge pond which is
designed to put 17,500 af of ground water into the underlying aquifer in a single recharge
episode per year. All three scenarios used the same set of aquifer parameters. We calculated

additional results by varying selected parameters to provide a sensitivity analysis.

Except for the infiltration rate, the base case aquifer parameters were the same for every
case, i.e., a 300-ft thick, unconfined aquifer with K = 57 ft/d, Sy = 0.21, and porosity = 30%.
The unimpacted, natural groundwater gradient was assumed to be zero and we assumed a
corresponding reference groundwater elevation at 100 ft below GL at the southeast corner of
the project area (i.e., the SE cor Sec 02, T30s, R25¢). The modeling parameters have been

summarized in Table 1.

Computed Recharge Results.

The basic output from each mound analysis is a contour map of the predicted water
levels in and around the area of the recharge pond. Each map shows the pond location, the
recovery well locations for convenience, and contours representing the water levels for a
specified set of recharge parameters. The computer-generated maps cover the same square,
3x3- mile arca as used for the drawdown analyses. The map scale of the computer printouts is
approximately 1 inch = 2290 ft. Additional map information is included at the beginning of

Exhibit 5 where we have compiled all maps for all scenarios in a catalog of results.

Pond recharge at IR = 0.20 ft/d:  q = 90 af/d, recharge t =194 d, V = 17,460 af/yr.
The maximum water level rises created by the Strand Ranch, 90-af/d, 194-day, recharge

scenario are presented on the map in Figure 14 and summarized in Tables 5 & 6. The average
water level rise under the project site is 32 ft and the average rises in the surrounding 8 sections
are in the range of 6 - 13 ft. The drawdowns along the perimeter of the study area are in the
range of 1 -5 ft and drawdowns decrease to negligible levels with increasing distance from the

perimeter. These water level rises are within a few percent of the maximum, steady-state
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mounding rises which are predicted for this scenario under infinite recharge duration.
However, the mound in this scenario will begin to decline as soon as recharge has stopped at t =
194 days.

Pond recharge at IR=0.25 ft/d: q=112.5 af/d, recharge t = 155 d, V = 17,438 af/yr.
The maximum water level rises created by the Strand Ranch, 112.5-af/d, 155-day

recharge scenario are presented on the map in Figure 15 and summarized in Tables 5 & 6. The

average water level rise under the project site is 36 ft and the average rises in the surrounding 8
sections are also in the range of 6 - 13 ft. The drawdowns along the perimeter of the study area
are in the range of 1 - 5 ft and drawdowns decrease to negligible levels with increasing distance
from the perimeter. These water level rises would continue to rise if recharge continued after t
= 155 days, and are not close to the steady-state mound heights which are predicted for this
scenario under infinite recharge duration. However, the mound will begin to decline as soon as

recharge has stopped at t = 155 days.

Pond recharge at IR = 0.30 fi/d: q= 135 af/d, recharge t = 129 d, V = 17,444 af/yr.
The maximum water level rises created by the Strand Ranch, /35-af/d, 129-day,

recharge scenario are presented on the map in Figure 16 and summarized in Tables 5 & 6. The
average water level rise under the project site is 40 ft and the average rises in the surrounding 8
sections are in the range of 6 - 14 ft. The drawdowns along the perimeter of the study area are
in the range of 1 - 5 ft and drawdowns decrease to negligible levels with increasing distance
from the perimeter. These water level rises would continue to rise if recharge continued after t
= 129 days, and are not close to the steady-state mound heights which are predicted for this
scenario under infinite recharge duration. However, the mound will begin to decline as soon as

recharge has stopped at t = 129 days.

We also note that if the actual infiltration rate is higher than IR = 0.30 {t/d, then the
project will be able to recharge water at a higher volumetric rate than we have modeled here
(135 af/d at IR = 0.30 ft/d) and the time needed to recharge 17,500 af/yr will be less than t =
129 days.

Based on the results of modeling, we observe that the water level rises in the 8 sections
surrounding the project site project area for all 3 scenarios are almost identical, i.e., in the range

of 6 - 13 ft, even though the recharge occurs at different rates for different durations for the
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three scenarios. We note that the predicted maximum water level rises from recharge
mounding under the adjacent lands are essentially the same regardless of the infiltration rate,
for these cases where the total recharge volume is the same.

7

Maximum Recharge.

The 30-year period from 1969 - 1998, was a period of above-average high flows and
floods on the Kern River and CVP Friant-Kern systems. There were nine such high-flow
episodes during that time period in which Kern County suffered damages and/or water left the
county and was lost to local beneficial use’. Based on the experiences of this period, Kern
County has placed a high priority on using all available facilities to minimize the potential
impacts of high-flow/flood conditions and minimize the amount of water which is lost to
beneficial use by diverting as much water as possible from the Kern river channel under such
conditions. The capacity to divert water from the Kern River channel has substantially
increased since 1990 by the development of recharge facilities for district water banking
programs. The benefits of diverting high-flow water to recharge ponds include lowering the
threat of flooding, improving the in-ground water supplies for districts which rely on
conjunctive use programs to deliver water to their farmers, reducing overdraft through losses to
the basin paid by project operators, and capturing water for unrestricted local use, water which

might otherwise have left the county.

In the case of the proposed Strand Ranch project, the addition of 450 acres of recharge
ponds represents a significant increase in potential local flood mitigation by high-flow capture
and recharge. To our knowledge, Kern County has never restricted or prevented the use of any
recharge pond for the unrestricted capture of high-flow water. The benefits to the County and
the basin are large, obvious, but relatively infrequent. Nevertheless, we include here a water
level impact analysis for a maximum recharge scenario in which 450 acres of recharge ponds
are kept full for a period of 365 days at maximum recharge rates. Since we do not yet know
what the maximum recharge rate might be on the Strand Ranch project site, we have done four
such analyses for infiltration rates of IR = 0.20, 0.30, 0.35, and 0.40 ft/d.

4 .. . . . .
KCWA. August 27.2001. Initial Water Management Plan. Public Review Drafi. p. T26.
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Maximum recharge-1: IR= 0.20 ft/d, g= 90 af/d, recharge t= 365 d, V= 32,850 af/yr.

Maximum recharge-2: IR=0.30 ft/d, q= 135 af/d, recharge t= 365 d, V=49.275 af/yr.

Maximum recharge-3: IR= 0.40 ft/d, qg= 180 af/d, recharge t= 365 d, V= 65,700 af/yr.

The water level rises created by the preceding three hypothetical maximum recharge
scenarios are presented on the maps in Figures 17 - 19 and in Tables 9 - 10. The average water
level rise after 365 days of recharge under the project site for each IR scenario is 39-, 58-, or
76-t, respectively. The average rises in the surrounding 8 sections are in the range of 11 to 19-,
18 to 28-, or 23 to 36-ft, respectively. These full-year water-level rises are approximately 6-,
13-, or 18- ft higher in the surrounding 8 sections than would be encountered for recharge at the
same infiltration rates (Figures 20 - 22), respectively, except that each scenario had stopped

after 17,500 af had been recharged (as presented in earlier in this report).

A natural, high-flow event of sufficient magnitude to generate a 365-day capture and
recharge episode may have a recurrence probability of only once-per-century, more or less, so
any such event is unlikely to occur over a given 30-year project forecast. Nevertheless, given
the reduced storage capacity in the Lake Isabella reservoir due to engineering issues, the lower
Kemn River may experience more-frequent, higher-volume releases of water during a multiple
wet-year period than might otherwise be the case. These mounding calculations demonstrate
that the range of water level impacts from any realizable 365-day recharge scenario are not
objectionably different than other, smaller-recharge scenarios of the same rate but of shorter

duration currently under consideration.

Section VII - Total Project Water Level Impact Analysis.
The following analysis assumes that all of the proposed operational design recharge- and
recovery- rates and caps apply to the project operation except that there is no cap on the capture

and recharge of high-flow water, such as is discussed in the preceding section.

The essence of full ASR project operation is the ongoing cycle of adding water to- and

subsequently removing water from- aquifer storage. These processes have both local and
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basinwide impacts. The basinwide impact is a small, widespread, cumulative, and permanent,
water level rise. The magnitude of the basinwide water level rise is proportional to the
cumulative net volume of water which is left in the basin over time and is insensitive to the
number, frequency. or size of the many individual project recharge and recovery episodes. The
basmwide project impact is positive meaning that the project permanently adds water to the

basin and that a water level rise is considered to be beneficial.

In contrast, the local impacts are larger, localized, and temporary but recurring. Adding
water to the local aquifer causes a temporary water level mound and removing water from the
local aquifer causes a temporary water level depression. Such a mound or depression only lasts
as long as a recharge or recovery operation takes place, respectively, plus a re-equilibration
time during which the mound or depression dissipates. The magnitude of an individual local
mound or depression is proportional to the rate at which water is added to or removed from the
local aquifer, i.e., the higher the volumetric flow rate in or out of the aquifer (in acre-feet per
day) the greater the temporary water level impact, all else equal. A water level mound or
depression may be seen as either a beneficial or detrimental impact depending on whether the
operations would be seen as improving or worsening some pre-existing condition, such as water

levels being already too high or too low to begin with.

In Kern County, there are three potential water level impacts of concern, one of which is
a long-term, basinwide impact and two of which are short-term, local impacts. The long-term
basinwide impact of concern is a dewatering of the aquifer. The short-term local impacts of
concern include raising the water table close to the ground surface such that crops or manmade
structures may be threatened, or lowering the aquifer water levels such that local water wells go
dry and/or it costs more to pump water from the greater depths. The most frequent and greatest
single impact of concern to landowners in Kern County is the increased cost to pump water

wells due to manmade water level declines.

Permanent Water Level Impacts, By design and by requirement, the Strand Ranch Project

must first put water into aquifer storage before it can recover any groundwater from storage.
Moreover, since the Project is not allowed to borrow water from the basin, i.e., the project may
not remove more water than its net current balance, the project will start with and always

maintain a positive balance” relative to the basin. If we were to look only at the impact of

Strictly speaking. the Project must maintain a non-negative balance, locally referred 10 as a “positive balance™. a condition
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groundwater pumping, we would only see the impacts due to the extraction of groundwater.
But in the context of the total project, it is clear that the project will only take water out of the
basin that will have been previously put in so that the basin never has less water in storage than

would have been there in the absence of the project.

According to the local MOUs, a project which directly recharges water for an out-of-
county entity must permanently leave 5% of all such water in the ground. This volume of water
1s referred to as a “loss to the basin” and is a form of in-kind usage tax paid by all banking
projects on all out-of-county water as a component of basinwide overdraft correction. For the
Strand Ranch project it is likely that the great majority of all future stored and recovered water
will be for the Irvine Ranch Water District which is an out-of-county entity. Therefore, this 5%
loss to the basin may represent a significant volume of water. For example, if IRWD were to
store and recover an average of 50,000 af every decade, then the cumulative losses paid to the
basin would amount to 2,500 af per decade. This water is non-bankable and non-recoverable
by IRWD. This “loss to the basin” represents a real, beneficial, cumulative, and permanent

addition of water to the basin by the proposed Strand Ranch ASR project.

The permanent water level impacts are related to the project volumetrics. Over the long
term, the addition and removal of like volumes of project water from the basin would result in
no net cumulative change in basinwide water levels. However, as a result of the 5% losses paid
to the basin, there will be a small, permanent rise in basinwide water levels. In the hypothetical
case of adding an average 2,500 af per decade, the average long-term water level rise under the
Kern Fan recharge area would be about 0.10 ft. This permanent water level rise is so small
only because of the great size of the basin. Still, we conclude that even with the addition of
significant amounts of water (2500 af/decade) to the basin, there is only a negligibly small but

posttive long term water level impact of the project on the basin.

which is assumed to also include or allow the condition of zero balance.
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Aquifer Dewatering.  Since the proposed Strand Ranch project and other existing ASR

projects must always maintain a positive balance relative to the basin, overall basin overdraft
simply cannot occur as a result of direct-recharge ASR project operations. Never-theless, the
potential still exists for an ASR project to dewater a portion of the aquifer if the location of
groundwater recovery is in a completely different location and/or is completely isolated from
the location of groundwater recharge. Such a condition might also exist if an ASR project
includes in-lieu banking® operations which may have the effect of changing the time and
location of recharge and/or recovery from when or where it would otherwise have occurred,

perhaps causing an unbalanced groundwater extraction and local dewatering.

In the case of the proposed Strand Ranch project, both recharge and recovery facilities
will be co-located on the project site such that the approximately equal and opposite impacts of
both recharge and recovery will be superimposed on the same area and same aquifer zones.

The requirement that the Strand Ranch project always maintain a positive balance relative to
the basin precludes the potential dewatering impacts of in-lieu banking from occurring.
Therefore, we conclude that conditions do not exist at the Strand Ranch site which could permit

dewatering of the aquifer by these mechanisms.

The potential also exists for an ASR project to dewater a portion of the aquifer if the
climatic wet/dry cycle causes, or if the ASR project operator chooses to operate, a severely
unbalanced recharge and recovery cycle. For example, consider a hypothetical scenario in
which an ASR project stored 50,000 af of water in the aquifer and then removed 47,500 af
(50kaf net of 2.5 kaf losses to the basin) under the following conditions. Let us suppose that
over a 7-year period, the Project stored, on average,10,000 af per year in each of five years for a
total of 50,000 af of water in storage. For the duration of the wet period, the impact on the

basin would be as if the project recharged at an average rate of 7,100 af per year. The

6ln-]ieu banking, as practiced in Kern County. includes the act of consuming bankable surface water instead of {in-lieu of)
delivering it to ASR ponds for recharge and/or the act of delivering surface water from some alternate source to an end-user
instead of (in-lieu of) pumping it out of groundwater storage. With these types of physical water movements it is possible to
operate a banking program in which storage and/or recovery may occur without any water actually entering or leaving the
aquifer. and such operations must be associated with bookkeeping transactions which move water credits between different
accounts.
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accumulation of a cumulative water supply in periodic, small increments is typical of the Kern

County climatic cycle.

However, let us also suppose that after 3 critically dry years during which water levels
declined and during which the water owners used up all of their other available sources of
water, the project then extracted all 47,500 af in storage in a single year. This recovery rate is
over 6 times higher than the average recharge rate and since impacts are proportional to rates,
recovery may be expected to produce drawdown impacts that may be six times greater in
magnitude than the beneficial impacts of recharge. We call this an unbalanced recharge/

recovery cycle because the rate of recharge and the rate of recovery are so different.

The impacts of such an unbalanced recharge/recovery cycle cannot be fully evaluated
without specifying all of the actual aquifer parameters, but for the aquifer underlying the Kern
Fan, there is every likelihood that the unbalanced groundwater extraction could dewater at least
the shallow zone of the aquifer. This water level drawdown, like other drawdowns, is local and
temporary and will re-equilibrate with time. In this hypothetical case, however, the magnitude
of this individual drawdown episode is of sufficient magnitude to temporarily dewater the
aquifer which might be of sufficient concern to establish other limiting criteria on an individual

impact event.

The foregoing hypothetical example of multi-year climatic wet or dry cycles is based on
the actual wet/dry cycles that Kern County has experienced since 1960, and particularly since
1995 when major water-banking operations began in Kern County. In the future, if such a
climatic wet/dry cycle causes several ASR projects on the Kern Fan to operate unbalanced
recharge and recovery cycles at the same time, then the composite impacts of all such
operations may dewater much of the Aquifer under the Kern Fan for a considerable time period

until an equilibration of basinwide proportions can take place.

In the case of the proposed Strand Ranch project, the operators have voluntarily
established operating limits which preclude the occurrence of an unacceptable, unbalanced
recharge/recovery cycle. The project is voluntarily designed so that 1. the Strand Ranch project
will not have more than 50,000 af of water in basin storage, and 2. the project will not recharge
or recover more than a maximum of 17,500 af of groundwater per year during normal

operations. The computer models of both recharge and recovery have demonstrated that by
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capping the maximum inflow/outflow at 17,500 af/yr, that 1. the beneficial impacts of recharge
are approximately equal to the potentially detrimental impacts of recovery, and 2. by spreading
the recovery of the maximum allowable volume of water in storage over a 3-year period the
individual and combined net impacts of the total operation avoids and prevents unacceptable

extreme impacts to the aquifer and the basin.

Temporary Water Level Impacts. The impact of recharge is a temporary, local rise in water

levels and the impact of recovery is a temporary, local drop in water levels. ASR projects
usually operate by putting water into the ground in a wet year and then recovering it as needed
in some future dry year, so there is little likelihood of recharge and recovery happening
simultaneously. The two potential temporary impacts of concern include the decline in water
levels due to project pumping and a rise in the water table up to the ground surface due to
project recharge. A manmade water level drawdown increases the vertical distance that
groundwater must be lifted and therefore increases the cost to pump a well over what would
otherwise have occurred. A standing water table within a few feet of the ground surface creates
potentially adverse impacts to many types of crops and to the foundations of manmade
structures including building and/or tower foundations, roads, and lined and unlined canals,

ponds, and ditches.

Water Level Declines. Since the Strand Ranch project is fundamentally designed to store
and recover like volumes of water within the same project area, at similar rates, and at different
times but over periods of similar duration, the expected impacts from recharge and then
recovery are approximately equal and opposite. This is not to say that the recharge impacts and
recovery impacts therefore “cancel” each other out, especially since they impact somewhat
different aquifer zones, occur separately in time and not simultaneously, and perhaps under
different types of pre-existing conditions. Nevertheless, the local MOUs have made a provision
(rule 4) that the beneficial impacts from recharge may be taken into consideration if and when it
1s necessary to consider mitigating the detrimental drawdown impacts of pumping. To the
extent that this is an agreed-upon local principle which has been established among the
participants of the banking project MOUs, then we can evaluate the potential drawdown impact
by evaluating the cumulative net impact within the context of the total Strand Ranch project

mmpact.
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As previously discussed, the project has been designed so that the maximum expected
recharge or recovery volumes are both equal to 17,500 af/yr and the total volume might be
50,000 af every decade. The expected project recharge rates range from 90 - 150 af/d and the
expected recovery rates range from 50 - 90 af/d. Since the expected recharge rates are slightly
higher than the expected recovery rates, the project will be in recharge 10 - 15% of the time, in
recovery 15 - 20% of the time, and idle 65 - 75% of the time. Since we do not know in advance
what the actual aquifer parameters will be, we can predict a least-favorable impact scenario by
assuming minimum recharge rates and maximum recovery rates. For the Strand Ranch project,
this would be a recharge scenario of storing 17,500 af in the aquifer at a rate of 90 af/d for 194
days (194.4 days to be exact) and a recovery scenario of pumping 17,500 af from the aquifer,
coincidentally, also at a rate of 90 af/d for 194 days.

Based on the computer modeling, the transient water table mound is comparable in
shape, magnitude, and duration to the cone of depression due to pumping but of opposite sense,
1.e., rising-then-falling water levels rather than falling-then-rising water levels. All else, equal,
if we consider a drop in water levels due to pumping to be a negative impact then we may
consider a rise in water levels due to recharge to be a positive impact. The question is
therefore, If the cycle of recharge and recovery operations causes both positive and negative
water level changes of comparable size and duration, then can we say that there is little or no

net impact on water wells in the area?

The local MOU provides for such consideration. Based on one possible interpretation of
“rule 4" of the MOU, one foot of daily water level rise due to project recharge may be
considered as a possible mitigation of one foot of daily water level decline due to project
pumping. If we apply such an interpretation to the total net impact from the Strand Ranch
“least-favorable™ hypothetical scenario, then there may be a near-project. maximum overall -6
to -7 ft temporary decline in water levels which remains uncompensated by any equivalent
water level rise. Such an uncompensated, temporary water level decline might exist in 2 years
out of ten in each of the eight sections surrounding the project. In all more-favorable,
hypothetical, scenarios (with higher-than-minimum recharge rates and/or lower-than-maximum
recovery rates) the total net impact from project recharge and recovery operations is calculated
to be nearly completely balanced or actually to have created a net positive mitigation in excess
of the total temporary drawdown at all locations in all surrounding sections, depending on the

specific scenario (Tables 7. 8).
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Near-surface Water Levels. A hypothetical standing water table within a few feet of the

ground surface creates potentially adverse impacts to many types of crops and to the
foundations of manmade structures including building and/or tower foundations, roads, and
lined and unlined canals, ponds, and ditches. Within a year or two, row crops and almond trees
will no longer exist on the Strand Ranch so there will be no possible agricultural impact from a
shallow water table under the Strand Ranch. The only structure of concern which will remain
on or near the Strand Ranch project site is the KCWA Cross Valley Canal that might be
impacted by a shallow water table. The KCWA operates a monitoring program using an array
of shallow piezometers along the Cross Valley Canal (CVC) to monitor water levels for

potential conditions of concern.

In 2006, the Strand Ranch constructed and operated a pilot recharge facility on the site.
As 1t so happened, the water table in 2006 was already within 1 - 2 ft of the ground surface on
the Strand Ranch due to extended, large-volume, recharge operations on the Kern Fan by other
project operators. This very shallow standing water table was already being monitored for
potential impacts to the CVC. The constructors of the pilot-test recharge ponds encountered the
water table when they excavated about 3 ft deep into the shallow sediment to make the ponds.
When excavation was completed, the site had standing water along the new pond levees’ from
the presence of the very shallow water table. The pilot recharge test lasted about 5 months
(mid-July - mid-December, 2006) and stored approximately 3,000 af in the ground. This
recharge did not serve to raise the pre-existing water table since it was already at the ground
surface but it extended by some undetermined amount, the length of time required for the
shallow strata to dewater after recharge on the Kern Fan stopped. During this entire period, the
KCWA did not issue any requests for mitigation or notices of observed impacts to the CVC, as

far as we know.

The proposed operation of the Strand Ranch project is of sufficiently small recharge
volume that it cannot threaten to create such a shallow water table unless a project recharge
episode between about 10 - 17.5 kaf occurs at a time when the pre-existing water table is

already less than about 30 ft deep due to other causes. Such a pre-existing, shallow water table

7 - . L
Robert Coffee. RRBWSD operations manager. verbal communication. November, 2007.
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has only occurred twice since 1960 (1999 and 2006) and will not recur unless and until a multi-
year climatic wet period creates sufficient surface water supplies to re-fill the Kern Fan
recharge mound. Based on the experience of 2006, we conclude that a shallow water table can
exist under the Strand Ranch property without necessarily observing any adverse impacts, at
least not necessarily regarding mitigation for the durations of shallow table table of a year or
less. Nevertheless, a monitoring program is already in place which specifically tests for

conditions which might have a potentially adverse impact on the Cross Valley Canal.

Summary of Project Impact Findings.

Basinwide. Permanent Impact. The proposed Strand Ranch ASR project operation is

designed to always maintain a positive project balance, i.e., a volume of water must always be
stored in the aquifer prior to removing a like volume from the aquifer. The long-term
basinwide water level impact from the project is a negligibly small rise in overall water levels
due to the MOU-required permanent addition of a few thousand acre-feet of overdraft
correction water to the basin over the project life. There is no possibility of overdraft or aquifer

dewatering under any proposed Strand Ranch scenario.

Local. Temporary Mounding Impact. The project has the potential to temporarily raise
the local water table a maximum of 30 to 40 ft under the project site and 6 to 14 ft in the
surrounding eight sections due to project recharge operations. The water level rise only lasts
for the duration of recharge and begins to re-equilibrate to its previous level when recharge
ceases. Such a rise in water levels is considered to be beneficial except, perhaps, if the water
table rises so high that it rises up to or close to the ground surface under the project site only if
the pre-existing water table is already very shallow due to non-project causes. This condition is
unlikely and mitigation monitoring already exists on the project site. One such episode
occurred during a pilot recharge test in 2006 and no adverse impacts were observed or reported

in the area.

Local. Temporary Drawdown Impact. The project has the potential to temporarily lower

the local water levels a maximum of -24 to -43 ft under the project site and a maximum of -7 to
-20 ft at operating non-project water well locations in the vicinity of the project. These

temporary, localized impacts can occur even though there is a continuous, permanent, long-
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term, net increase in the total amount of water left in the basin. Such a temporary lowering of
water levels lasts only as long as pumping lasts plus a recovery period. Such a drawdown is
considered to be an undesirable impact because a non-project operating well would experience
a higher lifting cost to pump water than would be the case in the absence of project pumping.
However, this impact may be mitigated by the beneficial impacts of mounding as summarized

below.

Compensated Net Local, Temporary Project Impacts. As previously discussed, the

positive impact of recharge mounding fully compensates for recovery drawdown in all except
the “least-favorable” case of a recharge/recovery cycle at minimum recharge rates and
maximum recovery rates. In this one case, the maximum uncompensated net temporary
drawdown in the surrounding eight sections is in the range of -6 to -7 ft. All other, more-
favorable, scenarios result smaller net water level declines and/or net water level rises at all

locations surrounding the project site for comparable time periods.

Comparative Project Impacts. The local project mounding and drawdown water-level

impacts are small, local, and temporary relative to the 100+ ft magnitude of the historically
observed water level fluctuations due to the climatic wet/dry cycle. The impacts of the
proposed Strand Ranch Project are also small relative to the scale of impacts due to some other
banking project and district operations on the Kern Fan and in Kern County which store and
recover larger water volumes at higher rates. The project mounding and drawdown impacts are
temporary; for example, the drawdown impacts from one seasonal pumping cycle will fully
equilibrate prior to the beginning of the next seasonal pumping cycle. The project impacts are
local in the sense that there is no significant water-level impact beyond 1 - 1.5 miles from the

project site.

Note: Sierra Scientific Services reserves the copyright to this report. We request that all

references to this report or to material within it be referenced as:
Crewdson, Robert, A., 20 December, 2007, An Evaluation of Well Placements and Potential Impacts of the
proposed Strand Ranch Well Field, Kern County, California., Sierra Scientific Services, Bakersfield, CA.
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