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SIERRA SCIENTIFIC SERVICES

2009 Highland Ct. Bakersfield, Ca. 93306 (661) 872-4221

20 January, 2003

Mr. Hal Crossley, Manager _
Rosedale - Rio Bravo Water Supply District
849 Allen Road

Bakersfield, California 93302

re: RRBWSD District Storage Capacity Determination
Dear Hal,

On behalf of Sierra Scientific Services, I am submitting the final report on the determination
of District storage capacity for yourreview. The work program meets and exceeds industry standards
and practices and includes professional certification of all petrophysical analyses by a registered civil
engineer. If you have any questions or comments, please call at your convenience. '

‘Sincerely yours,

A M. Jorlon

Robert A. Crewdson, Ph.D.



SOILS ENGINEERING, INC.

December 6, 2002 File No. 02-100127

. Sierra Scientific Services
- 2609 Highland Court
Bakersfield, CA 93306

Attention: Bob Crewdson

Subject: Laboratory Testing for the
Rosedale-Rio Bravo (RRB) Soil Borings

Dear Bob:

Attached herewith are the results of laboratory tests performed on samples retrieved
from borings for the above referenced project. The following tests are included:
. Forty-eight (48) In-place Density & Moisture Determinations using ASTM
test method D2216; _

. Eighteen (18) Sieve Analyses, ASTM Test Method D422;

«  Seventeen (17) Constant Head Permeabilities determined using ASTM
- test method D2434;

. Five.(5) Specmc Gravity Determinations performed by ASTM test method
D854.

We hope this provides the information you require. !f you have any questions or need
further assistance, please contact our office.

Respectiully submitted, OFE
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Sierra Scientific Services

Determination of Aquifer Storage Capacity
for the Rosedale - Rio Bravo Water Storage district,
Bakersfield, California.

1. Summary

‘The purpose of determining the storage capacity under the District is to demonstrate

project viability to interested parties and to aid in calculating the District water balance.

The objective of this work program is to quantify the aquifer storage capacity under the
Rosedale - Rio Bravo Water Storage District. Under this work program, Sierra Scientific
Services (SSS) evaluated 71 available E-logs and net sand analyses from local water wells,
collected 98 core samples from three stratigraphic test- borings, analyzed samples for relevant
physical properties, and developed a numerical relationship for the relei/ant. aquifer volumetrics

from analytic representations of the undulating water table surface within the District.

We performed the work program according to the specifications and limitations
contained in our Scope of Work proposal of 14 October, 2002, which was based on

fundamental hydrogeological principles and industry standards and practices.

Total Storage Capacity. The total storage c.:apacity of the District may be defined as that
hyp-othetical volume of water which could be stored in the entire aquifer within the boundaries
‘of the District if it were completely filled from the base of the aquifer to within twenty feet of
| the ground surface. Based on SSS’s findings, the total storage capacity (SC;) of the District is
6.5 1 '0,000 acre-ft of water, assuming the base of the aquifer is defined as occurring at a depth
of 720 ft. If the base of the aquifer is deeper than assumed, then the total storage capacity is
larger than reported.

Current Storage. The current storage is defined as the actual volume of water currently
stored in the aquifer below the water table within the boundaries of the District. The volume

of water currently in storage is 5,580,000 acre-ft, based on a District- wide average depth to

Sierra Scientific Services, 661-872-4221. ©2003. 3



water of 120 ft. For comparison purposes, the average annual ground water extraction for in-
District consumption is 7,000 af/yr' . The average annual pumpage is within the safe- yield
atlocation and represents 0.13% (13 hundredths of one per cent) of the ground water currently

in storage.

Available Storage Capacity. The available storage capacity is defined as the volume of
~water that could be stored in the unsaturated zone above the water table within the boundaries-
'of the District up to within twenty feet of the gfound surface. Based on SSS’s findings and on
a District- wide average depth to water of 120 ft, the available storage capacity (SC,) of the '
Dlstrlct is 930 OOO acre-ft of water.

For a changing water table, the available storage capacity increases or decreases by
apprommately 9,300 acre-ft for every one-foot of District-wide increase or decrease in the
depth to water, respectively. In general, however, the water table surface changes in depth,
shape, and/or orientation differentially rather than dniformly under the District, and there is no
general formuia which can be used to determine the changes in storage capacity. The
determination of available storage capacnty requires the correct determination of the bulk
aquxfer volume between the ground surface and the irregular water table surface under the

entire District for each and every configuration of the water table, which we discuss below.

Calculation of Bulk Aquifer Volume. In our opinion, this is the most difficult part of the
entire storage capacity determination. There is no explicit formula for the calculation of the
aquifer volume under the District. The general formula must be evaluated numerically for each
and every configuration of the water table using small partitioned subareas comprising the
entire area of the District. Since the depth to water is not measured everywhere within the E
‘District, we interpolated into every partition by analytic substitution from the known
-measurements and then calculated the sum of products. We developed the specific algebra
within this work product and tabulated some usable coefficients for this particular District.

Average Depth to Water. The water table surface under the District is an undulating,

irregular, non-planar, non- horizontal surface in space and time. This undulating surface is the

'The average annual District consumptive use is 84,000 af and the average adjusted annual water supply is 77,000 af. See
Boyle Engineering Corporation, July, 2001, Final MEIR, RRBWSD, Table 5, columns 2 & 15, 23- -year averages (1978 - 2000).
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physical boundary which separates the unsaturated zone from the ground water and thus
separates available storage volume from actual water-filled aquifer volume. There is no
explicit formula for calculating the average depth-to-water under the District and there is no
shortcut for its determination apart from full numerical evaluation over the entire area for a

specified configuration of the water table.

We can easily demonstrate that the simple average of the depth to water in the District
wells does not give the correct result and generally results int a significant error. In our
opinion, formulas which purport to calculate the value of the average depth to water under the
District are most likely using an incorrect formulation (or at least a sloppy approximation)
unless it can be shown that it is equivalent to an area-weighted integration over the entire area
of interest. The correct average depth to water may be calculated by dividing the
independently- determined total bulk volume of the unsaturated zone by the total District area.

Aquifer Materials. The aquifer under the District is composed of sandy, silty, and clayey
sediments. Based on SSS’s ﬁhdings, the amount of clay layering is negligible with respect to
its contribution to the storage capacity and the relative abundance of the sands and silts may,
therefore, be described with just two parameters, the total aquifer thickness (1) and the net-
sand fraction (Fine)- Under conditions and assumptions which are applicable to the District, '
the formula for equivalent specific yield may be approximated by the summation: SYeq =
{SYsand'Feana T S¥ir (1-Foang }} » Where Sy is the specific yield of a particular sediment and the
‘entire {...} term is the “average” or equivalent specific yield of the aquifer. Based on SSS’s

findings, the parameter values within the District are summarized in Figure S1.

Physical Properties. The volumetric specific storage capacity (SC) of aquifer fnaterial, as
previously defined, is the sum of two components; the fillable (and drainable) void space n a
rock or sediment which is at residual saturation, and a much smaller component which is a
result of the small elastic dilation of this void space when the water in a confined aquifer is
under pressure. The first component is termed the specific yield (Sy) and the second
component is termed the specific storage (Ss}). For non-hydrologists, the terms may appear to
be synonymous and perhaps misleading, and both are different from a third, similar-sounding
term known as storativity (§). The definitions of each are clearly established and the -
differences are well- understood by most ground water hydrologists. We are interested in

storage capacity (5C).
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For layered aquifers we must determine the “index properties” of each type of sediment
within the aquifer. Based on the appropriate aquifer geometry, we then calculate an equivalent
specific yield for all aquifer layers from the thicknesses and index properties of all layers.

We determined that the specific storage (Ss) is negligible (0.0005 < 8s/Sy < 0.00005)
compared to the specific yield (Sy) so we do not consider it in the calculati_on of storage
capacity for this work program. Based on our experience, it is also difficult and often
inaccurate to measure Sy directly, so we determine our index values of Sy indirectly but more
accurately based on conventional means from hydrogeological principles. We determine the
épeciﬁc yield from measurements of porosity (¢) and in-situ residual saturation (S,) of each

~ layer (of every type of sediment) within the aquifer.

Water Balance. The District currently calculates an annual water balance by accounting for all
allocated inflows, consumption, and losses. The account reconciliation term, which is
calculated as all gains minus all losses, is used to balance the account by arbitrarily, but

L

improperly, defining it as the change in District ground water storage.

In our opinion, this method can be improved by accounting for the movement of actual
physical water, for example, by measuring the true annual change in aquifer storage and then
using the reconciliation term to evaluate other ground water components which affect the water

‘balance but which are currently excluded from consideration.

‘Note: Sierra Scientific Services reserves the copy rights to this report. We request that all references to this
report or to material within it be referenced as:
Crewdson, Robert, 4., 20 January, 2003, Determination of Aquifer Storage Capacity for the Rosedale - R:‘o
Bravo Water Storage district, Bakersfield, California., Sierra Scientific Services, Bakersfield, Ca.
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2. Discussion

Section I - Work Program.

‘ ' The technical clements of the work program are based on the practical evaluation of
material properties and the cumulative total of those properties summed up over an aquifer
volume of specified size, but irregular shape and thickness. The breakdown of the work
program into specific tasks and the selection of particular computational formulas are based on
our understanding of the structure (distribution and variation of properties) within the specific

area of interest,

Section IT - Field Crew. . _
Dr. Robert A. Crewdson is a Bakersfield, California consultant doing business as Sierra
Scientific Services (SSS). SSS specializes in quantitative ground water hydrology and applied
| potential theory, including quantitative ground water flow analysis, water quality geochemistry,
well testing and monitoring, contaminant transport modeling, and aquifer properties
determinations. Dr. Crewdson is an adjunct professor at California State University .
Bakersfield where he teaches hydrology, contaminant transport, geochemistry and geéphysics

in upper division and graduate level courses.

For this work program, SSS supplied the program design, geotechnical field crew,
sampling expertise, onsite supervision, and subcontracted the drilling and petrophysical
analyses to Soils Engineering, Inc., of Bakersfield, under the responsible charge' of registered
civil engineer, Mr. Tony Frangie. ' ' '

Section IIT - Metheods. _

The determination of storage capacity (SC) has three parts: the first is basedon
fundamental hydrogeological principles in which the fillable void space within a represent.ati{/e
volume of each type of aquifer material is measured through standardized procedures; the
second 1s to determine the relative abundances of each équifer material through an evaluation
of E-logs; and the third is based on analytic geometry in which the volumes of the aquifer
above and below the water table surface (on a given date) are calculated from analytic
approximations of layer-like shapes bounded by irregular top, bottom, and side-surfaces. The
final result is an algebraic combination of all pafts. |
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The standard engineering approach (which we did not use) is to drill a test boring 10
determine the storage capacity (or average specific yield) at that location, and then drill a
sufficient number of additional test borings to determine the variability between locations until
a representative average value has been obtained. This method, however, is susceptible to |
unnecessarily large uncertainties because it relies entirely on large numbers of borings fully
penetrating the aquifer to reduce the variability in the data and does nothing to optimize the |

cost or technical effectiveness of the procedure.

Based on our experience, we chose to design the sampling program similar to
procedures used in the mining industry which is noted for its statistically efficient, robust, and
cost-effective sampling programs (for example, see Koch and Link). The statistical basis for
determining the kinds and numbers of samples is based on partitioned- variance sampling
methods and this program included both hierarchal sampling and randomized block analysis.
We determined average propérty values for each type of sedimentary layer and then separately
determined the relative abundances of these layers, decreasing the overall variability by
separating it into parts. The determination requires that we collect and test a sufficient number
of representative samples of all aquifer materials for indexing the physical properties including
density, moisture content, porosity, and ambient saturation. We then determined the relative
sediment abundances by using E-logs from many existing wells rather than drilling many
stratigraphic test wells in our own sampling program (and rather than extrapolating such

information from the few wells that we actually drilled).

For unconsolidated sediments as in this work program, we also determined certain
important sediment properties, but especially the effective grain size (d10) and the coefficient
of uniformity, Cu, (aka degree of sorting) from a sieve .arialys.is of every tested sample. In our
experience, the geologist’s distinctions between sands and silts are less accurate for our
purposes than those determihed. from d10 and Cu with respect to measured properties and how
they correlate with lithologies determined from E-logs. It is also our opinion that the standard
engineering use of the uniform soils classification system (USCS) for sample descriptions is
- useless for this type of program because it is based on an entirely different set of properties and

intended uses.

Sampling Method. The samplihg method consisted of collecti-ng triplicate core samples

every ten fi in three auger holes drilled in representative locations and as deep as necessary

Sierra Scientific Services, 661-872-4221. ©2003. 8



(>100 ft) to determine the lithology, porosity and degree of saturation in the unsaturated zone
above the water table. We prepared a lithologic log during drilling which was based on a
continuous evaluation of drill cuttings (Appendix 1) and prepared chip trays of ditch cuttings
at five-ft intervals for all three borings for future reference. We also prepared daily drilling

reports as a record of onsite operations (Appendix 3).

We obtained the core samples in standard 2/, x 6-inch brass sleeves uSing a modified
California split-spoon sampler. After being pulled from the borehole, we inspected them for
basic identification, recovery, uniformity and suitability for testing before capping, sealing, and
storing them for transport to the lab under record of daily chain-of-custody documents .
(Appendix 2). In our opinion, this inspection is a very important, but often under-emphasized
or missing, part of some sampling programs. This inspection process is usually the only
quality control (QC) that the sample receives before it is handed over to a lab technician to be
tested. We always use this opportunity for QC to carefully determine whether or not the
sample is actuélly a sample of what we are trying to test and whether or not it is uniform-
enough that the measured results can be considered representative of what we are trying to

measure.

Each core sample was evaluated in fhe field for two basic parameters: 1. the field
classification of the sample as either sand, silt, or clay, and 2. the uniformity of the sample
from end-to-end for a determination of its suitability for testmg Since the purpose of the
sampling program was to measure the index properties of key aqulfer materials and not the
determination of site-specific values, our primary field priority was to collect and evaluate

samples for their homogeneity and appropriateness for testing.

Testing Methods.  The laboratory performed the tests according to the appropriate ASTM

standards. as follows:

ASTM D2216 moisture ASTM D2435  consolidation
ASTM D2937 - tube density ASTM D2434  permeability
ASTM D422 sieve analyses ASTM D854 specific gravity

We report the results of petrophysical tests in Appendix 4 and the results of sieve
analyses in Appendix 5 and the Data Tables.
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E-log Evalﬁation method. For our purposes, the determination of storage capacity requires
‘that we know the relative abundances of sand, silt, and clay layers in the entire aquifer
thickness. We evaluated 32 E-logs from wells in the District and surrounding area by
measuring the cumulative thicknesses of sand, silt and clay layers in the aquifer. With
‘permission, we also reviewed and evaluated the net sand analyses completed by Tom
Haslebacher of the KCWA on another 41 wells in the Pioneer Project and selected other wells.
We evaluated the sand thicknesses three times on each log, each based on a different numerical
‘valué of log response for sand: 1) bulk resistivity greater than 15 ohm-m, 2} greater than 30
ohm-m, and 3) greater than a moving clay-base resistivity plus 15 ohm-m. We tabulated and
analyzed the E-log data for all 73 wells (see Data Tables).

Average depth-to-water determination méthod. During most years, the water table surface
under the District is relatively well-behaved, meaning that in almost any season of any year it
might generally be described by dividing the District into several subareas under each of which.
the water table surface is approximated by a plane surface of determinable depth, slope, and
orientation under a west-sloping topographic surface. To determine the available storage
capacity, we must determine the bulk volume contained between these two surfaces for each
subarea. The calculation of this bulk volume is a fairly tedious, if not complex, problem of
analytic geometry involving an integration between two trend surfaces. Fortunately for the

- District, we only have to do the derivation once and can re-calculate for different data
relatively easily, because we foresee a significant future need to do this calculation carefully
and completely for other water table conditions. Nevertheless, we recognize a serious and

- common pitfall in the calculation that deserves mention below.

In practice, there are two methods of calculatidn. The first volume calculation is _ _
accomplished by multiplying the totai area of the District times the average depth to the water
table. The average depth to water is determined by collecting a sufficient density of depth-to-
water measurements throughout the area; plotting, contouring, and gridding the data ona map;
summing up the depth-to-water in each and every cell and then dividing by the total number of
cells to give the average depth-to-water under the District. The process can be done by
computer and merely requires inputting all of the surface elevation and depth-to-water data
into a program that does the gridding, contouring, and integration calculations, but there are

otherwise no shortcuts.
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The serious pitfall to this method is to be tempted to calculate the average depth to
water by merely averaging the depths to water as measured in the wells. This will not give the
correct result unless there are sufficient wells to delineate the trends in the water table surface
and they are equally-spaced across the entire area of interest. A simple test of calculating the
volume both ways will convince the user of the truth of this warning. If the reader is still not
convinced, then another test would be to eliminate the data from three wells selected at random
as if they had never been drilled and recalculate an average depth to water to see if you obtain

the identical result, as you must if the method were correct.

The second method of volume calculation is to fit one analytical model to the ground
surface and another analytical model to the water table surface and then do a piecewise
continuous summation of the integrated volumes under pre-selected areas of fixed geometry.
The initial algebra to set up the models is tedious but, once determined, the result is a
straightforward formula, perhaps formulated in a épreadsheet, which would immediately
calculate the total volume based on the input of the depth-to-water at specified refefence wells,

and as an incidental additional output also provide a value of average depth to water.

Section IV - Equipment.

The SSS work program equipment included the following items:
«  CME 75 hollow-stem auger drilling rig;
« - modified California split-spoon samplers;

« miscellaneous geological field equipment;

* proprietary computational software.

Section V - Field Operations. _
We drilled one test boring at each of three locations including: SC-01 near the center of

the Allen Rd recharge ponds, about a half-mile north of Stockdale Hwy and Allen Rd (35°

21.828'N, 119°09.039" W); SC-02 near the southwest corner of Mayer Rd and Highway 58,

‘which is near the geographic center of the District (35° 23.876' N, 119° 17.251' W); and SC-03

near the center of the new Paul Enns recharge ponds about 1.5 miles northwest of Stockdale
Rd and Enos Ln (35° 21.931' N, 119° 16.422' W).

We drilled SC-01 on Wednesday, 30 October, 2002. The site was sunny with scattered

overcast and a mild breeze all day with a relative humidity of 44% and a temperature of 61° F

Sierra Scientific Services, 661-872-4221. ©2003. 11



at 0820 local time. We drilled SC-02 on Thursday, 31 October, 2002. The site was sunny with
scattered overcast and breezy until mid-afternoon with a relative humidity of 45% and a
temperature of 54° F at 0805 local time. We drilled SC-03 on Friday, 01 November, 2002.
The site was sunny with scattered overcast with a relative humidity of 37% and a temperature
of 55° F at 0805 local time. '

We drilled all three borings to a depth of 100 ft which we considered to be a sufficient
“ interval for sampling the unsaturated zone. We chose these well-separated locations to be
broadly representative of the important parts of the District. We also chose the specific
locations in detail for their different surface-water interactions. We located SC-01 within the
main recharge pond so that of any location, this one would have had the largest volume and
most-recent surface water percolated through the unsaturated zone. We located SC-02 far
away from any recharge facilities and in an uncultivated area at a distance from any irrigation
or other source of surface water. We located SC-03 in the center of a newly-constructed
recharge pond which had never received water prior to the time we collected our samples and
had been fallow prior to construction. .

We were very careful to look for and record any qualitative measures of soil moisture,
since the best opportﬁnity to inVesfigate‘ anomalous soil moistures is usually in the field. All
three holes drilled dry but not dusty, except for a “wet™ interval at the bottom of SC-Oi where
we expected to hit the water table, and another at 60 ft in SC-03, where We-apparently hit (jﬁst
a little) perched water. - .

Section VI ) Findings. _

| We have provided a summary of the data in Table 1, we present the raw and processed‘
data in the other Tables and Appendices, a location map and graphs of selected data in the
Figures. We have included copies of the original field notes and field data recording sheets
including borehole logs in Appendix 1, chain of custody documents in Appendix 2, daily
drilling reports in Appendix 3, petrophysical data in Appendix 4, sieve analyses in Appendix 3,
~ alist of refe_rerice wells and average depth—to—water coefficients in Appendix 6, a copy of the
" DWR specific yield data in Appendix 7, and a set of viewgraphs in Appendix 8.
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Section VI.1 - Aquifer Geology.

Based on E-logs from many wells drilled through the aquifer and the lith-logs and
samples from the unsaturated zone in the three test borings, the aquifer appears to be a stack of
interbedded, unconsolidated sandy and silty layers in almost equal proportion. Basedon
borehole lithology, the so-called sandy layers are well-sorted fine to coarse-grained sands with
an overall effective grain size of fine sand. The so-called silty layers include fair to poorly
sorted silty sands, sandy silts, silts, and clayey silts with an overall effective gain size of
medium to coarse silt. Evaluating the lateral continuity of these layers and the structure of the

aquifer was outside the scope of this work program and is unnecessary for this evaluation.

Sierra Scientific uses standard geological classification based on the texture and
composition to fdentify a-sediment. For sediments, the two primary classification textures
include the Wentworth grain size and the degree of sorting in which sands have grain
~ diameters in the range (.062 < d < 2mm), silts have grain diameters in the range (0.004 <d <
0.062 mm), and sorting is described from very good to very poor by a coefficient of uniformity
in the range (1 < C, < 10+). For sediments, the primary composition is reported as the
volumetric grain percentages for the common rock- forming minerals. The sands and silts in
this area of interest are composed of sub-angular to sub-round, equidimensional, clastic grains
consisting of 70-85% quartz, 10-15% K feldspar, 5-10% biotite, 1% magnetite, 1-3% other
mafics. and 0-5% lithic fragmént_s. The sands are well-sorted and the silts are fair - poorly
sorted”. Both sediment types are predominantly the weathering produéts of Sierran granitic
rocks and re-worked, previously- eroded deposits from the same original sources, then

transported and deposited by the Kern River within the last million years or less.

- Based on our observations, clay is present in some strata but it mostly occurs as a fine
fraction (up to 20%) in poorly sorted, silty sediments, and only rarely as thin (few inches or
less thick) layers of true clay (>50%). We estimate the presence of true clay layers at 2% or
less.

KEY FINDING: The entire aq_uifer can be des_ﬁ:ribed as being composed of alternating

layers of varying thickness of either well- sorted, fine-grained sand or poorly-sorted, medium-

*The degree of uniformity of grain sizes within a sediment is called sorting by geologists whereas this property is called
grading by engineers. Geologists reserve the term grading to describe an orderly change in grain sizes in a progression of thin
beds. We use geological terminology.
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coarse-grained silt in which clay comprises a minor fraction in some poorly sorted sediments.
The sequence of layering and the thicknesses of individual layers are unimportant for this
evaluation, except that we must be able to determine the relative abundances of each fraction

within the aquifer.
Section VL2 - Petrophysics.

Sediment classification. - Based on our observations of grain size distributions, the
geologist’s textural classification of the aquifer sediments includes sands, silty sands, and
sandy silts. We encountered no samples of “silt” and only two occurrences of thin (about 1
inch thick) layers of clay, although some small percentage of both must exist somewhere

within the stratigraphic column.

For our purposes, all of the sediments may be classified according to “effective grain
size” which might be defined as the equivalent, well-sorted sedlment that would have the same
physical properties as the real sample Based on our observations of grain size distributions,
the samples may be described as either well-sorted, fine-grained sands or poorly-sorted, fine- o |
very coarse- grained silts. Hereafter we will generally refer to these two types of sediments as
just “sands” or “silts” but, when we do, we specifically refer to the District sediments which

- we have just categorized as such by this analysis.

Porosity. Based on our observations, the porosity of the sands and the silts are statistically
- the same at an'average 35% porosity. Thls has important 1mp11cat10ns for the E-log analysis

which we discuss below.

The other petrophysical properties including perme'ability, water content, residual
saturation, and specific yield are all bi-modally distributed; each property of the sandy
sediments forms one population and the same respective property of the silty sediments forms a

second, distinct population.

Permeability. Based on our observations, the sand is about 300 times more permeabie
than the silt, and the silt is about 80 time more permeable than the clay.. The hydraulic
conductivity of the sands is an average 18.0 + 3.9 fi/d; that of the silts is an average 0.057
0.051 fi/d; and that of two clay samples is an average 0.00076 + 0.00035 ft/d. These values are
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based on 1-D, vertical permeabilities measured on the tube samples and we have not evaluated
how these values correlate with the in-situ properties. We also note that, while vertical
conductivities are particularly useful in the unsaturated zone where most flow is vertical, the
vertical permeability is commonly less than the horizontal permeability of the same material by

perhaps an order of magnitude at a macroscopic scale.

Specific yield and Water Content. Based on our observations, the specific yield of the
sands is an average 33.6 & 2.5 %; that of the silts is an average 8.6 £ 6.3 %; and that of the clay
is unmeasurably small. We actually measured gravimetric water content of the samples and
then converted them to values of ambient saturation. The ambient saturation of the sands is an
average 11.0 = 3.6 %; that of the silts is an average 68 = 27 %; and that of two clay samples is
an average 98%. From these data we directly calculated the equivalent specific yield of these
materials assuming that the ambient saturations represented the residual saturations of these

sediments under the sampling conditions.

The calculation assumes that the ambient water content under the observed conditions is
approximately at residual saturation. We have assumed that these three locations, one of which
has been subjected to an unknown but possibly significant history of recent surface- water
infiltration, have all had sufficient time to drain down to specific retention. To the extent that
these sediments are not fully drained, we have actually underestimated the storage capacity of

these sediments.

As previously mentioned, we paid special attention in the field to identify anomalous
“water contents during drilling, especially for the purpose of identifying samples which might
not be a residual saturation, including samples from strata containing perched-water, We

identified two such zones and eliminated those samples from consideration.

On the other hand, we also recognize that shallow sediments from areas which are
chronically devoid of infiltration may become dessicated by soil-air circulation resulting in a
water content lower than that which can be achieved naturally by gravity drainage alone.
Therefore, we generally avoid using samples from within 20 ft of the ground surface, or even

deeper in arid situations where the data indicate deeper effects.

Sierra Scientific Services, 661-872-4221, ©2003. 15



Based on published data, the time required for a soil to drain down to residual saturation
may be measured in weeks, months, or years, depending on the effective grain size of the
sediments. For our purposes, we are more concerned with how much water can be effectively
drained from the aquifer during realizable time periods under realistic operations, than with the
theoretical maximum amount of water which might be drained from the aquifer if it were de-
watered for a very long time period. Specifically, we define the storage capacity of interest as
the so-called “effective” storage capacity which provides a measure of how much water is
honﬁally yielded by the aquifer for a drop in water table in a normal annual cycle of recharge
and recovery, even if some additional water might be yielded if the aquifer were hypotheticaily
drained for an infinite time period. As such, the physical property that we are measuring in this

“work program is the “effective” specific yield.

There is no recognized, single measurement that can determine the true state of drainage
of a sediment when measuring the water content of an unsaturated sample. The appropriate
method of evaluation in suspicious ground is to make repeated measurements over time and
while monitoring the wetting history of the area of investigation. But it remains the
responsibility of the investigator to make a judgment or to determine the representativeness of
the data. In our opinion, these water content data represent adequate estimates of the residual

saturation of these particular sediments.

DWR specific vield data. For comparison purposes, we reviewed the specific yield data

which the California Department of Water Resources used into their Modflow (tm) computer
model of the local ground water basin, including nodes 107 - 109 & 124 - 128 which cover the
RRB District area of interest (see Appendix 7; Swartz, 1995 & DWR Kern Fan Element Input
Data, 5/16/90). The DWR model uses a .singl.e value of 6% for the specific yield for 2 types of
sand, 3 types of silt, and 4 types of clay. The DWR model uses a single value of 17% for silty
sand and 5 types of gravel; uses 20% for fine sand; and 30% for all grain sizes from medium
sand through fine gravel, except for 27% for a mixture of gravelly- sand. Based on their data,
we would have used 6% Sy for the silt and 20% Sy for the sand, compared to our measured
values of 8.6% and 34%, respectively. These DWR values significantly underestimate the
storage capacity of the aquifer and may be significantly different than the true values on a cell-
by-cell basis throughout their model. We also note, based on our evaluation of their pé.ram'eter
calibrations, that their computer model uses synthetic values of T, S, and K which were derived

directly from their values of Sy within each cell. We recommend to Rosedale that the District
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not use the DWR values of Sy, T, S, K, or the results of the DWR computer simulations,
because we consider the DWR parameter data to be uncorroborated and suspicious based on

comparisons with actual measurements and on theoretical considerations.

KEY FINDING: Based on our observations, the effective specific yield of the sandy
sediments, as defined herein, is an average 33.6 & 2.5 %; that of the silty sediments-is an

average 8.6 + 6.3 %; and that of clay is unmeasurably small.

Section V1.3 - E-log Analysis. ,

The purpose of the electric log (E-log) evaluation was to determine the relative
abundances of the significant types of sedimentary layers within the aquifer. An electric log is
recorded by a tool which has been lowered down an uncased drillhole and results in a
continuous plot of the measured value of electrical resistivity versus depth. E-logs are
commonly but not always measured after a well has been drilled but before casing has been
installed. The unit of resistivity is the ohm-meter, abbreviated (€-m).

Correlation. The interpretation of E-logs in water-saturated sediments is based on a
correlation between the measured resistivity and two properties of the sediments themselves.
i.e., the porosity and the resistivity of the water within the porosity. From experience, we
generally find that the resistivity of sandy sediments is higher than the résistivity of clayey
sediments, and the resistivity of silty sediments ranges widely between the other two. If we
ignore the various interpretive complications which are known to result from what might be
-called “spurious tool responses”, then we can make a simple interpretation of the E-log by
dividing it into intérvals of high, medium, and low resistivity and assume that these intervals
contain sand. silt, and clay, respectively. The main interpretive issue, then, is what boundary
values of resistiv-itjz do we use to define the dividing line between intervals of high, meldi'um,

and low resistivity.

Based on our observations, there isn’t any significant clay layering in the aquifer, so we
were only concerned with the relative abundances of sand and silt, as defined herein.
Therefore, we only needed to select a value of resistivity which divided the E-logs into
intervals of higher and lower resistivity, and then assume that these represented sands and silts,
respectively. In our opinion, this assumption must be justified for each and every E-log

analysis because it is not always true and must be evaluated for each area of investigation.
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We evaluated most of our E-logs using three different criteria, all of which have been
previously used by other workers in the Kern County area of interest. The first criterion was to
define sands or silts as having resistivities more than- or less than- 30 Q-m; the second criterion

~was to define sands or silts as ha\}ing resistivities more than- or less than- 15 Q-m; and the third
criterion was to define sands or silts as having resistivities more than- or less than- the
minimum “resistivity-base-value” found in each interval on the log plus15 Q-m. Clearly, the
use of the 30 Q'm value results in a smaller sand fraction and the 15 Q-m value results in a

higher sand fraction.

The discrepancies in the relative fractions which are determined from using the first and
second criteria are mostly the inevitable shortcomings from using “rules-of-thumb” to
overcome spurious tool responses rather than hiring a log analyst to do the proper job. We
chose to use the third criterion to minimize the arbitrariness of the other two numbers because
it more-consistently divides the log into two groups with higher or lower values without
requiring either to fall within specific ranges of absolute resistivities. It is a conservative
criterion in that it is very difficult for a silt to be mis-interpreted as a sand, but this is at the
expense of an unknown amount of sand being mis-interpreted as silt. The result is that the net-
sand fraction that we report is near the lower limit of the locally accepted range of

interpretations of the net sand fraction.

Clav factor. This interpretive technique is also based on the presumption that sands and
silts have widely different E-log resistivities which, unlike sands and clays, m.ay or may not be
true and at least remains to be substantiated. The consequence of misinterpreﬁng the E-logs on
such & false presumption would be to conclude that low-resistivity sediments were silts when
in fact they were clays and, as a result, overestimate the storage capac':ity' for that fraction of the
| aquifer. So we have done some additional interpretive analysis to try to substantiate the
correlation between high and low E-log resistivities with the presence of sands and silts, rather

than the presence of sands and clays.

As previously mentioned, the measured resistivity is a function of both the porosity and
the resistivity of the water in a sediment. But we have determined that the porosity of the

' sands and silts within the area of investigation ate statistically identical, so we cannot attribute

changes in resistivity to changes in porosity within these two types of sediment. Based on a

review of available water quality data, we can also conclude that there are no observed
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variations in aquifer salinity that could explain the variation in resistivity, so why do we see

any character at all in the E-logs?

The normal explanation would be that the E-logs are, in fact, responding to clay which
we are trying to mis-interpret as silt. But we have access to other data which provides for a
| more-applicable explanation, in our opiriion. Sierra Scientific Services has completed three
major soil- resistivity surveys for clients within the immediate area in the last two years. While
the data remain proprietary at this time, one of the clear and reportable results of this work was
to identify a significant ion-exchange capacity of silty sediments which does lower the bulk
resistivity of the sediment, but does not lower the resistivity of formation water which has been
extracted for general mineral analysis, especially for low-salinity formation water as occurs in
the District. This"behavior is well- recognized in the literature (see Keller and Frischknecht,
1970; see also Schlumberger, 1972) and is a disproportionately large effect for a relatively
~ small amount of clay particles within the silty sediments. Based on our data, there is sufficient
clay content within these poorly-sorted silts to explain the reduced resistivity of the silty
intervals. We conclude, then, that we have a logical basis for interpreting the E-log resistivities
to determine the fractions of sand and silt in the aquifer within the District and we report the

sand and silt fractions from 71 E-log analyses in the data tables.

E-log calibration.  The tool-response issues which are most relevant to our interpretation are

those which cause sand layers to be mis-interpreted as silts, i.¢., the E-log response through a
true sand intei'val fails to register a high-enough resistivity to meet our resistivity criterion for
--sand. The result is that true sand intervals are incorrectly counted as silt intervals and. the size

of the error increases as the resistivity criterion increases.

The significance of the issue is most apparent by looking at the differences in net sand
fraction which result from the three different correlation criteria that we have used. If we
assume that sands have E-log resistivities greater than 30 Q-m, then the aquifer is 40% sand. If
we assume that sands have E-log resistivities greater than 15 Q-m, then the aquifer is 73%
sand. This difference in interpretation places the properties of a 230- ft thickness of the aquifer
in dispute, and is mathematically equivalent to underestimating the total storage capa01ty of the
District by a maximum 2,650,000 af. '

Sierra Scientific Services, 661-872-4221. €2003. 19



Although we are aware of these issues and know how to evaluate them, it is outside the
scope of this work program to refine the interpretation. Nevertheless, if and when storage
capacity measurements are used in the calculation of a ground water balance, then we
recommend that such a work program be completed to determine the correct interpretive
correlation between E-log response and properties of interest. We recommend that such a
program include logging, sampling, and interpreting the same interval in the same stratigraphic
test well and then producing an interpretive report which can be broadly applied throughout the

Kern Fan area.

KEY FINDING. Based on the third criterion discussed above and on supplementary
proprietary data, we have determined that the District-wide average sand fraction is 50%, and

the District-wide average silt and clay fractions are 48% and 2%, respectively.

Section VI.4 - Calculation of Aquifer Volumes.
In our opinion, this is the most difficult part of the entire storage capacity determination

when it involves calculating volumes which are bounded by the water table surface. Such a

- calculation may occur twice, once to calculate the available storage capacity above the water

table and once to calculaté the actual volume of water in the aquifer below the water table.
There is no exp1101t formula for the calculation of the aquifer volume under the District, mamly
because of the irregular shape of the water table surface and the irregular perimeter to the
Dls‘_mct. The general formula for irregular volumes must be evaluated numencally for each
and every donﬁguration of the water table using Riemann sums of the products of centroidal
depth-to-water times small partitioned subareas comprising the entire area of the District,
Since the depth to water is not measured everywhere within the District, we must also I_
interpolate into every partition by analytic substitution from the known measurements and then
calculate the sum of products. We developed the specific algebra within this work product and
tabulated some usable coefficients for this particular District.

Definitions. We define the top of the fillable aquifer to be twenty (20) ft below ground level
and we define the bottom of the aqulfer to be 720 1t below ground level. Since the ground
surface across the District slopes westerly at about 6 {t per mile, then the top and bottom -
surfaces of the aquifer, as defined, have_31m11ar slopes and orientations. The total aquifer

volume for this aquifer geometry can be calculated as the total area times the (constant) net
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thickness. The correct datum for volumetric calculations that involve the water table is the
sloping ground surface, not sea level, so the appropriate mensuration of the water table surface

should be based on depths below ground level and not on elevations.

Derivation. We have derived (see Tables) the appropriate expression for the volumetric
storage capacity from the integrated analytic approximations for twenty five cells grouped into
four subareas within the District. We have also derived an equivalent expression that provides
for the direct calculation of the average depth-to-water which will yield the correct aquifer
volume when multiplied by the total area of the District. We can also provide the same
valuations for each of the four subareas and the twenty five individual District partitions.

The resulting numerical formula to calculate the average depth to water within the
District.for any specified date and for rising, falling, or static water level conditions uses the
depth-to-water measurements ffom twelve reference wells: d,yq =K,-Z, + K;-Z, + KyZ; +
Ky Zy+KeZs + K Zy + Ky Zy + Ky Zg + Ko Zo + KygZyo + K Zyy + K Z,,, Where the Z
values are the water depths in the twelve respective reference wells {1 ... 12}*z'md the
7 éoefﬁcients {K, ... K,;} are empirical constants which have been derived from the analytic
summations. We list the reference wells and the respective coefficients in Appendix 6. In
general, if a reference well is replaced with a different wéll in a different location, then some or
- all of the coefficents will also change, i.e., they must be re-calculated and re-tabulated prior to

calculating an average depth to water.

. For January, 2001, the date we used for our-determinations, the calculat.ed average depth
to water was 142 ft. For comparison purposes, the calculated avera_ge of the depths to water
from the RRB District monitoring wells was 124 ft, an undere'stifnate 0f'14.5% . The true
depth to water at the geographic center of the District during this period was 139 ft and, a half-
mile away. the measured depth to water in the McCaslin well (22-T29s/R25e) was 142 fi.
Recalling that the top of the fillable part of the aquifer is considered to be 20 ft below ground
level, the net fillable aquifer thickness for the purpose of calculating the available storage
capacity on this date was 122 ft. Knowing that the depth to water has been and will continue
“to be more or less than this particular value over tinie, and for purposés of convenience and
illustrative simplification only, we have actually assumed for the purpose of computing storage
capacity that the average depth to water under the District was exactly 120 ft so that the fillable
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volume above the water table was exactly 100 ft. Of course, average depths to water deeper

than this, as actually occurred in January, 2001, created larger available storage capacities.

Depth to water issues. In our opinion, it is useful to understand certain facts about the
calculated average depth to water. The location of the ground water contour at the average-
depth-to-water moves and changes shape as the water table surface changes. The computed
average depth is not the true depth to water at the geographic center of the District, and there is
Ino ﬁked location where the true depth at that location always equals or approximates the
average depth with consistency or certainfy. The calculated average depth is different than the
average of the depths to water in the District wells and may be more or less, depending on the
ground water conditioh_s at the time. There is no simple correlation between the correct
average depth and the water depths in one or a few wells, so there is no such thing as a well
which “tracks” the average depth with sufficient accuracy in all or even most conditions. We
cannot calculate the average water table elevation from the average depth to water unless we
first determine the true average ground level elevation for the full area of the District.

-

- Reference well issues. In our opinion, it is also useful to understand certain facts about the

reference wells. For the analytic geometry to work correctly, we assume that the depth to water

which we measure in a reference well responds quickly to-, and accurately represents-, the

natural water table behavior under the region surrounding the well location. From among the

available wells, we selected groups of reference wells within the same flow regimes and which

. are located as far aWay as possible from pumping wells and/or unresponsive locations. For .-
wells in which we sce recognizable drawdown, we can apply Cooper- Jacob corrections to
recover an un-impacted water level. From theoretical consideraﬁons, the preferred depth-to-
water measurement is that from the top, unconfined zone of the Kern Fan aquifer rather than

- piezometric depths from deeper zones, and the preferred time to get the best results is late in
the calendar year when the aquifer has had time to recover from seasonal pumping and before

seasonal recharge has begun.

The specific storage capacity is defined as an intrinsic property of a unit- volume of

" material. To obtain the total storage capacity (SC) of the entire District, we integrate (suxﬁ up)
the unit-values for the total volume of the aquifer under the District. The volumetric integral
is: SC=[*[¢(1- S,)dAdh. and can be approximated by a numerical summation which looks
like: SC=X(Sy,ZAh). It is a common practice to further simplify this summation and the
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resulting “reduced” formula is often more-conventionally written as: SC = A-H-Sy,, i.e., SCis
equél to the product of total District area times the “average” aquifer thickness times the
“average” or equivalent specific yield. This “reduced” formula is mathematically correct but it
hides the fact that the computational difficulties have only been shifted into the computational
formulas for the average values and have not been eliminated. We have fully evaluated those

computational difficulties in our derivation of the average depth to water formula.

Based on the calculated average depth to water (d,y¢) and the measured equivalent
specific yield (Sy,,), we have used the reduced formula to calculate the District-wide storage
capacity (SC). | '

KEY FINDING. We used a computational method for integrating the components of
storage capacity over the appropriate aquifer volumes by a method which is necessary and

sufficient for the scope and purpose of this work program.

Section VL5 - Data Quality.

Based on conventional measures, the lithological and petrophysical data are very

-~

consistent between boreholes and within boreholes. The calculated coefficients of variation on
all parameters are consistent with expected measures of natural variability. We conclude that

- we have determined the relevant physical properties with acceptable confidence and that we do
not need more precise estimates or additional data for the scope and purpose of this work

program at this time.

- The deliberate computational shortcut involved in using geometric approximations in
the calculation of aquifer volumes above and below an irregular water table surface results in ar
computational error which can be avoided by using better approximations. Once the deliberate
computational error has been acceptably ininimized, then further accuracies in volumetrics can
be achieved by increasing the amount of useful depth-to-Water data. In our opinion, we
carefully evaluated the volumes which we used here and consider them necessary and
sufficient for the scope and purpose of this work program, but we recognize that more accurate
volumetrics are entirely possible and can be implemented for purposes of evaluating the

aquifer water balance.

Sierra Scientific Services, 661-872-4221. ©2003. 23



In our opinion, the E-log interpretation contains more uncertainty than the petrophysical
results, the volumetric ahalysis, or any other part of the work program. We recommend that, if
and when storage capacity measurements are used in the calculation of a ground water balance.
then a work program be completed to determine the correct Interpretive correlation between E-
log response and properties of interest. We recommend that such a program include logging,

‘sampling, and interpreting the same interval in the same stratigraphic test well andthen

producing an interpretive report which can be broadly applied throughout the Kern Fan area.

Section VI.6 - Summary of Findings. _

The aquifer consists of 50% sand, 48% silt, and 2% clay fractions. The effective
specific yields of these fractions are 33.6 £ 2.5 %; 8.6 £ 6.3 %; and 0 %, respectively. The
equivalent specific storage capacity of the aquifer is 9300 af/ft under the total District area of
approximately 44,150 ac. Assuming a total aquifer thickness of 700 ft, the total available
storage capacity of 6,510,000 af. For a District-wide average depth to water of 120 ft, the

available storage capacity is 930,000 af and the volume of water in storage is 5,580,000 af.

-~

Note: Sierra Scientific Services reserves the copy rights to this.report. We request that all references to this
report or to material within it be referenced as:

Crewdson, Robert, A., 20 January, 2003, Determination of Aquifer Storage Capacity for the Rosedale - Rio

Bravo Water Storage district, Bakersfield, California., Sierra Scientific Services, Bakersfield, Ca.
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3. Disclaimer

Sierra Scientific Services (SSS) provides a standard work product which includes the
performance of work, a copy of the raw data and processed data, and a descriptive report. SSS
represents that the performance of work, and the collection, reduction, and analysis of data are
by methods which are consistent with standard scientific practice. We represent that the data
are accurate in the sense that they can be verifiably duplicated within the limits of uncertainty
by a competent investigator using the same methods under the same conditions. SSS does not
represent that the data are necessary or sufficient to provide any characterizations beyond that
which is consistent with the type, amount, and distribution of data. SSS’s sole liability with
regard to the standard work product is limited to the correction of errors in our standard work
product within the original scope of work. In no event shall SSS be liable for data from other
sources even if, for the convenience of the Client, we choose to report it for any reason within
our work products. Our sources for the definition of standard scientific practice are available
upon request.

Sierra Scientific Services (SSS) provides an extended work product which includes ideas,
concepts, theories, hypotheses, speculations, interpolations, extrapolations, interpretations,
conclusions and recommendations, collectively referred to as opinions. SSS uses methods of
logic and inference which are consistent with standard scientific practice to generate the
extended work product. It is SSS’s opinion that we provide the Client with a’better
understanding of the data with our opinions than without them. SSS represents that these
opinions are consistent with the overall body of data in the standard work product and are
consistent with the workings of nature as we know it. SSS does not represent that these
opinions are the only opinions that may be inferred from the data. SSS does not represent that
these opinions reflect the true nature of the site. There is no warranty, express or implied, that
these data and 0p1n1ons are useful or usable.

This work was done at the request of the Client. SSS does not represent or warrant that the
data and/or opinions are necessary or sufficient to characterize the site, or that the data or
opinions represent the true nature of the site apart from the accuracy of the actual observations.
SSS advises that the Client can obtain higher confidence and better characterization through

‘additional work. SSS advises that until the project is fully characterized with high confidence,
the Client may be at risk of making inefficient, non-optimum, uncertain, or incorrect decisions
based on existing data and opinions.

These representations set forth here are in lieu of all other representations or warranties,
whether express or implied, with respect to the standard and extended work products of this
report. In no event shall SSS be liable for any special, indirect, incidental, or consequential
damages related to using or not using these work products
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4.0 CONSTRUCTION efric
CONSTRUCTION REQUIREMENTS FOR GEQGRID SYSTEM ) ) h i £y
4,1 A complete set of aopproved construction drowings and contract V ; .
1.0 MATERIALS specifications shali be on site ot o!l times during construction AEGISTERED|ENG INEER - GIVIL
— of the back: I system.
P Bockritl 4.2 wo,m_uan?.o: qmuu_.o..,"o:"m « +
1.1.1 Reinforced boekfill sholl be free of excess molsture, roots, muck rior to construction of the docl system, the Contractor .
sod, snow, frozen lumps, organlc mottar or other deleterious 4 shall ¢lear and grub the ﬂm_:moﬂoma backf *8+01_:+.+1m"_6<_an
materlals, All rock particles and hord earth clods shall be less top mo__m brush, sod or other erga or daleterious material.
than 4 inches in the longest dimension. Backfil| which does net Any unsuiteble eoils shall be over-excovoted, reploced with L TY.LN / MOFFATT & NIGHOL
meat these criterio shall be considered unsultable and sholl be compocted backfill material fo project specificcrions or os otherwis THO HARRISGN STREET
remcved - directed by o qualified Geotechnical Engineer. The foundation shall SAN FRANCISCO, CA 94105
: be proof ro inspected using o ..ooamum.:.cnx with 18 kip axle loads
- . . . or per project spe cations, A quolified Geotechnical Engineer
1.1.2 Reinforced backfill shag be on-site or import sails that meet » H H
the strength requiremants defined in section 3.0 ond the gradotion n__uq mwamamwm_:m mmo+wm_w+ mouﬂ_\w_ hMﬂMw.*:m.wm.wﬁ qammumwﬂ n_\wumlw
timits tisted below, The portion of the reinforced bockfill passing Prepared and meets the design para $ Stated in Section 3. ‘. 5.0  SPECIAL PROVISIONS (CONTD.)
the no. 40 siceve shali have g |iquid ITmit less than 20 and plasticity f ) -
v - 4.4 Geogrid replocemant
Index less than 10, Reinferced bockfiil shall be classified par the : 5.2 State. shall provide Quall+y Assuronce and
unified soi) classiflcation system as low er nan-plastic soils with: 4.4.1 Geogrids shalt e insialled at the lengtns, elevations, and locotions Quali+y Contral Programs that ensure
sond equivalent 20 min., % passing 2200 50%, max porticie size 32 mm, shown on the drawings herein, Changes to Geogrid layoutl are nof Construction of the relnforeed bosks is
plos y index i@ mox, pH 4.5 to 3. permisaible without the approvol of State, _uw]qu:.__mm in ommmﬁu.nnom with the controct
. . B . i . . ons and spacificotions,
1.2 Ssoll reinfgrcement . L . R 4.4.2 Geogrid reinforcement shall be continugus throughout their embedment P P Low
mwomm__umoﬂmmnmﬂmmwmmwmu+m:n__ be tensar unjoxial and bioxial geegrids tength. Geogrid to Geogrid connection is not ollowed. 5.3 Any chonges m:HmccwcA\«onm conditions or design
- shol | be immedlately reportad to the Stare
4.4.3 Tra¢ked construction equipment shail not pe .aperoted directly on the Gadtechnical m:m:._mww quoﬂ to proceeding
2.0  DESIGN RESPONSIBILITY . Seagrid reinforcement, A minimum backfil! thickness of .150 mm with construction.
T Factor of Safety required for operation of tracked vehicles over +the Geogrid reinforcement.
2.1 Internal Stati¢ Sefsmic Turning of trocked vehicies should ba kept to ¢ minimum to prevent
Geog tensile strength, minimum 1.5 1.1 tracks from displocing the f111 and/or Geogrid reinforcement.
Geog pulfout capacity, minimu 1,8 1.1 Rubber-tired vehicles may poss over the Ceo _\ﬂn._\mm:ﬁoaaama at speeds
Geogrid connection strength, minimum 1.5 1.1 less thon 10 mph, Sudden braking ond sharp furning shalf be avoided.
Sliding ot lowest geogrid, minimum 1.5 1.1 -
i 9 ’ 4.4.5 A minimum of 75 mm of reinforced bockfill shall be ploced between
2.1.1 External stal Tty overiopping layers of Geogrid reinforcement.
Sitding ot MSE base, minimum 1.5 1.1
Overturning, minimom 2 1.5 4,5 Bockfill placement -
2,2 Responsinillty of others: . 4.5.1 Backfill shail be placed clternating Iifts. The Ceogrid shall be
The site chorocteristics |lsted below affect the performance of th tensioned by hong to eli ate slock and anchored by pinning or
reinforced backfill system, Caltrans {s responsible for ensuring that placing sol) an the Geoyg ot the back of the reinforced rone,
the following site chargoteristics are properly addressed by a - Backfill shoil be praced horizontal fayers not exceeding 250 mm or
g 3 ¢ T
qualified Engineer and Geologist. _uamas in c:ngcm«.‘..emn thickness for heovy or lightweight compaction
equipment respectivaly, :
2.2.1 Geogrid design depends upen the ghysicol ond strength reguirements
of the backf . State shall varify bockti|| specificotions and 4.5.,2 Bockflil shali be piaced from the slope foce towards fhe ends of the
appropriate backfili testing methods ond frequency. Geoyrid to promete proper tensioning.
2,2,2 Hygrostotic Conditions 4,.5,3 Bockfill sholl be placed at a moisfure content no graater thon two percent
., wet and ne less than one percent dry of optimum moisture content and
2.2.3 The reinforced bock should remain free of weter ond @li unbalonced compacted +o ¢ minimum of 90% m.hn ocmwvr_:a_:m of $lope may be required
hydrostatic mcwaMm. ; to ochieve proper compactlon at finished slope foce.
A surface water drainoge system is requlired. : '
4.5.4 At the end of wons :Dwxawu: backfill surfoce wzn__ be m«.oomm owgy from the 2
B ; slope foce a m um of +wo parcent slope. The backfili surfoce shall be
3.0 DESIGN PARAWETERS compacted with o smooth drum rolier to minimize ponding of woter and K
[ soturation of the bockf . A temporary soil berm shall ba constructed ~
3.1 The folicwing parameters control the design: near *he crest to prevent surfoce water runoff from overtopping, =
3.2 Bockfil} soll 5.0 SPECIAL 1mo<mmHozm :
. . o
SeTi zone Moist unit ' £ffective Effective . =
weight friction tohesion 5.1  The design presented.herein is only volid for the Gaogrid or squivalent i
{pcf) (degraes) (psf) system. The design Is bosed on soll porgmeters, foondation conditians, groundwoter y
. . conditions, and Teadings stoted in section 3.0. Geotechnical Engineer assumes no kS
Reinforced zone . 125 34 150 flabiiity for interpratgtion or verificotion of subsurface ¢oncitions, for =
suitebility of so | design porometers or for interpretation of subsurface
. groundwater con jons. State sholl verify that actual site conditions, parometers,
3.3 Geogrid and geometries ore os described hereln prior 1o and n_._lsm construction.
. . . . Proceeding wlth construction without first verifying cond tions_ond poromaters
Geogrid fensile properties ond reduction factors are reported In the discussed above sholl absolvé Geotechnical Engineers from all (ichility for the SUPPLEMENTAL SHEET
Geogrid design report date o be determined. design ond construction of this structure ond the Controctor shall indemni ;
. . und Rold harmiess Caltrons and s representatives from all resulting cioims
3.4 Design Iife = 75 years (BX), 120 years {UX} damoges, losses and expenses. ' CONTRACT CHANGE ORDER NO. 75
3.5 Loodings = 240 psf SHEET __._ OF ____
, SAN FRANCISCO OAKLAND BAY BRIDGE
: EAST SPAN SEISMIC SAFETY PROJECT
ALL DIMENSIONS ARE 1IN 4
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—— e T W e el |
ta. Type UX geogrids shall be “Tensar” geogrid UX-16Q0HS or equal. ol 04 SF 80 12.6413.2 | 204 | 33
airie.
1b. Type UX geogrids shol! be 1.33m wide rolfs, rolied cut porallel 2, @g&
to the Soit M W LOL ond sholl exteng from the foce of the r k
finished backflll slope o The excavation slope |imits. Above aecisTeReo[encingeR - CaviL
Elev 21,60 the length of any type "UX" roll strip need not be
lenger thon 21.3 m, . TR
LAl LL)
Zo. Type BX geogrids shatl be "Tensaor" geogrid BX-11C0, The Stote of Cal :;_.n.::: e o et
3nallnat bx responaisle for the cooracy or
2b. Type BX geogrids shall be oriented perpendicuior to the fece of tefoes OF »tectronlc costes of s plon sheet
the finished backf slope. Below Elev 26.6 Type "BA" geogrids T.Y,LIN / MOFFATT & HNICHOL
sholl extend o minimum of 4 m behind the finished bockfiil slope; THO HARRISON STREET
above £lev 26.64 Type "BX" geogrids shall extend o minimum of SAN FRANCISCO, CA 34105
6.1 m behingd tiw finished backfitl slope.
Approx top of 3. Adjacent geogrid roll strips shall be overiapped o minimum of
Etev 32.50 Seil Nail Wall 0,81 m with @ 75 mm vertical separation.
¢ Column Bent #7R
AT IT — 50 30,75 BY
- . —] 49 30.30 BX
e J — 48 29,84 BX
Y 1 — 47 29,38 Bx
) — 46 28,92 X
— 45 20.47 BX
— 44 28,01 BX
v — 43 21.55 BX
- ) —] a2 7.0 BX
v — @ 26.64 ux
[ - : —] 40 26.38 BX
—] 25.72 ux
T . —] 38 25.27 BX
: — 3 2a.81 ux
T < — 36 24.35 8x
- —] 3 23,89 ux
- - - —] 34 23,44 8%
" T — —i 3 22,98 ux
vt 1 n —] 3z 22.52 ax
o — N 2z.01 ux
4 — 3¢ 21.61 8x
t —i 29 ©o21.15 ux
I — 28 20.69 ax
" T — 27 20.24 ux
- | 26 19.78 BX
t 0 < — 25 19.32 X
| — 24 16.87 Bx
. ! - —i 23 18,41 ux
. Iwr T — 22- 17.95 BX
Approximate 1imit L : s e T TR I
- of excovation fy e P d S — 19 15.58 ) ux
=zt — E] 16.12 BX
— — : —] v 15.87 ux
) — | — 16 15.21 BX
- > - + == ., W ux o
] h f : N e e —] 13 13,84 o
- ™ - 1 ] 12 13.38 8X
1 = — 12.92 - ux
i Y — 1 y 12,48 BX
] _ 1 K 12,01 ux
_Jﬁ|/ 1 —] ] 11.58 ax
t e U 11.09 ux 2
i 1 - + —] 5 19,64 |- =
I - I ~ 5 10,18 ux Y
. + o ! — ] 9.1z ax 2
4 + ; R —l 3 9.26 ux X
-1 H a8 Bx ~
{ — 1 8.5 L -
] o
) I
5
i =
[ & ES
.uwu a c @ =
' E 2 3
i z - -
SECTIONAL VIEW ELEVATION PARALLEL TO ¢ BENT WY _ © 2 o
2 1 b
1:100 : 3 W 5 g
%
o
Datum Elev 0.0 &
v
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Net - Sand Fraction (% ft/ft).

KCWA Pioneer Net-Sand Data.

20

Arbitrary E-Log Number.

—=— F>15 ohm-m. —— F>30ochm-m.
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Arbitrary E-Log Number.
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KCWA Pioneer Net-Sand Data.
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Rosedale Rio Bravo Water Storage District.

DISTRICT LAYER PROPERTY SUMMARY

District Summary Layer Property SAND SILT CLAY
Area : 44150 ac Aquifer Fraction: 0.50 0.48 0.02
Aquifer Thickness 700 ft Average Grain Size: ¢ sand fsand clay
avg depth to water 120 ft Effective Grain Size: f sand c silt clay
specific Storage Capacity 9300 affft Degree of Sorting: Good Poor na
equiv. spegcific yield 21.1% Porosity: 37% 34% 45%
Total SC 6510000 af Residual Saturation: 11% 68% 98%
Avail. SC - 930000 af eff. Specific Yield: 34% 8.6% 0%
Current water in storage 5580000 af H. Conductivity (ft/d): 18 0.038 1E-08
PETROPHYSICAL RESULTS:
Sand Sand Sand Sand Sand Sand Sand Sand
ds0 d10 Coef.Unif. Gr.Dens Porosity Resid.Sat Sp.Yield - HC
{mm) (mm) () {g/cc) (%} (%) (%) (f/d)
Num 6 6 6 2 6 6 12 6
Avg| 0.54 0.2 2.58 2.58 0.37 0.11 0.336 18.0}
Std 0.085 0.042 0.36 0.060  0.016 0.036 0.025 3.54
cv 0.16 0.21 0.14 0.02 0.04 0.33 0.07 0.20
Silt Silt Silt Silt Silt Silt Siit Siit
ds0 d10 Cu Gr.Dens Porosity Resid.Sat Sp.Yield HC
{mm) {(mm) ) {gfcc) (%) (%) (%) (ft/d)
Num 12 12 12 2 12 9 16 . 12
Avgl - 0.14 0.023 7.86 2.63 0.34 0.68 0.086 0.038]
Std. 0.200 0.013 3.45 0.030 0.059 0.27 0.063 0.047
cv 143 0.57 0.44 0.01 0.17 0.40 0.73 1.24
ELECTRIC LOG NET-SAND RESULTS:
Pioneer Pioneer Pioneer Pioneer KCWA  KCWA
AlLL ALL 30/26 30/26 BK#1-6 BK#1-6
F15 F30 F15 F30 F15 F30
num 41 41 33 33 6 6
avg 0.71 0.37 0.75 0.38 0.81 0.48
std 0.13 0.13 0.11 0.11 0.05 0.07
cv 0.18 0.35 0.14 0.30 0.058 0.14
RRBWSD RRBWSD RRBWSD RRBWSD RRBWSD RRBWSD RRBWSD RRBWSD RRBWSD RRBWSD
ALL ALL 29725 29/25 29/26 29/26 KCWA4-11 KCWA4-11 ID4-3,812 D4-3,8.12
F15 F30 F15 F30 F15 F30 F15 F30 F15 F30
num 30 32 6 6 6 8 8 8 "6 6
avg 0.75 0.45 "~ 0.74 0.47 0.73 0.43 0.76 0.41 0.79 0.52
std 0.17 0.13 0.23 0.10 0.12 0.13 0.14 0.14 0.07 0.05
cv 0.22 0.30 0.32 0.21 - 017 0.30 0.18 0.33 0.089 0.094
RREBWSD{ RRBWSD RRBWSD RRBWSD RRBWSD
ALL 29/25 29/26 Kcwas-11  1D4-3,8-12
Fc+15 Fc+15 Fcrih Fc+15 Fc+15]
num 23 4 H 8 6
avg 0.50 0.51 0.56 0.42 0.53
std 0.10 0.07 0.10 008 005
cv 0.21 0.13 017 0.20 0.085
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Rosedale - Rio Bravo Water Stdrage District.

Wir.Dens: 1.00 gfce
Petrophysical Analyses. 62.43 Gr.Dens:’ 2.61 glcc
reported adjusted drybutk  Grav. Vol Water Ambient Specific
Sample: dry dens dry dens Density Wir.Cont. ‘Content  Porosity Saturation Yield
Hole Depth Split 0.04 (Mb/Vb) (Mw/Mb) (Vwivb)  (VWwVb)  (Vwivv)  (Vw/Vb)
No. {ft) (picf)  (pfel) (gfec) T (%) TH1+T) (%) (%) (%) - (%)
SPLIT#1
1 1 20 B 102.9 98.9 158 - 21% 2.1% 3.3% 39% 8.5% 35.9%
-2 1 30 B 1045 - 100.5 1.61 25% 24% 4.0% 38% 10.5% 34.3%
3 1 0 B 1114 107.1 1.72 33% 3.2% 57% 34% 16.5% 28.6%
4 1 80 B wet 1222° 1175 1.88  14.2% 124% 26.7% 28% 95.8% na
5 1 100 B wet 130.8 1258 201 122% 10.9% 24.6% 23% 107.7% . na
6 1 110 B wet 110.8 1065 191 23.9% 193%  40.8% 35% 17.8% na
7 2 10 B 1119 1078 1.72 74% £.9% 12.8% 34% 37.5% 21.2%
8 2 3 B 104.2 1002 . 1.60 1.4% 1.4% 2.2% 39% 5.8% 36.3%
9 2 40 B 107.2 10341 1.65 26% 25% 4.3% 37% 11.7% 32.4%
10 2 60 B 1234 1187 180 11.6% 104%  220% 27% 81.1% 5.1%
1 2 70 B 98.8 95.0 162 204% 16.9% 31.0% 42% 74.4% 10.7%
12 3. 10 B 110.2  106.0 170 11.8% 10.6%  20.0% 35% 57.3% 14.9%
13 3 20 B 1159 1114 1.79 134% 11.8% 23.9% 32% T57% 7.7%
14 3 30 B 100.6 96.7 1.55 24.0% 19.4% 37.2% 41% 91.5% 3.4%
15 3 40 B 1108 1065 1.71 17% 1.7% 2.9% 35% 8.4% 3N7%
16 3 50 A 1073 1032 165 3.2%  3.1% 5.3% 37% 14.4% 31.4%
17 3 70 B 1074 - 103.3 1.65 17.9% 152% 29.6% 37% 80.9% 7.0%
18 3 80 A g7.9 94.1 151 283% 221% 427% 42% 101.1% -0.4%
19 ‘
20
1 avg 1138 1094 1.75 9.7% B4% 17.5% 32.9% 59.5% , 16.5%
1ev 0.09 0.09 0.09 0.82. 076 0.81 0.18 0.81 1.01
2 avg 108.1 104.9 1.68 87% T76% 14.5% 35.6% 42.1% 21.1%
2 cv 0.08 0.08 0.08 0.79 0.74 0.75 0.14 . 074 0.57 -
3 avg 107.2  103.0 165 14.3% 120% 23.1% 36.8% 61.3% 13.7%
3 eov 0.05 0.05 0.05 0B84 059 0.60 0.09 - 055  0.88
ALL avg 109.9 1057 169 11.2% 96% 18.8%  35.1% 55.4% 16.7%
ALL cv 0.08 0.08 0.08 076 071 0.73 0.14 0.71 0.84




Rosedale - Rio Bravo Water Storage District.  wtr.Dens: 1.00 glee
Petrophysical Analyses. 62.43 Gr.Dens: 2.61 glcc
measure adjusted dry bulk Grav. Vol Water Ambient Specific
Sample; dry dens dry dens Density Wtr.Cont. Content Porosity Saturation Yield
Hole Depth Split 0.04 (Mb/Vb) (Mw/Mb) {(Vwivb) (MviVb) (VwiVv)  (Vwivb)
" No (ft) {picfy  (pfcf} {gfcc) T (%) T/{1+T) {%) (%} (%) (%)
SPLIT#2
1 i 20 C 1108 - 1066 1.71 25% 24% 4.3% 35% 12.4% 30.3%
2 1 30 C 10689 1028 1.65 23% 2.2% 3.8% 7% 10.3% 33.1%
3 1 70 C 103.6 99.6 1.80 39% 3.8% 6.2% 39% 16.0% 32.6%
4 1 80 C wet 127.8 122.9 197  123% 11.0% 24.2% 25% 98.5% na
5 1 100 C wet 126.2 1213 184 138% 12.1% 26.8% - 26% 105.1% na
6 1 110 C wet 115.1 110.7 177 16.9% 14.5% 30.0% 32% 93.4% na
7 2 10 ¢ 117.1 112.6 1.80 56% 5.3% 10.1% 31% 32.7% 20.8%
8 2 a0 C 103.0 ~99.0 1.59 1.1%  1.1% 1.7% 39% 4.4% 37.5%
g 2 40 G 104.9 100.¢ 1.62 23% 2.2% 3.7% 38% 9.8% 34.4%
10 2 80 C 117.3 112.8 1.81 154% 13.3% 27.8% 31% 90.4% 3.0%
11 2 70 C 101.2 87.3 156 22.3% 18.2% 34.8% 40% 86.3% 5.5%
12 3 10 C 108.5 105.3 169 12.3% 11.0% 20.7% 35% 58.6% 14.6%
13 3 20 C 117.6 11314 1.81 16.7% 14.3% 30.2% 31% 98.8% 0.4%
14 3 30 C 99.7 85.9 1.54 206% 17.1% 31.6% 41% 76.8% 9.5%
15 3 40 C 105.6 101i.5 1.63 25% 24% 4.1% 38% 10.8% 33.6%
16 3 50 B 98.7 84.9 1.52 29% 2.8% 4.4% 42% 10.6% 37.3%
17 3 70 C 124.3 119.5 1.91 10.2% .9.3% 19.5% 27% 73.3% 7.1%
18 3 80 B 100.4 96.5 155 218% 17.9% 33.7% 41% 82.7% 7.0%
19 :
20
N
1 avg 116.1 M1.7 1.79 91% 8.1% 16.9% 31.5% 58.3% 14.4%
1 cv 0.08 0.08 0.08 0.60 0.56 . 0.62 0.17 0.68 1.04
2 avg 107.2 1031 165 10.7% 9.2% 17.8% 36.8% 49.9% 19.0%
2 cv 0.05 0.05 0.05 0.75 0.72 0.74 0.08 073 0.76
3 avg 107.7 103.6 1.66 125% 10.6%  20.68% 36.4% 58.8% 15.8%
3oy 0.09 (.09 0.09 0.63 0.59 0.60 0.16 0.59 0.¢0
ALL avg 110.5 106.3 1.70 108% 9.3% 18.4% 34.8% 56.4% 16.3%
ALL cv 0.09 0.09 0.09 0.68 0.64 0.65 0.16 0.67 0.90




Rosedale - Rio Bravo Water Storage District.  wir.Dens: 1.00 gicc
Petrophysical Analyses. 62.43 Gr.Dens: 2.61 gfce
- measure adjusted dry bulk Grav. Vol Water Ambient  Specific
Sample: dry dens dry dens Density Wir.Cont. Content Porosity Saturation Yield
Hole Depth Spilit 0.04 (Mb/Vb) (Mw/Mb) (Vwivb}  (VviVb)  (Vwivv)  (Vwivb)
No. {ft) . {pfck) (pfcf)  (gfcc) T (%) T/{1+T) {%) {%) {%) (%)
EXTRA 3rd-split ANALYSES
1 100 A wet 122.3 1176 1.88 8.2% B8.4% 17.3% 28% 62.3% na
1 110 A wet 105  101.0 1.62 20.9% 17.3%  33.8% 38% 88.9% na
2 40 - 110.6 1063 1700 33% 3.2% 5.6% 35% 16.2% 28.1%
3 10 A 107.6 103.5 166 10.6% 9.6% 17.6% 37% 48.1%" 18.9%
EXTRA paired ANALYSES
2 20 B 90.5 87.0 1.3 30.3% 23.3% 42.2% 47% 90.6% 4.4%
2 20 C 98.1 94.3 151 21.4% 17.6% 32.3% 42%  76.8% 9.8%
2 50 B 102.1 98.2 1.57 20% 2.0% 31% 40% 7.9% 36.6%
2 50 C 101.2 97.3 1.56 23% 22% 3.6% 40% 89%  3I6.7%
2 a0 B 103.0 99.0 1.58 29% 28% 4.6% 9%  11.7% 34.6%
2 680 ¢ 1149 1105 1.797 1.0% 1.0% 1.8% 32% 55%  304%
3 60 B wet 100.5 96.6 1585 11.0% 9.9% 17.0% 41% 41.8% na
3 60 C wet 116.6 1124 1.80 148% 12.9% 26.6% 31% 85.2% na
ALL avg 106.0 102.0 163 108% 9.2% 17.1% 37.4% 45.3% 25.1%
ALL cv 0.08 0.08 0.08 0.84 0.77 0.78 0.13 0.73 0.47




AlLLnum 36 30 28 12. 16 12
AlLlavg 35.0% 45.0% 19.3% 33.6% 8.6% 5.5%
AllLcv 0.00 0.78 0.69 0.07 0.73 0.59
SPLIT1 35.1% 45.0% 18.9% 32.5% 8.7% 5.6%
BH1avg 32.9% 11.8% 31.5% 31.5% 0.0% 0.0%
BH2avg 35.6% 42 1% 21.1% 34.4% 12.3% 7.9%
BH3avg 36.8% 61.3% 13.7% 31.6% 6.5% 4.4%
SPLIT 2 34.8% 44.9% 19.8% 34.8% 8.5% 5.4%
BH1avg 321% 12.9% 32.9% 32.9% 0.0% 0.0%
BH2avg 35.9% 44.7% 202%  35.9% 9.8% 4.2%
BH3avg 36.3% 58.8% 15.7% 39.5% 7.7% 6.0%
Rosedale - Rio Bravo Water Storage District.
Specific Yield. 0.0682 sorted unsorted :
est'd max. ALL Sand Sand Silt edited Silt
Effective Porosity resid.Sat Sy Sy - Sy Sy Sy
BH Depth Classif. d-eff Sorting (Vv/Vb) (Vw/Vv) (VwiVb) (Vwivb) (Vw/Vb) (Vw/Vb) (Vw/vb)
No. (ft) {mm) (Cu) {%) {%) (%) (%} (%) (%) (%)
SPLIT #1
11 20 m silt 0.012 Poor 38.3% 8.5% -> -> -> mxd smpl
2 1 30 fsand 0.250 Good 38.3% 10.5% 34.3% 34.3%
3 1 70 fsand 0.220 Good - 34.3% 16.5% 28.6% 28.6%
4 1 80 vc silt 0.036 Good 27.9% na na na na
5 1 100 ve silt 0.040 Poor 22.8% na na na na
6 1 110 vc silt 0.038 Fair 34.8% na na na na
7 2 10 csilt 0.028 Fair 34.0% 37.5% 21.2% 21.2% -> dessicated
8 2 30 fsand 0.210 Good 38.5% 5.8% 36.3% 36.3%
s 2 40 vf sand 0.120 Good 36.7% 11.7% 32.4% 32.4%
0 2 60 m siit 0.015 Poor - 27.2% 81.1% 5.1% 5.1%. 5.1%
1 2 70 visiltic clay 0.002 Poor 41.7% 74.4% 10.7% 107% 10.7%
12 3 10 ¢ silt 0.025 Poor 35.0% 57.3% 14.9% 14.9% -> dessicated
13 3 20 ve silt 0.037 Goced 31.6% 75.7% 7.7% 7.7% 77%
14 3 30 csilt 0.030 Fair 40.6% 91.5% 3.4% 3.4% 3.4%
15 3 40 f sand © 0.170 Good 346%  8.4% 31.7% 31.7%
16 3 50 fsand 0.220 Good 367%  144%  314%  31.4%
17 3 70 fsilt 0.007 Poor 36.6%  80.89% 7.0% 7.0% 7.0%
18 3 90 fsilt 0.005 Poor 422% 101.1% -0.4% -0.4% -0.4%
' SPLIT #2
1 1 20 msilt 0.012 Poor 34.6% 12.4% e -> => mxd smpl
2 1 30 fsand 0.250 Good 36.9% 10.3% 33.1% 33.1%
3 1 70 fsand 0.220 Good 38.9% 16.0% 32.6% 32.6% )
4 1 B0 ve silt 0.036 Good 24.6% na na na na
5 1 100 ve silt 0.040 Poor 25.5% na na na na
6 1 110 ve silt 0.038 Fair 32.1% na na na na
7 2 10 ¢ silt 0.028 Fair 30.9% 32.7% 20.8% 20.8% dessicated
g8 2 30 fsand 0.210 Good 39.2% 4.4% 37.5% 37.5%
9 2 40 vf sand 0.120 Good 38.1% 9.8% 34.4% 34.4%
10 2 60 msilt 0.015 Poor 30.8% 90.4% 3.0% 3.0% 3.0%
11 2 70 vfsiltcclay  0.002 Poor 40.3% 86.3% 5.5% 5.5% 5.5%
12 3 10 ¢ silt 0.025 Poor 35.4% 58.6% 14.6% 14.6% dessicated
13 3 20 ve silt 0.037 Good 30.6% 98.8% 0.4% 0.4% 0.4%
14 3 30 csilt 0.030 Fair 41.2% 76.8% 9.5% 9.5% 9.5%
15 3 40 fsand 0.170 Good 37.7% 10.8% 33.6% 33.6%
16 3 50 fsand 0.220 Good 41.8% 10.6% 37.3% 37.3%
17 3 70 fsilt 0.007 Poor 2686% . 73.3% 7.1% 7.1% 7.1%
18 3 0 fsilt 0.005 Poor 40.8% 82.7% 7.0% 7.0% 7.0%




Comparison of DWR Tabulated Specific Yield and RRB Measured Specific Yield
for 18 samples based on their correct textural classification.

Spiit#1  Split #2

Textural DWR Meas'd Meas'd
Sam. No. Classif. Sy Sy Sy
1 sandy siit 6% 35.9% 30.3%
2 sand 27% 34.3% 33.1%
3 sand 27% 286% 32.6%
4 silty sand 6% na na
5 sand 27% na na
6 sandy silt 6% na na
7 silty sand 6% 212% 20.8%
8 sand 27% 36.3% 37.5%
9 sand 27% 32.4% 34.4%
10 silty sand 6% 51% 3.0%
11 sandy silt 6% 10.7% 5.5%
12 silty sand 6% 14.9% 14.6%
13 silty sand 6% 7.7% 0.4%
14 silty sand 6% 3.4% 9.5%
15 sand 27% 31.7% 33.86%
16 sand 27% 31.4% 37.3%
17 silty sand 6% 7.0% 7.1%
18 sandy silt 6% -0.4% 7.0%
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Appendix 3.
Daily Drilling Reports.

Sierra Scientific Services, 661-872-4221, ©2003.




Sierra Scientific Services. End-of-Day Drilling Report. ~ Well No.: SCAE"O/
Project Narne: E 4 B hé D -— SCA P Today's Date: v ocTo
Start Time; O¥32
SSS Drilling Supervisor: K., CREGIDSOAS End Time: {330
) Pase [oF].
Drilling Completion Record Daily Summary
Contractor: St Diam Dept Dept Length| |[Well No.: SCAP- 0]
Driller: [LEC (in) Top Btm (ft) Day No.: of
Rig Type: CME-]5 Conductor Spud Date: o T O
Bit Type: ¥ “ ES A Blank // Start Depth: ab) fi.
RPM: - Slotted P no. | |End Depth: /[0 fi.
WOB: Blank ~ Footage Drilled: [ 4O ft.
Mud Type: N/A Bt Plug Heh Rotating tire: 4./{ hr.
TD Drld: WO Drlg Rate: 34 fph.
’ st Water Entry: 100 Comp Date: BSOS Tl
Heepell:  PoBrY Static Water Level: A Tot. Depth: Back E/LLED,
Elevations: Hourly Operations . Ft Hr
Ground Level: 360 t Time Depth Opérations - ?/:J € / g /. Drld Drlg
Casing Lip: 06Sg ON S TE 4
(E33 RIG oiSITE - Sqyer?mig ~ R/LS
D7 00 O SPOD .
Materials Used 0530 | 20 |[y Sempler mbele@ 30 Pt = Fisyy 20 | LO
Gel: o7E ? 7'Lf"(f cwe;wfr:f/m % Pa AUGERS -
Polymer: OO O OO, move £16 WEST ¢4 SPupamtoll o :
Foam: [0 /6 3O | AUBER TO BOFT. Colleet Sprpe 3O .25
Barite: /230 Ton7 € onsi ke ' '
Bentonite: /55 go | ' 30 |o.66
Sand: [Z 30 /OO | fuder, Dr0po3l 4-Sin. Fossible Waren, 40 /1.6
Cement: SEN. on ‘é,‘r PLud NweT” .
NoN € 1259 _|/1Q 1 Proiem ! PoH= erknt pugens sl o0 (0.6
To €Lmimp TE PoSsiBle Bunaune SN
(% 40 Swmple._ ool POl . . 0HE14(S
Tubulars Used | | /4 /5 Back bll. Ko BoTrom PLLE
Conductor: 1445 143 DONE. (EAVE S ITE.
Blank Csg: — OO —
Slot'd Csg:
Plug:
Cap:
Mon E
: Matenals Used
Sam. tubes used 5 3
#senttoLab
N
504Q A éé
Tl Use
Total{/ o | 4. 1]




Sierra Scientific Services. - End-of-Day Drilling Report.  Well No.: SCRP-02
Project Name: <R RB b\JSD $C A P 7 Today's Date: 3 [ ﬁ ST O
Start Time: oSS
583 Drilling Supervisor: R . CRECO,D SO/\j End Time: _{560
‘ | Prgc [of (.
[
Drilling Completion Record Daily Summary
Contractor: SETLT Diam Dept Dept Length{ {Well No.: SCRP~0Q
Driller: LED {(in) Top Bim (f) Day No.: o)
Rig Type: 0 cME 75 Conductor Spud Date: B ocT ol
Bit Typeg H S AL E L Blank )/ Start Depth: o ft.
- RPM: . Lo-/50] |Slotted - #é. | |End Depth: /D0 fi.
WOB: Blank - Footage Drilled: OO0 ft.
Mud Type: Btm Plug Hone] Rotating time: 450
TD Drld: OO0 Drlg Rate: £2 fph.
1st Water Entry: —_— Comp Date: %/ 0T Ol
HE.PER: TRoReY Static Water Level: 1 Tot. Depth: BAckF/ILLED
Elevations: Hourly Operations Ft Hr
Ground Level: 220 hal Time Depth Operations ?ﬁs—&' /oy / - Drld Drlg
Casing Lip: ¢ 7RAK onNgriZ '
: o742 RtG ARIIVES — R/l
) PIRE TAXK ARIVES
Materials Used =X s al < |<spud _
Gel: o347 30 | SamPunb . 3o |9g0
Polymer: PFLS 150 |RAT Sevpips SToP Fon Hamner pepur | 2.0 10,65
Foam: Q935 S5O | Rrswnz - oJdisempltl !
Barite: Vi leld) 60 ISHp ‘Flw. S Dnpdie Pepain - /0 la 4o
Bentonite: ‘prollen S helpey fusin o ger Feoip.
Sand: /700 (oew Retiens - coorke o b ibravlics
Cement: /170 GO | Besune Drilfim (—
/e 6S
/35 70 Sampuné @ 7O /o ledo
(2 0 O | Sumpline € 5O /o_©vls
_ Tubulars Used {370 V22, 5'/.7,,{ ',.{h, I FO /O |/ co
Conductor: 1240 Con J)/Tnmf; fhde - Desine Drrlfimi—
Blank Csg: /403 OO | S plineg, € /00 — L5 Sample /0 {070
Stor'd Csg: (470 /00 | PoH' '
Plug: /445 |Avbeks oLt 0f HolC
Cap: /500 Da&med off Si7=
Materials Used
Sam. tubes used3x/0~2% 2%
# sentto Lab 2§2
S5S <
CRPS s £ 56
Total | /OO |4.S0




7oA

Total

Sierra Scientific Services. End-of-Day Drilling Report. ~ Well No.: SCAP-O3
Project Name: R RB WsSD SCH P Today's Date: <Y ﬂdi{ O3
Start Time: OZ 5
SSS Drilling Supervisor: g \ CR ENBS-OA/ End Time: (730
Drilling Completion Record Daily Summary
Contractor: SE ' I Diam Dept Dept Length| {Well No.: SChHP-03
Driller: co {in) Top Btm (i) Day No.: o/
Rig Type: CME 15 Conductor . Spud Date: ol AoV ok
Bit Type: w1 HS AL !éﬁ Blank - Start Depth: o fr.
RPM: Slotted End Depth: SO0 ft.
WOB: Blank — na_| |Footage Drilled: /00 f
Mud Type: Btm Plug nend. Rotating time: 4.25 b
TDDrld: /00 Drlg Rate: 249 fph.
st Water Entry: - Comp Date: O A Od.
Herprr: RoBReY Static Water Level: — Tot. Depth: Bk F/LLED
Elevations: : Hourly Operations Ft ‘Hr
Ground Level: 320X Time Depth Operations ’PHGE l of & Drid  Drlg
Casing Lip: 0735 ONS/TE |
o755 Ri& 3 DiPE TRUCK oNSITE —neall o
Ry fad ST bhanmer 4Ydrrdics Ayprm
Materials Used = aer:f'bm < hgeT ﬁ///ﬂ o rAd
Gel: 0%/3 QO | Spup - swca s STE -
Polymer: oY/ S ﬁ’:‘a i bepsirS
Foam: 2€35 Comnuns b pars :
Barite: &2 705 i ¢ ~ “RC srte. Sﬁ'ﬁ'ﬁ/;':,_
Bentonite: O T LO it b 2L YE - r
{Sand: Q730 AS | Senplin. @ USVE~ fose bpokes § 5| 25 |30
Cement: o p,;_."f;,(',;,, CfLac‘n ,‘(‘
D740 wil] Y 1o Sam .t wmﬁ fLtipotery calle
o (vele = floone Tl - Deglfer calle
/T ®uirs v o(f-‘Cs/’é Rz pprm S
‘Tubulars Used | | O7S &2 R16 TCRew) Demob 58Sk ~ Leggo
Conductor: LS 5€ Hubers Jn- befe 3 Contong gul
Blank Csg: v Cﬁ,,,,d(ua
Slot'd Csg: =y ye R.Cobtr cmerte .
Plug: [ 1OS RC 4y SITE — € To RRB ofe
Cap: 1o (e calls Teem Séoo ~Beap T o Resupe.
L& RC cnsi de
1+4% Ri6 onsiTE
(300 clogn cp SCinspll- (il RBL
Materials Used 1325 Tort UD ?ROA o DRt/
Sam. tubes used D < [34-6 25 1Austas B 15 Fom i ~¢c beel potnse Jok
# sent to Lab 30 ok titlen, SATS 1S Sonpler Yrem K sAs 20"
noto ! 1] e 1 U2ES |30 | Sompling @ 30 FE S le (0
| e BV EY) | Cetf SE1~ Aol > Tom B Ton 102140 |
(5SS 20 | Srmpling @ 20 vE 4o 14115
<RpS ves 60 ! faew T _fate
Fa®)

255




Well No.:

Sierra Scientific Services. End-of-Day Brilling Report. ' SCAE»O 2
Project Name: ‘RRK WSD ScyP Today's Date: & AJV &2
Start Time:
SSS Drilling Supervisor: J2.. CREWOD SOAS End Time:
Drilling Completion Record Daily Summary
Contractor: Diam Dept Dept Length| |Well No.:
Driller: (in) Top Bmm (f}) Day No.:’
Rig Type: Conductor Spud Date:
Bit Type: Blank Start Depth: ft.
RPM: Slotted End Depth: fi.
WOB: Blank Footage Drilled: ft.
Mud Type: Btm Plug Rotating time: fir.
TD Drld: Drlg Rate: fph.
1st Water Entry: Comp Date:
| Static Water Level: Tot. Depth:
Elevations: Hourly Operations . Ft Hr
Ground Level: . Time Depth  Operations Pﬁé&' io P‘Z" * Drld Drlg
Casing Lip: /4s5S 70 | Sangl. @ 70 -Cul 70 | 4.55
[SAA | §O | Sonsli €50 /e 1p.4s
[SSS 190 | Sak,'e Q0 /0 |o.5S
Materials Used /5 37 /00 Sﬂmi,d lva@lOO /0 _jo.70
Gel: /8 46 <ol a.u/ 700 Sarvpl = Ri8 Dowsn/
Polymer: (717 OOH of AUCERS. ' Ri&o FF,
Foam: 730 DEmOR_o¥F _SIHTE. :
Barite: —_— D —
Bentonite:
Sand:
Cement;
_ Tubulars Used
| Conductor: '
Blank Csg:
Slot'd Csg:
Plug:
Cap:

Materials Used
Sam. tubes used S

#senitolab B 1p DA‘T

N . f

!Z From o
£O

C*-’fs v

7|

cn 1o Kdfee

Total

oo 425




- SOILS ENGINEERING, INC.
4400 Yeager Way

‘Bakersfield, CA 93313
Ph, (861)831-5100
.- Fax (661) 831-2111

TIME LEFT SHOP

TIME ON SITE .

TIME LEFT SITE

TIME [N SHOP

DAILY DRILLING REPORT

- /SIGNATURE: X

 :DATE e T f L2 PROJECT: % '~ -~ R i YA
TCLENT e e se e T Sl JoBNO. f# % 7 ' -
'ENGINEER wi_ /i #4
BORING
» M_ _ & : 2 #5
DRILLRIG: < <7 - s DEPTH 4 #6
~ TYPE OF DRILLING: ____ Sl e e |
| 'OTHER VEHICLE: =" .- L e NO. MATERIALS USED QUANTITY
| MILEAGE: PVC SCREEN Th. END
Lo ’ PVC BLANK Th. END
_; : END PLUGS
" EQUIPMENT USED: SLIP GAPS
L e BAGS MONTEREY SAND #3
. STEAM CLEANER "3vYeEs ONoO BUCKETS OF BENTONITE PELLET
L A BAGS OF READY MIX CONCRETE
CONCRETE MIXER BYES ONO. CHRISTY BOXES
- .GENERATOR - FyeEs ONO WATER PROOF BOXES
A _ MONUMENT CASINGS . ... FT
~ JACK HAMMER OYES ONO P ADLOGKS -
~ OTHERS Oves ONO (55g) DRUMS
= BRASS RINGS i
Oves ONO PLASTIC CAPS L
OYES [JNO BAGS OF ASPHALT PATCH '
BAGS OF QUICK-GEL
OYES ONO OTHERS
OYES ONO
OYes ONO
~.REMARKS: _._ = ;
LT DRILLING TIME
TRAVEL TIME
STAND-BY TIME :
DOWN TIME
MOB/DEMOB.
OTHERS
"IDRILLER 1 - RN
‘HELPER R U
OTHERS TOTAL HOURS
- {APPROVED BY CLIENT: DRILLER'S SIGNATURE:
X T . =T



. SOILS ENGINEERING, INC.

4400 Yeager Way

Bakersfield, CA 93313
. Ph. (661)831-5100
- Fax (661) 831-2111

TIMELEFTSHOP : 7 - -
TIME ON SITE T
TIME LEFT SITE R

TMEINSHOP  :_ 5 7

DAILY DRILLING REPORT

;T 7 < . P e <A
DATE [~ b - PROJECT: = -y - < v 7% 7,
CCUENT _ S eiie  Se e e Teppions JOBNO. = /7 /2 F
ENGINEER N #4
, BORING
- & #2 #5
| DRILRIG: © 7 T TR 75 £7 7 DEPTH 45 _#
 TYPEOFDRILLING: _ 3 2l i Tl '
. OTHER VEHICLE: NO. MATERIALS USED QUANTITY
P . PVC SCHREEN Th, END
- MILEAGE: PVC BLANK Th. END
v END PLUGS -
- EQUIPMENT USED; SLIF CAPS
o . e e BAGS MONTEREY SAND #3
- . STEAM CLEANER OYES ONO BUCKETS OF BENTONITE PELLET
D ! - BAGS OF READY MIX CONCRETE
CONCRETEMIXER O YES (I NO CHRISTY BOXES
- 'GENERATOR OYES ONO WATER PROOF BOXES
P ‘ MONUMENT CASINGS . ... FT
- "JACK HAMMER O YES ONO PADLOCKS <
- OTHERS OYES (ONO (55g) DRUMS
- - BRASS RINGS
0 YES g No PLASTIC CAPS
OYES ONO BAGS OF ASPHALT PATCH
“BAGS OF QUICK-GEL
OYes ONO STHERS
OYES ONO
OYES (ONO
- REMARKS: cope L
P DRILLING TIME : PRy
) TRAVELTIME :_ _* *7,
STAND-BY TIME :
DOWN TIME
MOB/DEMOB.
OTHERS
DRILLER : A v ool
'~ HELPER Tra L e iad . N
~OTHERS TOTALHOURS :___ 7 °
~APPROVED BY CLIENT: DRILLER'S SIGNATURE:
~ SIGNATURE: X _ S e S it =S



SOILS ENGINEERING, INC. T JEETSHOP :_ = " oo -

4400 Yeager Way . TIME ON SITE
Bakersfield, CA 93313
Ph. (661)831-5100 TIME LEFT SITE :
i Fax (861)831-2111 TIMEINSHOP  : .. . ...

DAILY DRILLING REPORT

"' DATE PROJECT: =" .y w7

CCLIENT 3 e TR LT e JOBNO._~ . "~
. ENGINEER : #1 L #4
BORING
. & #2 45
. DRILLRIG: __ ~ . == | DEPTH 45 #6
 TYPEOFDRILLING: ___ R T
. OTHER VEHICLE: L NO. MATERIALS USED QUANTITY
h ) PVC SCREEN Th. END '
o MILEAGE: PVC BLANK Th. END
END PLUGS
"' EQUIPMENT USED: Seb cans
BAGS MONTEREY SAND #3
:  STEAM CLEANER 0 YES O NO BUCKETS OF BENTONITE PELLET
BAGS OF READY MIX CONCRETE
. CONCRETE MIXER 0 YES ;J NO CHAISTY BOXES
: | GENERATOR OYES ONO WATER PROOF BOXES
P ; MONUMENT CASINGS ....FT
., JACK HAMMER MYES OINO S ADLOGKS -
- OTHERS (GYES O NO {55g) DRUMS
' : BRASS RINGS
0 ves D_ NO PLASTIC CAPS
JYES [ONO BAGS OF ASPHALT PATCH
BAGS OF QUICK-GEL
OYES C(INO STHERS
Ovyes ONO
yes (NO
* * REMARKS: _ R e
P ) : _ DRILLING TIME " : Lo T A
TRAVEL TIME
STAND-BY TIME : el
DOWN TIME ~ :___ - - <.
!
MOB/DEMOB.
OTHERS
- DRILLER
. HELPER \ - Y
" “OTHERS : TOTALHOURS :___ ~ v
. APPROVED BY CLIENT: ) DRILLER'S SIGNATURE:

. SIGNATURE: X _- , X
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A Halliburton Company.

Thomas Jacaruso

Business Development Manager
GieoGraphix - West Region
tacauso @geographix.com

1125 17th Street, Suite 1900
Denver, CO 80202

. Direct: (303) 899-4741

Main: (303) 899-4700
Fax: (303) 573-7856
Celi: (303) B98-53H

www.Igc.com

..=

Keystone Diversified Energy, Inc

Petroleumn Exploration & Exploitation Consulting

Donald S. Greenfield

14009 Cardigan Ave.
Bakersfield, CA 93314

Lgiidimark €

A Halliburion Company

661.589.6153
cell 661.809.9172
keystone@bak.rr.com

Russell Roumduee
Acocount Executive

roundiree@lge.com

1125 17ih st Ste. 4900
Denver, GO 80202

- Direct: (303) 8994738

Main: (303} £09-4700
Fax: (303) 573-7856
Cell; (720) 8407514

Wi Jge.£om



-~ Appendix 4.
Petrophysical Data.

Sierra Scientific Services, 661-872-4221. ©2003.



DENSITY DATA 2 3/8"

Project No.: 10127 I. 0. TUBES Sheet 1 of 3
Thin Wall |Split Spn.
{Location B-1 B-1 B-1 B-1 B-1 B-1
Depth 20'B 200C 30'B 30'C 70' B 70 C
Sample + Tare 994.6 1027.3 1008.2 998.7 1018.9 1009.7
Tare 261 261 261 261 261 261
Wet Wt. Sample 733.6 766.3 747.2 737.7 757.9 - 748.7
Length (in.) "L" 6 5.8 6 5.8 6 6
Wet Density, p.c.f. 105.1 113.6 107.1 109.4 108.6 107.3
% Moisture {ave.) 2.1 1.3 2.5 2.3 3.3 3.9
Bry Wt p.c.f. 103.0 112.2 104.5 106.9 105.1 103.3
Moisture Can # 22F 16 D 6 103 13
Wet Sample + Tare 109 102 107.8 145.6. 143.7 132.3
Dry Sample + Tare 107.3 101 105.8 142.9 140.1 128.3
Moisture loss 1.7 1 2 2.7 3.6 4
Tare 25.1 24.7 26.2 24.9 31.5 24.6
Dry sample 822 76.3 79.6 118 108.6 103.7
% Moisture 2.1 1.3 25 23 33 3.9
Thin Wall |Split Spn. '
Location B-1 B-1 B-1 B-1 . B-1 B-1
Depth 80'B 80°C 106' A 100' B 100' C 110' A
Sample + Tare 1202.2 1245.2 1191.2 1250.9 1267.8 1132.1
Tare 261 261 260.1 260.1 261 261
Wet Wt. Sample 941.2 984.2 931.1 990.8 1006.8 871.1
Length (in.) "L" 5.8 5.9 6 5.8 6 5.9
Wet Density, p.c.f. 139.6 143.5 133.5 146.9 144.3 127.0
% Moisture (avg.) 14.2 12.2 9.2 122 13.8 20.9
Dry Wt., p.c.f. 122.2 127.9 122.2 131.0 126.9 - 105.0
Moisture Can # 0006 11 T2 10A B17 21
Wet Sample + Tare 1457 149 175.9 178 174.1 173.1
Drv Sample + Tare 130.8 135.8 163.3 161.5 156.3 147.8
Moisture loss 14.9 13.2 12.6 16.5 17.8 25.3
Tare 25.6 27.6 26 25.7 26.9 27
Dry sample 105.2 108.2 137.3 135.8 129.4 120.8
% Moisture 14.2 12.2 9.2 12.2 13.8 20.9
Thin Wall {Spiit Spn.
Location . B-i - B-1 B-2 B-2 B-2 B-2
Depth 110' B 110' C 10' B 10' C 20'B 200 C
Sample + Tare 1184 119%.4 1671.6 1095.2 993.4 991.7
Tare 261 261 261 261 2119 202.4
Wet Wt. Sample 923 938.4 810.6 834.2 _7181.5 789.3
Length {in.} "L" 6 6 5.8 5.8 5.7 5.7
Wet Density, p.c.f. 132.3 134.5 120.2 123.7 117.9 119.1
% Moisture (avg.) 239 16.9 74 5.6 30.3 214
Dry Wt., p.c.f. 106.8 115.1 111.9 117.1 90.5 98.1
Moisture Can # Ad7 7 6 11 10A 21
Wet Sample + Tare 120.8 123.8 99.9 112 75.2 89.6
Dry Sample + Tare 102.1 109.7 94.7 107.5 63.7 78.6
Moisture loss 18.7 14.1 5.2 4.5 11.5 11
Tare 23.9 26.2 24.9 27.6 25.7 271
Drv sample 78.2 83.5 69.8 79.9 38 51.5
% Moisture 239 16.9 7.4 5.6 303 214




Project No.: 10127 DENSITY DATA 23/8" 1.0. TUBES Sheet 2 of 3
Thin Wall {Split Spn.
Location B-2 B-2 B-2 B-2 B-2 B-2
|Depth 30'B 30 C 40' A 40'B 4¢' C 50' B
Sample + Tare 949.6 849 1018.4 1027.3 983.6 974.1
Tare 2123 207.5 261 260 260 260
Wet Wi, Sample 737.3 641.5 7574 767.3 723.6 714.1
Length (in.) "L" 6 5.3 5.7 6 5.8 59
Wet Density, p.c.f. 105.7 104.1 114.3 110.0 107.3 104.1
% Moisture (avg.) 1.4 1.1 3.3 2.6 2.3 2.0
Dry Wt, p.c.f. 104.2 103.0 110.7 107.2 104.9 102.1
- Moisture Can # 22F 163 7 4 Ad7 T2
Wet Sample + Tare 132.8 1327 102.1 119.4 105.4 109.4
Dry Sample + Tare 131.3 i31.6 99.7 117.3 103.6 107.8
Moisture loss 1.5 1.1 2.4 2.1 1.8 1.6
Tare 25.1 314 26 36.2 23.8 26
Dry sample 106.2 100.2 73.7 81.1 79.8 81.8
% Moisture 1.4 1.1 33 2.6 2.3 2.0
Thin Wall |Split Spn. Disturbed
Location B-2 B-2 B-2 B-2 B-2 B-2
Depth 500 C 60' B 60’ C 79' B 70' C 90'B
Sample + Tare 934 1188.4 1204.8 1062.8 1284.4 988.4
Tare 260 260 260 260 420.9 261
Wet Wt. Sample 674 928.4 944.8 802.8 863.5 727.4
Length (in.) "L" 5.6 5.8 6 5.8 % 5.9
Wet Density, p.c.f. 103.5 137.7 135.4 119.0 123.8 106.0
% Moisture (avg.) 2.3 11.6 154 - 20.4 22.3 29
Dry Wt., p.c.f. 101.2 123.3 117.4 98.8 101.2 103.1
Moisture Can # D D2 13 BI17 16 006
Wet Sample + Tare 115.3 96.2 97.3 100 100.4 108.1
Drv Sample + Tare 113.3 88.9 87.6 87.6 86.6 105.8
Moisture loss 2 7.3 9.7 12.4 13.8 2.3
Tare 26.3 26.2 24.6 26.9 24.8 256
Dry sample 87 62.7 63 60.7 61.8 80.2
% Moisture 23 11.6 15.4 204 22.3 C 29
Thin Wall |Split Spn. | - Disturbed
Location B-2 B-3 B-3 B-3 B-3 B-3
Depth 90' C 10’ A 10' B 10 C 200 B 20° C
Sample + Tare 1029.6 937.6 1119.8 1046.5 1176.8 1218.2
Tare 261 261 261 261 261 261
Wet Wt. Sample 768.6 676.6 858.8 785.5 915.8 957.2
Length (in.} "L" 5.7 4.9 6 3.3 6 6
Wet Density, p.c.f. 116.0 118.8 123.1 122.3 131.3 137.2
% Moisture (avg.) 0.8 10.6 11.8 12.3 13.4 16.7
Dry Wt.. p.c.f. 115.1 107.4 110.1 109.4 115.8 117.6
Moisture Can # 9A 7 006 11 D2 6
Wet Sample + Tare 102.6 89.6 38 95.2 94.5 87.2
Dry Sample + Tare 101.9 83.5 81.4 87.8 86.4 78.3
Moisture loss 0.7 6.1 6.6 7.4 8.1 8.9
Tare 13 25.9 254 27.6 25.9 25
Drv sample 88.9 57.8 56 60.2 60.5 53.3
% Moisture 0.8 10.6 11.8 12.3 13.4 16.7




Project No.: 10127

DENSITY DATA 2 3/8"

1. 0. TUBES Sheet 3 0f3
Thin Wall [Split Spn.
Location B-3 B-3 B-3 B-3 B-3 B-3
Depth 36' B 30'C 44" B 40' C 50" A 50'B
Sample + Tare 1116.4 1071.7 1047.2 990.5 1007.3 646.2
Tare 261 261 261 261 261 261
Wet Wt. Sample 8554 810.7 786.2 729.5 746.3 685.2
Length (in.) "L" 5.9 5.8 6 5.8 5.8 5.8
Wet Density, p.c.f. 124.7 120.2 1127 108.2 110.7 101.6
% Moisture {avg.) 24.0 20.6 1.7 2.5 3.2 2.9
Dry Wt., pc.f. 100.5 99.7 110.8 105.5 107.3 98.7
Moisture Can # T2 10A A 9A 103 Ad7
Wet Sample + Tare 94.5 78.3 120.2 107 115.8 1054
Dry Sample + Tare 81.2 69.3 118.8 104.7 113.2 103.1
Moisture loss 13.3 9 1.4 2.3 2.6 2.3
Tare 25.8 25.6 359 12.6 31.2 23.5
Dry sample 55.4 43.7 82.9 92.1 82 79.6
% Moisture 24.0 20.6 1.7 2.5 32 29
Thin Wall |Split Spn.
Location B-3 B-3 B-3 B-3 B-3 ‘B-3
Depth 60' B 60' C 70' B 70' C 90" A 90' B
Sample + Tare 1026.1 [163.6 1114.6 1201.1 1108.2 1114.2
Tare - 261 261 261 261 261 . 261
Wet Wt. Sample 765.1 902.6 853.6 940.1 847.2 8532
Length (in.) "L" 5.9 5.8 5.8 - 59 5.8 6
Wet Density, p.c.f. 111.5 133.8 126.6 137.0 125.6 122.3
% Moisture (avg.) 11.0 14.8 17.9 10.2 28.3 21.3
Dry Wt p.c.f. 100.4 116.5 107.4 124 4 97.9 100.4
Moisture Can # 10 X 16 D 21 22F
Wet Sample + Tare 112.1 108.5 109 8§5.2 - 79.2 - 111
Dry Sample + Tare] ~ 103.6 57.8 96.2 834 67.7 95.6
Moisture loss 3.5 10.7 12.8 5.8 11.5 15.4
Tare 26.5 25.7 24.6 26.4 27.1 25.1
Dry sample 7.1 72.1 71.6 57 40.6 70.5
% Moisture 11.0 14.8 17.9 10.2 28.3 21.8

-|Thin Wall {Split Spn.

Location

Depth

Sample + Tare

Tare

Wet Wt. Sample

Length (in.) "L"

Wet Density, p.c.f.

% Moisture (ave.)

Dry Wt., p.c.f.

Moisture Can #

Wet Sample + Tare

Dry Sample + Tare

Moisture loss

Tare

Dry sample

% Moisture




SOILS ENGINEERING, INC.

LABORATORY TESTING File No. 02-10127
Rosedale-Rio Brave December 2, 2002
Sierra Scientific Services

TABLE 1

CONSTANT HEAD PERMEABILITY TEST RESULTS
|  (ASTM D2434)

LoGaToN SOIL DESCRIPTION fIl  PERMEASILITY
B-1 @ 20c Inorganic Silts & Clays (ML-CL) 2.447 x 107
B-1 @ 30c * Poorly-Graded Sand (SP) 006
B-1 @ 70c Poorly-Graded Sand (SP) 008
B-1 @ 80c Silty Sand (SM) 8.54 x 10
B-1 @ 100c ~ Silty Sand (SM) 1293 x 10°
B-1@ 110c Silty Sand (SM) 4.460 x 10°




SOILS ENGINEERING, INC,

LABORATORY TESTING File No. 02-10127
Rosedale-Rie Bravo December 3, 2002
Sierra Scientific Services

TABLE 2
CONSTANT HEAD PERMEABILITY TEST RESULTS
(ASTM D2434)

LotatoN | SO DESCRIPTION PERMEASILITY
B2C@10 Silty Sand (SM) 5.403 x 107
B—ZC @ 30' Poorly-Graded Sand (SP) .006
B-2C @ 40" Poorly-Graded Sand (SP) - .007
B-2C @ 60" Silty Sand (SM) 1.805 x 107
B-2C @ 70" Clay No Flow




SOILS ENGINEERING, INC.

LABORATORY TESTING File No. 02-10127
Rosedale-Rio Bravo ' December 3, 2002
Sierra Scientific Services

TABLE 3
CONSTANT HEAD PERMEABILITY TEST RESULTS
(ASTM D2434) |
LOEiiTON | m SOIL DESCRIPTION ! | PERCMHE‘;:SLUTY
B-3C @ 10/ | Silty Sand (SM) 4.021 X 10°
B-3C @ 20’ Inorganic Silts & Clays (ML-CL) 7.262 x 10°
B-3C @ 30' Silty Sand (SM) . 9379x 10°
B-3C @ 40’ Poorly-Graded Sand (SP) .004
B-3C @ 50 Poorly-Graded Sand (SP) 007+
B-3C @ 70" Clay 3.797 x 107




SOILS ENGINEERING, INC,

LABORATORY TESTING File No. 20-10127
Rosedale-Rio Brave December 4, 2002
Sterra Scientific Services

SPECIFIC GRAVITY
(ASTM D-854)
Sample No. Depth Specific Gravity
B-2 10" (c) 2.660
B-3 30" {c) 2.604
B-3 40' (c) - 2.641
B-3 50" (c) 2.520




PERCENT CHANGE IN HEIGHT
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BORING . B-2 DESCRIPTION : SANDY CLAY (CL)
DEPTH (ft) : 90'(B) LIQUID LIMIT
SPEC. GRAVITY : - 2.65 PLASTIC LIMIT :
MOISTURE DRY DENSITY PERCENT VOID
CONTENT (%) (pef) SATURATION RATIO
INITIAL 7.2 111.5 40 AB5
FINAL 13.5 117.9 89 AD4
Remark : SIERRA SCIENTIFIC SERVICES

COMPRESSIVE STRESS IN KSF

VOID RATIO

FILE No. 02-10127

LABORATORY TESTING

Soils

Engineering

Inc

CONSOLIDATION TEST

Plate No. B—4




COMPRESSIVE STRESS IN KSF
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BORING B-2 " DESCRIPTION SILTY SAND (SM)
DEPTH (ft) . 10'B) LIQUID LIMIT
SPEC. GRAVITY : 2.65 PLASTIC LIMIT :
MOISTURE DRY DENSITY PERCENT VOID
CONTENT (%) (pef) SATURATION RATIO
INITIAL 16.3 109.9 86 506
FINAL 17.0 111.5 93 485
- Remark : SIERRA SCIENTIFIC SERVICES

VOID RATIO

FILE No. 02-10127
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COMPRESSIVE STRESS IN KSF
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BORING : B2 DESCRIPTION : SILTY SAND (SM)
DEPTH (ft) . 20(B) LIQUID LIMIT '
SPEC. GRAVITY : 2.65 PLASTIC LIMIT :
MOISTURE DRY DENSITY PERCENT VOID
CONTENT (%) (pet) SATURATION RATIO
INITIAL 35.7 827 95 1.002
FINAL 38.1 84.3 105 064

Remark : SIERRA SCIENTIFIC SERVICES

FILE No. 02-10127 LABORATORY TESTING

Soils 7

;En_gineeriﬂg CONSOLIDATION TEST Plate No. B—2
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COMPRESSIVE STRESS IN KSF
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BORING B-2 ' DESCRIPTION : POORLY—GRADED SAND
DEPTH (ft) 50'(B) LIQUID LIMIT
SPEC. GRAVITY : 2.65 PLASTIC LIMIT :
MOISTURE DRY DENSITY PERCENT VOID
CONTENT (%) (pef) SATURATION RATIO
INITIAL 11.9 a9z2.1 40 797
FINAL 25.6 94.3 90 757
Remark : SIERRA SCIENTIFIC SERVICES
FILE No. 02-10127 LABORATORY TESTING
Soils ' :
Engineering CONSOLIDATION TEST Plate No. B-3
Inc




Appendix 5.

Grain Size Analyses.

. .Sierra Scientific Services, 661-872-4221. ©20_03.



PERCENT PASSING BY WEIGHT

UNIFIED SOIL CLASSIFICATION

GRAVEL SAND '
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O B—1 30c
FAN 8-1 70c
O B-1 80c
Remark : SIERRA SCIENTIFIC SERVICES
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UNIFIED SOIL CLASSIFICATION

' o GRAVEL SAND
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UNIFIED SOIL CLASSIFICATION
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SYMBOL BORING ) (%) (%) DESCRIPTION

O B—2C 10 SILTY SAND (SM)
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A B—2C 40' POORLY—GRADED SAND (SP)

<> B—-2C 80" SILTY SAND (SM)
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UNIFIED SOIL CLASSIFICATION
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SYMBOL BORING (ft) (%) {s) DESCRIPTION
O B—3C 10 SILTY SAND (SM)
{1 B—-3C 20' INORGANIC SILTS AND CLAYS (ML—-CL)
PN B~3C 30 SILTY SAND (SM)
O 8-3C 40" POORLY—-GRADED SAND (SP)
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UNIFIED SOIL CLASSIFICATION

GRAVEL SAND
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UNIFIED SOIL CLASSIFICATION
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File No. 02-1027 LABORATORY TESTING
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- Appendix 7.
DWR Specific Yield Data.

Sierra Scientific Services, 661-872-4221. ©2003.



DWR Specific Yield Data.

Terminology is that of the DWR sources.
Data are qualitatively re-arranged by SS8 based on decreasing grain size.

Source 1 Source 2 Misc other sediment types reported in Source 1:
Sediment type Sy Sy Sy Sy

boulders 17% tight boulders 12%

gravel & boulders 17% cemented boulders 12%

cobbles & gravel 17% water gravel 27%

large gravel 17% dry gravel 27%

coarse gravel 17% . heavy gavel 17%

medium gravei : 27% heaving gravel 17%

fine gravel 30% hard gravel 12%

gravelly sand 27% 27% dead gravel o 12%

coarse sand 30% 30% jcemented gravel ' 12%

medium sand 30% - 27T% heavy rocks 12%

sand 27% broken rocks 17% -

fine sand 20% 20% rocks 17%

silty sand 17% 17% tight coarse gravel 12%

silty sand 6% tight medium gravel 17%

clayey sand - 6% dirty pack sand 12%

sandy silt 6% hard sand 12%

sift 6% heaving sand 20%

clayey silt 6% tight sand 20%

gravelly clay 6% quicksand 20%

sandy clay 6% 6% sediment 6%

silty clay 6% ' soil 6%

clay 3% 3% foam _ u 6%
silty loam 6%
silty clay loam 3%
clayey loam 3%
hard clay 3%
cemented clay : 3%
adobe 3%
muck 3%
Misc other sediment types reported in Source 2:
rmedium sand with gravel 20%
coarse sand with clay - 12%
fine to medium sand 20%
sand with streaks of clay 12%
clay with streaks of sand 6%

Source 1: DWR Kern Fan input Data, 1/16/90.
Source 2: Swartz, Robert, d., 1995, Development and Calibration of the Kern Fan Ground Water Model,
’ DWR San Joaquin District Office Report, Table C-1, p.114.



Comparison of DWR Tabulated Specific Yield and RRB Measured Specific Yield
for 18 samples based on their correct textural classification.

Split#1  Split #2

Textural DWR  Meas'd Meas'd
Sam. No.  Classif, Sy Sy Sy
1 sandy silt 6% 35.9% 30.3%
2 sand - 27% 34.3% 33.1%
3 sand : 27% 28.6% 32.6%
4 silty sand 6% na na
5 sand 27% na na
6 sandy silt 6% na na
7 silty sand 6% 212% 20.8%
8 sand 27% 36.3% 37.5%
9 sand 27% 32.4% 34.4%
10 . silty sand 6% 5.1% 3.0%
11 sandy silt 6% 10.7% 5.5%
12 silty sand 6% 14.9% 14.6%
13 silty sand 6% 7.7% 0.4%
14 silty sand 6% 3.4% 9.5%
15 sand 27% 31.7% 33.6%
16 sand 27% 31.4% 37.3%
17 silty sand 6% 7.0% 71%
18 sandy silt 6% -0.4% 7.0%




Appendix 3.

Presentation Viewgraphs.

Sierra Scientific Services, 661-872-4221. ©2003,
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Sierra Scientific Services

An Evaluation of Well Placements and Potential Impacts of the
ID4 / Kern Tulare / Rosedale - Rio Bravo Aquifer Storage and Recovery Project.

1. Conclusions and Recommendations

The purpose of this Report is to present the findings of an impact evaluation for a well
field of seven proposed wells which are a part of the ID4/KT/RRB aquifer storage and recovery
(ASR) project. The projected recovery capacity of the well field is 90af/d (45 cfs) and the base
case operating scenario is continuous pumping for 300 days per year in approximately three of
every ten years years to produce 27,000 af/yr. The project wells are designed to be 1,000 ft or

more away from the nearest non- project wells and 1,200 ft or more away from each other.

We conclude that the proposed well field minimizes drawdown impacts by putting the
maximum available distances between wells. 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. We conclude that there is currently no recognized
threat to water quality within the capture zone but it is very important to monitor the good
water quality within well field capture zone for any contamination entering the flow paths

leading to the wells.

This project represents only 25% of the total installed recovery capacity in the general
area. We also observe, based on historical data, that the basinwide water level response to the
climatic wet/dry cycle alone can be as large or larger than 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 we have predicted due to project pumping alone.

For the base case scenario under leaky aquifer conditions, the predicted drawdowns

within the aquifer during pumping will decline quickly and then stabilize at steady- state values

Sierra Scientific Services, 661-872-4221. ©2004. 1



of 16 - 24 ft at a distance of 1000 ft from the wells and 3 - 5 ft at a distance of 5000 ft from the
wells. These drawdowns are as little as one- third of what would have been predicted under

confined- aquifer conditions, as the aquifer has been modeled in the past by previous workers.

The project has considerable flexibility in delivering less than the full base case
recovery volume of 27,000 af/yr. The project may meet reduced delivery obligations by
choosing to pump for less time, and/or at lower pumping rates, and/or using fewer wells. Each
of these possible alternatives provides different drawdowns and benefits, as we discuss in this
Report.

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 will be
as much as 60 - 70 ft at a distance of 1000 ft from the wells and 40 - 50 ft at a distance of 5000
ft from the wells.

For 300 days of pumping, the capture perimeter surrounding the entire well field
extends only 500 - 1200 ft outward from the individual wells for this pumping period. For a
hypothetical 30 years of continuous pumping, the capture zone would extend about 3,400 ft
downgradient to the northwest and would extend a few thousand feet upgradient to the

recharge boundary associated with the Kern river channel to the south and southeast.

Based on available literature, there are no known plumes or sources of contamination
within the theoretical capture zone limit, but there are plumes of concern farther to the east. It
is possible that, over time, these known contaminant plumes and any other unknown plumes in
this area could be transported westerly by foreseeable aquifer dynamics to the point where they
fall inside the capture limit of the well field. One important mitigation against the potential
encroachment of contaminant plumes from the east is through the deliberate and sustained
placement of local recharge to maintain the local ground water gradients at favorable levels

and gradients.

Sierra Scientific Services, 661-872-4221. ©2004. 2



We caution that the quantitative results of this entire study are based on a limited
understanding of the aquifer and on a very small data set of existing, available, and verifiable
parameter values which we have obtained from other sources. This ASR project presents an
opportunity for the groundwater community to greatly benefit from the results of testing,
monitoring, aquifer model calibration, and parameter verification that could be incorporated
into this project. In our opinion, early and continued monitoring and verification will provide
an important and useful baseline database in case the project has to defend itself against claims
for impact damages. In some respects, this impact study is the first of its kind in this area, and
the project operator has every opportunity to set the standard for good basin management
within the program.

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. 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. 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.

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

Sierra Scientific Services, 661-872-4221, ©2004. 3



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 July, 2004, An Evaluation of Well Placements and Potential Impacts of the ID4 /

Kern Tulare / Rosedale - Rio Bravo Aquifer Storage and Recovery Project., Sierra Scientific Services,

Bakersfield, CA.
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Sierra Scientific Services

An Evaluation of Well Placements and Potential Impacts of the
ID4 / Kern Tulare / Rosedale - Rio Bravo Aquifer Storage and Recovery Project.

2. Summary of Findings

The purpose of this Report is to present the findings of a water well impact evaluation
for a cluster of seven proposed wells which are a part of an aquifer storage and recovery (ASR)
project. The technical elements of the work program included reviews of previous work, E-log

evaluations, aquifer parameter determinations, computer modeling of water level drawdowns
and aquifer flow trajectories, and interpretations. The figures which we reference in this

section are at the back of this section.

Project Operations.

The proposed aquifer storage and recovery (ASR) project consists of conveyance
facilities, recharge ponds, and seven proposed recovery wells (Location Maps, Figures Al &
A2). The proposed well field contains seven wells in an array which looks like a diamond-
shaped kite with 4 wells at the corners and 3 wells in the tail. From tip to tail this array is
about 5,500 ft long and is oriented west to east. The individual wells are about 1,200 - 1,500 ft
apart. The base case operating scenario is to pump all seven wells for 300 days per year at a
total flow capacity of 90 af/d (45 cfs) for an estimated 3 out of every 10 years. The most
aggressive proposed scenario is to pump all wells at the full flow rate for 300 d/yr for 3
consecutive years. Less aggressive alternate operating scenarios include operating for fewer
days, or at lower flow rates, or using fewer wells within a single operating year. Within this
scope of work, we have analyzed the cases in which the project delivers only 50% and 25% of
the full annual delivery of 27,000 af/yr.

The surrounding area is already being used by other entities for aquifer recharge,
particularly along the Kern River channel, and for groundwater extraction by private domestic

water supply wells and by municipal water supply wells. When completed, this proposed
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project will represent only 25% of the total groundwater extraction capacity in the immediate
area, so the predicted impacts from this project represent only a fraction of the total possible
local impact to the aquifer. The predicted impacts in this report refer only to the hypothetical

impacts of operating this project.

Summary.

Based on our analysis, the actual aquifer behavior after pumping begins will depend
significantly on the actual, but unpredictable, schedule and volume of the local recharge over
the project life. If total local recharge remains in approximate balance with recovery (the
balanced scenario), then the drawdown will decline quickly but stabilize at a shallow steady-
state value. If local recharge fails to keep up with recovery (the unbalanced scenario), then the
drawdown will decline in steps but will decline continuously as cumulative recovery dewaters

the successive aquifer layers from top down.

In the balanced scenario, the capture zone will expand and water levels will decline for
only 10 - 20 days before stabilizing at a predicted 16 - 24 ft drawdown at a distance of about
1,000 ft from the well field and about 3 - 5 ft drawdown or less at distances of 5,000 ft or more
from the well field (Drawdown Maps, Figures A3 & A4). The steady- state condition of little
or no water level decline may last for weeks or months and will continue as long as the
extraction rate from the aquifer is fully supplied by leakage recharge from the overlying layers.
This decline- and- stabilize behavior is characteristic of semi-confined, i.e., “leaky” aquifers.

The predicted drawdowns which we calculated are based on leaky aquifer modeling.

In this scenario, the deeper, semi-confined aquifer will exhibit drawdown that is perhaps
as little as one- third of what would be expected under confined conditions, as the aquifer has
been modeled in the past. The price for this limited drawdown is that the shallow unconfined
aquifer will be dewatered as it supplies recharge water to the underlying aquifer. The key to
moderating this aquifer behavior is to keep the local area adequately recharged over time. If
this happens, then the cyclic rise and fall of the water levels will remain within predicted

ranges.

In the unbalanced scenario, the capture zone will expand and water levels will decline

continuously, albeit at declining rates, but without ever stabilizing. This condition of declining
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water level will continue as long as pumping continues. This decline behavior is characteristic
of unconfined aquifers which exhibit temporary flattening of the decline rate as delayed yield
from overlying layers temporarily supplies some recharge to the extraction rate before
continuing to dewater from the top down. The predicted drawdowns which we present for the

alternate conditions described in this Report are based on unconfined aquifer modeling.

These predicted drawdowns are from this project alone under maximum recovery rates
and do not include the potential impacts from other nearby pumping wells or the impacts due

to basinwide water level changes due to the climatic wet/dry cycle.

Well placement.

The wells are optimally placed for minimum impact by spreading the well field over the
largest available area and by placing the wells no closer than about 1,000 ft from nearby non-
project wells. The nearest non- project wells (Well Location Map, Figure A2) are about 1,000
ft away and include 5 domestic wells, 3 City of Bakersfield wells, and 2 other municipal water
supply wells. There are another 6 non- project wells out to 3,000 ft and another 13 non-
project wells out to 5,000 ft away. Of these 29 wells within about a mile of the project
perimeter, there are thirteen shallow domestic wells, seven deep City of Bakersfield wells, 4
deep municipal water supply wells, and five deep non- project ID4 wells. The predicted

drawdowns at any of these locations may be read directly off the drawdown map (Figure A3).

Aquifer model.

The local aquifer beneath a depth of approximately 200+ ft is a semi-confined (leaky)
aquifer separated from a shallow unconfined aquifer by a complex and heterogeneous aquitard
which causes irregular vertical flux (Aquifer Cross Section, Figure A4). Based on E-logs,
geologic cross sections, well test results and hydrograph behavior, we conclude that the sandy
sedimentary layers below depths of 200 - 300 ft behave as a semi-confined aquifer which is
separated from the overlying shallow, unconfined aquifer by an aquitard of interbedded silty
and sandy sediments. For wells which are completed in the zones below the aquitard, the
drawdown response to pumping is what hydrologist’s refer to as “leaky” aquifer behavior,
because recharge in response to pumping comes from the overlying layers as well as from

aquifer storage within the zones of completion. SSS used the mathematics for leaky aquifer
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behavior to predict the drawdowns which we present in this Report. The leaky aquifer model
is different than the confined aquifer model used by previous workers in other impact analyses

on nearby projects.

Historical water level data shows that the natural ground water gradient changes over
time. During wet years of the climatic wet/dry cycle, the gradient tends to point northwesterly
in the project area under the influence of recharge in the nearby Kern River channel just south
and east of the well field. During dry years of the climatic wet/dry cycle, the gradient tends to
point due westerly in the project area under the influence of recharge and other dominating
influences farther to the east. These gradient trends dominate the direction of the upgradient

projection of the well field capture zone, as discussed in this Report.

Aquifer parameters.

Based on a review of published sample measurements and well test results, we have
compiled a set of single values for each of the required parameters for our quantitative
analysis. In our opinion, much of the available data are inconsistent and poorly documented,
so that we are unable to corroborate or place measures of reliability on our parameter choices.
The intrinsic parameter values we have used in our analysis are documented in this Report and
include: Khy,, = 80 ft/d, H,,, = 250 ft, Kv'y, = 0.08 ft/d, H';, = 40 ft, S, = 0.000041 ft', S, =
0.21,L'=0.002 d'. We have also used values of T = 20,000 ft*/d and S = 0.00056 which we
re-calculated from the ID4 December, 2002 well test data. These parameter values are
significantly different than the broad range of values reported by other workers in other impact

analyses on nearby projects.

Base Case Drawdown.

For the balanced scenario under leaky aquifer conditions, the predicted drawdowns
within the aquifer after 300 days of pumping would be 16 - 24 ft at a distance of 1000 ft from
the wells and 3 - 5 ft at a distance of 5000 ft from the wells (Table of Drawdowns, Figure A6).
The actual operating drawdowns will be similar to these calculated drawdowns if our selected
parameter values are representative and if the true aquifer conditions at the time of startup

reflect the assumptions of the balanced scenario.
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For the unbalanced scenario under unconfined aquifer conditions, the predicted
drawdowns within the aquifer after 300 days of pumping would be as much as 60 - 70 ft at a
distance of 1000 ft from the wells and 40 - 50 ft at a distance of 5000 ft from the wells (Table
of Drawdowns, Figure AS5). The actual operating drawdowns will be similar to these calculated
drawdowns if our selected parameter values are representative and if the true aquifer
conditions at the time of startup reflect the assumptions of the unbalanced scenario, i.¢., a lack

of shallow recharge.

Alternate Case Drawdown.

For multi- year pumping under the balanced scenario, the leaky- aquifer model predicts
that the steady- state final drawdown which is achieved after 10 - 20 days of pumping will
remain steady indefinitely, even for 2 - 3 years, as long as the shallow aquifer layer is
recharged and remains full of water. Without forecasting a specific future recharge schedule, it
is impossible to determine if or when leakage will cease and the water table will continue to

decline.

For multi- year pumping under the unbalanced scenario, the drawdowns are much
bigger than the steady- state conditions, and the unconfined aquifer model predicts that the
drawdown at any location after three years of pumping is only about 10% bigger than the
unconfined drawdown after the first year of pumping. Thus, the gradual decline in the second
and third years of pumping is relatively negligible compared to the majority of drawdown

which occurs over the first year.

For ground water recovery of less than the full base case volume, the project has the
following options in meeting the delivery obligation. These options provide choices which
provide trade- offs between minimizing impacts and minimizing costs depending on future

conditions and the potential relative impacts on the project and adjacent entities.

Option 1. To deliver 50% or 25% of the base case volume, the project may choose to pump all
wells at the full rate for only 50% or 25% of base case the time, i.e., for 150 or 75 days instead
of a full 300 days. The project would deliver 13,500 af and 6,750 af, respectively. The

predicted drawdowns are the same as the full base case since both pumping durations exceed

Sierra Scientific Services, 661-872-4221. ©2004. 9



the 10 - 20 day period required to reach static decline. However, these water level drawdowns

last only a half or a quarter as long.

Option 2. To deliver 50% or 25% of the base case volume, the project may choose to pump all
wells for the full 300 days but at only 50% or 25% of the full design flow rate, i.e., at 45 or
22.5 af/d instead of the full 90 af/d . The project would deliver 13,500 af and 6,750 af,
respectively. It is significant to note that the predicted drawdowns are only 50% and 25% as
big, respectively, as the base case drawdowns, but they last the full 300 days. Of all the
scenarios, reducing the total flow rate always makes the biggest reduction in the size of the
drawdowns, all else being equal. Although pump efficiency is worse when pumps are not
operated at their design flow rate, the value of secondary factors such as lifting cost should be
carefully evaluated against the benefits of reduced drawdown impacts on the project and

neighboring entities before this scenario is dismissed from consideration.

Option 3. To deliver about 50% of the base case volume, the project may choose to pump
fewer wells. The project could operate just the five wells on the RRB property for the full 300
days at their full design flow rate of about 50 af/d. The project would deliver 15,000 af which
is actually 56% of the base case delivery. The predicted drawdowns are slightly less than the
base case and the capture zone covers a smaller area which is centered in the west half of the

project area.

Alternately, the project may choose to pump just the two wells on the ID4 property for
the full 300 days at their full design flow rate of about 40 af/d. The project would deliver
12,000 af which is actually 44% of the base case delivery. The predicted drawdowns are
slightly less than the base case but slightly more than the RRB case, and the capture zone
covers a similar area which is centered in the east half of the project area.

Option 4. To deliver about 25% of the base case volume, the project may choose to pump
fewer wells at full rates and full durations or any combination of wells, rates, and durations
which satisfy the delivery obligation. If the project operates just the two wells at opposite ends
of the well field at full rates for the full duration of 300 days, then the drawdown would be
spread over the largest possible area. The project would deliver 9,000 af which is actually

33% of the base case delivery. The predicted drawdowns are somewhat less than the base case
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but cover a comparable area. The expediency of this and other alternatives have not been

evaluated or optimized within this scope of work with respect to secondary criteria.

Capture zone.

For 300 days of pumping, the capture zone of each well is small enough to be
influenced by- but have only a little contact with- the capture zones of the adjacent project
wells. The capture perimeter surrounding the well field extends only 500 - 1200 ft outward
from the individual wells for this pumping period (300-day Capture Zone Map, Figure A7).

For a hypothetical 30-years of continuous pumping under a representative northwesterly
groundwater gradient in an ideal aquifer, the capture zone would extend about 3,500 ft
downgradient, extend about 9,900 ft upgradient, and cover an oval area of about 5100 ac (7.9
mi’). In actuality, the hypothetical capture zone is smaller and the upgradient capture perimeter
is actually much closer to the well field since the Kern River channel forms an upgradient
recharge boundary only 3,000 - 6,000 ft away from the southern flank of the well field. The
hypothetical capture perimeter for infinite pumping represents the theoretical capture zone
limit for this well field, and the actual capture zones for shorter pumping periods will be
smaller than, nested inside of, and conformal to this hypothetical capture limit (30-year Capture
Zone Map, Figure A8).

Contaminant capture.

Contaminant transport is more complicated than groundwater flow because of the
effects of dispersion, retardation, and attenuation along the flowpath. For this scope of work
we assumed that a hypothetical molecule of contamination moves the same way as a molecule
of water, so that any slug or plume of contamination within the capture zone limit will sooner
or later reach the well field. And any contamination or potential source of contamination
outside the capture zone limit will never reach the well field, except for one recognized case

under the possible influence of changing conditions.

Based on the available literature, there are no known plumes or sources of
contamination within the theoretical capture zone limit. To the north, the EDB and DBCP
plumes which consultant Ken Schmidt identified near to- and north of- Rosedale highway,
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which is about 1.5 miles north of the well field, are outside the theoretical capture limit and
therefore pose no threat to this well field. To the west, the capture zone does not extend very
far downgradient to the west and northwest and there are no recognized sources of
contamination in those directions. To the south, there are no known sources of contamination
between the well field and the Kern River channel recharge boundary. To the east, there is no
recognized contamination within the capture zone, but there are plumes of concern farther to

the east which must be considered contaminants of concern.

Consultant Ken Schmidt identified several fuel- constituent plumes in the shallow
aquifer near the oil refineries on either side of Coffee Rd, about 3 miles east of the well field.
During wet years the potential migration pathway of these contaminants is to the northwest and
along a trajectory which misses the capture zone of the project well field. The issue of concern
is that during dry years when the gradient swings westerly, the potential migration pathway of
these contaminants is directly toward the well field. Furthermore, based on KCWA
groundwater maps for the area, the potential recharge of water in the Kern River channel just
east of these plumes causes steep localized gradients which may accelerate the rate of
movement of these plumes. In addition to the recharge gradients, non-project water wells to
the east of the project well field will have capture zones of their own which may also create
westerly gradients which draw these plumes toward those wells and, hence, also closer to this
project’s capture zone. It is possible that, over time, these known contaminant plumes and any
other unknown plumes in this area could be transported westerly to the point where they fall
inside the capture limit of the well field.

Key issues.

The number one key issue is 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. If the area remains balanced, then drawdown and contaminant capture impacts will
remain within the predicted limits, subject to the identified uncertainties of this analysis. If the
area becomes unbalanced, then drawdowns will worsen and contaminant capture dynamics
may change significantly. The project itself is based on a program which is required to
operate in balance but this project is only 25% of the identified recovery capacity in the area
and the predicted recharge/recovery impacts, operating criteria, and water supply forecasts for

these other wells are unknown.
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The second key issue is that it is very important to protect the good water quality within
the well field capture zone against any contamination entering the flow paths leading to the
wells. There may be sources of contamination within the 30-year capture zone that we have no
knowledge of. There are no operational safeguards that we know of to prevent contaminant
capture if this is the case other than not pumping. The detection and delineation of unknown
contaminant plumes doesn’t lessen the seriousness of their eventual impacts unless the
knowledge leads to mitigation or remediation. Such detection monitoring is beyond the scope
of almost any affordable monitoring program unless there are abundant wells of opportunity
upgradient of the well field that may be monitored in conjunction with dedicated monitoring
wells which are installed in critical flowpaths (Individual- Well Capture Zones, Figure A9).
One important mitigation against the potential encroachment of contaminant plumes from the
cast 18 through the deliberate and sustained placement of local recharge to maintain the local

ground water gradients at favorable levels and gradients.

The third key issue is that this project represents only 25% of the total installed recovery
capacity in the general area, which means that at any given time, some or all of an observed
drawdown at some location could be caused by non-project pumping. Since project impacts
may well occur at the same time as impacts from other sources, the combined drawdowns from
project and non- project wells may be significantly greater than we have predicted due to
project pumping alone. During climatic dry cycles, every well in the area may be pumping,
and surrounding domestic wells may be significantly impacted. The cause- and- effect
relationship between project and non- project wells and their proportionate share of the total
impact cannot be easily resolved by direct observation alone. In our opinion, early and
continued verification of the project impact model through well testing and drawdown
monitoring will provide an important and useful baseline database in case the project has to

defend itself against claims for impact damages.

The fourth key issue is that the dominant cause of water level fluctuations may be the
basinwide response to the climatic wet/dry cycle. The rise and fall of the local water table due
to the climate cycle is completely independent of- and may well be bigger in magnitude than-
the combined impacts of local recharge and local pumping. For example, in the 20 years from
1984 - 2004 the water level in the project area has varied by more than 100 ft due to the impact
of the climatic wet/dry cycle on the basin. In the decade from 1992 - 2002, the annual water

level change due to non- pumping climatic factors was in the range of 20 - 30 ft in five
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different years. The project impacts and other local non- project impacts are superimposed on
top of this broader, large- scale climatic trend. The generic cause and effect relationship
between pumping and drawdown cannot be used to explain all future drawdowns without also

considering the independent effects of basinwide behavior on the local area.

The fifth key issue is that the quantitative results of this entire study are based on a
limited understanding of the aquifer and on a very small data set of existing, available, and
verifiable parameter values. In our opinion, the uncertainty in the calculated drawdowns is not
just due to the natural variability of the aquifer itself, but in the complete lack of verifiable
replicate data apart from the single reported values which we used, which prevents us from
even determining the range of actual values let alone estimating the uncertainty in these

parameters.

In our opinion, the existence of this project and the likelihood of many more to come,
point out the need to improve the quantitative understanding of the Kern Fan aquifer hydrology
beyond the current rudimentary state of knowledge. This project presents an opportunity for
the groundwater community to greatly benefit from the results of testing and monitoring that
could be incorporated into this project. In some respects, this impact study is the first of its
kind in this area, and the project operator has every opportunity to set the standard for good

basin management within the program.

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 July, 2004, An Evaluation of Well Placements and Potential Impacts of the ID4/

Kern Tulare / Rosedale - Rio Bravo Aquifer Storage and Recovery Project., Sierra Scientific Services,

Bakersfield, CA.
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FIGURE A3. Base Case Drawdown Map, at t = 300 d without GW Gradient.




FIGURE A4. Base Case Drawdown Map, at t = 300 d with GW Gradient.
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ID4 / KT / RRB Well Field Predicted Drawdown Summary.

pumping Predicted drawdown at
time 1000 ft 3000 ft 5000 ft
Aquifer Model (d) (ft) (ft) (ft)
300 days pumping
semi-confined, B = 2600 300d 12-20 4-7 1-3
semi-confined, B = 3200 300d 16-24 6-10 3-5
semi-confined, B = 6000 300d 28 - 38 16 - 23 10-14
semi-confined, B = 10000 300d 42 - 52 28 - 36 20-26
unconfined, low 300d 22 -30 13-19 9-14
unconfined, high 300d 71-78 62 - 69 56 - 62
confined 300d 120 - 132 103 - 115 98 - 103
3-years pumping
semi-confined, B = 3200 3yr 16-24 6-10 3-5
unconfined, high 3yr 79 - 86 70-77 65-70
confined 3yr 134 - 146 118 - 130 105 - 117

* = base case

FIGURE A6. Table of Calculated Drawdowns.




FIGURE A7. Capture Zone Map, att=300d. -
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Sierra Scientific Services

An Evaluation of Well Placements and Potential Impacts of the
ID4 / Kern Tulare / Rosedale - Rio Bravo Aquifer Storage and Recovery Project.

3. Introduction

Section I - Work Program.

The focus of this work program is an array of seven proposed wells which are a part of
the ID4/KT/RRB aquifer storage and recovery (ASR) project. The proposed scope of work

includes a well placement and impact analysis including a review of surrounding wells, a
geological review, an aquifer parameter selection, a pumping drawdown impact analysis for

designated scenarios, a review of potential water quality impacts, and preparation of report.

The purpose of evaluating the well placements and impacts of the ASR Project is to
demonstrate project viability within the proposed operating parameters to interested parties.
The technical elements of the work program include E-log evaluations, aquifer parameter
determinations, and computer modeling of water level drawdowns and aquifer flow
trajectories.

Section II - 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
State University Bakersfield where he teaches hydrology, contaminant transport, geochemistry

and geophysics in upper division and graduate level courses.
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Section III - Methods.

This Report presents the findings of several types of analyses and evaluations which we
summarize here. The well log and geological analysis includes a review of the completion
intervals in surrounding wells and a review of E-logs primarily for stratigraphy and net- sand
analysis. The aquifer parameter analysis includes a review of published data, a review and re-
calculation of T & S values from the December, 2002 ID4 well tests for nearby ID4 wells, and
a review of published infiltration rate data for nearby recharge ponds and test ponds. The
drawdown impact analysis includes Cooper- Jacob calculations for a range of transient
conditions and parameters, and analytical computer modeling and mapping of multi-well
drawdowns and particle trajectories. We used SSS proprietary software for the Cooper- Jacob
calculations and WinFlow (tm) software by Environmental Simulations, Inc. for the drawdown

modeling and mapping.

This impact analysis is the fourth such study that we know of in the general area of
interest. The previous three impact analyses include reports on the Kern Water Bank (Schmidt,
1997), the Pioneer Project (Schmidt, 1998), and the ID4 Kern Parkway Project (Schmidt,
2003a & 2003b).

Section IV - Acknowledgments.
Thank you very much Tom Haslebacher, KCWA hydrogeologist, for providing the ID4
project location maps and for preparing and printing selected SSS data overlays on the KCWA

air photo base map for inclusion in this Report.
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Sierra Scientific Services

An Evaluation of Well Placements and Potential Impacts of the
ID4 / Kern Tulare / Rosedale - Rio Bravo Aquifer Storage and Recovery Project.

4. Discussion

Section I - Project Description.

The ID4 / Kern Tulare / Rosedale - Rio Bravo Aquifer Storage and Recovery Project is
a uniquely collaborative effort between three local water districts to operate and optimize an
aquifer storage and recovery (ASR) project. The site of the Project is located about %2- mile
north of the intersection of Allen Rd and Stockdale Hwy in southwest Bakersfield, Kern
County, California (Figures 1 & 2).

The Kern Tulare Water District (KT) is the banking partner who will provide a wet-
year water supply to the project and who will receive a dry- year water supply in return. The
Rosedale - Rio Bravo Water Storage District (RRB) is the storage partner who will provide
existing recharge ponds and aquifer storage. The Kern County Water Agency Improvement
District No. 4 (ID4) is the operating partner who will engineer and operate the wells and
pipeline facilities related to project operation. Kern Tulare WD and ID4 are funding the

installation of five new water wells and a new pipeline gathering system.

Kern Tulare WD will store and recover an estimated net 243,000 acre-feet (af) of water
over the initial 30 year project life. KT surface water will be delivered to the Project through
turnouts or headworks that connect the RRB conveyance canal to both the nearby Cross Valley
Canal (CVC) and the nearby Kern River channel. Well water will be returned to the CVC by
the proposed pipeline gathering system. The forecast dry- year return of water is projected to
occur in three years out of ten, and the well field operation is projected to be 90 af/d for 300

days in a return year.

The proposed project recovery design capacity is 90 af/d (approx. 45cfs) which
includes three wells at 5 cfs and two wells at 10 cfs which will be installed in 2004 and another

Sierra Scientific Services, 661-872-4221, ©2004. 17



two proposed wells at 5 cfs which may be installed in the next 2 - 3 years. The full proposed
well field straddles the boundary between RRB and ID4 with a 5-well array located on RRB
property and a 2-well array located on ID4 property. The surrounding area contains private
domestic water wells and municipal water wells of various depths which belong to private
parties and other entities. Two of ID4's engineering design objectives are to 1. estimate the
drawdown and water quality impacts of the proposed well field for a range of operating
scenarios, and 2. minimize the drawdown impacts of the well field on surrounding wells by

optimizing the well- location placements.

The proposed project ground water extraction capacity of 45 cfs is only 25% of the total
estimated recovery capacity of 180 cfs for all of the wells in the local area. The City of
Bakersfield owns 7 wells with an estimated pumping capacity of 45 cfs, there are 4 other
recognized municipal water supply wells with an estimated capacity of 20 cfs, and 7 other ID4
wells with an estimated capacity of 70 cfs. It is reasonable to assume that during some dry
periods when the demand for water is the highest, that all of these wells may be pumping at the
same time. Our scope of work is limited to evaluating the potential impacts of this project

operating as if it were operating alone.

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 - Project Operating Parameters.

For the purpose of impact analysis, the base case annual operating scenario is to operate
all seven wells at specified flow rates for a combined design capacity of 90 af/d for 300 days,
which produces 27,000 af of ground water over the period. The hypothetical long term project
operation is based on the historical wet/dry climatic cycle which is predicted to require base
case pumping in three years out of ten. The “worst-case” design scenario therefore is base case
operation in three consecutive years. Other impact design scenarios of interest include one-

year operations at 25% and 50% of base case.
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There are, of course, many other possible operating scenarios and even multiple options
in achieving the one- year operations at 25% and 50% of base case. These multiple options
may include different pumping rates and/or different pumping durations for some wells or
perhaps not using all of the available wells to meet the production target. It is outside the
current scope of work to evaluate all of these possible operating scenarios, nor is it really
necessary to do so. We have sensitivity analyses which cover the range of likely operating

conditions.

There are other design variables which affect, and could perhaps even dominate, the
impact analysis which are difficult to forecast in advance. The primary natural factors include
the depth to the water table at project startup, the magnitude and direction of the ground water
gradient, and the large basinwide water level fluctuation due to the climatic wet/dry cycle. The
primary manmade variables include non-project impacts caused by other recharge or pumping
operations in the surrounding area. The evaluation of these design variables is outside the
scope of work.

Section III - Well Placement Analysis.

Several constraints and operating criteria limit the selection of the seven proposed
project well locations. The two wells intended to be located on ID4 property needed to be
placed along the proposed pipeline right of way and the five wells intended to be located on
RRB property needed to be placed on the network of levees which provide access to the RRB
recharge ponds. ID4 established the two locations on their property according to their own
criteria so that the balance of the well placement analysis referred to the cluster of five wells on
the RRB property.

The three main criteria for the five RRB well placements are 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 any wells in the surrounding area.

The first two criteria are best met by placing the wells on the nodes of a uniform rhombic grid
at the largest possible spacing and operating all five 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 standoff distance.
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Five possible 5- well arrays (Figures 3A - 3F) fit the criteria for well placement and
each array has a node spacing of 1200 ft between project wells and a minimum standoff
distance of 1000 ft from surrounding wells. Each of the five possible well arrays has its
advantages with respect to secondary criteria such as total gathering system pipeline length,
lengths of larger and smaller diameter pipes, proximity to future road alignments, capital and
operating costs, and other factors. Sierra Scientific used well array “A” for the calculation of
hypothetical drawdowns (Figure 3A) and, for reference purposes, located each well on a
coordinate system with respect to a local origin (0,0) at the intersection of Allen Rd and
Stockdale Hwy.

Section IV - Aquifer Model and Parameter Selection.

There are many computation methods for predicting 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 but
only 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 main

judgments include the choice of mathematical model and the choice of aquifer parameters.

The Real Aquifer. Based on our analysis of the E-log stratigraphy and hydrogeology, the

local aquifer is a semi-confined (leaky) aquifer which is recharged from the sides and from the
overlying layers. The aquifer consists of a sequence of nearly- horizontal, laterally
discontinuous, interbedded, unconsolidated, sandy and silty sediments. 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.

Because the interbedded silts have some permeability of their own, and because

pumping in the deeper zones causes significant downward vertical gradients, the deeper sands
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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.

This type of aquifer behavior is complex and difficult to model at the observed scale of
variability unless we have much more data than is currently available. However, this aquifer
can easily be modeled as a semi-confined (leaky) aquifer with a few simplifications and
assumptions. The mathematical theory is available for us to model the project impacts under
leaky aquifer conditions, and we consider this to be an acceptable approximation and the best

choice among the available alternatives.

Aquifer Model. For this scope of work, there are three mathematical aquifer models from
which we are free to choose, i.e., a confined aquifer, an unconfined aquifer, or a leaky aquifer.
We must choose one of these three models based on our interpretation of the local geology and
hydrology.

The SSS interpretation of the local geology, based on available well logs, consists of
complexly- interbedded sandy and silty sediments with reported localized confining layers
about 150 ft below ground level and a more extensive confining layer about 550 - 700 ft deep.
The cluster- well hydrographs (Figures 6A, 6B, 7A, 7B) 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 interpret the hydrology and stratigraphy with significant vertical gradients, lateral
facies changes, and widespread absence of shallow clay layers to be an aquifer which behaves
neither as a confined nor an unconfined aquifer but as a non-ideal leaky aquifer. The
combined effects of many thin, laterally discontinuous silty layers contribute to aquifer and
well behaviors with delayed yield and both horizontal and vertical flow gradients. Our
interpretation differs from the models proposed by Schmidt in 2003 and by the Department of

Water Resources (DWR) in 1995, which we summarize for reference in Appendix 1.

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
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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 a single
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 reviewed the available published sources of parameter values (Appendix 3)
and we consider the ID4 well test of December, 2002 to be the best source of a verifiable T &
S value for the area of interest. SSS re-analyzed the reported time- drawdown data for one
observation well (Appendix 4) and determined the local value of transmissivity to be T =
20,000 ft*/d and the value of storativity to be S = 0.00056 for the slotted intervals of the tested
wells . These values of T & S differ from those published in the original analysis (Schmidt,
2003b) and from other published values in the area. This value of S = 0.00056 from the pump
test, disagrees with our calculated value of S which is based on bulk compressibility
measurements on sediment samples from the project area of interest. Based on our
measurements, we expected a well- test to provide a storativity (S) in the range 0f 0.003 < S <
0.015. Lacking any corroborating data to resolve the discrepancy, we chose to use the

measured value of S = 0.00056 from the ID4 December, 2002 well test for this work program.

Based on E-logs, we estimate that the test wells were completed across an estimated 250
ft net sand interval in the local area of the well test, so that the hydraulic conductivity of the
sandy strata must be about K, = 80 ft/d. Based on published RRB data, we have used a value
for specific yield of S, = 0.21 and an average porosity of p = 0.30 for the aquifer sands.

The Hantush leakage factor (B) is a function of the aquifer transmissivity and the
vertical flow properties of the aquitard(s) overlying the aquifer. In the project area, the high-
permeability zones of the aquifer are sandy sediments and the low-permeability zones are silty
sediments. These silty sediments are the aquitards which retard the vertical flow of water
between the sandy layers of the aquifer. The vertical flow parameters of interest include the
thicknesses and vertical hydraulic conductivities of the silty layers but neither the horizontal
nor the vertical hydraulic conductivity can be determined from the local wells or well tests.
Based on our measurements and estimates of the relevant properties (Appendix 3), we estimate
that the value of B varies in the range of about 1800 < B < 6000 and we have used a value of

B = 3200 as our base case value.
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Both Swartz (1995) and Schmidt (1997) quote generic values for vertical hydraulic
conductivity (K, )for the Kern Water Bank area (see Appendix 1) ranging from .0004 - .0027
ft/d which are within the two orders of magnitude of typical textbook values for silty
sediments. Swartz (1995, p.116) indicated that the selected DWR values were guessed at and
did not work very well in their computer models and had to be changed to other, unreported
values. Schmidt reported (1997, p.7) that their values were determined from long- term well
tests performed in the KWB area in 1990 - 1991 but we do not know how this might have been
done and Schmidt did not present either the well locations, test methods, test data, or
calculations so we cannot independently verify the reported values or their relevance to the ID4
/ KT / RRB project area. Except that these reported values fall within the range of expected
textbook values for silty sediments, we place no particular credibility in the representativeness
of these particular values of K,. We do not know of any other reported pump test data which

provide a determination of the vertical hydraulic conductivity of the local sediments.

There are several reported measured values of vertical hydraulic conductivity Kv,,,4 for
both sand and silt samples collected in the area of interest. RRB (Crewdson, 2003) and the
City of Bakersfield (COB, 2000) separately reported independent sediment permeability data
which are based on laboratory core analyses of shallow unconsolidated sediments which have
been retrieved from boreholes down to 120 ft deep. The RRB sand samples had a Kv, 4 = 18
ft/d and the COB sand samples had a Kv,,, = 112 ft/d. The RRB silt samples had a Kv, =
0.038 ft/d and the COB silt samples had bimodally distributed values of Kv, = 0.3 and Kv, =
0.03 ft/d. Based on these core- sample data, we observe that the local silty sediments are about

500 - 1000 times less permeable than the local sandy sediments.

Based on the Kv/Kh ratio for these sediment analyses and the well-test value of Ky, g =
80 ft/d, we estimate that the range of vertical hydraulic conductivity of the silty intervals is
about 0.04 < K, <0.16 ft/d with an average estimated value of K, = 0.08 ft/d . Finally, we
have estimated the aquitard thickness (b’) based on E-logs and dimensional considerations to
be 50 - 100 ft thick and have calculated a range of values of leakance (L) and Hantush leakage
factor (B) accordingly. We have selected an average value of B = 3200 fi for base case

drawdown calculations and a range of about 1800 < B < 6000 for sensitivity analyses.

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
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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
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.

The Ken Schmidt, 2003a, report presents two different groundwater conditions in their
impact analysis of the project area. One condition represents a northwesterly water table
gradient and a second condition represents a westerly water table gradient. Based on our
review of KCWA groundwater elevation maps for the area, we have observed an overall
change in the groundwater gradient as the climate swings from wet to dry conditions. During a
wet cycle, the recharge in the three- mile stretch of the Kern River channel from Alien Rd east
to Coffee Rd tends to create a northwesterly component to the overall gradient on the north
flank of the river recharge axis such as for the years 1996 - 1998 (Figure 8). During a dry
cycle, the absence of recharge in this stretch of river causes a westerly gradient to dominate due

to the effects of aquifer dynamics farther to the east such as in years 1991 - 1993 (Figure 9).

This shift may cause contaminant plumes located outside of, but close to, the long term
capture zone limit to move into the capture zone. The reverse is not really possible, i.c.,
contaminant plumes leaving the capture zone, because even though particle trajectories say it is
possible, actual contaminant migration invariably leaves in situ residues behind in its pathway
which linger as continuing in situ sources of low- grade contamination for many years
thereafter. We have included the uncertainty in ground water gradient in our analysis by using
a long- term background average ground water gradient behavior within the computational

model, based on the observed trends from the KCWA historical ground water elevation maps.

In other model runs we have assumed that the regional water table gradient is 0.002, i.e.,
about 10 ft per mile either to the west (& = -180 degrees, left azimuth from east), which is
typical of dry cycle conditions, or to the northwest (e =-135), which is typical of wet cycle

conditions. In these cases, we have set our reference elevation such that the water table
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approximates the true depth of the water table in the area of interest, which we assumed to be
100 ft deep at the intersection of Stockdale Hwy and Allen Rd for this evaluation.

Section V - Drawdown Analysis.

The basic output from a single drawdown analysis is a contour map of the predicted
drawdowns in and around the area of the well field. Each map shows the well locations, the
contours representing the drawdown for a specified set of pumping parameters, and flowpath
particle trajectories for a specified duration of pumping. The maps cover an area of
approximately ten square miles centered on the middle of the well field. Using local (east,
north) coordinates in units of feet, the local origin (0,0) is at the intersection of Stockdale Hwy
and Allen Rd, the southwest map corner is located at (-8400, -4600), and the northeast corner
(+11600, +10600).

The predicted drawdowns from this work program are significantly different than the
predicted drawdowns from three other recent impact analyses 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 parameters, the predicted

drawdowns are significantly less than the predicted drawdowns from these other studies.

Expected results.  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. 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 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
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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 is not 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. If the aquifer is semi-confined with leakage recharge from the
overlying layers, 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 water table will decline at a decreasingly slower rate than predicted by the confined-

aquifer model until the water table stops falling altogether.

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 an unconfined aquifer with
the assumed values of T & S,. 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.

ID4 observed decline- and- stabilize behavior in the December, 2002 well test after only
6 days of pumping, which they attributed to the onset of ground water recharge in the nearby
Kern River channel. Perhaps. But the observed stabilization of the water table more likely
represents the leaky aquifer condition in which all pumped water was being supplied by
downward leakage from the overlying layer and the well pumpage had achieved balance with

the rate of vertical recharge.

For the ID4 December, 2002, well test, the drawdowns reportedly stopped declining in

some wells after only six days of pumping, which was attributed to ongoing recharge in the
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Kern River channel. But the math doesn’t really support this logical sounding explanation.
The combined recovery rate of the six pumping wells was about 95 af/d but the river was
recharging only about 20 af/d. The river recharge could only have supplied about 20% of the
total recovery rate even if there had been no delay whatsoever in moving recharge water from
the river to the producing intervals of these six wells. If the river had really been supplying the
pumped water, the river would have dried up! Most of the recharge that caused the
drawdowns to stop declining must have come from a “real- time” source other than the Kern

River channel.

In our opinion, the available data suggest that the more likely explanation of the
drawdown behavior which was observed during the ID4 December, 2002 well test is that the
aquifer was behaving like a leaky aquifer and the drawdowns stabilized as soon as the zone of
depression had spread sufficiently to capture enough recharge leakage to balance the recovery
rate of the test wells. In this model, the river recharge is essential to keep the shallow water
table aquifer replenished over the long term against the loss from this zone due to leakage, but
based on theoretical and practical grounds we would not say that the river was the direct cause
of the observed stabilization of drawdowns during the December, 2002, well test. However,
subject to confirmation during future project operation, this previously- observed behavior
suggests that the leaky aquifer model is an appropriate approximation to the aquifer under the

project area.

Computed results. The base case operating scenario is to pump all seven wells at a

combined flow rate of 90 af/d for 300 days to recover 27,000 af from aquifer storage. The
base case aquifer model is a leaky aquifer with T = 20,000 ft*/d, S = 0.00056, ¢ = 0.30, and
B = 3200 ft. The base case water table model is a horizontal water table for impact analysis,
and two cases of sloping water table; a planar gradient of pointing either in the direction
N45°W or N90°W with or without river recharge, for zone of capture and particle trajectory
analyses. We present the calculated drawdowns for the base case and for other cases
representing a broad range of parameter values in the figures and appendices. The calculated
drawdown at any specific location for any specified set of conditions may be read directly off

the respective drawdown contour map.

Base Case. If the local aquifer is a leaky aquifer as we have modeled it under the base

case conditions, then after 300 days of pumping, the induced steady state drawdowns at
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distances of 1000, 3000, and 5000 ft from the well field perimeter are predicted to be 16 - 24
ft, 8 - 12 ft, and 3 - 5 ft, respectively (Figures 10 & 14). The model predicts that the entire
drawdown will take place in the first 10 - 20 days and then remain steady or nearly so
thereafter. These maximum, steady-state drawdowns will remain unchanged even for multiple
consecutive years of well operation as long as the shallow zones continue to be recharged and
are not dewatered. The actual operating drawdowns will be similar to these calculated
drawdowns if our selected parameter values are representative of the aquifer when the project

actually begins.

This steady- state drawdown condition does not come for free, i.e., the water must come
from somewhere. The real- time recharge to the aquifer comes at the expense of the shallow
zone which will experience a decline in water table of 30 ft near the well field for the duration

of pumping or more if this layer is not recharged.

There are five domestic water supply wells and four municipal water supply wells
within approximately 1,000 - 1,200 ft of any one of the project wells (Figure A2). There are
another nine wells 1,200 - 3,000 ft away, and another 9+ wells within 3,000 - 5,000 ft. These
wells include six City of Bakersfield wells, at least four other municipal water supply wells,
and five non-project ID4 wells within this zone of influence. None of these other entities
except ID4 has performed or published a well placement analysis or impact analysis on their

wells, to our knowledge.

The potential impacts of these nearby wells on this ID4/KT/RRB project is currently
outside our scope of work, but the bigger wells will certainly have drawdown impacts and
particle trajectory - capture zone impacts in the project area which we have not incorporated

into this study.

The ASR project is designed to put a wet- year water supply into the ground and then
recover it in some future dry year, so there is little likelihood of recharge and recovery
happening simultaneously. However, as long as the project puts as much water in the ground
as they take out, the net basin impacts of recovery will be exactly compensated for by the
mounding impacts of recharge, so there will be no net long term effect on the basin no matter
how far apart recharge and recovery are separated in time. The purpose of this study is to

determine the magnitude of the potential drawdowns over a single season of pumping, and
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whether or not these short- term temporary impacts are large enough to exceed project impact

criteria.

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

the ratio of discharge 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 an aquifer transmissivity of 20,000 ft/d which is based on a re-calculation of the
ID4 December, 2002, well test and a Hantush leakage factor of 2600 < B < 3200, we estimate
the expected steady- state project- well specific capacity to be around 0.15 < SC < 0.25 cfs/ft.
For all pumping times less than required to reach steady- state, the observed SC will appear to
be larger, perhaps much larger than this predicted final value. For example, the reported time-
drawdown data from a 12-hour ID4 pump test of nearby ID4 well #12 (29s/26¢- 36Q02) gives
uncorrected SC values in a range equivalent to 0.46 < SC < 0.60 cfs/ft. Previous workers have
used such non-stabilized values of SC to report calculated, but undocumented, values of
aquifer transmissivity as high as 40,000 - 60,000+ ft*/d in this immediate area. Until more
documented and verifiable data are available in the project area, we will remain skeptical of

these values.

Modified Base Case. Because of the uncertainties in the actual aquifer conditions, the

actual operating drawdowns 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 depends primarily on the values of T, S, 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.
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In general terms, we have selected base case values of T, S, and B based on actual
measurements but which are at the lower end of their respective ranges of possible values.
If the true aquifer transmissivity (T) is higher than our value, then the drawdowns will be less
than predicted, but the zone of impact will extend farther out than predicted. If the true aquifer
storativity (S) is higher than our value, then the drawdowns will propagate outward more
slowly but the final drawdowns will not change in the long run. If the actual leakage factor (B)
is higher than our value, then the actual leakage from the shallow zone into the underlying
aquifer will be less than we’ve assumed, the aquifer will behave more like a confined aquifer
than expected, and the drawdowns will be larger than predicted. These qualitative trends can
be evaluated by modifying the base case parameters through a range of values and observing
the changes in calculated drawdowns.

We have assembled a catalog of calculated drawdown maps (Appendix 6) for modified

base case parameters and have summarized some of the interesting results in Appendix 6.

Limiting Cases. In general terms, the limiting cases for any impact analysis occur when
pumping continues for a very long time, i.e., approaching the condition of steady - state. If the
aquifer extends uniformly outward for a very long distance away from the area of operations
(i.e. what we call infinite extent) and the aquifer is either confined or unconfined, then the
drawdown will never actually achieve steady state but will, instead, continue declining forever
at a very slow rate. This rarely occurs in real life because either pumping stops, or the
drawdown extends outward until a recharge boundary is reached and then the drawdown
stabilizes, or pumping wells nearly drain the aquifer dry and the theory falls apart. Other

things which can happen along the way are outside the scope of this discussion.

In these two hypothetical steady state cases, drawdown is greater and propagates farther
in the confined aquifer than in the unconfined aquifer. In the ID4 area of interest, the aquifer
behavior in either case would achieve about 90% of steady state behavior by the time the wells
have been pumped for 300 days. One implication of this is that once the aquifer behavior has
achieved steady state, no further (significant) drawdown will occur even if pumping is
continued for a long period of time. And this is true of the ID4 project. The calculated
drawdown due to three consecutive years of base case pumping is only a few feet deeper than

the drawdowns at the end of the first year.
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For comparison purposes, the hypothetical steady state drawdowns for fully confined
and fully unconfined conditions are as follows. If the local aquifer were fully confined, then
after 300 days of pumping the drawdowns within the aquifer would be greater than 100 ft at a
distance of 1000 ft from the wells and 74 - 82 ft at a distance of 5000 ft from the wells (Figure
11). If the local aquifer were unconfined, then after 300 days of pumping the drawdowns
within the aquifer would be as much as 60 - 70 ft at a distance of 1000 ft from the wells and 44
- 50 ft at a distance of 5000 ft from the wells (Figure 12).

Section VI - 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,
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.

The flowpath behavior in the project area under pumping conditions represents non-
Darcy flow in which the particle trajectories of adjacent water molecules are not parallel and
do not travel at constant velocity. We can easily calculate the water flow velocity at any point
at any time but it is not particularly useful to do so. The best generalization we can make is
that groundwater flows the slowest at the perimeter of the capture zone, the fastest as it
approaches a well, and at intermediate velocities in between because it varies with the gradient

which varies with the distance and position relative to the well field.

It is much more useful to be able to map the flowpaths that aquifer water takes as it
flows toward a well because any potential constituents of concern in the groundwater will
follow the same flowpaths. One 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.
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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. 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 the pumping rate and/or duration increase. 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.

The capture zone (CZ) is the cylindrical volume of the aquifer centered on the well field
from which ground water is actually removed by pumping over a specified time. The CZ is not
the same volume or the same shape as the cone of depression which merely shows the
distribution of head within the aquifer. The importance of mapping the capture zone is for
purposes of evaluating water quality, particularly the potential for contaminant capture. We
have mapped (Figure 13) and tabulated (Figure 15) the approximate locations of the expanding
capture zone for continuous pumping for pumping times from 1 - 30 years for an aquifer with a

northwesterly water table gradient (Figure A9).

A slug or plume of contamination which is inside the capture zone will arrive at the well
field within the specified pumping time if 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 affect 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,

particularly since no zones of contamination have been reported in the immediate project area.

Based on the base case operating scenario, the following table gives the approximate
dimensions of the well field capture zone for various hypothetical periods of continuous
pumping. The distances are measured from the nearest edge of the well field and not the

center.
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Capture Zone Perimeter Distances, measured from well field perimeter.

Pumping Downgradient Upgradient Rate of outward
Time (yr) Distance (ft) Distance (ft)  Expansion (ft/yr)
1 1000 1400 1400
2 1500 2100 700
5 2300 3500 560
10 3000 5200 340
20 3500 5800 80
30 3500
o0 3500

Based on these data, the well field will never capture water (or contamination) from
plumes or sources which are farther downgradient (to the northwest) than about 3500 ft
regardless of the duration of pumping. In real life, a capture zone only continues to expand
upgradient until it reaches a recharge boundary. For this well field, the upgradient is actually
quite close to the south and southeast because the Kern River channel is only about 3,000 -
6,000 ft upgradient. Under the natural gradient alone, with a homogeneous groundwater flow
velocity of about 0.5 ft/d, it would take a water molecule of river recharge about 30 - 40 yr to
reach the wells and under continuous pumping it would still take 10 - 20 yr. If there are no
sources of contamination exist between the well field and the Kern River channel, then the
ground water arriving from this direction will always have the same general water quality as

Kern River water.

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 July, 2004, An Evaluation of Well Placements and Potential Impacts of the ID4 /

Kern Tulare / Rosedale - Rio Bravo Aquifer Storage and Recovery Project., Sierra Scientific Services,

Bakersfield, CA.
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6. General Disclaimer

Sierra Scientific Services (SSS) provides a standard work product which includes the performance
of work, a copy of the raw data and processed data, and a descriptive report. SSS represents that the
performance of work, and the collection, reduction, and analysis of data are by methods which are
consistent with standard scientific practice. We represent that the data are accurate in the sense that
they can be verifiably duplicated within the limits of uncertainty by a competent investigator using the
same methods under the same conditions. SSS does not represent that the data are necessary or
sufficient to provide any characterizations beyond that which is consistent with the type, amount, and
distribution of data. SSS’s sole liability with regard to the standard work product is limited to the
correction of errors in our standard work product within the original scope of work. In no event shall
SSS be liable for data from other sources even if, for the convenience of the Client, we choose to report
it for any reason within our work products. Our sources for the definition of standard scientific practice
are available upon request.

Sierra Scientific Services (SSS) provides an extended work product which includes ideas, concepts,
theories, hypotheses, speculations, interpolations, extrapolations, interpretations, conclusions and
recommendations, collectively referred to as opinions. SSS uses methods of logic and inference which
are consistent with standard scientific practice to generate the extended work product. It is SSS’s
opinion that we provide the Client with a better understanding of the data with our opinions than
without them. SSS represents that these opinions are consistent with the overall body of data in the
standard work product and are consistent with the workings of nature as we know it. SSS does not
represent that these opinions are the only opinions that may be inferred from the data. SSS does not
represent that these opinions reflect the true nature of the site. There is no warranty, express or implied,
that these data and opinions are useful or usable for a specific purpose.

This work was done at the request of the Client. SSS does not represent or warrant that the data
and/or opinions are necessary or sufficient to characterize the site, or that the data or opinions represent
the true nature of the site apart from the accuracy of the actual observations. SSS advises that the
Client can obtain higher confidence and better characterization through additional work. SSS advises
that until the project is fully characterized with high confidence, the Client may be at risk of making
inefficient, non-optimum, uncertain, or incorrect decisions based on existing data and opinions.

These representations set forth here are in lieu of all other representations or warranties, whether
express or implied, with respect to the standard and extended work products of this report. In no event
shall SSS be liable for any special, indirect, incidental, or consequential damages, related to using or
not using these work products.
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iD4 / KT / RRB Project Operating Scenarios.

Wells Rate Duration Duration Recovery Recovery

(af/d) (yr) (d/yr) (aflyr) (% full)

base case (100%) 7 90 1 300 27000 100%
3-yr base case 7 90 3 300 27000 100%
Half base case 1 (t=1/2) 7 90 1 150 13500 50%
Half base case 3 (Q =1/2) 7 45 1 300 13500 50%
Half base case 3 (RRB wells) 5 50 1 300 15000 56%
Half base case 4 (ID4 wells) 2 40 1 300 12000 44%
Quarter base case 2 (t =1/4) . 7 90 1 75 6750 25%
Quarter base case 3 (Q =1/4) 2 22.5 1 300 6750 25%
Quarter base case 1 (1 well each) 2 30 1 300 9000 33%

FIGURE 4. Recovery Well Operating Scenarios.




ID4 / KT / RRB Impact Analysis Parameters.

Property Sym. Value  Units
Aquifer Hy. Conductivity (Hor) K(h) 80 ft/d
Aquifer Hy. Conductivity (Vert) K(v) 8 fid
Aquifer Thickness H 250 ft
Aquifer Transmissivity T 20000  fth2/d
Aquifer Specific Yield Sy 021 viv
Aquifer Specific Storage Ss 41E-05  ftM-1
Aquifer Storativity S 0.00056  viv
Aquifer Porosity phi 03 i
Aquitard Hy. Conductivity (Vert) Kv' 0.08 ftd
Aquitard Thickness H' 40 ft
Aquitard Leakance L 0.002 d*1
Hamtush Factor B 3200 ft
GW gradient 1 G 0.002 @ ra=270
GW gradient 2 G 0.002 @ ra=315
GW gradient 2 w/rvr rchg G 0.001 @ ra=300
river recharge qrvr 210  ftr2/d
pond recharge gpond 1 ft/d

FIGURE 5. Impact Analysis Parameters.
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KCWA Hydrograph for cluster well 29/26-35H (RRB long term).
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ID4 / KT /| RRB Well Field Predicted Drawdown Summary.

pumping Predicted drawdown at
time 1000 ft 3000 ft 5000 ft
Aquifer Model (d) (ft) (ft) (ft)
300 days pumping
semi-confined, B = 2600 300 d 12-20 4-7 1-3
semi-confined, B = 3200 * 300d 16 - 24 6-10 3-5
semi-confined, B = 6000 300d 28 -38 16 - 23 10 - 14
semi-confined, B = 10000 300d 42 - 52 28 - 36 20-26
unconfined, low 300d 22-30 13-19 9-14
unconfined, high 300d 71-78 62 - 69 56 - 62
confined 300d 120-132 103-115 98 - 103
3-years pumping
semi-confined, B = 3200 * 3yr 16 - 24 6-10 3-5
unconfined, high 3yr 79 - 86 70-77 65-70
confined 3yr 134-146 118-130 105 - 117

* = base case

FIGURE 14. Table of Drawdowns versus Distanc




ID4 / KT / RRB Well Field Predicted Capture Zone Summary.

Distance” Distance* Distance* Distance* Distance”

Downgradient due North due East due South** due West

Aquifer Model (ft) (ft) (ft) (ft)
Pumping Duration (yr).

1 1100 2300 1600 1500 1300

2 1800 2900 2300 2200 1800

5 2800 4000 3600 4100 2900

10 3700 5000 4800 4000 - 4600 3800

20 4600 6200 6100 4000 - 6200 4600

30 5100 6800 6800 4000 - 6200 5100

* Distance measured from nearest well in well field.
** South-ward limit is at Kern River recharge boundary.

FIGURE 15. Table of Capture Zone Perimeter Distance versus Time.
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SUBSURFACE GEOLOGIC CONDITIONS

The project gite is on the upper part of Athe Kern River fan,
where coarse-grained deposits are predominé.nt above a depth of
about 700 feet. As part of this evaluation, drillers reports and
electric logs were obtained for wells and test holes in the
vicinity. Two subsurface geologic cross sections were then de-
veloped. Figure 1 shows the locations of the River Parkway and
proposed RRBWSD wells, the cross sections, and locations of other
selected wells referenced in this report. Cross Séction A-A’
extends generally along the Kern River, from near Heath Road on the
southwest, through a number of ID-4 and City of Bakersfield wells,
to near the Atchison, Topeka, and Santa Fe Railroad tracks on the
northeast. Cross Section B-B’ extends from near Palm Avenue north
of Brimhall Road on the northwest to the southeast through several
KCWA wells, to near Calloway Drive, north of Fraser Road.

Cross Section A-A’ (Figure 2) is oriented parallel to the
inferred dip of the alluvial deposits. Coarse-grained deposits
extend to a depth of at least about 750 feet along much of the
section. Stream channel deposits (coarser than sand) are indicated
to be present along most of the section. These deposits generally
extend to gx"eater depths as one progresses farther southwest.
Fine-grained strata that could act as significant confining beds

are of limited extent along the section, except below a depth of
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about 450 to 500 feet. A fairly continuous confining bed
(primarily clay) appears to be present below this depth and above
a depth of about 750 feet along most of this section. A localized
shallow potential confining bed appears to be present primarily
west of Calloway Drive, along this section. The top of this layer
is about 150 feet deep. The layer appears to be discontinuous, the
deposits are not primarily clay, and the bed is indicated to be
much less effective than the deeper more extensive confining bed.

Cross Section B-B’ (Figure 3) generally extends pefpendicular
to the inferred dip of the alluvial deposits. Coarse-grained
deposits are also predominant along this section, and are
overwhelmingly present in the area north of the Kern River. Stream
channel deposits (coarser than sand) are present along this section
only in the areas east of Allen Road, and most of these are near or
south of the Kern River. A localized, possibly significant shallow
confining bed (primarily clay) is present along this section south
of the Kern River. The top of this bed is about 150 feet deep. A
more extensive deeper confining bed is present below a depth of
about 500 feet along the section. This bed is thicker to the
gsoutheast, and thinner to the northwest.

Additional subsurface geologic cross sections have been
prepared by Environmental Resources Management (2000) for the area

east of the Friant-Kern Canal and south of the Calloway Canal.



8

These sections extend to a deptﬁfdfiaboutkzso feet and provide more
information in the area of volatlle aromatlc and MTBE- contamlnated
groundwater, whlch is d1scussed in a subsequent sectlon of this 

report.
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AQUIFER CHARACTERISTICS

Aquifer characteristics have previously been determined from
the Pioneer and Berrenda Mesa water-banking projects (Kenneth D.
Schmidt and Associates, 1998). These, along with the east part of
the City of Bakersfield 2,800-acre area, are the closest previously
evaluated water banking project areas to the proposed project
wells.

The California Department of Water Resources (DWR) divided the

alluvial deposits in the Kern Fan area into three layers for
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groundwater modeling. Layer 1 extends from the land surface to a
depth of 300 feet, Layer 2 extends from 300 to 500 feet in depth,
and Layer 3 extends from 500 to 700 feet in depth. Thg DWR
provided values of transmissivity for the lower two layers and
hydraulic conductivity for the upper layer. However, these values
weren’t based on aquifer tests and evaluations of some recovery
well pumping, nor recharge mound evaluations for the local area
following large-scale recharge. Substantial aquifer test data are
now available for dozens of water bank project recovery wells,
including five of the ID-4 wells. In addition, more information on
the upper layer aquifer characteristics is available for 1) aquifer
tests when the water 1level was relatively shallow, and 2)
evaluations of water-level rises associated with recharge
activities for the water-banking projects.

For the Pioneer and Berrenda Mesa projects, values of aquifer
characteristics from the DWR Kern Fan Model for areas close to the
proposed project were provided by KDSA (13998, Appendix A) . Appendix
B of that report contained transmissivity values for Layer 1 and
the combined values for all three layers when water 1levels are
shallow. Transmissivity values are normally expected to be higher
when water levels are shallower and the saturated thickness of the
alluvial deposits is greater. DWR model values were modified to
incorporate the results of aqﬁifer tests and mounding evaluations.

A significantly higher transmissivity (247,000 gpd per foot) was
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indicated for the part of the Pioneer area north of the Kern River,
compared to the model values. This assumes a starting water level
of only 10 feet in depth (the shallow water level condition).

In the Pioneer Project drawdown evaluation, drawdowns were
calculated both for a shallow and intermediate starting depth to
water. Based on available information, such as specific capacity
values for wells covering different time periods, the
transmissivity values for the drawdown calculations starting at the
intermediate water level (120 feet deep) were reduced only about
fifteen percent from those for the shallow water-level conditions
(10 feet deep).

Table 4 shows the results of aquifer tests for five<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>