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1.0 INTRODUCTION AND PURPOSE

Wood Rodgers Inc. (Wood Rodgers) has been contracted by the Rock Creek Reclamation District to provide
a conceptual groundwater recharge/infiltration analysis for assessing the potential for increasing aquifer
recharge from surface water in the Sand Creek watershed north of the City of Chico, California. This report
is intended to document the literature review of previously available analysis, new data collection
methodology, hydrological and hydraulic analyses, and the method adopted to analyze baseline and
proposed condition infiltration through the potential groundwater recharge site(s) within the Sand Creek
watershed.

The Sand Creek watershed is located north of Rock Creek and east of State Route 99 (SR99) in Butte
County, California. Twenty potential infiltration areas were identified within the Sand Creek watershed by
the RCRD as part of the scoping effort for this study. Figure 1 shows the location of the area studied and
the initial 20 potential infiltration sites.

The purpose of this study is to determine locations and potential structural measures that may be constructed
to increase groundwater recharge and assess their effectiveness. This will be achieved by analyzing the
existing (baseline) condition infiltration volume through the site(s) and then analyzing the proposed
infiltration enhancement scenarios to demonstrate how they could increase the recharge capacity of the
respective basins. This study provides a feasibility-level assessment of the infiltration volume for existing
and proposed conditions in the project area. Alternatives that could be implemented to improve/increase
the infiltrated volume are described, as well as the approach and methodology used to evaluate the
alternatives. Further study would be needed to identify a preferred and implementable alternative.

2.0 BACKGROUND

2.1. General Background

An aquifer is a geological formation that consists of underground layers of permeable rock, sediment, or
soil capable of storing and transmitting water. These natural underground “reservoirs” play a crucial role
in groundwater storage and supply. Infiltration refers to the process by which water from precipitation or
surface sources penetrate into the ground, recharging aquifers and replenishing underground water
resources. Together, these formations and processes are essential components of the Earth's hydrological
cycle, sustaining ecosystems and providing a vital source of freshwater for human consumption and various
other uses. Aquifers, their physical structure, infiltration capacity, and percolation processes are closely
interconnected and occur simultaneously, necessitating comprehensive joint study. The quantity of water
that can be infiltrated is inherently reliant on the specific characteristics of the aquifer and the soil layers it
must pass through to reach it. Therefore, relying solely on hydrological (surface) analysis is insufficient for
drawing conclusions; a combined approach that includes geological analysis is essential for a thorough
understanding of these processes. However, the quantification of storage underground cannot be well
defined in sufficient detail in many areas because measurements of pore spaces within underground
sediments is very limited and expensive to collect, forcing analysis to rely on interpolations and projections
of data.

Relying solely on a desk evaluation and analysis can yield imprecise results for such studies, which demand
on-site visits and accurate data collection for more precise results. Our team conducted a field visit to assess
hydromorphic conditions and evaluate infiltration conditions in Sand Creek. This fieldwork serves as a
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reference point to validate the feasibility of proposed alternatives and the results simulated by the feasibility
study model.

2.2. Previous Studies and Existing Modeling Information

The Rock Creek watershed, situated in Butte and Tehama counties in California, is part of the larger
hydrological unit known as Big Chico Creek — Sacramento River. Originating in the Sierra Nevada
Mountains, this watershed experiences runoff that flows in a southwest direction until it reaches the
confluence of Rock Creek and Mud Creek. Mud Creek then continues for approximately two miles before
joining the Sacramento River. The northeastern section of this watershed encompasses foothills and
mountainous terrain, with elevations ranging from around 200 to 3,900 feet. In contrast, the southwestern
part lies within foothills and valleys, with elevations spanning from approximately 560 to 135 feet. The
primary watercourse in this watershed is Rock Creek, which has two named tributaries, Keefer Slough and
Sand Creek. In the upper reaches of the watershed, Rock Creek spills into the upstream end of Keefer
Slough, which ultimately merges with Rock Creek in the lower part of the watershed. Additionally, there
are several small, unnamed tributaries that contribute to the Rock Creek watershed.

The Northern Region Office of the California Department of Water Resources (DWR) conducted
hydrological modeling for the Rock Creek watershed in November 2021. They utilized the Hydrologic
Engineering Center Hydrologic Modeling System (HEC-HMS) developed by the United States Army Corps
of Engineers (USACE) for this purpose. The hydrologic model used in this study was initially provided to
Butte County by DWR and subsequently employed by Wood Rodgers as part of the Rock Creek Nord
Feasibility Study, which assessed flooding alternatives affecting greater Rock Creek and Keefer Slough.
The primary focus of the new infiltration study centers on the Sand Creek portion of the watershed. As the
original DWR model and subsequent feasibility study lacked the required level of detail for the infiltration
study, Wood Rodgers subdivided the Sand Creek watershed at a specific point of interest, where more
detailed streamflow estimates were essential. No modifications were made to the remainder of the Rock
Creek model. The necessary hydrologic parameters were then computed for this newly delineated Sand
Creek Sub-Watershed. Refer to Figure 2 for a visual representation of the revised Sand Creek watershed
delineation.

The DWR incorporated publicly-available rainfall frequency projections from the National Oceanic and
Atmospheric Administration (NOAA) Atlas 14 into its simulation, to assess flooding. It is important to note
that the NOAA Atlas 14 dataset is a statistical analysis that does not encompass all rainfall gauges within
Butte County, or directly represent historical data. The primary objective of the current study is to simulate
long-term historical hourly conditions and corresponding infiltration rates/volumes at the subject sites. In
order to accurately represent the local rainfall conditions and to generate long-term hourly flow data, Wood
Rodgers replaced the NOAA dataset (hypothetical rainfall) with historically measured (observed) gauge
data collected from February 2000 to August 2023.

Wood Rodgers utilized the HEC-RAS 2D model for the previous feasibility study effort that covers a larger
watershed area, including Rock Creek, which results in longer model run time. A separate baseline model
was developed with a specific focus on the Sand Creek Watershed and the subject sites. This model is
utilized for the purpose of identifying long-term hourly infiltration patterns across the sites in baseline. This
focused HEC-RAS model was utilized to generate rating curve information required for evaluating the
proposed conditions. The modeling methodologies, data sources, and underlying assumptions within the
workflow are elaborated upon in subsequent sections of this report.
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3.0 FEMA EFFECTIVE FIRM

Basins Dig> and E; are currently mapped within a Federal Emergency Management Agency (FEMA)
Special Flood Hazard Area that is designated Zone A on the Flood Insurance Rate Map (FIRM)
06007C0575E (dated January 6, 2011). Since the site is located within the FEMA’s currently mapped
floodplain, a Letter of Map Change Request (LOMR) would be necessary to change the flood limits after
any flood-limits altering project. The request should be made through detailed hydrological and hydraulic
analyses which shows modeling results performed in accordance with FEMA criteria. This mapping change
can be a separate study after any construction is completed. Figure 3 shows the FIRM information. Any
proposed increases in flooded areas outside of the published EMA Special Flood Hazard Area due to
impounding water would need to be assessed by Butte County or map revision requirements. If there are
no existing structures to insure under the National Flood Insurance Program (NFIP), and the zoning and
land use prohibit future development, there may be no need to define the flood hazard with FEMA in order
to assign flood insurance rates.

4.0 GROUND SURFACE ASSESSMENTS

The purpose of this study is to quantify the baseline infiltration volume and explore various alternatives for
increasing the infiltration capacity of the subject basins. The primary option is to construct a dam to retain
water for a specific duration. Once retention and infiltration can be quantified, future studies will need to
assess environmental constraints, historical preservation issues, and water rights issues. It's important to
note that subsurface conditions have only preliminarily been evaluated in this study, any findings presented
here are subject to modification once they are evaluated. The decision to move forward with additional
analysis depends on qualifying for available funding, the State’s and Butte County's ordinances and
requirements, and RCRD’s willingness to oversee onsite efforts.

GeoSystem Analysis, Inc. (GSA) supported the analysis by performing onsite identification of potential
surface infiltration rates within the Sand Creek watershed. GSA and its subconsultant performed an
aboveground Frequency Domain Electro-Magnetic (FDEM) survey to assess long term infiltration within
the Sand Creek Watershed. FDEM is a surface-based electromagnetic tool used to detect variations in
subsurface electrical conductivity (or its inverse, resistivity) using electromagnetic induction principles.
Over twenty sites were assessed and five of them have been identified as potential sites, namely, Sites Dig2,
Ei, Ez, Ji, and J,, as shown on Figure 4. GSA’s primary focus was to identify the potential infiltration rates
and locations within the site, and they concluded that these five areas demonstrate greater infiltration
potential. A maximum constant infiltration rate of 0.7 ft/day was determined for the five identified areas,
as provided by GSA. Further details and explanations can be found in GSA's report, provided in Appendix
A.

In addition to the FDEM surveys, Wood Rodgers performed a site visit to document the geomorphic stream
conditions within much of the project area. Figure 5 shows the locations of all of the photographs taken to
depict the bank and bed conditions at key locations. At the onset of the project, it was assumed that the
primary infiltration potential would be located along stream bed areas, where looser sediments accumulate
over time, in locations where water naturally collects already, and where structures to retain water could
casily be constructed. Appendix B provides all of the photographic documentation.

The qualitative findings from the site visit show that bank scour conditions are naturally created, given the
slope/terrain characteristics of the watershed, as the existing meandering channels are subjected to periodic
higher flows. It is assumed that any proposed dam-like features that may be constructed to impound water
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will not worsen erosion stream conditions downstream of the impoundment, as long as the impounding
structure is designed for overtopping during high-flow conditions. Dam-like structures serve to reduce
peak flow downstream while they are filling, which will reduce bank erosion during smaller storm events.
During larger storm events, the dam passes flows downstream identical to pre-structure conditions after the
peak has passed.

The main impacts to geomorphic stream conditions that are created by impounding water are from trapping
sediment upstream of dams and thereby starving the downstream reaches of sediment that would have
otherwise migrated. Removing upstream sediment will require some degree of routine maintenance. It
will not likely detract from the infiltration capacity of the basin, but if allowed to accumulate it will deplete
surface storage and potentially block low-flow discharges from the dam outlet. Sediment management will
be an important consideration for design and implementation, and will require more in-depth analysis to
quantify any long term impacts.

5.0 HYDROLOGIC DATA COLLECTION AND USE

This section of the report provides the information regarding the hydrologic data necessary to conduct the
study. Mainly spatial data, temporal data and topographic data have been used for the analysis.

5.1. Rainfall Data

In California, numerous organizations have been actively collecting rainfall data. For this particular project,
Wood Rodgers conducted an extensive review of data sources, including Day-met, UC-IPM, CIMIS,
CDEC, CA-WC, and NOAA. Among these sources, the California Data Exchange Center (CDEC) stood
out for its long-term rainfall data collection and preservation. No measured rainfall data was identified
directly within the Sand Creek watershed. However, within the Sand Creek vicinity, there is an array of
rain gauges available. The CDEC database identifies rainfall collection sites by a three-letter ID, such as
CRG, CST, DES, CHI, PED, BLW, BIC, MUC, LCH, BKC, BPD, CES, and more. Wood Rodgers gathered
and analyzed data from all of these stations before deciding on their suitability for hydrological rainfall
runoff modeling. The main characteristics of the data were the measured time interval for data collection,
the length of the period of record, and the continuity/completeness of the data set. Given the size of the
watershed, it was important to obtain a maximum interval of hourly rainfall data. While daily and monthly
data is more prevalent, it does not provide enough detail to understand how storms realistically fill and
drain during a single day. Our analysis revealed that CRG possessed high-quality hourly data, with
minimal instances of missing values recorded over an extended period. While the location of the CRG
gauge is approximately 17 miles northwest of the Sand Creek watershed, the elevations and climate
conditions for each location are similar. Due to the lack of long-term data and the prevalence of missing
values in other stations, only the CRG gauge was used for this study as the best representation of historical
rainfall in the watershed.

The CRG gauge has hourly rainfall recorded from February 2000 to August 2023, and CRG data up to
August 2023 has been used in the study. Wood Rodgers utilized the hourly data to calculate both annual
and monthly average rainfall values. The analysis revealed that annual rainfall ranged from 5.13 inches to
32.22 inches throughout the twenty-four-year observation period, with an average annual rainfall of 19.33
inches, averaged according to calendar year. Table 1 provides a summary of annual rainfall values
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throughout this time frame, while Chart 1 visually illustrates the variations in rainfall over the mentioned
period.

Table 1: Annual Rainfall Observed at Station CRG

Calendar Year Rainfall-Inch

2000 13.15
2001 26.98
2002 19.49
2003 27.35
2004 22.62
2005 27.93
2006 22.2
2007 10.46
2008 15.36
2009 19.27
2010 28.85
2011 18.46
2012 23.31
2013 5.13
2014 23.51
2015 8.62
2016 26.27
2017 22.78
2018 16.41
2019 32.22
2020 6.84
2021 15.7
2022 10.57
2023 20.54
Avg. annual rainfall 19.33
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Chart 1: - Annual (Calendar Year) Rainfall Variation Graph

Monthly average rainfall from twenty-four years of recorded data was calculated which shows May to
September months having very low rainfall. The maximum average monthly rainfall occurred in December
which is 4.29 inches. Table 2 provides a summary of average monthly rainfall values for this time frame,
while Chart 2 visually illustrates the monthly variations in rainfall over the recorded period.

Table 2: - Monthly average rainfall measured at station CRG.

Month Rainfall-Inch

Jan 3.74
Feb 3.16
Mar 2.62
Apr 1.26
May 0.94
Jun 0.24
Jul 0.02
Aug 0.04
Sep 0.27
Oct 1.12
Nov 2.12
Dec 4.29
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Chart 2: - Historical average monthly rainfall at CRG

5.2. Topographic Data

A one-meter Digital Elevation Model (DEM) was acquired from the United States Geological Survey
(USGS) via The National Map website (USGS, 2021). To prepare the data for analysis, various essential
tasks such as unit conversion, projection definition, clipping, and mosaic were performed using the ArcGIS
Pro software. Figure 6 Shows the topographic data. The horizontal datum utilized for the project
evaluations is the North American Datum of 1983 (NAD 83) State Plane California Zone II Federal
Information Processing Standard (FIPS) 0402 (US Feet). The vertical datum utilized is the North American
Vertical Datum 1988 (NAVD 88).

5.3. Soil Data

Wood Rodgers retrieved Gridded Soil Survey Geographic Data (USDA-NRCS, 2020) from the Natural
Resources Conservation Service (NRCS) and employed Geographic Information System (GIS) Pro
software to identify the prevailing soil types within the Sand Creek Watershed. The watershed is
predominantly characterized by NRCS soil types C and D. C type soils are most abundant in the northwest
region of the basin and primarily consist of clay. These C class soils exhibit a high available water capacity
and are classified with a high runoff potential. Conversely, D type soils are dominant across the majority
of the basin and primarily consist of gravelly loam. The D class soils, in contrast, possess a low available
water capacity but are also classified with a high runoff potential. The soil properties serve as the basis for
assessing watershed runoff upstream and feeding into the infiltration basin areas.

6.0 MODELING APPROACH

6.1. Baseline Modeling Approach

To estimate the existing infiltration volume, extensive hydrological and hydraulic modeling, as well as GIS
analysis, were performed. Infiltration is a vital component of the water cycle or water balance, and to isolate
infiltration from the cycle, it's essential to consider areas and durations of inundation. The HEC-RAS 2D
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model was used to identify the area of inundation across each infiltration area for a wide range of flow
conditions to develop a flow/area relationship. This study considered five recharge zones, and the ArcPy
programming approach was used to calculate the inundation area for each flow value within each polygon.
To estimate the volume of infiltration, the inundated area was multiplied by the assessed constant
infiltration rate of 0.7 feet per day (0.35 inches/hour). This calculation resulted in an infiltration volume
versus inflow rating curve. The updated Sand Creek hydrologic modeling in HEC-HMS was utilized to
simulate historic hourly runoff values as inflow entering each infiltration polygon, and the previously
developed volume rating curve was used to calculate the infiltration volume for each recharge zone with
respect to hourly simulated historical runoff.

6.1.1.Hydrological (Surface Runoff) Modeling

As previously explained, the previously developed HEC-HMS model with modifications was utilized for
this analysis. The study focuses on Sand Creek and its watershed. Modifications and calculations of
watershed and hydrological parameters were adjusted exclusively for the Sand Creek Watershed. Hourly
rainfall data from the selected rain gauge were used to estimate historical runoff. The upstream flow
entering each recharge zone was computed and considered as basin inflow in the calculations. The flow
entering recharge zones J; and J, is the same, as is the case with E; and E,. However, the infiltration volume
through each of these zones would differ according to their distinct inundation areas. The main update in
the rainfall-runoff modeling is related to the historical rainfall input. Most of the information remains
consistent with Wood Rodgers' previous analysis conducted for the Rock Creek Nord Feasibility Study.

6.1.2.Hydraulic Modeling

The available HEC-RAS model covers Sand and Rock Creek; however, it has a significantly longer run
time. To reduce this extended runtime, Wood Rodgers decided to develop a new truncated model focused
only on the area of interest. HEC-RAS version 6.3.1 was used for model development, with the river and
bank areas using finer/denser mesh sizes. A significant number of break lines were added to enforce cell
alignment along the creeks, including streets and roads. The upstream boundary condition is a hypothetical
flood hydrograph, with stepped flows, while the downstream boundary condition is normal depth. The
previously described land and soil data were used to define the surface characteristics. This hydraulic
analysis was employed to establish the rating curve relationship between inundation area and flow at each
of the five sites.

6.2. Baseline Modeling Results

After conducting Rainfall Runoff modeling for the period of 2000-2023, and developing a rating curve
through hydraulic modeling, Wood Rodgers calculated the hourly infiltration volume for all five recharge
zones over a span of twenty-four years. These results were subsequently analyzed on both a monthly and
annual/average basis. The monthly analysis reveals that Basin D> provides the largest infiltration
potential, consistently demonstrating higher monthly infiltrated volumes compared to the other basins.
Basin J; exhibits the lowest potential under baseline conditions. The wettest months from October to May
are favorable in terms of generating substantial infiltration volume, while the period from June to September
records significantly lower levels of infiltration volume. The volume of realized historical infiltration is
influenced by the amount of inflow being applied as well as the vertical dimensions and slopes of each
potential recharge area. The D1&2 area is the most downstream of the potential sites with the largest
contributing tributary area and inflow, and it is also the infiltration area with the flattest and widest natural
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configuration to allow for most infiltration area under the same flow conditions. The J1 basin is located in
steeper terrain with a smaller tributary area and inflow.

Table 3 provides data on the average monthly infiltration volume, while Chart 3 visually represents the
monthly variations in infiltration volume for all months. The rating curve and time series data is attached
to Appendix D.

Table 3: - Monthly Average Infiltration Volume (acre-feet) through each basin under Baseline Condition

Month BasinD1&2 Basin_E1 Basin_E2 Basin_J1 Basin_J2
Jan 8.19 2.75 4.14 0.12 4.07
Feb 6.71 2.28 3.42 0.10 3.30
Mar 6.49 2.14 3.32 0.10 3.15
Apr 3.51 1.12 1.78 0.04 1.70
May 2.66 0.83 1.30 0.04 1.34
Jun 0.83 0.25 0.42 0.01 0.40
Jul 0.05 0.02 0.03 0.00 0.02
Aug 0.13 0.04 0.07 0.00 0.05
Sep 0.93 0.28 0.45 0.01 0.47
Oct 2.97 0.95 1.48 0.04 1.45
Nov 5.38 1.75 2.70 0.07 2.68
Dec 8.86 3.00 4.49 0.15 4.39

Monthly Infiltration Volume

Monthly Volume (ac-ft)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mBasinD1&2 mBasin_E1 mBasin_E2 Basin_J1 mBasin_J2

Chart 3: - Monthly Infiltration Volume through each Basin

Annual analysis shows that the average annual infiltration volume through recharge zone Dig. is 45.63
acre-feet, and through basin J; is 0.66 acre-feet. The baseline analysis shows that basin D« has a larger
realized infiltration volume. Improvement is needed for increasing infiltration in basin J;. Table 4 shows
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the baseline condition annual capacity of each basin, and Charts 4 to 8 graphically illustrate the values
presented in the table.

Table 4: - Annual Infiltration Volume (acre-feet) through each Basin under baseline Condition

BasinD1&2 Basin_E1 Basin_E2 Basin_J1 Basin_J2

Average 45.63 15.04 23.04 0.66 22.48
Annual Infiltration Volume

80

S

8 60

[0

£

= 40

[e]

2

S 20

c

C

<0

2000 2005 2010 2015 2020 2025
—0—BasinD1&2

Chart 4: - Estimated Infiltration Volume through Basin Dig.
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Chart 5: - Estimated Infiltration Volume through Basin E;
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Chart 6: - Estimated Infiltration Volume through Basin E

Annual Infiltration Volume

1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0
2000 2005 2010 2015 2020 2025

Annual Volume (ac-ft)

Basin_J1

Chart 7: - Estimated Infiltration Volume through Basin J;
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Chart 8: - Estimated Infiltration Volume through Basin J,

6.3. Proposed Condition Modeling Approach

For the proposed condition, where dams or other structures are developed to impound more recharge water,
Wood Rodgers utilized a Linear Programming concept to account for water entering, storing and exiting
(piped outflow, infiltration and overtopping) each basin. Wood Rodgers conducted spreadsheet-based
calculations to quantify time-series infiltration over the specified time period (2000-2023). The HEC-HMS
historical runoff was considered as the inflow for each recharge zone within the basin. A one-foot diameter
circular culvert was assumed to maintain low-flow continuity downstream, which is counted as water that
passes downstream before it can infiltrate in the recharge zone. After deducting the pipe flow, the remaining
water can be calculated, stored and infiltrated for each time increment. The incremental and maximum basin
storage capacity was determined using the ArcGIS Pro tool, which provides elevation data, corresponding
volume, and area measurements from topographic data. This is referred to as the Elevation-Storage-Area
(E-S-A) Curve. E-S-A curves were developed for each recharge area using the proposed dam locations and
alignments shown on Figure 7. This figure also displays the approximate inundated (flooded) areas behind
each proposed structure. These areas correspond to the maximum assessed height of each proposed
structure and indicate how FEMA floodplain mapping might be impacted should any of the five recharge
locations be constructed. An extensive assessment of flood frequencies and volumes was not part of this
study, however, given the number of times the detention basins filled and overtopped within the assessed
historical record (2000-2023) for infiltration, it is not likely that there will be any significant reduction in
the 100-year flood downstream. Very large flood events will quickly fill the basin early in the storm, as
these infiltration basins are configured to capture smaller flood events, and will pass the peak of such a
flood event downstream relatively unattenuated.

By referencing the E-S-A curve, we calculated the storage elevation corresponding to the volume of water
entering the basin. HEC-RAS software was also utilized to create the rating curve for quantifying the flow
through the pipe in relation to a specified water surface elevation in the reservoir, i.e., the recharge basin.
Using the rating curve and the initial water surface elevation in the basin due to inflow, we calculated the
pipe flow. The remaining volume in the basin is obtained by subtracting the flow leaving the basin through
the pipe from the initial inflow volume. Once again referencing the E-S-A curve and the remaining volume
in the basin, we calculated the elevation corresponding to this remaining volume. Using this elevation, we
identified the inundation area within the basin . This step yields the intermediate inundation area before
infiltration. After multiplying the inundation area by a constant infiltration rate, we can calculate the
infiltrated volume for each time increment. Finally, for each time step, the final (residual) volume is
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determined after pipe outflow and infiltration are accounted for. This volume is then carried over to the
next time increment and added to the new inflow volume for the next time increment. The HEC-RAS rating
curve developed for each culvert and the E-S-A curves are provided in Appendix C.

6.4. Proposed Condition Scenarios and Results

For the purposes of this study, the full capacity of each basin is considered to be achieved in relation to the
proposed dam height. A series of dam heights were assessed for each Basin to determine the impact of
varying dam heights on recharge. For example, in the case of basin J;, the full capacity dam height is 10
feet, with 20% dam height at 2 feet, 40% dam height at 4 feet, 60% dam height at 6 feet, and 80% dam
height at 8 feet. The same concept applies to all recharge basins. The maximum assessed dam heights for
Basins Dig2, E1, Ez, Ji, and J, are 17 feet, 8 feet, 14 feet, 10 feet, and 18 feet, respectively. All calculations
in this study have been based on these reference dam heights. The following section explains the results of
each scenario.

6.4.1. 20% Dam Height

This alternative involves installing a dam height at 20% of the maximum dam height in each recharge basin.
No changes to the pipe diameter have been made, meaning that the same diameter pipe has been retained
for all scenarios. Similar to what was observed in the baseline scenario, the infiltration volume is notably
lower from June to September. In the baseline condition, a two-dimensional calculation was carried out
using HEC-RAS 2D with a sloped floodplain area. However, in the proposed condition, a linear calculation
was performed, which assessed ponded storage levels and does not fully account for the volume when
considering a shorter dam height. Therefore, because of the limitation in capturing the 20% volume over
the baseline condition, and the limited benefit of a dam at 20% of maximum height, this step in the
incremental analysis was omitted for the remaining basins. Table S displays the monthly average capacity
corresponding to a 20% dam height for each basin, while Chart 9 provides a graphical representation of
these results.

Table 5: Monthly Average Infiltration Volume (acre-feet) under 20% Dam Height

Month  Basin D1&2  Basin_El1 Basin_E2 Basin_J1 Basin_J2 All Basins

Jan 5.93 2.06 2.49 3.34 1.21 15.03
Feb 4.80 1.67 2.03 2.67 0.96 12.13
Mar 5.00 1.93 2.25 2.77 1.04 12.99
Apr 2.75 1.17 1.29 1.54 0.61 7.36
May 2.05 0.80 0.91 1.17 0.45 5.38
Jun 0.70 0.37 0.38 0.39 0.17 2.02
Jul 0.04 0.03 0.03 0.02 0.01 0.13
Aug 0.11 0.09 0.08 0.06 0.03 0.37
Sep 0.74 0.30 0.33 0.43 0.17 1.98
Oct 2.25 0.90 1.04 1.24 0.46 5.89
Nov 4.03 1.53 1.77 2.29 0.86 10.47
Dec 6.33 2.25 2.69 3.58 1.31 16.16
Ann. 34.74 13.09 15.28 19.52 7.27 89.91
Total
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Chart 9: - Average Monthly Infiltration Volume With 20% Dam Height

Similarly, the annual recharge volume was estimated and compared to baseline data, which shows that the
annual volume decreased in each basin (Dig2, Ei, Es, and J») by 25%, 14%, 35%, and 68%, respectively,
except for basin J;. This difference is primarily due to the methodologies used, and indicates negligible
benefit at this dam height. Table 6 shows the annual infiltration volume, and Charts 10 to 14 show the

annual infiltration volume for each basin.

Table 6: - Annual infiltration volume (acre-feet) Under 20% Capacity Dam Height Scenario

Year Basin D1&2 Basin_E1 Basin E2 Basin_J1 Basin_J2
2000 25.89 10.26 11.82 14.28 5.45
2001 48.49 16.35 20.14 27.24 9.74
2002 31.54 10.49 12.92 17.68 6.27
2003 43.85 15.80 18.59 24.84 9.21
2004 36.70 13.62 16.06 20.77 7.57
2005 48.00 17.45 20.54 26.69 9.80
2006 39.76 17.59 19.38 22.30 8.69
2007 22.43 9.39 10.40 12.81 5.04
2008 19.56 7.61 8.75 10.83 4.14
2009 33.85 13.04 15.21 18.95 7.22
2010 52.28 20.06 23.14 29.48 11.10
2011 36.22 13.75 15.97 20.31 7.66
2012 37.03 12.91 15.71 20.87 7.53
2013 10.66 5.64 5.77 6.04 2.57
2014 39.93 13.57 16.57 22.29 7.93
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2015 16.62 7.36 7.97 9.25 3.60
2016 49.76 18.03 21.51 27.63 10.16
2017 40.00 15.01 17.56 22.71 8.39
2018 29.37 11.64 13.39 16.61 6.18
2019 47.48 17.77 20.92 27.01 10.07
2020 17.39 8.47 8.88 9.67 4.08
2021 29.67 11.63 13.29 16.45 6.32
2022 20.90 7.94 9.20 11.91 4.39
2023 37.10 11.85 14.75 20.92 7.44
Annual Avg. 33.94 12.80 14.94 19.06 7.11
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Chart 10: Total annual infiltration volume in basin Dig»
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Chart 11: Total annual infiltration volume in basin E;
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Chart 12: Total annual infiltration volume in basin E;
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6.4.2.40% Dam Height

At 40% of the total dam height, the infiltration volume in all basins increases dramatically. Table 7 displays
the average monthly volume. All volumes are presented in acre-feet (ac-ft). Chart 15 illustrates the monthly
average volume in each recharge zone across all twelve months. The colors represent each individual
recharge basin volume. This same pattern applies to all months and basins.

Table 7: - Average monthly infiltration volume (acre-feet)

Month BasinD1&2 Basin_E1 Basin_E2 Basin_J1 Basin_J2  All Basins
Jan 24.030 4.404 9.813 6.259 7.570 52.077
Feb 19.749 3.581 8.027 5.047 6.143 42.547
Mar 20.786 3.946 8.453 5.117 6.064 44.366
Apr 11.487 2.286 4.689 2.825 3.370 24.656
May 8.882 1.608 3.445 2.176 2.640 18.751
Jun 2.956 0.664 1.241 0.685 0.793 6.339
Jul 0.188 0.046 0.080 0.043 0.054 0.411
Aug 0.460 0.137 0.204 0.098 0.106 1.006
Sep 2.974 0.598 1.216 0.752 0.866 6.406
Oct 9.010 1.806 3.733 2.265 2.633 19.447
Nov 16.782 3.126 6.730 4.275 5.163 36.076
Dec 26.198 4.766 10.556 6.731 8.234 56.485

Ann. Total 143.503 26.967 58.188 36.274 43.635 308.568

Monthly Infiltration Volume

30

Monthly Volume (ac-ft)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

B BasinD1&2 mBasin_E1 mBasin_E2 Basin_J1 m Basin_J2

Chart 15: Monthly average Infiltration Under 40% Dam Height
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Likewise, the annual volume has increased in each basin (Dis2, Ei, E2, Ji, and J2) by 207%, 75%, 146%,
5261%, and 89%, respectively. The annual volume infiltrated under the 40% dam height condition is
tabulated in Table 8. Charts 16 to 20 show the annual volume (acre-feet) variation in each basin for the
years 2000 to 2023.

Year BasinD1&2 Basin_E1 Basin_E2 Basin_J1 Basin_J2
2000 107.30 20.76 43.65 26.09 31.13
2001 203.98 35.68 81.51 51.66 63.60
2002 121.41 22.93 50.88 32.96 39.78
2003 177.61 33.01 72.04 46.34 56.00
2004 152.53 28.18 61.77 39.15 48.27
2005 195.58 36.56 80.45 49.57 59.76
2006 167.96 33.74 67.76 40.98 48.70
2007 95.30 18.53 38.91 23.60 28.44
2008 81.37 15.47 32.83 20.24 24.17
2009 137.06 26.85 56.74 34.51 40.49
2010 216.53 40.96 88.73 54.77 66.71
2011 155.08 28.08 60.43 37.51 45.03
2012 154.35 27.63 62.16 39.51 47.89
2013 44.43 10.15 18.48 10.70 12.80
2014 160.65 29.24 65.56 41.72 50.03
2015 73.15 14.01 28.96 17.20 20.25
2016 208.95 37.87 83.27 51.91 62.78
2017 168.40 30.94 66.57 42.41 51.20
2018 119.27 23.49 49.61 30.84 36.02
2019 186.49 36.81 77.62 49.33 59.24
2020 74.66 15.69 30.11 17.01 20.15
2021 125.94 23.51 50.84 30.66 35.92
2022 84.74 16.17 34.42 21.97 26.36
2023 152.31 26.26 61.18 39.65 48.04
Annual Avg. 140.21 26.35 56.85 35.43 42.62
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Chart 17: - Annual infiltration volume in basin E;
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Chart 18: - Annual infiltration volumein basin E,
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Chart 20: - Annual infiltration volume in basin J,

6.4.3.60% Dam Height

In this alternative approach, Wood Rodgers considered sixty percent of the total height to estimate the
inundated area and the volume infiltrating through each recharge zone. Logically, as the dam height
increases, the infiltration volume also increases. The amount (volume and duration) of water stored in the
recharge zone is affected by the size of the outflow pipe. The diameter of the outflow pipe was set as small
as was considered feasible, to maintain low-flow downstream of the recharge basin, to maximize
infiltration. If other constraints force the pipe size to increase, like environmental or downstream water
rights considerations, the infiltration benefits will lessen.

Table 9 presents the estimated water volume that has infiltrated through each basin. Chart 21 illustrates
the infiltration volume through each basin. When examining individual values from the table, it becomes
apparent that the percentage increase is dramatic, even though the absolute values are not exceptionally
large.

Table 9: - Average monthly infiltration volume (acre-feet)

Month BasinD1&2  Basin_E1  Basin_E2 Basin_J1 Basin_J2  All Basins
Jan 44.57 8.82 19.89 14.05 25.06 112.38
Feb 35.95 7.17 16.47 11.47 20.11 91.18
Mar 39.20 7.71 17.27 11.43 19.80 95.41
Apr 22.23 4.35 9.72 6.44 11.37 54.11
May 17.68 3.14 7.44 5.08 9.32 42.65
Jun 5.99 1.21 2.52 1.54 2.82 14.08
Jul 0.42 0.08 0.18 0.11 0.22 1.00
Aug 0.76 0.21 0.40 0.21 0.21 1.80
Sep 5.68 1.15 2.39 1.64 2.99 13.86
Oct 16.57 3.45 7.43 4.98 8.79 41.23
Nov 32.20 6.11 14.00 9.70 17.50 79.51
Dec 50.28 9.50 21.97 15.47 28.25 125.46

21



Rock Creek Reclamation District Infiltration Feasibility Study - DRAFT -'""'P:_ r‘)
County of Butte
October 2023 WO RKODGERS

‘ Ann. Total 271.54 52.91 119.67 82.10 146.45 672.66
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Chart 21: - Average monthly infiltration Volume with 60% dam height

Table 10 shows the annual infiltration volume from each basin. The average annual volume for each basin
(Di&2, Ei1, Eo, J1, and J») is 265, 51, 116, 80, and 143 ac-ft, respectively. In each project, it is important to
understand the impact of implementing the proposed scenarios compared to baseline data. Charts 22 to
26 show the annual infiltration trend. All units are presented in ac-ft.

Table 10: - Annual infiltration volume corresponding to 60% Dam height.

Year BasinD1&2 Basin_E1 Basin_E2 Basin_J1 Basin_J2

2000 206.85 40.09 91.04 59.16 102.26
2001 391.68 72.31 171.73 120.11 221.09
2002 217.16 45.79 99.20 71.33 124.14
2003 329.47 65.30 145.72 104.11 181.31
2004 287.60 55.54 127.31 89.09 159.33
2005 357.49 72.81 162.76 113.18 194.31
2006 315.59 63.05 141.17 91.60 158.02
2007 186.05 35.63 81.69 53.72 94.23
2008 148.79 29.94 66.90 44.65 79.93
2009 264.16 52.35 114.78 76.73 139.41
2010 417.96 80.71 182.91 125.06 226.04
2011 312.70 55.31 131.67 88.27 166.13
2012 290.86 55.34 128.65 89.93 162.62
2013 94.44 18.23 39.29 25.23 46.52
2014 297.83 58.89 131.60 93.57 168.93
2015 136.06 26.89 61.00 38.78 67.51
2016 394.68 74.73 174.62 119.14 214.15
2017 317.71 60.30 139.70 97.67 179.50
2018 218.68 45.55 97.29 66.61 118.24
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2019 343.81 71.48 152.93 108.34 189.25
2020 153.97 28.84 64.71 40.02 70.41
2021 232.79 46.29 104.78 68.51 115.94
2022 159.22 31.40 70.17 50.02 89.40
2023 292.00 54.03 124.86 89.78 163.44
Annual avg. 265.31 51.70 116.94 80.19 143.00
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Chart 22: - Annual Infiltration Volume in Basin D1&2 with 60% Dam Height
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Chart 23: - Annual Infiltration Volume in Basin E1 with 60% Dam Height
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Chart 24: - Annual Infiltration Volume in Basin E2 with 60% Dam Height
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Chart 25: - Annual Infiltration Volume in Basin J1 with 60% Dam Height
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Chart 26: - Annual Infiltration Volume in Basin J1 with 60% Dam Height

6.4.4.80% Dam Height

In this scenario, the dam heights used in recharge zones (Di&2, E1, E», J1, & J») are as follows: 13.5 feet, 6.5
feet, 11 feet, 8 feet, and 14.5 feet, respectively. This alternative analysis and the accompanying data clearly
demonstrate that increasing the dam height significantly enhances the infiltration volume. Table 11
provides a breakdown of the monthly average infiltration volume. Chart 27 graphically represents the data
presented in the table.
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Table 11: - Monthly average infiltration volume with 80% dam height

Month BasinD1&2  Basin_E1 Basin_E2 Basin_J1 Basin_J2 All Basins

Jan 58.05 14.93 32.28 22.60 42.95 170.81
Feb 45.90 12.26 25.86 18.19 33.57 135.77
Mar 50.96 13.04 28.98 18.34 34.42 145.74
Apr 30.06 7.33 16.60 10.44 20.74 85.15
May 23.61 5.42 13.10 8.47 16.35 66.94
Jun 8.18 1.98 4.58 2.62 4.72 22.09
Jul 0.64 0.13 0.35 0.20 0.42 1.74
Aug 0.76 0.34 0.55 0.25 0.21 2.11
Sep 7.95 1.87 4.20 2.74 5.72 22.48
Oct 21.58 5.68 12.09 8.00 15.52 62.87
Nov 43.13 10.42 23.79 15.85 31.93 125.11
Dec 66.60 16.21 36.96 25.35 50.06 195.18
Ann. Total 357.40 89.61 199.33 133.04 256.61 1035.98
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Chart 27: Monthly Variation in infiltration volume with 80% dam height

Table 12 presents the annual infiltration volumes for each basin for this scenario. The average volumes for
basins Dig, E1, Es, Ji, and J» are 349, 87, 194, 129, and 250 acre-feet respectively. When comparing the
increase from 60% capacity to 80% capacity, there is an increase of 31%, 69%, 66%, 62%, and 75% in
these respective basins. It's worth noting that this increase is somewhat constrained when compared to the
earlier increase from 40% to 60% capacity. In the previous transition, from 40% to 60% capacity, the
percentage increase exceeded 100% for each basin. However, the increase from 60% to 80% capacity now
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remains below 75% for all basins. This is a result of the dam increasing the overall inundation area, Chart
28 illustrates the annual infiltration trend. The annual volume data for each basin is presented in the same

graph.

Table 12: - Annual infiltration volume with 80% Dam Height

Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
Annual Avg

BasinD1&2

264.21
510.15
275.32
431.90
383.40
465.22
416.56
255.97
197.40
345.13
557.79
419.08
380.15
128.87
392.80
179.37
519.56
421.26
287.05
452.88
198.26
296.84
212.31
388.88
349.18

Basin_E1

67.72
125.33
76.50
109.87
94.68
122.83
106.42
60.57
51.25
86.62
136.68
94.83
95.24
29.50
99.44
45.90
128.58
103.71
75.38
117.61
48.48
79.16
52.43
92.81
87.56

27

Basin_E2

153.52
285.52
155.08
238.39
210.30
258.28
234.88
140.10
109.19
196.49
308.29
233.40
212.95
72.61
216.90
100.94
287.78
232.31
161.18
250.79
116.18
168.93
116.11
214.43
194.77

¥
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Basin_J1

94.94
198.45
111.64
164.47
144.15
177.49
146.55
87.76
72.20
127.37
204.56
151.03
145.96
42.99
151.09
62.44
193.46
160.87
107.20
172.01
66.88
107.73
80.53
146.56
129.93

Basin_J2

179.70
388.91
208.97
323.96
275.66
318.92
277.94
162.01
141.23
219.25
399.90
300.92
279.11
85.08
306.08
120.97
380.56
325.79
198.80
341.00
124.65
198.94
162.14
291.90
250.52
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Chart 28: - Annual infiltration with 80% dam height

6.4.5.100% Dam Height

This is the maximum alternative considered for quantifying the infiltration volume. Taller dams necessitate
a more robust (and costly) construction and may also introduce additional regulatory oversight on operation
and maintenance. In this preliminary analysis, the maximum dam heights for each basin (Dis2, Ei, Es, Ji,
& Jp) are 17, 8, 14, 10, and 18 feet, respectively. Table 13 below presents the average monthly infiltration
volume. In conclusion, increasing dam height can enhance infiltration area and volume, but it inevitably
leads to greater design and construction costs. Chart 29 shows the graphical representation of the tabular
data. In contrast to other months, from June to September, all basins exhibit lower capacity.

Table 13: - Monthly Average Infiltration Volume with 100% Dam Height

Month Basin_D1&2  Basin_E1 Basin_E2 Basin_J1 Basin_J2  All Basins

Jan 76.12 20.73 43.14 30.98 58.81 229.79
Feb 59.46 17.07 33.50 24.75 44.96 179.74
Mar 65.55 18.13 38.64 25.12 47.26 194.70
Apr 40.42 10.25 23.01 14.86 27.99 116.52
May 30.70 7.79 17.81 11.79 22.07 90.16
Jun 10.17 2.73 6.31 3.68 5.16 28.05
Jul 1.04 0.19 0.57 0.32 0.42 2.54
Aug 0.76 0.45 0.55 0.25 0.21 2.22
Sep 10.89 2.57 6.13 3.97 8.39 31.96
Oct 28.01 7.82 15.99 11.21 21.10 84.12
Nov 58.27 14.64 32.85 22.27 44.82 172.85
Dec 88.27 22.82 49.74 35.39 68.68 264.90
Ann. Total 469.65 125.19 268.23 184.60 349.89 1397.55
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Chart 29: Monthly Average Infiltration Volume with 100% Dam Height

The average annual infiltration volumes projected under 100% capacity alternatives for each basin (D2,
Ei, Ea, Ji, and o) are 458, 122, 262, 180, and 340 acre-feet respectively. The percentage increase in
comparison to the baseline condition is dramatic, with values of 905%, 713%, 1037%, 27180%, and 1419%
respectively. The increase in annual average volume from 80% to 100% capacity was also quantified,
showing a percentage change in each basin of 31%, 39%, 34%, 38%, and 36% respectively. In contrast, the
capacity, i.e., the volume increase from 20% to 40% capacity, 40% to 60% capacity, and 60% to 80%
capacity, was considerably high. Table 14 shows the annual trend of infiltration volume in each basin, and
Chart 30 illustrates the data presented in the table graphically.

Table 14: - Annual infiltration Volume with 100% Dam Height

Year Basin D1&2 Basin_E1 Basin E2 Basin_J1 Basin_J2
2000 342.10 95.57 200.99 129.59 243.27
2001 675.37 177.42 376.89 275.20 540.74
2002 360.27 103.38 200.81 150.81 275.48
2003 578.81 152.53 318.51 227.48 454.25
2004 500.76 132.45 288.90 198.42 383.71
2005 598.20 169.73 346.51 238.84 428.74
2006 537.74 148.98 315.51 205.04 394.99
2007 332.15 85.90 199.28 121.62 203.14
2008 262.99 70.30 147.54 102.52 198.41
2009 430.69 120.55 263.55 169.16 279.88
2010 738.09 191.31 417.98 288.67 548.76
2011 556.43 137.63 318.68 214.99 401.70
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2012 495.43 133.23 283.04 200.26 370.00
2013 170.47 42.32 101.02 62.11 100.40
2014 525.00 137.07 290.62 213.52 434.20
2015 234.99 64.44 137.07 87.54 176.89
2016 687.46 181.57 390.77 270.66 517.43
2017 560.55 145.55 313.29 228.35 445.53
2018 374.31 102.73 217.33 146.52 264.54
2019 605.71 160.55 337.79 238.35 488.83
2020 256.90 69.24 152.29 90.64 156.12
2021 385.02 110.27 22245 146.53 263.93
2022 283.83 73.48 157.57 112.47 232.68
2023 516.68 129.74 291.26 207.18 392.01

Annual Avg. 458.75 122.33 262.07 180.27 341.48

Annual Infiltration Volume

800
700
600
500
400
300
200
100 MW\/

0

2000 2005 2010 2015 2020 2025

Annual Volume (ac-ft)

—@—Basin_D12 —®—Basin_E1l —@®—Basin_E2 Basin_J1 —@—Basin_J2

Chart 30: Annual Infiltration Volume in all Basins with 100% Dam Height

7.0 AQUIFER ASSESSMENT

The surface and near surface assessments described above indicate a significant potential for groundwater
recharge can be realized within the Sand Creek watershed. As part of this initial assessment, Wood
Rodgers conducted a review of available data/reports defining underground aquifers and subsurface
geology below Sand Creek and down gradient of the potential recharge areas to determine if the
underlying geology will likely have the capacity to receive and store the increase infiltration volumes.
The review of the subsurface data indicates that permeable material likely exists to depths ranging from
300 feet to 350 feet below ground surface (bgs). Applied water is anticipated to migrate vertically into the
subsurface to a depth between 60 to 90 feet, where it is reasonable to anticipate the water will flow
horizontally following both the regional dip of the geologic formations, or where saturated, the general
groundwater gradient.

The supporting analysis for this aquifer assessment is provided in Appendix C.
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8.0 CONCLUSION AND SUMMARY

Five potential groundwater recharges areas were identified within the Sand Creek watershed through
evaluations supported by field surveys, including Frequency Domain Electro-Magnetic surveys. The
estimated long term maximum infiltration rate was determined to be 0.7 feet/day (0.35 inches/hour).
These five recharge areas were evaluated for the historical period of 2000-2023 using rainfall data from
the nearest comparable hourly gauge for existing conditions. These same areas were then evaluated with
inline dam structures of varying heights, to impound natural runoff for longer periods of time over these
areas, in order to increase infiltration. The following table summarizes the average expected infiltration.

Groundwater Recharge Basin

Scenario D1&2 El E2 J1 J2

Average Annual Infiltrated Volume (acre-feet)
Baseline 45.63 15.04 23.04 0.66 22.48
20% Dam Height 33.94 12.8 14.94 19.06 7.11
40% Dam Height 140.21 26.35 56.85 35.43 42.62
60% Dam Height 265.35 51.7 | 116.94 80.19 143
80% Dam Height 349.18 87.56 | 194.77 | 129.93 | 250.52
100% Dam Height 458.75 | 122.33 | 262.07 | 180.27 | 341.48

Ecological/environmental benefits can be realized by detaining and infiltrating runoff. Qualitatively, if
there is an increase in inundation and saturated soils in portions of the project area, there would be an
increased opportunity for creation of seasonal wetland and riparian/vegetated areas to grow naturally over
time. Subsequently, the increase in newly available seasonal wetlands and riparian habitats would be
expected to provide new wildlife corridors, and potentially suitable areas for a wide range of plants and
wildlife species. Some ecological/habitat benefits would be provided quickly (such as those for seasonal
waterfowl), but most would develop over time as functionality of the new system is repeatable year after
year. If a much more in-depth quantitative analysis about specific outcomes in specific areas is required,
creating a “Water Budget Analysis” to determine exact locations and potential species composition based
on the water budget results is recommended.

Waterfowl habitat benefits are a potential ancillary benefit that may be better realized by configuring
outlet structures to further limit water releases in order to maximize ponding, however, these benefits may
be limited if higher infiltration rates are realized and ponding areas/times are significantly reduced. Itis
important to note that if all low-flow runoff is captured to potentially enhance waterfowl conditions
upstream of a dam it can reduce water reaching downstream channels and potentially impact existing
downstream habitat areas. A more comprehensive analysis that identifies existing habitat would be
required to assess the relative benefits and impacts of specific design options. The location of the smaller
recharge ponds within the surrounding Sand Creek watershed and their suitability for visually attracting
migrating waterfowl (during migration flights) and maintaining populations without extensive food
supplies may be limited but would be best assessed by a waterfowl expert during design. Enhancing
waterfowl habitat is not expected to change the infiltrative performance.

The installation of inline dam structures is the most effective means of impounding water within the
natural terrain features. Within the state of California, small dams are allowed to be constructed without
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state oversight if they fall below the jurisdictional size thresholds defined by the Division of Safety of
Dams (DSOD). These thresholds allow unlimited volumes of storage if the dam height is below six feet.
Once the dam height exceeds six feet, the maximum storage volume that can be stored without triggering
DSOD jurisdictional design oversight is 50 acre-feet, up to a dam height of 25 feet. Once the dam height
exceeds 25 feet, the maximum volume that can be stored below the jurisdictional threshold is 15 ac-ft.
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Given these jurisdictional constraints, the proposed D1&2 basin area, which infiltrates the most water,
can be constructed up to a height of approximately 12.1 feet before becoming a jurisdictional dam, which
is between the 60% and 80% dam height evaluated. This equates to an annual average recharge of
between 265 and 349 ac-ft annually. The E1, E2, and J1 basins never reach the jurisdictional threshold at
100% dam height. The J2 basin reaches 50 ac-ft of storage at elevation 240.5 feet, which is just above the
80% dam height of 14.4 feet evaluated. For the J2 basin area approximately 250 ac-ft of groundwater
recharge can be accomplished annually below jurisdictional thresholds. The E2 basin area can infiltrate
approximately 262 ac-ft annually with a non-jurisdictional dam height of 14 feet. The following table
provides a summary of each basin’s surface storage volume with respect to dam height.

Basin
D182 L | B2 | 1 | »n
Dam Height Volume (acre-feet)
(ft)
0 0 0 0 0 0
1 0.02 0.05 0.05 0.2 0.02
2 0.21 0.27 0.34 0.63 0.11
3 0.77 0.91 0.8 1.42 0.29
4 1.91 2.02 1.55 2.95 0.54
5 3.71 3.91 3.02 5.5 1.05
6 6.38 6.86 5.46 9.24 1.94
7 10.71 10.65 8.7 13.88 3.45
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8 16.16 15.17 12.7 19.44 6.23
9 22.77 17.57 25.87 10.06
10 30.51 23.06 32.93 15.2
11 39.31 28.76 21.7
12 48.37 34.7 29.01
13 57.7 41.03 36.86
14 67.52 47.88 45.37
15 78.18 54.45
16 89.68 63.93
17 102.14 73.69
18 115 83.74

The D1&2 and J2 basins infiltrate the most water. Given the evaluated rainfall period, it appears that the
watershed can generate sufficient runoff to realize the scenarios that were evaluated. The length and
height of the dam required for the D1&2 basin will require more cost to realize the infiltrative benefits,
with a longer dam length, along an existing paved roadway alignment. The costs of construction go up
dramatically once the dam structure becomes jurisdictional.

If further analysis is justified, based on the findings of this report, Wood Rodgers recommends evaluating
the J2 area first, perhaps in combination with the J1 area, then the D1&?2 area, and then the E2 and E1
areas. With more detailed assessments of environmental constraints, historical preservation, water rights
and construction costs, the benefits of constructing aquifer recharge facilities can be better understood and
justified to apply for grant funding and implementation in the future.

A streambed alteration agreement is typically required to be processed and completed through the
California Department of Fish and Wildlife for any structure constructed within any streambed
(ephemeral or perennial) in California, to ensure earthwork and erosion protection measures occur
properly without introducing sediment into downstream receiving waters and negatively impacting
aquatic species.

The Sand Creek system is outside of the jurisdiction of the Central Valley Flood Protection Board. The
State Water Resources Control Board and its regional arm will require a permit to allow recharging
groundwater from surface water sources related to the State’s adjudication of water rights.

Most of the proposed recharge sites are within a conservation easement held by the Natural Resources
Conservation Service and will require extensive coordination with this agency and the property owner to
ensure compliance with the intent of the easement or agreement that benefits will outweigh impacts.
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TOPOGRAPHIC MAPPING
INFILTRATION ANALYSIS IN FIVE RECHARGE ZONES

BUTTE, CALIFORNIA
SEPTEMBER 2023

Legend
[ Potential Recharge Areas

0 500 1,000 2,000

H:ﬁ
Feet ‘

NORTH

WoooO ROODGERS

J:\Jobs\8874_RCRD\8874001_RockSand\GIS\ArcGISPro\Infiltratation_Analysis\8780_ButteCounty\8780_ButteCounty.aprx 9/18/2023 12:05 PM bbhatta




MunjarZRd MunjariRd

FIGURE 7

ASSUMED DAM LOCATIONS AND INUNDATED AREAS
INFILTRATION ANALYSIS IN FIVE RECHARGE ZONES

BUTTE, CALIFORNIA
SEPTEMBER 2023

SbaMooiweys

[ OCRBERE R

Legend

=) Potential Recharge Areas
I Assumed Dam Locations

= Innundated Areas

RockiCreel
Renkow:Rd

LeftoutiLn

1D]pulzuswed

0 500 1,000

Feet

NORTH

-

WOoOooOD RODODGERS
J:\Jobs\8874_RCRD\8874001_RockSand\GIS\ArcGISPro\Infiltratation_Analysis\8780_ButteCounty\8780_ButteCounty.aprx 9/19/2023 8:27 AM bbhatta




APPENDIX A



——/ Analysis, Inc.
Innovations in Hydrology

Prepared by:

GeoSystems Analysis, Inc.
3393 N Dodge Blvd
Tucson, AZ 85716

Sand Creek Geophysical Characterization Report
September 15, 2023

Prepared for:

Wood Rodgers, Inc.

3301 C St Building 100-B
Sacramento, CA 95816




y
GSA~

GeoSystems
Analysis, Inc.

Innovations in Hydrology

DOCUMENT CONTROL SUMMARY

Title:

Sand Creek Geophysical Characterization

Client Company:

Wood Rodgers

Client Contact:

Mike Nowlan

Contract Number:

Subcontract Agreement dated 5/4/2023

Status:

Final

GeoSystems Analysis
Job #:

2237

Project Manager:

Lindsey Bunting

Author(s): Meg Buchanan, Lindsey Bunting

Revision Number: 2

Notes: Final

Date: 6/15/2023

Checked By: MM

Issued By: LB

Distribution Client Other GSA Library
(Number of Copies): | 1

This document may contain confidential or privileged information and is intended for the
sole use of the person(s) to whom it is addressed. This document is copyrighted. GeoSystems
Analysis, Inc. is not liable if this document is altered without its written consent. This
document is and shall remain the property of GeoSystems Analysis, Inc. It may only be used
for the purposes for which it was commissioned and in accordance with the terms of the

contract.

GeoSystems Analysis, Inc.

Basin\Active Projects\Wood Rodgers\Rock and Sand Creek Flood Mitigation\Report\2237 Sand Creek
Geophysical Characterization Report.docx




Sand Creek Geophysical Characterization September 15, 2023
Wood Rodgers, Inc.
TABLE OF CONTENTS
DOCUMENT CONTROL SUMMARY ...ttt sttt taa e nnaa e naa e anaa e I
TABLE OF CONTENTS ..ottt bbb bbbt [
LIST OF TABLES ...t bbbttt bbbt [
LIST OF FIGURES ..ottt bbbttt bbb [
LIST OF APPENDICES ..ottt sttt [
1.0 INTRODUCTION ..ottt ettt st e et e e st e e e ssa e e e nreeabeaeanaaeas 1
2.0  BACKGROUND .....oooii ettt e et e et e e anaeeannes 3
2.1 Conceptual MOTEN ..o 3
2.2 SIE GEOIOGY ...ttt ettt 4
2.3 SOU PrOPEITIES ..ecuviciiecie ettt ettt ettt et re e te e nre s 7
2.4  Groundwater Elevation and Aquifer Properties.........cccccevviveiveieciieseese e 11
3.0 GEOPHYSICAL INTERPRETATION.....cocitiitiiiieiie ittt 14
40 RECOMMENDATIONS .. ..ottt ettt 18
5.0 REFERENCES ...ttt e e e s e e nae e et e e anes 20
LIST OF TABLES
Table 1. Estimated recharge basin area required for MAR ........c.ccccooiiii i 19
LIST OF FIGURES
Figure 1. Sand Creek INVEStIgation ATBa..........cceiveiieiieiieie e s seesie e e sre e sre e 2
Figure 2. SUITace gEOIOGY ......cveiiiiiiiiiie et 6
Figure 3. Soil map units and presence of restrictive layer...........cccoveveiveieeie i 9
Figure 4. SAGBI recharge suitability index and estimated soil permeability ........................ 10
Figure 5. Estimated October 2022 depth to groundwater ..............ccccovveveiieseene e 12
Figure 6. Estimated October 2022 groundwater elevation ..............ccccovveriiencnencneseeen 13
Figure 7. Geophysical survey apparent conductivity from 15-22 ft bgs........ccccecveviiveieenee 16
Figure 8. AEM SUIVEY TALA..........couiiiiiiiiiiieie e 17
LIST OF APPENDICES
Appendix A. Collier Geophysics FDEM Survey Report
Appendix B. Well Driller Geologic Logs
GeoSystems Analysis, Inc. i

Basin\Active Projects\Wood Rodgers\Rock and Sand Creek Flood Mitigation\Report\2237 Sand Creek
Geophysical Characterization Report.docx



Sand Creek Geophysical Characterization September 15, 2023
Wood Rodgers, Inc.

1.0 INTRODUCTION

GeoSystems Analysis, Inc. (GSA) was contracted by Wood Rodgers, Inc. (Wood Rodgers) to
provide project support in the Sand Creek potential flood mitigation area located near Chico, CA
for the Rock Creek Reclamation District (RCRD). Due to surface disturbance constraints
associated with the NRCS Conservation Easements located within the investigation area, the scope
of the field investigation was modified from the initially proposed test pitting and infiltration
testing approach to instead utilize low disturbance geophysical survey techniques. The
geophysical survey was used as a preliminary screening tool to identify areas within the proposed
potential detention basin areas provided by RCRD that appear to have shallow subsurface
materials favorable for stormwater capture and recharge.

The RCRD proposed potential detention basin areas and FDEM survey area are shown in Figure
1. FDEM survey locations were designed to encompass RCRD’s potential detention basin areas
as well as major drainages of Sand Creek. The geophysical field investigation was conducted by
Collier Geophysics (Collier) from June 27-29, 2023 and utilized a hand-carried frequency-domain
electromagnetic (FDEM) survey approach. The FDEM survey was designed to provide a
preliminary assessment of surface soil and vadose zone conditions up to approximately 20 feet
below ground surface (ft bgs). Results of the geophysical survey as well as publicly available
soils data were used to estimate potential infiltration rates and identify areas to target for further
investigation as potential stormwater storage and recharge basins.

Section 2.0 of this report provides background information including a conceptual model for
successful managed aquifer recharge (MAR), site geology, soil properties, and groundwater
conditions and aquifer properties. Section 3.0 provides an interpretation of the geophysical
conditions, and Section 4.0 provides recommendations for areas of further investigation as
stormwater recharge facilities as well as potential design considerations.

GeoSystems Analysis, Inc. 1

Basin\Active Projects\Wood Rodgers\Rock and Sand Creek Flood Mitigation\Report\2237 Sand Creek Geophysical
Characterization Report.docx



Legend

Stream channels FDEM survey lines
[ sand Creek potential detention basins [__] FDEM survey areas

GeoSystems
, . N Analysis, Inc.
Figure 1. Sand Creek investigation area : insovative Sokapiens




Sand Creek Geophysical Characterization September 15, 2023
Wood Rodgers, Inc.

2.0 BACKGROUND
2.1 Conceptual Model

MAR is the intentional harvesting and infiltrating of a water source at the surface (e.g. stormwater
runoff) to recharge depleted aquifer storage, and can be an essential tool for achieving compliance
with the California Sustainable Groundwater Management Act (SGMA). MAR can include the
use of injection wells (e.g. aquifer storage and recovery wells), surface spreading infiltration (i.e.
in-channel structures, recharge basins), Flood MAR (where agricultural fields are flooded), and
low impact development (decreasing impermeable surfaces, using passive rainwater harvesting).
The focus of this study is the capture of stormwater runoff for surface spreading MAR,
particularly through the use of in-channel detention structures to detain and infiltrate water in
basins and surface water channels.

The suitability of a site for surface spreading MAR is highly dependent on a number of variables
including the distribution and infiltration properties of near-surface and deeper vadose zone
sediments, available storage and recharged water recovery, water quality, and conveyance systems
(if needed) to deliver water to the spreading area.

In most alluvial basins, such as the study area, the near-surface and subsurface sediments consist
of variable and inter-bedded layers resulting from changing fluvial processes over the basin’s
depositional history. The hydraulic capacity of the vadose zone is ultimately determined by the
lateral extent and vertical inter-connectivity of the subsurface sedimentary layers. Groundwater
recharge site investigations must therefore determine whether infiltration rates of near surface
materials are sufficiently high to meet project needs and whether laterally extensive low-
permeability layers exist within the shallow vadose zone (Milczarek et al., 2003). Soil infiltration
rates and permeability are correlated to soil texture and bulk density, with coarser textured soils
having greater permeability and finer textured soils having lower permeability.

Site suitability for MAR is also dependent on available vadose zone storage, which is a function of
the depth to groundwater, and the hydrogeologic properties of the subsurface materials. Sufficient
vadose zone storage must be available to prevent mounding to shallow depths below the basin,
which can result in decreased infiltration rates. Vadose zone and aquifer properties will also
determine how quickly mounding dissipates to allow for continued recharge. Designs for
stormwater capture and MAR facilities must also consider stormwater detention and sedimentation
structures to reduce surface clogging that can occur in detention basins which will reduce
infiltration and groundwater recharge rates.

GeoSystems Analysis, Inc. 3
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2.2 Site Geology

The project area is located within the Great Central Valley of California which is an alluvial plain
approximately 50 miles wide and 400 miles long in the central part of California. The northern
portion, where the study area falls, is within the Sacramento Valley and drained by the Sacramento
River. The Great Valley consists of an elongated trough in which sediments have been deposited
since the Jurassic period. The majority of rocks and deposits in this area are sedimentary, with
ages ranging from upper Jurassic (154-135 million years ago) to recent. Surface geology in Butte
County, California is comprised of a variety of geologic units, including predominantly quaternary
alluvium and marine deposits of Pleistocene to Holocene age, mesozoic granitic rocks, tertiary
pyroclastic and volcanic mudflow deposits, and 18 other geologic units (USGS,
https://mrdata.usgs.gov/geology/state/fips-unit.php?code=f06007).

Figure 2 shows the surface geology at the Sand Creek site (Saucedo and Wagner, 1992). Surficial
geologic units in this area include the Pleistocene Modesto, Riverbank and Red Bluff formations,
with the Pliocene Tuscan Formation units underlying these below the Sand Creek site and exposed
at its eastern edge. The Tuscan Formation (Pw) east of the investigation area is described by
Helley and Harwood (1985) as comprised of interbedded lahars, volcanic conglomerate, volcanic
sandstone, and siltstone. This formation is the primary hydrogeologic unit and groundwater
source in the Vina Subbasin of the larger Sacramento Valley Groundwater Basin (Geosyntec
Consultants, 2021). The “B” unit of the Tuscan formation present at the Sand Creek site is
approximately 425 feet thick, with conglomerate layers approximately 50 feet thick (Helley and
Harwood, 1985). It contains fresh groundwater, as confirmed by a California Department of
Water Resources (CDWR) analysis of geophysical and water quality parameters in the early 2000s
(CDWR, 2014).

The Red Bluff Formation (Qr), which underlies a portion of the geophysical survey area polygons
located in high elevation upland areas, contains well-weathered, bright red, sandy gravel, sand,
and silt, is between 3 and 33 feet thick, and may contain groundwater, indicating a perched aquifer
(Helley and Harwood, 1985, CDWR, 2014). The Red BIuff consists of a gravel sediment above a
rock pediment (Helley and Harwood, 1985). It overlies and is derived from the Tuscan Formation
on the eastern edge of the valley and underlies the Riverbank and Modesto formations (CDWR,
2014). Geosyntec (2021) describes Red Bluff deposits as cemented and not transmitting water.

The Riverbank Formation (Qr), which does not appear to coincide with any geophysical survey
areas, is composed of reddish gravel, sand, and silt and forms alluvial terraces and fans (Helley
and Harwood, 1985). Near the investigation area, the Riverbank overlies the Tuscan and Red
Bluff formation and underlies the Modesto Formation. It may contain small amounts of clay

GeoSystems Analysis, Inc. 4

Basin\Active Projects\Wood Rodgers\Rock and Sand Creek Flood Mitigation\Report\2237 Sand Creek Geophysical
Characterization Report.docx



Sand Creek Geophysical Characterization September 15, 2023
Wood Rodgers, Inc.

(Helley and Harwood, 1985). Groundwater may be present under unconfined conditions (CDWR,
2014) and water-bearing capacity is limited by deposit thickness, although deposits range from
poorly to highly permeable and this unit supplies groundwater to some shallow wells in the region
(Geosyntec, 2021).

The Modesto Formation (Qm), which underlies all geophysical survey areas, is the youngest of the
Pleistocene alluviums, forming stream deposits of gravelly sand, silt, and clay (Helley and
Harwood, 1985). It includes an upper layer, present in the investigation area, which forms low-
elevation terraces and alluvial fans and is generally less than 10 feet thick at valley edges (Helley
and Harwood, 1985, CDWR, 2014). Modesto Formation deposits are considered to be moderately
to highly permeable (Geosyntec Consultants, 2021).

GeoSystems Analysis, Inc. 5
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2.3 Soil Properties

Soils data for the investigation area were obtained from the U.S. Natural Resource Conservation
Service’s Web Soil Survey (NRCS, 2023). Figure 3 shows soil map units occurring within the
investigation area as well as presence of a restrictive layer in the shallow subsurface. Geophysical
survey areas in the downstream portion of the Sand Creek channel and southern lower fork fell
predominantly within the Redsluff gravelly loam soil map unit (Figure 3), which is characterized
by moderately well drained gravelly loam materials with a gravelly clay loam horizon occurring
from 5-12 inches bgs and no observed depths to a restrictive layer. Most of the northern upper
fork of Sand Creek falls within the Wafap-Hamslough soil map unit. These soils are characterized
by shallow gravelly loam materials overlying cobbly to extremely cobbly clay loams with
restrictive layers occurring between 20-40 inches bgs. Redtough-Redswale map units occurred in
the upper fan terrace areas adjacent to channel systems and are characterized by loam to very
cobbly loams overlying cemented gravelly material at 10-20 inches bgs. Anita gravelly duripan
map units underlie a subset of the upstream investigation areas in fan terraces adjacent upper Sand
Creek tributaries. This map unit is characterized by gravelly clay overlying cemented gravelly
material between 10-20 inches bgs. Based on NRCS soils data for the area, locations overlying
the Redsluff gravelly loam soil map units are most likely to have physical properties favorable for
groundwater recharge due to the absence of a restrictive layer in the top 80 inches.

Figure 4 shows the Soil Agricultural Groundwater Banking Index (SAGBI) which provides a
qualitative estimate of suitability for groundwater recharge on agricultural land. This index is
based on five factors critical to success including deep percolation, root zone residence time,
topography, chemical limitations, and soil surface condition. The SAGBI for the area indicates
good to very poor suitability for groundwater recharge (Figure 4). FDEM investigation areas
falling within the downstream portion of the Sand Creek channel investigation area and southern
tributary of Sand Creek had good ratings; upstream areas and those in the northern tributary of
Sand Creek had poor to very poor ratings.

Figure 4 also shows near-surface soil permeability estimates determined from depth-weighted
harmonic mean estimated saturated hydraulic conductivity (Ksa) calculated from the U.S. Natural
Resource Conservation Service soil survey map unit horizon Ksa ranges (NRCS, 2023). GSA’s
experience is that NRCS-estimated soil permeability rates are typically 5X to 10X greater than the
long-term potential infiltration at the near-surface. As a result, the NRCS Ksat values were reduced
by a factor of 10 to approximate achievable, long-term infiltration rates for groundwater recharge
operations. Multiple soil units exist in the study area, and therefore the mean Ksat weighting was

GeoSystems Analysis, Inc. 7

Basin\Active Projects\Wood Rodgers\Rock and Sand Creek Flood Mitigation\Report\2237 Sand Creek Geophysical
Characterization Report.docx



Sand Creek Geophysical Characterization September 15, 2023
Wood Rodgers, Inc.

based on the area and depth of each soil unit within the study area. These data indicate that most
of the study area has expected near-surface infiltration rates of less than 0.2 feet/day, with other
areas primarily in the Sand Creek channel that could be in excess of 0.6 feet/day (Figure 4).

Driller logs for nearby wells shown on Figure 2 and presented in Appendix B, also indicate the
presence of interbedded hardpan and restrictive layers occurring at depths as shallow as 2 ft bgs
(WCR-114310, WCR-518070). With the exception of WCR-752066 and WCR-011330, all
nearby wells with available drill logs noted cemented material or rock within the top 10 ft.

Areas with limited expected infiltration rates primarily have hard pan or restrictive layers within 0-
6.5 ft bgs (Figure 3). Depending on the stormwater capture volumes, basins with hardpan layers
may still be suitable for recharge, if the layer is deep enough or can be broken up via excavation or
deep ripping. Conversely, potential basin areas with shallow (i.e. <10 ft bgs) restrictive layers
may be suitable for temporary storage, and recovery via drains for gradual discharge into more
favorable recharge areas downstream.

GeoSystems Analysis, Inc. 8
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2.4 Groundwater Elevation and Aquifer Properties

The ephemeral Sand Creek drainage falls within the Vina North Management Area of the Vina
Groundwater Sustainability Agency, and the investigation area overlies the Tuscan aquifer. To
assess the available storage within the vadose zone and groundwater flow characteristics, the depth
and flow direction of groundwater below the study area were estimated from California
Department of Water Resources (CDWR) October 2022 depth to groundwater and groundwater
elevation data (Figure 5, Figure 6). Depth to water and elevation contours indicate that
groundwater occurs between 60 and 110 feet below ground surface and groundwater elevation
between 130 and 160 feet above mean sea level. These data indicate that in the absence of
perched water, the study area should have sufficient vadose zone storage for stormwater capture
and MAR.

A stable isotope study conducted in the area indicated that groundwater recharge from
precipitation occurs within the Valley Floor area and the ephemeral streams traversing the Lower
Foothills, where the study area is located (Brown and Caldwell, 2017; Geosyntec Consultants,
2021). Rainfall in this area percolates directly into the Tuscan Formation at the outcrop or
percolates into small alluvial fans or other sedimentary deposits in the area. This also supports the
potential for increased groundwater recharge through the recent alluvial deposits located in the
Sand Creek ephemeral drainages.

The Tuscan Formation is the main hydrogeologic unit and source of groundwater in the area, is
comprised of volcanic sediments, and occurs under unconfined and semi-confined conditions and
varying vertical conductivity (Geosyntec Consultants, 2021). Ranges in estimates of Lower
Tuscan aquifer parameters for three sites in the Vina Subbasin of the Sacramento Valley Basin
(Geosyntec Consultants, 2021), in which the Sand Creek site is located were:

e Specific yield: 5.9 — 7.1 percent
e Transmissivity: 2,322 — 23,650 square feet/day
e Horizontal hydraulic conductivity: 66 — 5,712 feet/day

GeoSystems Analysis, Inc. 11

Basin\Active Projects\Wood Rodgers\Rock and Sand Creek Flood Mitigation\Report\2237 Sand Creek Geophysical
Characterization Report.docx



23N01E07HO01M}:1120!8]

Legend
Stream channels SGMA wells with October 2022 depth to
groundwater (ft bgs)

SGMA October 2022 depth to water
contours (ft bgs)

FDEM survey lines
[] FDEM survey areas

Figure 5. Estimated October 2022 depth to groundwater

2 Miles

Groundwater data from: California Department of Water Resources,
2023. SGMA Data Viewer, https://sgma.water.ca.gov/webgis/?
appid=SGMADataViewer#gwlevels

csA

i
GeoSystems

nalysis, Inc.

et Salalrert




23NO01E07HO0LM[-K1 614t}

23NOLWI14R002M - 138 ft.
1 -

Legend

Stream channels ® SGMA wells with October 2022
groundwater surface elevation (ft amsl)

[] FDEM ____ SGMA October 2022 groundwater
survey areas elevation contours (ft amsl)

FDEM survey lines

Figure 6. Estimated October 2022 groundwater elevation

2 Miles

Groundwater data from: California Department of Water Resources,
2023. SGMA Data Viewer, https://sgma.water.ca.gov/webgis/?
appid=SGMADataViewer#gwlevels

/)
/| GeoSystems
Gs__._‘_ﬁ’_ nalysis, Inc.

et Salalrert




Sand Creek Geophysical Characterization September 15, 2023
Wood Rodgers, Inc.

3.0 GEOPHYSICAL INTERPRETATION

The geophysical survey report prepared by Collier is provided in Appendix A and provides a
detailed discussion of survey methods and results. Collier mapped the apparent conductivity
results for three coil depths, which represent increasing subsurface depth ranges of 5-7 ft bgs (coil
1), 9-14 ft bgs (coil 2), and 15-22 ft bgs (coil 3) (Appendix A). Lower conductivity areas are
typically representative of coarse-grained sand and gravel, but can also indicate the presence of
conglomerate, igneous and metamorphic rock, or other consolidated sedimentary materials.
Higher conductivity areas are indicative of fine-grained clay materials but can also indicate
increased water and salt content. Because of these uncertainties associated with geophysical
surveys, confirmation testing via test pitting and/or an exploratory borehole investigation will be
an essential step in the site screening process.

Geophysical survey results indicate that the extent of coarse-grained (low conductivity) sediments
decreases with increasing depth below ground surface (Appendix A). As a result, low
conductivity sediments are extensive within the top 5-7 ft bgs, decrease by 9-14 ft bgs, with a
further decrease in extent from 15-22 ft bgs (Appendix A). Based on adjacent drill logs and area
soils data (Section 2.3), this is likely a result of encountering finer-grained and potentially
cemented materials at deeper depths. Areas with low conductivity values at the deepest
investigation depth (15-22 ft bgs) also had low conductivity values above this depth (5-7 and 9-14
ft bgs) suggesting that material properties in these areas are most favorable for aquifer recharge.

Figure 7 shows FDEM results from 15-22 ft bgs. The FDEM 15-22 ft level results were selected
for comparison to the shallow (0-6.5 ft bgs) soil survey results as the lower limit for estimated
conductivity observed in the FDEM data. Potential detention basins A through F lie within the
portion of Sand Creek with greater estimated Ksa values of 0.6-0.8 ft/day (Figure 4) and
comprised of the Redsluff gravelly loam soil map unit, which is known to have deeper soils
lacking a restrictive layer in the top several feet (Section 2.3). Of the potential basins occurring
within the Redsluff soil map unit, basins E1 and E2 had the lowest apparent conductivity (coarsest
material) values at 15-22 ft bgs. Basins A through D and basin F showed slightly higher, though
similar conductivities at each depth (Appendix B). Although potential detention basins J1 and J2
fall outside of the Redsluff gravelly loam, portions of the basins were also identified as having low
conductivity (coarse-grained materials) to a depth of up to 22 ft bgs. The remaining basins east of
basins A through F, with the exception of basin O, showed much higher estimated conductivity
values, indicating finer grained materials at all FDEM survey levels.

GeoSystems Analysis, Inc. 14
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The FDEM data was also compared to lower resolution geophysical data from the California
Airborne Electromagnetic (AEM) Surveys (CDWR, 2023). The AEM data interpretations were
downloaded from the CDWR SGMA Data Viewer
(https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer#hcm) for the study area. Figure 8
shows the Hydrologic Conceptual Model for the average percent coarse grained material within O-
50 ft bgs, along the AEM survey lines within the study area. The average percent coarse-grained
material estimates are based on integrating the AEM data with well logs in the general area. These
data predict that basins A through D have greater percent coarse materials (30-40%) than basins to
the east of basins F and J (20-30%) in the 0 to 50 ft bgs depth interval. The AEM flight path did
not cover basins E1/E2 and J1/J2, so comparison between AEM and FDEM data is not possible
for these potential detention basins. Where available, these data are generally consistent with the
higher resolution FDEM data.
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4.0 RECOMMENDATIONS

Based on careful review of findings from the geophysical survey and review of publicly
available geologic and soils data, GSA recommends the following potential detention basin
areas be considered for further evaluation for suitability as stormwater capture and recharge
locations:

e E1andE2 (greater Ksat and estimated coarse-grained materials)

e J1 and J2 (greater estimated coarse-grained materials)

Basins A-D, F, and O may also be suitable for investigation as secondary options in the event
that greater total storage is required and/or confirmation testing indicates unsuitable vadose
zone properties at E1/E2 and J1/J2. In ephemeral drainages such as Sand Creek, the amount
of water available for capture and recharge is highly dependent on rainfall-runoff dynamics
in the contributing watershed. MAR facility design must be guided by water availability and
seasonality (e.g. months per year of water availability and estimated average, min and max
flow volumes), the amount and duration of planned detention, as well as surface infiltration
rates, and vadose zone and aquifer properties. If the infiltration rates are limited, or the
vadose zone is limited in thickness and total storage due to restrictive layers, larger basins or
treatment (i.e. ripping) may need to be designed to meet project objectives.

Because the basins to the east of the E and J basins generally appear to be less favorable to
groundwater recharge, these areas could be used for upstream retention structures to capture
and serve as sedimentation basins that slowly meter water to improve the water quality
reaching downstream detention basins. The upstream basins essentially become sacrificial,
while increasing water residence time in the channel and downstream basins which will
increase overall recharge and reduce maintenance required in downstream basins to remove
accumulated sediment.

While no estimate of potential capture volumes is yet available, we used a volume range of
50 to 300 acre feet per year (afa) as an example to illustrate the required basin size(s)
required under different estimated infiltration rates. Depending on the estimated recharge
volumes, and assuming an infiltration rate of 0.2 to 0.7 ft/day, recharge occurring over two
months of the year could be achieved with overall basin sizes between approximately 1 to 25
acres in size (Table 1). Note that this estimate does not include additional recharge that will
occur due to increased channel infiltration or the retention characteristics needed to retain
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water for two months. Based on GSA’s experience, increased channel infiltration can be as
high as 50% of the total volume recharged in stormwater capture systems.

Table 1. Estimated recharge basin area required for MAR

DESHEL! (AVETEEE Estimated Basin
Estimated Periods of Annual . . Acres of Basins
e Infiltration Rate
Water Availability Recharge Rates (Feet/day) Needed
(AFA) v
0.2 4.2
50 0.7 1.2
0.2 8.3
1
00 0.7 2.4
2 12.4
2 months/year 150 8 7 36
0.2 16.5
2
00 0.7 4.7
0.2 24.7
300 0.7 7.1

Finally, geophysical investigations are very useful as a screening tool but are subject to
numerous constraints which can result in potentially inaccurate results, such as the effects of
high water content, high salt content, or consolidated material on predictions of
unconsolidated material properties. As a result, physical investigations in the recommended
potential detention basin areas to confirm the estimated material properties from the
geophysical survey are necessary prior to conducting any further design work. Physical
investigations should include: 1) a near-surface (i.e. test pitting) characterization with surface
infiltration testing to better approximate the range in effective infiltration rates, and 2) a
borehole investigation to determine if any continuous restrictive layers are present which
may constrain percolation of recharged water to the aquifer, or result in mounding which
limits recharge project effectiveness and/or results in unacceptable daylighting elsewhere in
the channel.

More detailed information on subsurface and aquifer properties, in addition to information on
channel flow dynamics (frequency, duration, discharge volumes) will allow for improved
stormwater capture and MAR facility design.
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July 19, 2023

To: Lindsey Bunting
Project Scientist

Geosystems Analysis, Inc.
Tuscan, AZ

VIA Email: lindsey@gsanalysis.com

RE: Geophysical Letter Report — FDEM Sand Creek, CA | Project #230212
FDEM Geophysical Survey
Chico, CA

Collier Geophysics, LLC. (Collier) is pleased to provide GeoSystems Analysis, Inc.
(GeoSystems) with this letter report summarizing the results of a frequency-domain
electromagnetic (FDEM) survey located off Golden State Hwy in Chico, CA. The main objective
of this geophysical investigation was to assist GeoSystems in identifying areas with higher
recharge potential based on soil grain size and potential permeability inferred from subsurface
conductivity.

The survey was conducted from June 27" to June 29". Collier Geophysicist Josh Morrison led
the survey. The following report presents results from the geophysical investigation and
summarizes the site conditions, field methods, data acquisition, and interpretation procedures.

Site Conditions

The 1,000-acre area of investigation is located near the intersection of Renkow Road (Rd) and
Meridian Rd in Chico, CA. Figure 1 shows the general area of the geophysical project. The
weather during data collection was sunny, with daily high temperatures around 100 degrees
(Fahrenheit). The brush in parts of the survey site was dense and chest-high. The topography
was generally flat with surface soils mostly dry. Inset 1 shows photographs of the site field
conditions. The approximate surface elevation of the site ranged from 180-215 feet (ft) above
mean sea level (MSL).


mailto:lindsey@gsanalysis.com
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Inset 1: Photographs of site conditions and field work.

Surface Geology

The project area is located in the Great Valley province of California. This region contains
volcanic rock, terrace deposits, as well as marine and nonmarine sedimentary rocks. The
survey site lies on deposits described as Pleistocene-age sandstone, shale, and gravel
deposits; mostly loosely consolidated (QPc). Pleistocene-Holocene age unconsolidated
sedimentary rock, including alluvium, and terrace deposits (Q) is located to the west of the
project area. East of the project area lies Tertiary age volcanic rock (Tvp and Tv) as shown in
Figure 2 (California Department of Conservation, California Geological Survey).

Method Overview

The frequency domain electromagnetic survey (FDEM) is used to characterize the subsurface
based on conductivity. An FDEM instrument consists of at least one pair of transmitter and
receiver coils. A primary magnetic field of a constant frequency is generated using an
alternating current in the transmitter coil, and a secondary magnetic field is detected in the
receiving coil due to the interaction of the primary field with the subsurface.

The FDEM instrument allows for simultaneous measurements of the secondary magnetic field's
guadrature components. The quadrature component is primarily sensitive to the electrical
conductivity of subsurface materials due to changes in lithology, moisture content, and/or fines
(clay) content. The quadrature response is calibrated and measured as apparent bulk
conductivity in millisiemens per meter (mS/m); it is referred to as the conductivity measurement.
Electrical resistivity is the inverse of conductivity. Therefore, knowing the conductivity of the
subsurface allows an understanding of the resistivity of the subsurface as well. Inset 2 is a chart
that shows the general range of conductivity / resistivity of various soil and rock types.
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/ mS/m

Inset 2: Chart showing conductivity/resistivity of various soil and rock types from
Sikandar, 2009.

Data Acquisition

For this project data was collected using a CMD-Explorer, which is a multi-coil FDEM
conductivity meter manufactured by GF Instruments. The instrument consists of a boom with
three coil separations of 1.48 m (4.86 ft), 2.92 m (9.58 ft), and 4.49 m (14.73 ft), corresponding
to approximate depths of investigation up to 2.2 m (7.2 ft), 4.2 m (13.8 ft), and 6.7 m (22.0 ft),
respectively. The FDEM instrument was carried using a neck sling and a GPS mounting
backpack. The depth listed for each coil is the approximate depth achievable by the individual
coil but not confirmed for this survey.

Data were recorded continuously at a sample rate of 10 Hz (10 measurements per second). A
Juniper Geode GPS unit capable of sub-meter precision was used for positioning at a sample
rate of 1 Hz. For each record, the apparent conductivity and the in-phase amplitude are stored,
comprising six measurements for each record.

The data was acquired along the creek bed within the area of investigation as well as targeted
polygons areas. Data inside the polygons were acquired in parallel line paths, spaced
approximately 100 feet apart, as shown in Figure 1. Obstructions, fences, inaccessible
property, and surface features that cause interference were avoided when possible. Data
acquisition on a small portion of one of the polygons and creek bed on the west side of the
survey was not acquired due to property access.
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Data Processing

Raw FDEM data were exported in tabular format using CMD Data Transfer, version 1.6.2, by
GF Instruments. Surface locations for each measurement are interpolated for each record from
GPS positions using the data transfer software. The data were then processed using Geosoft
Oasis Montaj, version 2022.2, which is a processing and data visualization software suite used
to analyze geophysical data sets. The data were then filtered to remove erroneous spikes and
to mitigate noise from cultural features such as overhead powerlines. The filtered data for each
coil were gridded using a minimum curvature method for contouring and presentation of the
data.

Results and Discussion

The apparent conductivity (mS/m) results from the FDEM data were gridded and contoured with
Golden Software’s Surfer contouring program. Figures 3, 4, and 5 present the conductivity data
as two-dimensional (2D) contour maps for each of the coil separations 1-3, respectively. The
conductivity data for the site were contoured using a range of 15 mS/m to 100 mS/m. While
there were some outliers for this data range it captures a majority of the data from the site. In
Figures 3, 4, and 5, the conductivity results are color-mapped with cool colors representing low
bulk conductivities and warm colors representing high bulk conductivities. The lower
conductivities are interpreted to potentially represent sands and sandy clays grading to finer
grained materials (silts, clays, and shales) as the conductivity values increase. The lower
conductivity areas (15mS/m to 25 mS/m — blue colors) are interpreted to be coarser grained
soils that are potentially permeable.

The coil 1 data in Figure 3 (estimated depth of investigation 5-7 feet) depicts some areas of
lower apparent conductivity values (blue colors) present in portions of Areas 1, 2, 3, 4, 5, 6, 8,
and 11 of the survey site. Several portions of the creek bed circled and marked as Areas A, B,
C, D and E, also show the presence of these lower conductivity values. The majority of Areas 4,
6, 7, 9, and 10 show overall higher apparent conductivity values for all three coil separations.
This is interpreted to be due to the presence of lower sand and higher fines content at these
locations and depths.

The coil 2 data in Figure 4 (estimated depth of investigation 9-14 feet) continues to depict some
lower apparent conductivity values in portions of Areas 1, 2, 3, 4, 5, 6, 8, and 11. Similarly to the
coil 1 data, the creek bed data from coil 2 shows relatively low conductivity values in some
portions of the circled areas marked A, B, C, D and E.

Generally, the data from coil 3 in Figure 5 (estimated depth of investigation 15-22 feet) shows
an increase in conductivity, signifying increasing fine-grained materials or potentially moisture at
the depth. However, limited portions of Areas 2, 3, 6, and 11 continue to show lower
conductivity values and likely represent areas of coarser grained materials at depth. With the
exception of Area E, the selected areas of the creek bed from Figure 3 and Figure 4 no longer
show the presence of lower conductivity values in the deeper coil 3 data.
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Based on the data from all 3 coils, it is interpreted that portions of Areas 1, 2, 3, 5, 6, 8, and 11
as well as portions of the creek bed in Areas A, B, C, D and E may have the potential to contain
zones of permeable soils due to the presence of relatively lower conductivity zones (<25 mS/m -
blue colors). Portions of Areas 2, 3, 11, and E appear to have the highest potential for more
permeable soils due to the relative depth and lateral extent of relatively lower conductivity
material present in these areas. Additionally, there is one smaller portion of Area 6 on the
southwestern side that exhibits low conductivity in all three coil separations and may also have
a high potential for the presence of permeable soils. These interpretations are based on the
relative change in conductivity at the site. Therefore, it is recommended that select soil borings
be placed in areas of interest and compared to the conductivity data for confirmation and a
refinement of this interpretation.

Closure

The FDEM geophysical investigation in Butte County near Chico, CA was used to generate 2D
plan view maps of apparent conductivity at three different depth ranges. The collected data for
this investigation shows relative changes in conductivity, interpreted to be related to changes in
the amount of fine- and coarse-grained materials in the near subsurface. The lower conductive
areas (< 25 mS/m - blue colors) as presented in Figures 3, 4, and 5 may have higher potential
for permeability based on the interpreted presence of coarser grained materials at these
locations and depths.

Overall, the quality of the data yields a high degree of confidence in the results obtained and
presented in this report. However, like any non-intrusive investigation method, FDEM mapping
requires the subjective interpretation of indirect measurements and therefore an inherent margin
of error is unavoidable. Our methods used for data acquisition and interpretation are as
complete as is reasonably possible, and we believe them to be a reasonable representation of
the subsurface conditions. Due to the subjective nature of any type of interpretation, we cannot
guarantee that our results are accurate in all areas or that all subsurface features have been
detected. We suggest that key features identified by this survey be confirmed by selective in-situ
methods before decisions are based on our findings.

If you have any questions regarding the field procedures, data analysis, or the interpretive
results presented in this report, please do not hesitate to contact us. We appreciate working with
you and look forward to providing GeoSystems with geophysical services in the future.

Sincerely,

Collier Geophysics, LLC

Joshua Morrison Doug Laymon, P.G.
Geophysicist Principal Geophysicist
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State of California

Well Completion Report

Form DWR 188 Auto-Completed 10/14/2019

Owner's Well Number

WCR2019-011330

Date Work Began  07/17/2019

Date Work Ended

08/13/2019

Local Permit Agency

Butte County Public Health

Secondary Permit Agency

Permit Number

EHWL 19-0009 Permit Date  08/01/2019

Well Owner (must remain confidential pursuant to Water Code 13752) Planned Use and Activity
Name  XXXXXXXXXXXXXXXXXXXX Activity  New Well
Mailing Address  XXXXXXXXXXXXXXXXXXXX
9 Planned Use Water Supply Irrigation -
XXXXXXXXXXXXXKXXXXXXX Agriculture
City  XXXXXXXXXXXXXXXXXXXX State XX Zip  XXXXX
Well Location
Address APN 047.100.200
City Zip County Butte Township 23N
Latitude 39 49 325199 N Longitude -121 55 2712w range O1W
- - Section 25
Deg. Min. Sec. Deg. Min. Sec. Baseline Meridian ~ Mount Diablo
Dec. Lat. 39.8257 Dec. Long. -121.9242 Ground Surface Elevation

Vertical Datum Horizontal Datum WGS84

Elevation Accuracy

Location Accuracy Location Determination Method

Elevation Determination Method

Borehole Information

Water Level and Yield of Completed Well

Orientation  Vertical Specify

Drilling Method  Other - Reverse Drilling Fluid Bentonite

Rotary
Total Depth of Boring 770 Feet
Total Depth of Completed Well 770 Feet

Depth to first water
Depth to Static

(Feet below surface)

Water Level 55 (Feet) Date Measured 08/13/2019
Estimated Yield* (GPM)  Test Type
Test Length (Hours) Total Drawdown (feet)

*May not be representative of a well's long term yield.

Geologic Log - Free Form

Depth from
Surface
Feet to Feet

Description

0 12 clay
12 45 volcanics with gavel
45 55 clay
55 60 gravel
60 97 clay
97 138 | volcanic gravel
138 155 | clay
155 177 | gravel
177 440 | clay
440 465 | gravel
465 508 | clay
508 600 | gravel
600 770 | volcanics

Form DWR 188 rev. 12/19/2017

Page 1 of 2



Casings

Casing | Depth from Surface Wall Outside Screen Slot Size
# 9 pFeet to Feet Casing Type Material Casings Specificatons | Thickness | Diameter Type if any Description
(inches) (inches) yp (inches)
1 0 420 Blank PVC OD: 17.400 in. | 1.024 17.4
SDR: 17 | Thickness:
1.024 in.
1 420 480 Screen PVC OD: 17.400 in. | 1.024 17.4 Milled 0.05
SDR: 17 | Thickness: Slots
1.024 in.
1 480 500 Blank PVC OD: 17.400 in. | 1.024 17.4
SDR: 17 | Thickness:
1.024 in.
1 500 770 Screen PVC OD: 17.400 in. | 1.024 17.4 Milled 0.05
SDR: 17 | Thickness: Slots
1.024 in.
Annular Material
Depth from
Surface Fill Fill Type Details Filter Pack Size Description
Feet to Feet
0 50 Cement 10.3 Sack Mix
50 770 Filter Pack | 6 x 16 6 x 16 and 6 x 12 mix

Other Observations:

Borehole Specifications Certification Statement
Depth from I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief
Surface Borehole Diameter (inches) Name SULLIVAN DRILLING INC
Feet to Feet
Person, Firm or Corporation
0 770 28
P O BOX 1227 ORLAND CA 95963
Address City State Zip
Signed  glectronic signature received 08/13/2019 656504
C-57 Licensed Water Well Contractor Date Signed C-57 License Number
DWR Use Only
CSG # State Well Number Site Code Local Well Number
| | | N I
Latitude Deg/Min/Sec Longitude Deg/Min/Sec
TRS:
APN:

Form DWR 188 rev. 12/19/2017 Page 2 of 2
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LoD mRODGE RS

September 1, 2023 Job No. 8874.001

Subject: Rock Creek Reclamation District — Flood and Recharge Rock and Sand Creek
Flood Mitigation Project

Basin description

The Vina Subbasin is situated in the eastern-central part of the Sacramento Groundwater Basin. It
is bounded to the north by Deer Creek, to the west by the Sacramento River, to the south by Big
Chico Creek, and to the east by the Chico Monocline. Los Molinos, Corning, and Butte Subbasins,
lie to the north, west, and south, respectively. Surface water flows from the Rock Creek and Big
Chico Creek and flows southwest from the Sierra Nevada Mountains towards the Sacramento
River. Several smaller creeks and ephemeral streams also flow southwest near the project area,
including Rock Creek and Keefer Slough. Two ephemeral stream channels traverse the project
area and flow southwest with a gradient between one to two percent. The two ephemeral streams
confluence into one ephemeral stream and then into Rock Creek. The Chico Monocline acts as a
geographic boundary and surface water and groundwater are able to flow from the east.

Groundwater-bearing formations in this region are composed of Tertiary to late Quaternary age
continental sediments of the Tehama Formation on the west side of the Sacramento Valley, and
the Tuscan Formation on the east-side. The Tuscan Formation is the primary water-bearing
formation underlying the project site. The continental formations mark the extent of water-bearing
units. The depth ranges of the continental formation are generally from 800 to 1,200 feet below
the ground surface (bgs) (VGS GSP 2021).

The Tuscan Formation is composed of a series of volcanic mudflows, tuff breccia, tuffaceous
sandstone, and volcanic ash layers (California Department of Water Resources [DWR], 2003). The
thickness of the Tuscan Formation reaches approximately 1,250 feet towards the center of the
Valley. The geologic formations in the project area generally dip between 2 and 20 degrees to the
southwest from the valley towards the Chico Monocline (DWR 2003).The Tuscan Formation is
further divided into four separate stratigraphic units (A through D) with tuff or ash separating the
different units in some areas (Helley and Harwood 1985). Units A, B, and C reside within the
Vina Subbasin (Table 1). Each unit is composed of interbedded lahar deposits, volcanic
conglomerate, tuffaceous sandstone, volcanic sandstone, and siltstone to varying degrees. Unit C
is the shallowest unit in the study area and is overlain with younger alluvial fan deposits.

Near the project area, geologic formations with limited water-bearing capacity include Holocene
age younger stream channel and alluvial fan deposits and Pleistocene age deposits, including the
Modesto, and Red Bluff Formations (See Figure 1). Holocene age stream channel and alluvial fan
deposits consist of unconsolidated gravel, sand, silt and clay from the erosion and deposition of
the upgradient Tertiary volcanic flow and quaternary stream terrace alluvial deposits. Pleistocene
age Modesto Formation deposits consists of unconsolidated, unweathered gravel, sand silt, and



clay. Pleistocene age Red Bluff Formation consists of a thin veneer of distinctive, highly weathered
bright-red gravels (Halley and Harwood 1985).

Table 1: Stratigraphy and Hydrostratigraphy Beneath the Project Area

AGE FORMATION AQUIFER
. Stream Channel and
Holocene Alluvium . .
alluvial fan Deposits
Modesto Unconfined
Pleistocene
Red Bluff Unconfined
Unit C
Upper Pliocene Tuscan Unit B
Unit A

Understanding the general structure and composition of the subsurface geologic formations will
aide in the understanding of the potential pathway for recharged water to move within the
subsurface. In 2018, DWR conducted its Airborne Electromagnetic (AEM) geophysical survey of
the Vina Subbasin and the vicinity of the project area,, The AEM survey utilizes an airborne
geophysical technology to map depth-specific subsurface conditions by measuring variations in
the electrical conductivity and resistivity of the subsurface to depths of approximately 1,000 feet.
The vertical resolution varies with depth, with the ability to delineate approximately five to 10 foot
thick geologic layers in the shallow subsurface, and a minimum of100 foot thick geologic layers
at greater depths. Wood Rodgers utilized the DWR AEM data to create geologic cross-sections
which provide a generalization of the subsurface conditions up to a depth of approximately 1,000
feet. In conjunction with the AEM data, lithologic data from domestic and irrigation wells drilled
within a 2-mile radius of the project area were used to further understand the subsurface conditions.
The lithologic logs from the project area are provided on DWR Well Completion Reports (WCR),
which were obtained from the DWR Sustainable Groundwater Management Act (SGMA) Data
Viewer website (DWR 2023) and are included in Attachment A.

To understand the possible hydraulic connection between the surface soils and subsurface, Wood
Rodgers utilized the University of California, Davis Soil Agricultural Groundwater Banking Index
(SAGBI) data. The data correlates a suitability index of soil type for groundwater recharge projects
with a goal to develop a rating system that could be used to assess the suitability of an area to
accommodate recharge activities while maintaining healthy soils. SAGBI data of the project area
shows that the younger alluvium which consists of the upper part of the unconfined zone of the
aquifer system has a rating ranging from Poor to Good.



Subsurface Geologic and Hydrogeologic Conditions

The proposed recharge basins E1, E2, D1, and D2 are generally located in an area with a higher
SAGBI index rating and located in the Redsluff series soil type (See Figure 2). The Redsluff series
is described by the United States Department of Agriculture (USDA) as very deep, moderately
well drained soils that formed in overbank alluvium over channel alluvium from predominantly
volcanic rocks. The soil is described as gravelly loam, on a less than 2 percent slope. The drainage
and permeability of the Redsluff series is considered moderate. The hydraulic conductivity of the
topsoil increases with depth to 80 inches bgs.

Two proposed recharge basins, J1 and J2, are in an area with a lower SAGBI index rating and
located in the Wafap series soil type. The Wafap series is described by the USDA as deep,
relatively poorly drained soils that formed in the alluvium from volcanic rocks. The soil is
described as gravelly loam. The drainage and permeability of the Wafap series is considered poor.
The hydraulic conductivity in the topsoil and decreases with depth to 42 inches bgs.

DWR WCRs from domestic and irrigation wells drilled within 2-miles of the project area (Table 2)
indicate that the soil from ground surface to approximately 20 feet bgs consists of mixed fine and
coarse cemented soils that include clay and interbedded gravel, cobbles, and clay soils until
volcanic deposits are encountered between 85 and 155 feet bgs. The volcanic deposits, and
red/brown clay as described in the available WCRs are presumed to be the upper portion of Unit
C of the Tuscan Formation and the threshold between the upper unconfined aquifers and the
shallowest portion of the water-bearing formations. The subsurface geologic conditions vary in
composition between well sites due to the location of the wells along the alluvial fan and the
varying soil descriptions used by the drillers in the WCRs.

Table 2: Wells Drilled Within 2-miles of the Project Area with DWR WCR Lithology Data

Total Depth of
Top of Screen Bottom of Screen

Well Name Well Type Well Log (feet bgs) (feet bgs)
(WCR No.) (feet bgs) e g

518070 Domestic 180 100 180

752066 Domestic 250 150 250

63043 Irrigation 568 -

101853 Domestic 230 - -

114310 Domestic 165 - -
E0326441 Irrigation 740 160 270

2019-011330 Irrigation 770 420 770

0996590 Domestic 200 160 200




Generally, the interbedded clays, cobbles, and gravel are indicative of colluvium from the Tuscan
Formation and stream terrace alluvial deposits. The lithology data from the WCRs correlates with
Cross Section A-A’ and B-B’ (Figures 3 and 4) from the AEM survey in relation to the relative
thickness of the unconfined alluvial deposits. The younger alluvial fan deposits are reported to
generally be between 10 and 80 feet in thickness and approximately 60 feet thick near the project
area according to the AEM survey.

Cross-section A-A’ is located downgradient of groundwater flow from the proposed recharge
basins and cross-section B-B’ is located upgradient of groundwater flow from the proposed
recharge basins. Cross-section A-A’ (Figure 3) is located southwest of the proposed recharge
basins and displays mixed fine and coarse grain material up to approximately 330 ft bgs and
comprises the shallower aquifer. Beneath the shallow aquifer in the area is 80 to 160 feet of less
permeable fines or clay. Below the clay layer is up to 650 feet of coarse-grained material that
comprises the deep aquifer. The hydraulic communication between the upper and lower aquifer
in this area is likely to be low but would require further study to quantitate. Cross-section B-B’
(Figure 4) is located northeast of the proposed recharge basins and displays a thin layer of fine-
grained material or clay at the surface up to approximately 30 feet in thickness with up to
approximately 30 feet of fine and coarse material below. Coarse grained material is displayed
from approximately 60 feet bgs to 500 ft bgs. The AEM data indicates a thickness range of
permeable soil in the unsaturated zone between 65 to 143 feet depending on the site-specific
subsurface geologic conditions and seasonal fluctuations of groundwater. The geologic formations
in the subsurface structurally dip towards the center of the valley to the southwest and generally
in the same direction as groundwater flow. Surface water placed in the proposed recharge basins
and subsequently infiltrated into the subsurface will likely follow the structural dip of the geologic
formation and groundwater flow.

Groundwater Conditions

Groundwater levels in the vicinity of the project area have been declining since the year 2000
(DWR 2023). Groundwater movement is generally to the southwest in the project area. There is
no significant change in groundwater direction between fall and spring with groundwater flow
bearing 187 degrees in the fall and 210 degrees in the spring with a calculated gradient between
0.13 to 0.14 percent. Water level data from WCR No. 215535, located approximately 2.5 miles
west of the project area, shows that over the period of record the average groundwater elevation is
149.5 feet msl (41.4 feet bgs) with seasonal fluctuations ranging from 164.5 to 135.9 ft msl (26.9
to 55.5 feet bgs). The depth to water beneath the proposed recharge basins, based on an average
ground surface elevation of 229 feet msl, is estimated to be between 65 and 93 feet bgs over the
period of record.

Historical groundwater levels within a 2-mile radius of the project area are illustrated in
hydrographs prepared for select wells monitored by DWR in the project area and are shown in
Figure 5 and include seasonal elevation contours from Fall 2022. Groundwater elevations in Fall
2022 were between 150 and 140 feet mean sea level (msl) or approximately 75 to 95 feet bgs near
the project area. The hydrographs display groundwater elevation trends within the upper
unconfined aquifer (WCR No. 215535, WCR No. 57344, and WCR No. 265103) and the deeper
confined aquifer of the Tuscan formation in two deeper wells (WCR No. 513092 and WCR No.



4060). Historical data from hydrographs of the wells within the upper unconfined aquifer exhibit
relatively stable groundwater elevations since the early 1990s. Since approximately the year 2000,
groundwater elevations began a steady decline with 10 feet of decline from 2000 to 2011 in WCR
57344 and 20 feet of decline from 2000 to 2023 in WCR 265103 and WCR 215535. WCR 393242
has limited historical groundwater elevations with data going back to 2018. The groundwater
elevations in WCR 393242 are stable with minor seasonal fluctuations. Data from the WCR 4060
hydrograph exhibits stable groundwater elevations from the mid-1970s to late 2011. Historical
data from the WCR 513092 exhibits higher seasonal fluctuations and a steeper decline in
groundwater elevation than the other hydrographs from mid-2007 to mid-2023.

The data indicates the available storage capacity in the unsaturated portion of the subsurface ranges
from 60 to 90 feet. Recharged water will likely infiltrate vertically until it reaches the saturated
portion of the upper aquifer or an impermeable geologic layer, which will likely be the fine-grained
material or clay found at depths between 300 feet and 350 feet bgs.

Conclusions

The subsurface data reviewed indicate permeable material likely exists to depths ranging from 300
feet to 350 feet bgs underlying the project site. Applied water is anticipated to migrate vertically
into the subsurface to a depth between 60 and 90 feet, where it is reasonable to anticipate the water
will flow horizontally following both the regional dip of the geologic formations, or where
saturated, the general groundwater gradient. The dip of the geologic formations and groundwater
elevation contours suggest that groundwater will likely flow towards the west to southwest away
from the project site.
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ATTACHMENT A

Department of Water Resources Well Completion Reports within a
2-Mile Radius of the Project Site
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TUTAL DEFTH OF COMFLETED WELL 200  (Fee

Wﬁm-mh_m: TEST TYPE Alr Lift
TEST LEMGTH (M) TOTAL DRAWDOWH _______ {Fu)
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CASING (5] TH ANNULAR MATERIAL
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N Rl I R SN | I v e o
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i i
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i i
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State of California

Well Completion Report

Form DWR 188 Auto-Completed 10/14/2019

Owner's Well Number

WCR2019-011330

Date Work Began  07/17/2019

Date Work Ended

08/13/2019

Local Permit Agency

Butte County Public Health

Secondary Permit Agency

Permit Number

EHWL 19-0009 Permit Date  08/01/2019

Well Owner (must remain confidential pursuant to Water Code 13752) Planned Use and Activity
Name  XXXXXXXXXXXXXXXXXXXX Activity  New Well
Mailing Address  XXXXXXXXXXXXXXXXXXXX
9 Planned Use Water Supply Irrigation -
XXXXXXXXXXXXXKXXXXXXX Agriculture
City  XXXXXXXXXXXXXXXXXXXX State XX Zip  XXXXX
Well Location
Address APN 047.100.200
City Zip County Butte Township 23N
Latitude 39 49 325199 N Longitude -121 55 2712w range O1W
- - Section 25
Deg. Min. Sec. Deg. Min. Sec. Baseline Meridian ~ Mount Diablo
Dec. Lat. 39.8257 Dec. Long. -121.9242 Ground Surface Elevation

Vertical Datum Horizontal Datum WGS84

Elevation Accuracy

Location Accuracy Location Determination Method

Elevation Determination Method

Borehole Information

Water Level and Yield of Completed Well

Orientation  Vertical Specify

Drilling Method  Other - Reverse Drilling Fluid Bentonite

Rotary
Total Depth of Boring 770 Feet
Total Depth of Completed Well 770 Feet

Depth to first water
Depth to Static

(Feet below surface)

Water Level 55 (Feet) Date Measured 08/13/2019
Estimated Yield* (GPM)  Test Type
Test Length (Hours) Total Drawdown (feet)

*May not be representative of a well's long term yield.

Geologic Log - Free Form

Depth from
Surface
Feet to Feet

Description

0 12 clay
12 45 volcanics with gavel
45 55 clay
55 60 gravel
60 97 clay
97 138 | volcanic gravel
138 155 | clay
155 177 | gravel
177 440 | clay
440 465 | gravel
465 508 | clay
508 600 | gravel
600 770 | volcanics

Form DWR 188 rev. 12/19/2017
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Casings

Casing | Depth from Surface Wall Outside Screen Slot Size
# 9 pFeet to Feet Casing Type Material Casings Specificatons | Thickness | Diameter Type if any Description
(inches) (inches) yp (inches)
1 0 420 Blank PVC OD: 17.400 in. | 1.024 17.4
SDR: 17 | Thickness:
1.024 in.
1 420 480 Screen PVC OD: 17.400 in. | 1.024 17.4 Milled 0.05
SDR: 17 | Thickness: Slots
1.024 in.
1 480 500 Blank PVC OD: 17.400 in. | 1.024 17.4
SDR: 17 | Thickness:
1.024 in.
1 500 770 Screen PVC OD: 17.400 in. | 1.024 17.4 Milled 0.05
SDR: 17 | Thickness: Slots
1.024 in.
Annular Material
Depth from
Surface Fill Fill Type Details Filter Pack Size Description
Feet to Feet
0 50 Cement 10.3 Sack Mix
50 770 Filter Pack | 6 x 16 6 x 16 and 6 x 12 mix

Other Observations:

Borehole Specifications Certification Statement
Depth from 1, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief
Surface Borehole Diameter (inches) Name SULLIVAN DRILLING INC
Feet to Feet
Person, Firm or Corporation
0 770 28
P O BOX 1227 ORLAND CA 95963
Address City State Zip
Signed  glectronic signature received 08/13/2019 656504
C-57 Licensed Water Well Contractor Date Signed C-57 License Number
DWR Use Only
CSG # State Well Number Site Code Local Well Number
| | | N I
Latitude Deg/Min/Sec Longitude Deg/Min/Sec
TRS:
APN:

Form DWR 188 rev. 12/19/2017 Page 2 of 2



T den Autisbed Flisicind muly Bo usosd ko wiew ool complote this form. Fovsever, softmers MUl b puschicsd 1o comphibe, v, 8o reuss f giesd lem

File Oxiginal with DWW State of Cabomia [ G Use iy - Do Noi Fillin
age 1 o1 FEB 2T i Well E.nTpll’tll:ln Report \ .. WEBRD 1
s el Moot No. 00326441 A 1 e R
Date Work Began 10082016 Dty Work Ended 1071372016 — Latvade L "I
Local Permit Butle County Public Heaith i i i |
Agency s I I..I.J_.JFH_ |
Geologic Log Violl Owrer |
Ovientaion @ verical O Horizontal  O'Anghe  Specfy__
e L R —, L WL
Dopth from Surfsce Description
| Fow w  Feel ~  Descibe mstedsl grsio sive,cokor el |
0 3 ey Wall Location
3 18 rock Address 4584 Kilkare Lane
. ey city Chico County Buta
i) 42 graved Lastuda H Longituds ]
42 1TH clay Dea. M Sec [N
176 1.1 gravel Dawm___ DOeclat _________ DOeclong_
185 187 clay and fraciured clay APNBook 04T Pege 330 Paecel 010
187 106 gravel 192 Hard cramship ang R

186 240 clay and fractured clay
E‘.u m wﬂl k] rid D i - =’ M i s

246 30 clay

330 3315 gravel

335 ] clay

555 650 black graval

pipiguls #d

Depih to Stalic
Waber Levsl S0 (Fesl] Dalo Moasured 100112018
Total Deplh of Boring T40 Tenl Estimabed viekd * (EPM] Tasl Type
Teat Lengih ___________ {Hours) Tolal Deavwdcam {Feat}
Total Depth of Compioted Well 270 Fresrl e s e AT
Casings — Annular Maberial
T - oy Wall  Ouwtsids Stroem  SioiBize |  Depth bom
Butface Dilarsatar Thicknaas Diameter  Typs i Ay Butaza Fil Daseription
Fool s Fest  (lnches) {Inchas) inches) B Fool = Fesl
[1] 160 |20 Blme; PG SDR-21)10 | 1] 20 e 8" chips
180 200 20 Sermen Lk SDR-21|10 |l-l-u51-ch 0.050 20 270 | Filar Pack 6 x 16 sand
200 (240 |20 Mk P SDR-21[10 |
240 1IT0 |20 Fill pipa FC SDR-21)10 Miiod Sots | 01,050
Attachmenis = Cartification Statermnent
T Geologe Log 1, the undersigred, carlily that this repor is complete and accurals b the bast of my knowledgs and beliel
O Wil Constnacsion Diagram Name
01 Geophysical Logis) 5458 Couniy g 36 Odand cA sy
O SoitWaler Chomical Anplyses L oy s T
Ohar Bigred ! 10182016 656504
; : CAT L Wl Wl Condracts Daln C-67F Mumrinr
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- A3nftiE-17
i STATE OF CALIFOANIA Do Not Fill In
ORIMNAL THE RESOURCES AGENCY .
File with DWit DEPARTMENT OF WATER RESOURCES N° 114310

WATER WELL DRILLERS REPORT Scate Well No

@ b A
ser mwrniem. k11) WELL LOG: f Lode S,

Tuddeps 165 f Depth of compleved weil 2 .
_Jerwtion: Drwride by polar, chovarser, vor of murevial, snd stracture
fe. w fe.

(2) LOCATION OF WELL: '
Comuty Butt 2 Orwner's number, if an
Township, Nange. and Section ”

0--2 Iight Roeky Soil
2--21 Hard i.an r Lar.e JOCKS

22 2 i > P 27--3; Yellow - ay
(3) TYPE OF WORK (check): 3 ~=53C0srse S::;nfl & -ravel
New Well K] Decpeniog [1  Reconditioning []  Destroying [] 53--91 Herd sticky crown Ciay
1 desirnction, describe material axd procedure in Iiem 11. . 91 -=11 3 Sandcstona
(4) PROPOSED USE (check): _{5) EQUIPMENT: 113--127 Coarse sancj. E—
Domestic [T] Industrial 7] Municipal [] | .Rotary 0O 127--16lL Coarse stne © C wlay
Irrigation (] Test Well[]  Other [J | Cable %] 16li--165 Coars=a sanc e - avel

Other O
(6) CASING INSTALLED:
STEEL. OTHER: If gravel packed
SINGLE [§] DOCUBLE []
Gage Diameter

Fram To ar of From To

fr. fx, Diam. Wall Bore fr. ft.

0 70 8" 14 o0gt
.Smot' yhoe ur well ring: 8?611 /Q Sizr of gravel: [al 1NE"!ENIIA I Il l;
Decabeiuine Flapt Buft Weld 8x2hx1/l, B I Waoter CodeSee—13753

{(7) PERFORATIONS OR SCREEN:

Type of periaravien or name of screen

Perf. Rows
From Te per per Size
fr. fr. row ft. in. x in,

(8) CONSTRUCTION:

Was a suckace sanitery seal provided? Ye BB No O To what depth 5’0 fr.

Wiere any strata sealed agsinst pollution? Y‘t‘: O Ne [] 1f yes, noce dapth of strata

From ft. w fu.

From fr. e fc. Work started 3/1 ; 1% , Complered 3/237?6

Mehodofsating ___buddled Clay WELL DRILLER'S STATEMENT:

(9) WATER LEVELS: o!‘l;l;nk::f:‘:‘:‘ f:.:'f::l;?d" my jurisdiction and this report is trae to the best
Depih ac which water was Gzec Found, if known 9‘[ fr.

Standing level before perforating, if koown . fr. NAME T " Tl mmer & T

Standing level after perforsting and developing 7 () g T (Rerion, fxm, or corporation)  (Typed or printed)

(10) WELL TESTS: Addres  Cll4 Yest 11 th St

Wi pump tess made? Yo X No [ If yes, by wham? Bailer Chico,Calif

.&ld: 3 O yal./min. with O fr. drawdown afrer hrs. [SicNER]

:Temperuuu of water Was a chemical analysis made? Yex [  No [J (Wit Drillr) .

Was eleceric log made of well! Yo [0 No O If yeu, attach copy {icense No. 9?0 q?? Dated ";/ 31 [ 76 1

SKETCH LOCATION OF WELL ON REYERSE SIDE
DWR 188 (REV. 9.68) 7105-790 572 3oM Trir @ oxr




