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Task 2 — Preliminary GIS Assessment and
Mapping of Potential Groundwater
Recharge Areas

» Data compilation

» Criteria development
» Alternatives definition
» Constraints mapping



Recharge Types

» Direct Recharge
» Recharge Ponds
» Field Flooding
» Injection Wells

» Indirect Recharge
» “In-Lieu” Recharge




Direct Recharge

Recharge Ponds

Considerations:
« Permeable soils
« Dedicated land area
« Recharges water table
aquifer
« Needs unsaturated area
below

« Relatively low cost
« Operates year-round

b TR n, Central Arizona Project
"o o . "4' v

7 N



Direct Recharge

Fleld Flooding

Considerations:
 Permeable soils
* May require special
preparation
Recharges water table
aquifer

 Needs unsaturated area

below

Relatively low cost

Seasonal use
« Ability to use farm
equipment



Direct Recharge

Injection Wells

Considerations:
casING oASING « Low land requirements
« Needs high-quality water

CONFINING UNIT .
 Canrecharge confined

aquifer
AQUIFER oy (S « Relatively high cost
B e i TIONE o or ggim * Year-round operation
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Indirect Recharge

IN-Lieu Recharge

Considerations:

Supply of surface water to
areas using groundwater
Can be both ag or urban
Noft restricted by soil type
Recharges production
aquifer

Relatively low cost
Seasonal use
Conjunctive use of
groundwater and surface
water



. TEHAMACOUNTY sty Avea
P Geology

Q- Alluvium, lake, playa, and terrace deposits; unconsolidated
and semi-consolidated. Nonmarine. (3)

Qoa - Older alluvium, lake, playa, and ferrace deposits. (2)
QPc - Pliocene and/or Pleistocene sandstone, shale, and gravel
deposits; mostly loosely consolidated. (4)
Ec - Sandstone, shale, conglomerate; moderately to well

consolidated, (1)

Tv - Tertiary volcanic flow rocks; minor pyroclastic deposits (0)

Tvp - Tertiary pyroclastic and valcanic mudfiow deposits. (0)

Ku - Upper Cretaceous sandstone, shale, and conglomerate. (0)
Mzv - Undivided Mesozoic volcanic and metavolcanic rocks. (0)
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Groundwater Elevation Contours

DWR CASGEM data
Selected wells with a consistent measurement history, high quality

well logs, and publicly available locations

Sorted by info two depth categories
« Well screens shallower than 350 feet (shallow wells, including domestic wells)
« Well screens deeper than 350 feet (deep wells in lower semi-confined aquifer)

General groundwater flow direction

« Westerly in the area near Chico
« Southwesterly in the southern area
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Task 3 — Site Prioritization Mapping

» Alternatives definition
» Weighted criteria mapping
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Recharge Criteria

Spreading Basins/
Field Flooding*

Unconfined aquifer system

Relatively large area (10+
acres)

Permeable soils with no
impermeable layers in near-
surface

Significant unsaturated depth
below surface

Hydraulic connection with
production aquifers

Ability to perform routine
maintenance (e.g. scraping of
pond sediments)

Unsaturated permeable margin
areas beyond pond
boundaries

Source supply compatible with
native groundwater. No TDS
constfraint.

Proximity o conveyances

*Uncropped during spreading or crops

Injection/ASR

Confined or semi-confined
aquifer system

Low land requirements (<1
acre)

Transmissive target aquifer

“Head room” in aquifer, i.e.
pressure surface significantly
below ground surface

Number of wells within
pressurized management zone

High quality (drinking water or
better) source required

tolerant of flooding

In-lieu

No aquifer constraint

Land presently irrigated with
groundwater

Ability to serve water during
irrigation season / proximity to
conveyances

Water table below root zone

Good quality supply suitable for
agronomic application.
Possible tfreatment for drip
irigation uses.



Criteria
Used for
Recharge
Constraints

Maps

Consideraticn

GIS Layer Source

Recharge Type

Proximity to Existing Conveyance

need to modify Hydrology
layer provided by County

conveyance, 3 for 1 mile, 2 for 1
to 3 miles, 1 for 3to 5 miles, 0
=h miles)

(5 for 2000 feet from conveyance,
3for 1 mile, 2 for 1to 3 miles, 1 for
3to 5 miles, 0 =5 miles)

conveyance, 3 for 1 mile, 2
for 1o 3 miles, 1for3to 5
miles, 0 =5 miles)

Pond Field Flooding Injection In-lieu
Land Use (Possible Score)
- . | (0 for Surface, 1 for Mixed Use, | (0 for Surface, 1 for Mixed Use, 2 (-5 for Surface, O for Mixed
Agricultural Water Supply =t Ll sl 2 for Groundwater) for Groundwater) . Use, 5 for Groundwater)
(-2 for Urban, 0 for Commercial | (-2 for Urban, 0 for Commercial, (0 for Urban, Commercial,
ar unknown, 1 for Citrus, unknown, Citrus, Deciduous, 1 far Idle, Mative unknown, 2 for
Use Type DWR Land Use 2015 Deciduous, Vineyards, 2 for | Vineyards Truck, 2 for Field, Grain 0 Citrus, Deciduous, Vineyards,
Truck, Field, Grain and Hay, |and Hay, 3 for Rice and Pasture, 4 Truck, Field, Grain and Hay,
Rice, Pasture, |dle and MNative) for Idle and Mative) Rice, and Pasture)
i !
CU;U:IEZE;;T;E;”SSLSE (0 for Unknown or ldle, 2 for
Crop ET 0 0 0 20to 30 infyr, 4 for 3010 40, 6
Spreadsheet (2000-2015)
) for 40 to 50)
from Davids Eng
Percolation Rate (Possible Score)
Excellent=5 Excellent=5
SAGBI Mod Soil data (assumes that | 0P (Excellent, Good, Good=4 Good=4
all solls with restrictive layers have Moderately Good, Moderately Good=3 Moderately Good=3 0 0
been removed by deep llage) Moderately Poor, Poaor, Moderately Poor=2 Maoderately Poor=2
Very Poor) Poor=1 Poor=1
Yery Poor=10 Yery Poor=10
CGS 2015 Statewide 4 for QPc, 3for Q, 2 for Qioa, 1 | 4 for QPc, 3 for Q, 2 for Qloa, 1 for 4 for QPc, 3 for Q, 2 for 0
Bedrock Geology Geologic Map for Ec Ec Qoa, 1 for Ec
Shallow Aquifer GW Elevations | Shallow Aquifer GW Elevations 1 Elevg;;ﬁ;f :';Tr: t‘i:':r -
Depth to groundwater GEI 1 point per 20° contour (1-6) for point per 20" contour (1-6) for ) 0
Spring 2016 and Fall 2015 Spring 2016 and Fall 2015 Lo AR EE L
2016 and Fall 2015
Location (Possible Score)
(5 for 2000 feet from (5 for 2000 feet from (5 for 2000 feet from

conveyance, 3 for 1 mile, 2 for
1to 3 miles, 1 for 310 5 miles,
0 =5 miles)

Minimum parcel size

County

(0for=5ac 1for5to10ac, 2
for 10 to 30 ac, 3 for 30 to 80 ac,
4 = a0ac)

(0 for=20ac, 1for20to 40 ac, 2
for 40 to 80 ac, 3 for 80 to 120 ac,
4 =120ac)

(-5 for = 0.25 ac)

(O for =40 ac, 1 for 40 to 80
ac, 2 for 80 to 160 ac, 3 for
160 to 320 ac, 4 =320ac)

Environmental Constraints (Possible Sco

Wetlands or Sensitive Area

Land Cover from GP2030
data

Vernal Pool, Wetland,
Woodlands, Chaparral,

Riparian =-10
woodland, vineyard, rice =-5
Grassland =-

Urban, Developed =1
Irrigated Crops/Pasture = 3
Disturped =5

Vernal Pool, Wetland, etc. =-10
Woodlands, Chaparral =-5, -3
Urban, Developed =1
Riparian, Cropland, Disturbed =5

Vernal Pool, Wetland =-5
Woodland, Chaparral = 3
Riparian, Urban,
Developed, Cropland,
Disturbed =5

Endangered Species

California Matural Diversity
Database (CMDDB)

{(-10 for Endangered, -1 for
Threatened and Rare, 0 for Mo
Status)

{(-10 far Endangered, -1 for
Threatened and Rare, 0 for Mo
Status)

(-2 for Endangered, -1 for
Threatened and Rare, 0 for
Mo Status)

(-2 for Endangered, -1 for
Threatened and Rare, 0 for
Mo Status)

(-14 to 48)

Possible Range of Values

(-14 to 48)

(-7 to 35)

(-7 to 22)
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Task 4 — Economic Evaluation of
IN-Lieu Groundwater Recharge

» Dual System Analysis
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Evaluation of Dual Source 37
migafion Systems




Evaluation Tasks

» Characterize Dual Source Syste
» Develop Cost Estimates for Duo

» Evaluate Agronomic Factors Re
Dual Systems

» Assess Regional Benefits

MS

Systems
ated to

38



Dual System Components

» Turnout and Pre-Screening

» Conveyance to Booster Pump & Filter
» Booster Pump & Filter

» Conveyance to System Tie-In

39



ual System Example (Butte County) 40
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Comblned
Discharges of |8 Groundwater

Pressure Pump 4 Well.
and Well. .

Horizontal
Screen Filter.

Dual Sys’rem Examp\e (Glenn County) 4!

Vertical
Turbine
Pressure

Rotating, Self-

Cleaning
Screen on
Sump Inlet.



Dual System Example (Stanislaus County) 42

Cleaning
Mechanical

Centrifugal
Pressure




Dual System Example (Yuba Coun’ry) .‘,13

Vertical

Turbine

Pressure
Pump.

Rectangular
Screen.




Dual System Cosfts

» Data Sources

» Butte County Resource Conservation District, NRCS
Payment Schedules, Davids Engineering Internal
Database

» Cost Estimation Tool
» 16 Selectable Parameters
» Initial and Amortized Capital Costs
» Annual Maintenance and Operations
» Marginal Dual System Costs

» Ability to Evaluate Multiple Scenarios and Marginal Cost
Sensitivity to Input Parameters

44



Cost Estimation Tool Results: Variable

Pumping Depth and SW Purchase Cost

©— SW Cost = 550/ af A~ SW Cost = §75/af

=@ SW Cost = $5/af =@ SW Cost = 525/ af
100-Acre Example 5200

Walnut N

alnut Orchard . DRAFT
Net Annual Cost 5150 B

Nielile DepTh to $100 > A

GW from 10 to 100 N A

feet $50 5 A
SW Purchase cost — o

S0 \ I
$50 '\\\\

-$100 \
1$150 \

-5200

from $5/af to

$75/af

Net Annual Cost (S/ac)

0 20 40 60 80 100
Static Depth to Groundwater (ft)



Factors Affecting Decision Whether 46
to Use Surface Water

» What factors influence the decision to use
groundwater when surface water is availablee¢

» Potential Factors
» Cost
» Flexibility
» Water Quality
» Disease Risk
» Others



Economic Analysis of Dual Systems 47

» Benefits to growers of dual systems will increase
under SGMA

» Under SGMA dual systems provide benefits to
individual fields and other irrigators in the basin

» Field benefits of additional surface water use will
Include:

» Lower pumping Costs

» Regional benefits of addifional surface water use
to remaining groundwater users will include:

» Avoided Pumping Costs
» Stabilization Value to Avoid Fallowing



County-Wide Cost Analysis 48

» Capital and Maintenance Costs
» On-Farm and Conveyance
» Stranded Capital in Existing Groundwater Systems
» Operating Costs
» Difference Between Groundwater Only and Dual System



Key Assumptions 49

» Reconnaissance-Level Costs

» Assumes optimum selection of fields/Not based on specific
projects

» Does not explicitly factor agronomic considerations

» Assumes surface water purchase cost similar to past, in-County
transfers

» Preliminary Estimates of Overdraft by Subbasin

» Vina: ~5,000 acre-feet +/- 50%
» West Butte: ~5,000 acre-feet +/- 50%
» East Butte: ~5,000 acre-feet +/- 50%

» Wyandotte Creek: ~1,000 acre-feet +/- 50%



Preliminary Benetfits

and CosTs 50

» Avoided Pumping Costs: ~$3,210,000 +/- 50%
» Risk Reduction to Avoid Fallowing: ~245,000 +/- 50%

» Total Benefits:

» Net Implementation C

» Conclusion: Appears 1

~$3,455,000 +/- 50%

Osfs: ~$330,000 (low)

'O safisty economic feasibility

criteria, but refinement of assumptions and more

detailed analysis neec

ed.
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ldentified Potential Water Sources

» Oro-Chico Canal
» Pipeline from Oroville to Chico

» Construction of recharge basins over Lower Tuscan Aquifer recharge

aread
» Diversion of water from Sacramento River

» Improvements to Cherokee Canal



2015 West-Yost Study

FIndings from

Detailed

creening

Alternatives

. Pipeline Along Oro-
Chico Conduit

. Pipeline Along Sac
Northern RR ROW

. Sacramento River
Diversion from Existing
M&T Facilities

. Sacramento River
Diversion using Radial
Collector Wells

. Partnership with
Paradise Irrigation
District

Screening Findings

Alt 1 Rough/difficult terrain

Alt 2 Shorter alignment, but requiring
easements

Capital cost $71 — $108M

Diversions could be reduced to meet
Shasta temperature control restrictions

Lower freatment costs for radial collector
well opfion

Ongoing maintenance with M&T diversion

Capital cost $20 — $32M

Water rights above Lake Oroville would limit
available supply timing

Capital cost $100M




