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Number* Basin/Subbasin Name
3-001 Santa Cruz Mid-County
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3-004.06 Paso Robles Area
3-008 Los Osos Valley
3-013 Cuyama Valley

le 4-004.02 Oxnard
4-006 Pleasant Valley
5-022.01 Eastern San Joaquin
5-022.04 Merced
5-022.05 Chowchilla
5-022.06 Madera
5-022.07 Delta-Mendota
5-022.08 Kings
5-022.09 Westside

. South Lake Tahoe 5-022.11 Kaweah

P2 5-022.12 Tulare Lake

: 5-022.13 Tule
5-022.14 Kern County
B0 6-054 Indian Wells Valley

7-024.01 Borrego Springs

* See Appendix B, Figure B-2 for an
explanation of the California groundwater
basir/subbasin numbering system.
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Project Category Project Subcategory Number of Projects A e sl 3)| °
Conveyance & Distribution 57 *
Recharge 237 LoLQ.: C,o).:_xo P
Reclaimed Water (Brackish Desal) 10 o
Supply Expansion Recycled Water 11 360 Lw °
Surface Storage 23 r
Surface Water Trading 15
Surface Water Treatment 7
Irrigation Efficiency 11
Land Fallowing 24
Demand Management Pumpi-ng Res.tr-ictions, AI-Iocations, 97
Metering, Pricing Incentives,
Groundwater Trading 49
Urban Conservation 13
Other 58
Total 515
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Annual Benefit at Full

Year of Number of Annual Benefit at Full . Estimated Captial Cost
Implementation Projects Implementation (AF/yr) Implementation (S,million)
(mA3/yr), million)

2012 1 43,600 53.8 76.8
2013 2,210 2.7 21.8
2014 - - - -
2015 4 6,055 7.5 14.2
2016 5 10,190 12.6 5.3
2017 9 6,670 8.2 16.0
2018 7 37,166 45.8 93.0
2019 13 120,706 148.9 457.0
2020 48 447,841 552.5 458.2
2021 38 150,407 185.5 112.0
2022 16 39,221 48.4 27.0
2023 10 10,479 12.9 26.1
2024 6 7,795 9.6 26.5
2025 44 191,901 236.7 561.2
2026 7 20,237 25.0 10.0
2027 2 5,208 6.4 0.1
2028 3 1,913 2.4 0.9
2029 - - - -
2030 23 46,690 57.6 633.6
2031 2 23,830 29.4 34.5
2032 3 3,713 4.6 7.8
2033 3 4,960 6.1 4.4
2034 2 1,729 2.1 3.0
2035 10 20,350 25.1 73.4
2036 1 93 0.1 0.1
2037 2 157 0.2 0.3
2038 1 278 0.3 0.6
2039 3 15,648 19.3 3.5
2040 6 85,912 106.0 203.6

No Year 245 807,448 996.1 1,046.7

Total 515 2,112,407 2,605.9 3,917.5

FA

Skojyy
Sl o g

*

039 €9y Jlo ©

0)9).) a5 ®

ot e 55 Al gile
[ ]

5 3590 dolo yu

0

N

- s
— I a9
b g

- * ;
. - |
Ju..ﬁn?lﬁ



#4

S~ oaliin! g3 W I gl Oledbl g odls cdb yo (sl ¢

* https://water.ca.gov/Programs/Groundwater-Management/SGMA.-
Groundwater-Management
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Characteristics Description
Simulation setup
Dimension Two dimensional
Simulation mode Saturated steady-state and transient flow
Spatial discretization
z Simulation model MODFLOW (Harbaugh, 2005)
;;- Structure Finite difference method
E Number of elements 5058
Mesh dimension (vertical direction) (m) 15-153 (one layer)
Mesh dimension (horizontal direction) (m) 500x500
Temporal discretization
Time step for transient simmulation (day) 30
Stress period for transient simmlation (month) 83
Boundary conditions
Lateral boundaries No flow
Time-dependent fixed head (2241.2-2339.6 m)
Top surface boundary Flow boundary (recharge and extraction rates)
Bottom surface boundary No flow
2 Calibration
s | Auto-calibration code PEST (Doherty. 2005)
g — — T Calibration observation Water elevation in 48 piezometer wells
= 0 2 40 Kiometers Calibration parameters Hydraulic conductivity
T T Recharge rate
SEOONE SEIGE Specific yield (only for transient calibration)
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Coastal aquifers

J Groundwater in the coastal aquifers is the most important freshwater

resource in many coastal regions.

J Approximately 80% of the world’s population lives along the coast and they

used coastal aquifers for agricultural, domestic and industrial purposes.
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J Movement of seawater into freshwater aquifers due to natural processes or
human activities. s

4

J Intrusion affects the‘quality of water and the health of groundwater dependent
ecosystems.

Introduction

Q Seawater intrusion
) Objective
‘( ’l/\“ Benchmark problem

Real case study
Water table v Conclusion
- %

> References
-+
Freshwater Regional E
\ Flow -
e. -+
- -—

Mahmoodzadeh, D., & Karamouz, M. (2017). Influence of coastal flooding on seawater intrusion in coastal aquifers. In World
Environmental and Water Resources Congress 2017 (pp. 66-79).

120



Factors that affect the seawater intrusion o

™ N

- y &
g ety
2 4

uu.."/:fagh
[Pumping/extraction ]—L
Human activities

Introduction

4 A

Tidal fluctuation Seawater intrusion
. J
- . Objective

Sea level rise, Storm surge Benchmark problem
. J

Real case study

4 N

Change in precipitation __ Natural processes Conclusion
. J

such as climate change
References

p
Aquifer heterogeneity, bed slope, land-surface
\slope, and landward boundary conditions

.

Aquifer characteristics

121



Sea-level rise (SLR) @ﬁ
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J SLR of between 0.26 and 1.8 m can be expected by 2100 i

J This SLR may lead to significant land-surface inundation (LSI) issues in coming _
Introduction

decades, specially in low-topography coastal regions
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J Annual mean precipitation can vary up to £50% in the world.

J The high latitudes and the equatorial Pacific Ocean are likely to experience

. ) L ) Introduction
an increase in annual mean precipitation by the end of this century.

Seawater intrusion
J In many mid-latitude and subtropical arid regions, mean precipitation will

Objective
ikely decreelg Benchmark problem
d while in' many mid-latitude wet regions, mean precipitation will likely Real case study
increase by 2100. Conclusion
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Storm surge -~
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J Storm surges can also influence the fresh groundwater resources in coastal e

L

regions because of inundating the extensive areas of near sea lands. i

J Rising in sea level can be increased in the frequency and intensity of storm surges.
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U The fluid mass balance equation representing the single- .
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[ This conceptual model shows SWI in a coastal
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controlled system. In this system, the regional
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1-b

groundwater discharge to the sea is constant
and controls the status of SWI.
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Conceptual Model (2)

 In this system, the water table position at the
landward boundary is constant despite SLR.

2-b

Impermeable Bed

Ketabchi, H., Mahmoodzadeh, D., Ataie-Ashtiani, B., & Simmons, C. T. (2016). Sea-level rise impacts on seawater intrusion in
coastal aquifers: Review and integration. Journal of Hydrology, 535, 235-255.
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Geometry of modeling domain (1)

Slope =0.5%

J Geometry of modeling domain of a

base case 35m

 including boundary conditions with y Not to Scale
the land-surface slopes of 0.5% and
the aquifer bed slopes of 0% and 1% X
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Ketabchi, H., Mahmoodzadeh, D., Ataie-Ashtiani, B., & Simmons, C. T. (2016). Sea-level rise impacts on seawater intrusion in
coastal aquifers: Review and integration. Journal of Hydrology, 535, 235-255.
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Results (a)

FC LWBC M
0.5% Land-Surface Slope 5 o
| S 3, LA
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Introduction
% 200 400 600 800 1000 ~ Seawater intrusion
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- Objective
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Results 0

0.68 +

© 0.5% Land-Surface Slope, 0% Bed Slope
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Ketabchi, H., Mahmoodzadeh, D., Ataie-Ashtiani, B., & Simmons, C. T. (2016).
coastal aquifers: Review and integration. Journal of Hydrology, 535, 235-255.

This figure shows the transient
seawater toe location and
overshoot mechanism behavior
associated with a SLR of 1 m for
all FC cases.

For the higher land-surface and
the aquifer bed slopes, the total
time required to reach a
maximum seawater toe location
is small.

Overshoot means that seawater
which intrudes into a coastal
aquifer due to SLR would initially
overshoot the  steady-state
position but then naturally be
driven back to a seaward resting

position.
Sea-level rise impacts on seawater intrusion in
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Conceptual Model (3) @ﬁ
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Conceptual Model (4)
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Impermeable Bedrock

(J SWI into coastal aquifer occurs caused by both SLR and storm surge.
4-a) Homogeneous aquifer 4-b) Heterogeneous aquifer

Mahmoodzadeh, D., & Karamouz, M. (2019). Seawater intrusion in heterogeneous coastal aquifers under flooding
events. Journal of Hydrology, 568, 1118-1130.
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Geometry of modeling domain (2)

J The 2D unconfined aquifer domain that used for the modeling purposes of
this study and the assigned boundary conditions is shown in following

figure.
J Problem domain including boundary conditions with the land-surface slope
and a 200-m topographic depression. _35m
lope =0.5 ¢
mmmmm Hydrostatic Pressure Boundary 30 4 °Eiﬁ°5@7

. 200
EEETEES Regmnal Flux Boundarv "

==== Recharge Boundary

h\ Not to Scale
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1000 m

(=
«

Finite Element Mesh X
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2-1012345¢67

Mahmoodzadeh, D., & Karamouz, M. (2019). Seawater intrusion in heterogeneous coastal aquifers under flooding

events. Journal of Hydrology, 568, 1118-1130.
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Results

Storm surge Both SLR and Storm surge | Storm surge Both SLR and Storm surge
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Results

J Figure shows the transient variations in SWIV caused by storm surge and SLR

 The salinity distributions of SWIV show that the impacts of storm surge event on

aquifer can be detected up to about 1 year after storm surge.

v
SWIV (%) is t* ‘between
16.42 and 16.52  (i.e. 30.0

years to 30.1 years) to reach
the maximum values

Dimensionless time (t* = ffz )

where t [T] is time, K [L/T] is the
hydraulic conductivity, B [L] average
aquifer thickness, gf—] Is the effective

porosity and L [L] Is aquifer length.

100

80
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--ﬂ------------- Tﬂn
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Transient variations in SWIV (%) for the impacts of storm surge and SLR

Mahmoodzadeh, D., & Karamouz, M. (2017). Influence of coastal flooding on seawater intrusion in coastal aquifers. In World
Environmental and Water Resources Congress 2017 (pp. 66-79).
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Geometry of modeling domain (3)
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Results

First scenario: Average recharge rate with No-L S| consideration for SLR.
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Third scenario: Wet recharge rate with LSl consideration for SLR.
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Results

Forth scenario: Dry recharge rate with LSI consideration for SLR.
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 Results show that for the scenarios in which the impact of LSI is
neglected, minor <changes in the FGL position are observed.

Consequently, LSI has a significant impact on the FGL of Kish Island,
especially 1n low topography sections.
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