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PURPOSE OF MEETING

e To provide overview of completed Hydrogeologic Conceptual Model (HCM)
Technical Memorandum

e To update on groundwater model development
e To address TAC members’ comments
e To outline next steps



DISCUSSION ITEMS

GSP Development Updates (10 min.)
Summary of Subtask 4.2 HCM Technical Memorandum (60 min.)

Groundwater Model Development Update (30 min.)

Wrap up and next steps (15 min.)

e e



GSP Development Update — Completed Tasks

Executed the Prop 68 grant agreement with DWR on 5/15/2020
Finalized Subtask 4.1 (Data Analysis) and 4.3 (Model objective and selection) TMs

Completed the draft Technical Memorandum for Subtask 4.2: Hydrogeologic
Conceptual Model (HCM)

Made progress in the East Bay Plain groundwater model development

Started the preparation of Salt and Nutrient Management equivalent plan



GSP Development Update - Upcoming Tasks

e Awarding consulting and drilling contracts on 12/8/20
e Starting field work in December

e Completing the groundwater model

e Calibrating the groundwater model

e Running the groundwater model for scenarios

e Acquiring a Data Management System



Schedule for GSP Activities

EAST BAY PLAIN SUBBASIN GSP DEVELOPMENT SCHEDULE

(Updated 11/16/20)
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TAC meetings

11/18

<> 12/22
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%
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General Stakeholders meetings

%

%

Complete TM 4.2

GW Model Development and Calibration

Planned GW Use/Projects (GW Management Scenarios Development)

Model Runs

Sustainable Management Criteria and Management Actions

GSP Preparation

O iiIN]jOiIiUipdIiWIN|EF

DMS

=
o

Public review of draft GSP

Public review

=
=

DWR submittal

1/14

Acronyms:
BOD - EBMUD Board of Directors
TAC - Techinical Advisory Committee

IWG - Interbasin Working Group



Questions: GSP Development

ﬂmosphere

Evaporation

" Groundwater Table

Injection Well

- : Agricultural Supply Well
Vlonitoring Wells

Confined Aquifer
Unconfined Aquifer /

Municipal/Industrial
Supply Well

The Hydrologic Cycle, DWR Water Budget BMP, 2016
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Completed Tasks

Subtask 4.1 Subtask 4.3:
Data Compilation and Model Objectives and

Data Gap Analysis Model Selection




Tasks in Progress

startw/4.2 > Subtask 4.2:

Hydrogeologic Conceptual
Model (HCM)

Reservoir

Evapotranspiration

Water
Treatment
Phreatophytes Plant Municipal/  Municipal/
== Industrial Industrial
Salinity Gradient = = EUSE Supply

Treatment \ Well “

Diversion”
_Canal

9 Irrigated e
j*m Agriculture y

Subtask 4.4:
Model Development

10



Subtask 4.2 Hydrogeologic Conceptual Model (HCM)

e Geologic Conditions

e Groundwater Conditions

California Code
of Regulations

§ 354.14 e \Water Balance
§ 354.16

§ 354.18



Subtask 4.2 Hydrogeologic Conceptual Model (HCM)

e Geologic Conditions

california code ® Groundwater Conditions

of Regulations
§ 354.14

§ 354.16 e \Water Balance
§ 354.18



Subtask 4.2 Geologic Conditions — Cross-Section A-A’
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Figure modified from Figure 18; LSCE, 2003.
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Subtask 4.2 Geologic Conditions — Cross-Section B-B’
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Subtask 4.2 Geologic Conditions — Cross-Section C-C’ -
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Subtask 4.2 Geologic Conditions — Sediment Deposition Centers
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Subtask 4.2 Geologic Conditions — Aquifer Parameter Data

E— - Aquifer Tests

Specific Capacity

P EET
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; Aquifer Test Source
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Subtask 4.2 Geologic Conditions — Transition Zone

e Depositional Environments in
Transition Zone Area

O Southern end of Santa Clara Fm time
depo center in transition zone

O Northern end of Niles Cone in transition
zone and extends west along San Mateo

bridge

O Two different depositional environments
overlap in transition zone

Explanation
@ EBMUD Well
@ Hayward Well
¢ Boring Locations
= = Transition Zone Boundary

Concealed Fault in
Underlying Bedrock

[ East Bay Plain Subbasin
] Watershed Boundary

Approximate Extent of the
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Alluvial Fans, from Figuers
(1998)

Depocenter, from Figuers
(1998)
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Subtask 4.2 Geologic Conditions — Cross-Section A-A’
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Figure modified from Figure 18; LSCE, 2003.
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Subtask 4.2 Geologic Conditions — Cross-Section A-A’
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Subtask 4.2 Southern Subbasin Geologic Condition Refinement

e EBMUD 8-week regional aquifer test

O Significant drawdown response from the
EBMUD Bayside pumping well (DD = 27 feet)
to Hayward Well E (DD = 7 feet)

O No distinguishable drawdown for all wells
south of Well E (red star on map), including Well B
(orange star on map)

O Indicates partial to significant barrier to
GW flow in Deep Aquifer between Wells
EandB

MW’S San Lorenze
DD = 16
o ;
MW-1
DD, = 27 ‘MW-7.,
O DD = 16

Pumping Well ®

25€020
DD = 130

Explanation

¢ Well 8
Y well €

Well Name,
© Approximate Drawdown
(ft)

@ -c5vuD AR vl

2016 DWR Basin Boundary
Pre-2016 DWR Basin

Boundary N
ggrt:eransition Zone 1450044_._ I
U ry ‘DD = <1 \!‘J"‘r"'i\.--, 3
South Transition Zone : N ok ” MGy [, 5
[ east Bay Plain Subbasin ODD 51

=1 watershed Boundary

Data sources:
USGS - waterways, DEM; DWR - subbasin
boundaries; US Census - cities

\

0 025 05 1
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Subtask 4.2 Southern Subbasin Geologic Condition Refinement

e USGS Geochemical/Isotope Study

O Large changes is major ion composition
occur between Hayward Well B and Well E Transition

Zone
0 GW velocities range from 3 to 12 ft/year in

Niles Cone GW Basin to as little at 0.5 ft/year
near Transition Zone in EBP Subbasin

O Isotope results are consistent with lithologic
changes documented in LSCE (2003) within
transition zone

10,000

O Water recharged at Quarry Lakes in Niles Cone ol
likely remains in Niles Cone Subbasin i 2

6,000

4,000 —

inyears before presen

2000 —

Age,

Transition
Zone |

0 ! |
35,000 30,000 25,000 20,000 15,000 10,000 5,000
Distance along flow path, in feet

EXPLANATION
& Uncorrected carbon-14 ages —8— Comected carbon-14 ages




Subtask 4.2 Hydrogeologic Conceptual Model (HCM)

e Geologic Conditions

california code  ® Groundwater Conditions

of Regulations
§ 354.14

§ 354.16 e \Water Balance
§ 354.18



Subtask 4.2 Groundwater Conditions

e Definition of zones for water level and water quality data
O Water Table Aquifer Zone (upper 50 feet)
O Shallow Aquifer Zone (50 to 200 feet)
O Intermediate Aquifer Zone (200 to 400 feet)

O Deep Aquifer Zone (greater than 400 feet)



Subtask 4.2 Groundwater Conditions — Water Elevations — Water Table
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Subtask 4.2 Groundwater Conditions — Water Elevations - Shallow

!
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Subtask 4.2 Groundwater Conditions — Water Elevations - Intermediate
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Subtask 4.2 Groundwater Conditions — Water Elevations - Intermediate

Spring 1993 Spring 2018
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Subtask 4.2 Groundwater Conditions — Water Elevations - Deep
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Subtask 4.2 Groundwater Conditions — Water Elevations - Hydrographs *
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Subtask 4.2 Groundwater Conditions — Water Quality - Chlorides

Deep
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Subtask 4.2 Groundwater Conditions — Water Quality — Contaminant Sites
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Subtask 4.2 Groundwater Conditions — Seawater Intrusion

. ) Schematic: Example of SWI
Seawater Intrusion (SWI) — function of |

GW Levels & Geologic Conditions

Sea Level —

GW Levels — below sea level can
be conducive to SWI

Geologic Conditions — distribution
of aquifers/aquitards

Geologic Conditions — fine grained
(e.g., clay) sediments can provide
protection

Unconfined vs. Confined Conditions




Subtask 4.2 Groundwater Conditions - Subsidence

Land Surface Previous Land Surface

} Vertical Land
Displacement

Subsidence — function of

GW Levels & Geologic Conditions TR
(sand/gravel)
GW Levels — below historic lows can S—— 3. s
. . material 25— material due
be conducive to subsidence il sitjclay) SR} =" i
. .. . . . Course-grained T 2 g
Geologic Conditions — distribution/type meral (L2 @
of fine-grained sediments (i.e., clay) '
Difference between elastic (temporary) Start/End
vs. inelastic (permanent) compaction | | Aquifer Test
0.01 1 ‘_J{



Subtask 4.2 Groundwater Conditions

e Groundwater — Surface Water (GW-SW) Interaction
O Depth to Water (DTW) is generally less than 30 feet below ground surface
O Few data points near EBP Subbasin eastern margin where DTW likely greater

0 GW-SW interaction likely increases to the west towards Bay



Subtask 4.2 Groundwater Conditions — Potential GDEs




Subtask 4.2 Hydrogeologic Conceptual Model (HCM)

e Geologic Conditions

california code ® Groundwater Conditions

of Regulations
§ 354.14

§ 354.16 e \Water Balance
§ 354.18



Subtask 4.2 Water Balance

e Representative hydrologic period

= 1990 to 2015

O Begin/end in dry years
O Average rainfall period

O Covers range of dry,
average, and wet years

O Covers time period with
adequate data available

Precipitation (in)

50

45 4+ —— e e e e e e

a4 o S T S T N —

Richmond, CA

(Station 1D: GHCND:USC00047414)

38

35 44— —— S S S U RS NN T SN S NS W AN W NN SN U N - T S S S T N T

30 A

25 4

20 Ao

15 4

10 A

mmmmmm
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

I Annual Precipitation

Representative Hydrologic Period

i
<

HHHHHHHHH

— Average Precipitation

Cumulative Departure

.
>

40

- 30

— 20

— 10

- -10

F -20

- -30

- -40

- -50

- -60

(w1} 3ung aumedag



Subtask 4.2 Water Balance

Water Pipe
Leaks

Sewer Pipe
Leaks

Bedrock
Inflow

Groundwater System

Rainfall Irrigation Stream Pumping
East Bay Plain Subbasin

Subsurface
Outflow



Subtask 4.2

Water Balance

i 4,350 AF
Water Pipe
Leaks

i 3,000 AF
Sewer Pipe
Leaks

Bedrock PRI

Inflow

Rainfall Irrigation Stream

4,800 AF 2,350 AF 2,350 AF 2,800 AF

L

Pumping
3,150 AF

|

East Bay Plain Subbasin
Groundwater System

Inflow =19,450 Outflow = 19,450

e Subsurface

Outflow



Subtask 4.2 Water Balance — Initial Estimates

Recharge Component Amount (AFY) | Comments

Precipitation 4,800 4% of total rainfall

Irrigation 2,350 Includes large parcels and residential
Water Pipe Leaks 4,350

Sewer Pipe Leaks 3,000

Stream Infiltration 2,350 12 streams evaluated

Bedrock Inflow 2,600

Total 19,450 Annual Average for 1990 to 2015

Discharge Component Amount (AFY) | Comments

Groundwater Pumping 3,150 Relatively consistent since 1990’s
Subsurface Outflow 13,500 Flow towards SF Bay

Stream Discharge 2,800

Total 19,450 Annual Average for 1990 to 2015




Subtask 4.2 Basin Setting Summary h

e Geologic Conditions (Hydrogeologic Conceptual Model)

O Regional geology/depositional environments

0 Geologic cross sections For more inforrmation about Basin Setting, see
Article 5, Subarticie 2 of the regulations. Precipitation B
O Aquifer parameters  Fesiie 5
"\ M /oridn g_m
0n 0 _ Water o
e Groundwater Conditions o o .- 2

O Levels/storage, Quality

O Seawater intrusion, subsidence (e.g., CASGEM) are used

tao establish historical
relationships.

o Mtlnpr
e Surface water and
T groundwater elevation
manitoring programs

0 GW-SW interaction, GDEs

e \Water Balance ,,

Subsurface

Flows

b

Gooudadtes Daatas {tas]

thEEE S oy By

o) Recharge from rainfall, irrigation return flow,
streamflow, leaking pipes, bedrock inflow

Figure 8. Basin Setting

O Discharge from pumping, subsurface outflow,
stream discharge
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Subtask 4.2 Basin Setting Summary

e Sustainable groundwater management has been occurring since the 1970s

* Th S E B P S . b b e Si Il iS I n b d I ance For more information about Basin Setting, see
Wit h p Ote N t | a I fo ra d d |t i ona I Article 5, Subarticie 2 of the requlations. Precipitation
development Do

e Need to determine additional
groundwater development
potential of EBP Subbasin
(i.e., sustainable yield)

Surface water and
groundwater elevation
manitoring programs
{e.g., CASGEM) are used
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Questions: Subtask 4.2 HCM TM
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Tasks in Progress

e Subtask 4.2: Hydrogeologic Conceptual Model (HCM)

e Subtask 4.4: Model Development
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Status Summary on Numerical Model Development

* Inputs/updates to the numerical model are based on HCM
* Progress on model development
* Planned work with the model



Purpose of the Numerical Model

e Quantify water budget
O Analyze GW — SW interaction

e Develop monitoring criteria for sustainable management
O Protect water quality (e.g., seawater intrusion)
O Protect GDEs

e Estimate sustainable yield

Evaluate potential projects and management actions



Model Updates Based on HCM

e Data compiled for HCM uploaded to the numerical model
platform and GIS

e Expansion of model domain
To the north and for consistency with DWR subbasin delineations.

 Updates to model grid and layers
Consistency with the HCM and improved ability to accurately
represent vertical flow of groundwater and SW-GW interaction

* |nitial assignment of boundary conditions, hydraulic properties,
parameter zonation subareas, and ranges of properties for
calibration
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Updates to Model Domain and Layering

50
—NW : , SE
——————————————————— North East Bay Plain --------------- South East Bay Plain ------------ -----Niles Cone ““A'
A San Pablo FH Oakland Bayfarm and San Lorenzo
ELEV. (FT) Cone | FH  Uplands San Leandro Hayward  Cone Hayward Niles Cone ELEV. (FT)
O
200 ‘ , il L 200
; A Vi SN, | ’
= m— n Layers1,2,3 :

-200
-400
-600
-800
-1000

LayerS _
Layer 7

o Horizental Seale (i)

5,000 4500 O 8,000 18,000 - 27.000
P —
. Feel .
VERTICAL EXAGGERATION: 20

Horiz Flow Barrier (HFB)
flexible representation of
transition zone

Three zones (depth intervals) in which aquifers are present.
Previous model was 7 layers. Updated EBP Model is 8 layers.

Additional layer for the shallow aquifer zone more accurately represents vertical flow
of groundwater and SW-GW interaction.

Transition zone represented by horizontal flow barrier, for which the conductance can
be varied, which depends on hydraulic conductivity and thickness.

"9 200
400
600
o -800




Updates to Model Domain and Layering
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3-D View of Updated Model Domain and Layering
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3-D View of Updated Model Domain and Layering
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Initial Values of
Hydraulic Conductivity (K)
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Distribution of Hydraulic Parameters Based on HCM

Example of initial hydraulic conductivity (K) o, S ' NP
distribution (Deep Aquifer) 20 [ 5P Eg i DD hprestiy
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Next Steps for Model Development and Application

e Addition of minor streams
e Refinement of recharge

e Check of water balance

e Calibration

e Sensitivity Analyses

* Finalize Baseline Model

e Sustainable Yield Estimates
e Evaluate Potential for Groundwater Resources Development



Questions: Groundwater Model Development
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Next Steps

EAST BAY PLAIN SUBBASIN GSP DEVELOPMENT SCHEDULE

(Updated 11/16/20)
2020 2021 2022

No |TASKS Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
1 |TAC meetings 11/18 ) :’5)\)12/22" (\’"‘) O O O

2 |General Stakeholders meetings '\:<>:,‘ O O

3 |Complete TM 4.2 —

4 |GW Model Developmentand Calibraton ~~ f

5 [Planned GW Use/Projects (GW Management Scenarios Development) (::— :::’

6 |ModelRuns

7 [Sustainable Management Criteria and Management Actions

8 |GSP Preparation

9 |DMS

10 |Publicreview of draft GSP Public review 1/14
11 |DWR submittal L

Acronyms:
BOD - EBMUD Board of Directors
TAC - Techinical Advisory Committee

IWG - Interbasin Working Group
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Potential Extra Slides
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Subtask 4.2 Geologic Conditions — Extent of Aquifers - Deep
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Subtask 4.2 Groundwater Conditions — Water Quality - PCE
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Subtask 4.2 Groundwater Conditions — Water Elevations - Hydrographs
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Subtask 4.2 Water Balance

Table 6-4: Comparison of Recharge Estimates for San Francisco

e Review of Previous Water Balance Studies Bay Area Groundwater Basins
for SF Bay Area Groundwater Basins Srounduater Net Latera =

Stream Bedrock S e s Pipe Basin Total Average

Study P Seepage Inflow Leakage Area Recharge Recharge

Period: (AFY)  (AFY) Inflow (AFY) (acres) (AFY) (feet/

e Overall total recharge rates ranging from Report Date WY year)
0.18 to 0.61 ft/yr (2.2 = 7.3 in/yr) Westside

1959-2005; 26,080 16,010 0.61

2007

e Previous estimate for EBP Subbasin areas San Mateo;

: 1984-2015; 3,600 1,300 600 1,200 1,200 | 37,708 7,900 0.21
ranged from 0.18 to 0.28 ft/yr (2.2 — 3.4 in/yr) 2018

City of San
Francisco;

e Previous water balance analysis for 1987-1988; 2049 | 16489 | 056
EBP Subbasin by Muir in 1990s USGs, 1993

Palo Alto Area

(from Berkeley in north to Haywa rd in SOUth) of SantaClara | 9,600 4,700 900 0 2200 | 47486 | 17,400 0.37

Plain; 2018

South East Bay

e Used Muir work as starting point and refined plin; San 5 000 5ot
components; added bedrock inflow component Lorenzo and A ety | %

Hayward;
DWR, 1963
East Bay Plain
— Berkeley to
Hayward; 3,900 6,200 0 200 9,900 72,960 20,200 0.28
1990's, 1993;
Muir

East Bay Plain;
1965-2000;
2005;
NEBIGSM

6,350 139 0 299 0 38,400 6,788 0.18




Subtask 4.2 Water Balance

e Evaluation of rainfall recharge

Soil zones with lowest permeability
not included

Subtract ET and runoff from total rainfall
to estimate rainfall recharge

Average of 6.4 percent of total rainfall
estimated to be recharge

Consistent (low end) of estimate in other
SF Bay Area Basins

GW

Subarea

San
Lorenzo
Cone -
Niles
Cone

Table 6-6: Updated Soil Moisture Balance Evaluation for Rainfall Recharge

Area

(acres)

4,294

Subarea Average
Recharge Annual
RETE
(inches)

19

Average
Annual
Rainfall
Volume
(ac-ft)

6,799

66

Recharge Recharge

(ac-ft)

370

Percent

5.4

San
Lorenzo
Cone -
EBP

5,434

19

465

5.4

San
Leandro
Cone -
Bayfarm /
Airport

3,200

18

4,800

51

2,448

44.7

2,144

200

4.2

San
Leandro
Cone —
Plain Area

5,504

21

9,907

535

5.4

Merritt
Sand
Outcrop

4,352

20

7,398

55

4,069

39.4

2,916

400

5.4

Oakland
Upland
[Plain

10,816

24

21,632

58

12,547

7,247

1,800

8.3

Berkeley
Plain

4,864

23

9,242

57

3,259

700

7.6

Richmond

6,400

24

12,800

700

5.4

Updated
Muir
Totals
JAverages

38,464

68,382

39,049

25,772

4,470

6.5

Totals/
Averages
for EBP

81,182

5,170

6.4




Subtask 4.2 Water Balance

e Evaluation of Irrigation Return Flows

Separate calculations for large irrigated
parcels and residential parcels

Applied water estimated to be 2.0
(residential) to 2.5 (large parcels) ft/year

Portion of applied water becoming
recharge assumed to be 10 (residential)
to 15 (large parcels) percent

Totals for EBP Subbasin of 750 (large
parcels) and 1,600 (residential) AFY

Table 6-7: Summary of Irrigation Return Flows for Large Irrigated Parcels

Average Annual Return
Irrigation Volume Flow
(ac-ft) Percent

Irrigated Area Applied Water

Recharge

GW Subarea (ac-ft)

(acres) (ft)

San Lorenzo Cone 537 2.5 1,343 15 201
San Leandro Cone 739 2.5 1,848 15 277
Merritt Sand Outcrop 140 2.5 350 15 53
Oakland Upland /Plain 309 2.5 773 15 116
Berkeley Plain 120 2.5 300 15 45
Richmond 152 2.5 380 15 57
Totals/ Averages 1,997 2.5 4,994 15 749

Table 6-8: Summary of Irrigation Return Flows for Residential Parcels

Muir Pervious

Average Annual Return

Groundwater Residential ArI;:g(::::s) Vﬁ:tzlrl T:t} Irrigation Flow R?:: af::';]e
Subarea Area (acres) Volume (ac-ft) Percent
San Lorenzo
5,999 2,000 2.0 4,000 10 400
Cone
San Leandro
3,606 1,202 2.0 2,404 10 240
Cone
Merritt Sand
1,580 527 2.0 1,054 10 105
Outcrop
Oakland Upland
. 5,567 1,855 2.0 3,710 10 371
/Plain
Berkeley Plain 3,134 1,045 2.0 2,090 10 209
Richmond 4,005 1,335 2.0 2,670 10 267
Totals/
23,891 7,964 2.0 15,928 10 1,592
Averages
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Subtask 4.2 Water Balance

Evaluation of Streamflow Infiltration
e Apply methodology outlined by Muir

e Based on unlined stream length,
infiltration rate, number of days with
streamflow

e Revised estimates about 40% of
Muir total

e Final values subject to model
calibration

Table 6-9: Streamflow Infiltration Evaluation

68

: il Muir N e Wil MUl oty
Muir Unlined A Unlined -
Infiltration  Stream Infiltration  Stream GW
GW Stream Stream
St | e Rate Recharge L Rate Recharge Subarea
: fs/mi AF E fs/mi AFY AFY
(Miles) (cfs/mi) (AFY) (Miles) (cfs/mi) (AFY) (AFY)
ol > 1.89 0.99 448 1.89 0.99 448 Quriide
Alameda Lorenzo ' ' ' ' EBP
Ward- San
. 0.47 1.28 145 0.47 0.5 56
Steile Lorenzo
Zone 4, San
. 0.13 0.77 24 0.13 0.77 24
Line A Lorenzo
San San
2.31 1.83 1,016 0 0.8 0 80
Lorenzo Lorenzo
San San 2.08 1.89 944 2.97 0.8 570
Leandro Leandro
San
Elmhurst 1.14 1.90 520 1.14 0.5 137
Leandro
Arroyo San
.. 0.98 1.90 448 0.98 0.5 118 825
Viejo Leandro
Peralta Oakland 1.06 2.33 592 1.06 0.5 127
Sausal QOakland 1.33 2.24 714 1.33 0.5 160 287
Codornices | Berkeley 1.02 173 424 1.02 0.5 122
Cerrito Berkeley 1.33 1,52 484 133 0.5 160
Strawberry | Berkeley 1.33 1.63 520 1.33 0.5 160 442
Wildcat Richmond NA NA NA 2.0 0.8 384
San Pablo Richmond NA NA NA 1.8 0.8 346 730
Totals 6,200 2,812 2,364
Totals
(within 5,752 2,364
EBP)

Note: Calculations based on Muir estimate of 121 days/year with streamflow available for infiltration.
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San Pablo

Geographic Areas
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Cone-@ggiﬁp

FH Berkeley
Region

Berkeley

e Defined regional zones based on
geography and hydrogeology

FH Oakland

e Ranges of aquifer properties assigned for
each zone

FH San
Bayfamix\and San Leandro

Leandro Region

San Lorenzo Cone

FH Hayward
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Francisco
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Preliminary Calibration to Aquifer Test (North of Transition zone)
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Preliminary Calibration to Aquifer Test (Near Transition zone)
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