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Technical
Memorandum

To: Mr. Dan Bartel
James Water Bank Authority
From: Thomas Harder, P.G., CH.G.
Thomas Harder & Co.
Date: 26-May-21
Re: James Canal Banking Project — 2020 Analysis

1. Introduction

This Technical Memorandum (TM) summarizes a supplemental analysis of potential recharge and
recovery operations for the proposed James Canal Banking Project (the Project). Prior analyses
of the Project were conducted by Thomas Harder & Co. (TH&Co) in August 2013' and November
20162, For the original analysis, the Project included 1,343 acres of recharge area and 14 Project
production wells. For the second analysis of the Project, TH&Co evaluated potential groundwater
impacts with respect to a "reduced" project alternative whereby the Project recharge area was
reduced from 1,343 acres to approximately 658 acres. The reduced Project included only 10 of
the 14 production wells from the original analysis.

This analysis of the Project evaluated the impacts of the full 1,343-acre Project recharge area
(Project Area; see Figure 1) using all 14 Project production wells and included the addition of the
589-acre Option Property. The analysis was conducted using an updated version of the calibrated
numerical groundwater flow model that was used for the original study. A portion of the
groundwater recovery for the Project was also simulated with non-Project wells located in the
Rosedale-Rio Bravo Water Storage District (RRBWSD) and the Buena Vista Water Storage
District (BVWSD) service areas. TH&Co used the same model as used for previous analyses of
Project impacts but calibrated through December 2018. For a detailed description of the

' TH&Co., 2013. James Canal Banking Project - Analysis of Potential Groundwater Level Changes from Recharge and Recovery.
Prepared for Rosedale-Rio Bravo Water Storage District and Buena Vista Water Storage District, August 9, 2013.

2 TH&Co, 2016. James Canal Banking Project — Supplemental Analysis. Prepared for Rosedale-Rio Bravo Water
Storage District and Buena Vista Water Storage District, November 21, 2016.
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1260 N. Hancock St., Suite 109
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hydrogeological setting and groundwater flow model, see TH&Co., 2013. In addition, this
analysis evaluated recovery from both Project wells and offsite production wells.

1.1. Purpose and Scope

The purpose of this analysis is to:

1. Evaluate potential groundwater level impacts from maximizing managed recharge in
basins utilizing the full Project area and maximizing groundwater recovery from a
combination of onsite Project wells and other offsite wells.

2. Evaluate groundwater levels resulting from Project recharge operations during high
groundwater conditions and evaluate Project recovery during low groundwater conditions.

The scope of work to address the objectives included:

1. Developing Project recharge and recovery operational scenarios.
2. Analyzing the Project operational scenarios with the calibrated groundwater flow model of
the area.

1.2. Types and Sources of Data

The calibrated groundwater flow model used in the analysis of groundwater level changes
incorporates a comprehensive hydrogeological database of the Project Area. The types of data
used to develop the model included geology, soils/lithology, groundwater levels, hydrogeology,
surface water hydrology, and groundwater recharge and pumping, as summarized in TH&Co
(2011)*. Information regarding the Project Area and revised recharge area was provided by GEI
Consultants and Rosedale-Rio Bravo Water Storage District (RRBWSD).

1.3. Historical Groundwater Level Fluctuations

Groundwater levels in the Project area fluctuate significantly as a result of recharge and recovery
operations at nearby banking projects. At monitoring well 30S/26E-22P, located in the south-
central portion of the Option Property (see Figure 1), groundwater levels have fluctuated more
than 160 feet from historical high levels observed in 1999 and 2006 to historical low levels
observed in 2016 (see Figure 2).

3 TH&Co., 2011. Hydrogeological Impact Evaluation Related to Operation of the Kern Water Bank and Pioneer
Projects.  Prepared for McMurtrey, Hartsock, & Worth and Rosedale-Rio Bravo Water Storage District,
December 5, 2011.

Thomas Harder & Co. %
Groundwater Consulting 2 ,



James Water Bank Authority
James Canal Banking Project - Supplemental Analysis 26-May-21

2. Project Operational Parameters

2.1. Maximum Annual Recharge Capacity

For this analysis, annual recharge capacity is defined as the maximum volume of water that the
Project can infiltrate into the subsurface in a year (see Table 1). The recharge capacity was
estimated based on the size of the facility (wetted area), the time available to accept water (assumed
to be 365 days), and the infiltration rate. The wetted area is estimated to be 1,663 acres for the full
project, which is 80 percent of the planned recharge basin area (2,079 acres) as provided by GEI
Consultants. The reduced wetted area accounts for berms, well pads, and other areas that will not
be wetted and is consistent with other recharge projects in the vicinity.

Using an infiltration rate of 0.3 ft/day and the wetted area for the Project, as described above, the
resulting annual recharge capacity for the full project and option property is approximately
182,066 acre-ft/yr (see Table 1).

2.2. Individual Well Pumping Rates

The potential pumping rate for individual Project wells was determined based on pumping rates
for existing wells in the Project area. Individual well production rates in the Project area typically
range from approximately 1,600 gallons per minute (gpm) to approximately 5,000 gpm. However,
wells with both intermediate and deep perforated intervals (250 to 700 feet below ground surface;
ft bgs) typically produce more than 3,000 gpm. For analysis purposes, it is assumed that each well
is perforated in both the intermediate and deep aquifer systems. Maximum simulated individual
well pumping rates used for the groundwater level analysis was approximately 2,230 gpm.

Individual well pumping rates for non-Project wells were estimated from their most recent
recorded instantaneous discharge rates.

Thomas Harder & Co. %
Groundwater Consulting 3 ,
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3. Project Operational Scenarios for Analysis Using the Groundwater
Flow Model

3.1. Baseline Groundwater Level Conditions

Potential changes in groundwater levels specific to Project operations were evaluated relative to
baseline groundwater level conditions for the period between 2005 and 2018. The baseline period
(2001 through 2018) represents an extreme range in groundwater level conditions upon which the
Project is superimposed, including near historical high groundwater conditions (2007) and
historical low groundwater conditions (2016) (see Figure 2). The baseline conditions include all
historical hydrological conditions, including recharge and recovery from other projects (e.g. KWB,
Pioneer Project, etc.), which resulted in the calibrated groundwater levels in the model.

3.2. Project Operational Scenario

Baseline groundwater level conditions were compared against a Project operational scenario. The
purpose of the scenario was to simulate the maximum amount of recharge the Project can
accommodate while maintaining groundwater levels below the levels protective of liquefaction.
Project recharge was introduced into the model for the same historical periods as simulated in
Scenario 2 (see Table 2). However, recharge amounts were increased through a sensitivity analysis
to assess the maximum recharge rates the Project could accommodate while maintaining
groundwater levels at least 15 ft below ground surface (ft bgs). The analysis resulted in recharge
rates ranging from 48,500 acre-ft/yr for the 2005-2006 time period to 182,067 acre-ft/yr for 2017
(see Table 2). The analysis showed that a cumulative amount of 341,123 acre-ft of water could be
recharged by the Project across the five relatively high groundwater years (2005 through 2017 time
period) without raising groundwater levels within 15 feet of the land surface (the groundwater
depth considered protective of liquefaction potential).

For the Project operational scenario, groundwater recovery was spread out over four years to
maximize recovery and minimize additional drawdown at nearby non-project wells. Groundwater
pumping was simulated over four 10-month periods overlapped on March through December
2008, 2009, 2014, and 2015 groundwater level conditions. A total of 180,212 acre-ft of
groundwater was recovered during this time (see Table 2). Of the 180,212 acre-ft of water
recovered, 75 percent (135,159 acre-ft) was recovered from onsite Project wells, and 25 percent
(45,053 acre-ft) was recovered from the 16 offsite production wells shown on Figure 3. A
summary of the offsite production wells and their production rates can be found in Table 3. The
results of the Project operational scenario showed that project-related pumping drawdown could
be kept below 29 feet at nearby non-project wells at the recovery rates simulated (see Section 4
herein).

Thomas Harder & Co. %
Groundwater Consulting 4 v
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4. Findings

4.1. Groundwater Levels During Maximum Recharge Mounding

During Project operational scenario simulated recharge events, maximum groundwater mounding
is predicted to remain below 15 ft bgs in the shallow/intermediate aquifer throughout the Project
area (see Figure 4). Groundwater levels in the deeper aquifer are predicted to remain below
approximately 25 ft bgs during maximum mounding (see Figure 5).

4.2. Groundwater Levels During Recovery

Groundwater pumping drawdown, relative to the baseline condition, is predicted to be greatest in
the west central part of the Project area (see Figures 6 and 7). Maximum groundwater drawdown
in Project wells is predicted to be as high as approximately 50 ft in the shallow/intermediate aquifer
and up to 60 feet in the deep aquifer. Maximum pumping interference in the nearest non-project
wells occurs in the deep aquifer and is predicted to range from approximately 13 to 29 ft
(see Figure 7). Maximum pumping interference at the nearest private agricultural wells along the
southeastern boundary of the Project is predicted to range from approximately 13 to 19 ft.

Maximum pumping drawdown near offsite production wells is predicted to be less than 10 feet
(see Figures 8 and 9).

4.3. Predicted Changes in Groundwater Flow

Changes in groundwater flow resulting from Project recharge events depend on the timing and
amounts of recharge. During 2006 groundwater level conditions, groundwater flow directions are
not predicted to substantially change relative to the baseline in either the shallow/intermediate or
deep aquifers (see Figures 10 and 11). Project groundwater recharge rates overlapped on 2012
and 2017 groundwater level conditions, as simulated in the Project operational scenario, are
predicted to result in a localized groundwater mound beneath the Project area that results in
groundwater flow emanating in each direction from the center of the mound (see Figure 12). The
mound occurs in both the shallow/intermediate and deep aquifers (see Figure 13).

Groundwater pumping under the Project operational scenario is not predicted to result in
significant changes in the regional groundwater flow direction in the Project area, relative to the
baseline. As shown on Figure 14, groundwater in the shallow/intermediate aquifer under historical
low baseline conditions flows to the northwest beneath the Project area. Project pumping
overlapped on historical low baseline conditions is not predicted to substantially change the
regional groundwater flow direction in the shallow/intermediate aquifer (see Figure 14).
Groundwater flow under Project conditions still flows to the northwest beneath the Project area
with small, localized pumping depressions. The groundwater flow direction in the deep aquifer
with simulated Project pumping is also predicted to be similar to that of the baseline condition (see
Figure 15).

Thomas Harder & Co. %
Groundwater Consulting 5 v
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5. Conclusions

The following summarizes our conclusions based on the supplemental analysis of Project recharge
and recovery scenarios:

1.

Based on infiltration rates estimated from recharge operational data at the adjacent banking
facilities, the Project can accommodate a theoretical maximum recharge rate of
approximately 182,066 acre-ft/yr for the full project. However, while the Project can
accommodate that recharge rate under 2017 baseline groundwater level conditions, it
cannot accommodate that recharge rate under 2005 baseline conditions as groundwater
levels would likely rise above the ground surface.

Project recharge rates can be maximized by varying them based on groundwater level
conditions at the time of the recharge, as shown from the Project operational simulation.
During the highest groundwater level conditions (2005), up to 48,500 acre-ft of water can
be recharged at the Project while maintaining acceptable groundwater levels for
liquefaction potential. During 2017 groundwater level conditions, up to 182,066 acre-ft of
water can be recharged in a year without causing a potential for liquefaction.

The Project can accommodate groundwater recovery rates ranging from 35,000 acre-ft/yr
to 51,600 acre-ft/yr without exceeding the 29-ft pumping interference goal of the Project.
Higher Project recovery rates are possible after periods of higher Project recharge rates.
Groundwater pumping in offsite production wells is predicted to result in less than 10 ft of
additional drawdown in the BVWSD and RRBWSD production wells.

Changes in groundwater flow resulting from Project recharge events depend on the timing
and amounts of recharge. Project groundwater recharge rates overlapped on 2012 and 2017
groundwater level conditions, as simulated in the Project operational scenario, are
predicted to result in a localized groundwater mound beneath the Project area that results
in groundwater flow emanating in each direction from the center of the mound.
Groundwater flow direction during maximum drawdown from the Project is not predicted
to change significantly relative to the baseline.

Thomas Harder & Co.

Groundwater Consulting 6 éé >



Rosedale Rio-Bravo Water Storage District
James Canal Banking Project

Table 1

2020 Analysis
James Canal Banking Project
Annual Recharge Capacity Estimates
ion
JC SW JC NW Optio
Property
Total Basin Size (acres)* 208 384 142 171 169 589 1,663
Estimated Infiltration Rate (ft/day) 0.3 0.3 0.3 0.3 0.3 0.3 NA
Monthly Infiltration Capacity (acre-ft/month)2 1,903 3,514 1,299 1,565 1,546 5,387 15,214
Annual Infiltration Capacity (acre-ft/yr) 22,776 42,048 15,549 18,725 18,506 64,463 182,066
Notes:
'Estimated as 80% of the property.
“acre-ft = acre-feet.
NA = Not applicable.
Thomas Harder & Co. ‘g\\
Groundwater Consulting 26-May-21



Rosedale Rio-Bravo Water Storage District Table 2
James Canal Banking Project
2020 Analysis

James Canal Banking Project - Supplemental Analysis
Summary of Model Operational Scenarios

Recharge Recovery
Annual Combined Anuual
Total Total . .
Recovery Simulated Period of
Recovered
Recharge Rate Recovery

(acre ft/yr) (Eeiis)

Facility = Recharge = Recharge Simulated Period of

Recharged

Rate Rate (acre ft)

(acre ft) (acre ft/yr)

9,000/22,776/
JC-sw 22,776
7,000/15,000/
JC-NW 42,048
7,000/15,549/ .
JC-N 15.549 48,500/ Jan 2005 - Dec 2006, gé'gggﬁ mz: gggg . g:g gggg'
’ 110,556/ | 341,123 | Jan 2011 - Dec 2012, ' 180,212 '
9,000/18,725/ 182 067 Jan 2017 - Dec 2017 51,606/ Mar 2014 - Dec 2014,
JC-NE 18,725 : 51,606 Mar 2015 - Dec 2015
9,000/18,506/
JC-SE 18,506
7,500/20,000/
OPtProp| ¢4 463

Thomas Harder & Co. ‘%
Groundwater Consulting ) 26-May-21



Rosedale Rio-Bravo Water Storage District

James Canal Banking Project
2020 Analysis

Well Name

Summary of Off-Site Production Wells

Entity

Perforation

Aquifer

Table 3

Pumping Rate

Interval CIE
Enns 1 RRBWSD 185 to 455 Intermediate 509
Enns 2 RRBWSD 460 to 740 Deep 509
Enns 3 RRBWSD 180 to 420 Intermediate 509
370 to 480
WB-1 RRBWSD 510 to 550 Intermediate & Deep 509
610 to 790
380 to 550 .
WB-2 RRBWSD 570 to 740 Intermediate & Deep 509
380 to 515 .
WB-3 RRBWSD 540 to 750 Intermediate & Deep 509
270 to 535
SUP-1 RRBWSD 565 to 660 Intermediate & Deep 509
790 to 960
370 to 430 .
SUP-2 RRBWSD 460 t0 630 Intermediate & Deep 509
365 to 545
SUP-4 RRBWSD 570 to 610 Intermediate & Deep 509
630 to 780
370 to 560 .
SUP-5 RRBWSD 600 to 670 Intermediate & Deep 509
410to 610
SUP-6 RRBWSD 700 1t 920 Deep 509
DwWO01 BVWSD 143 to 633 Intermediate & Deep 305
DwWO02 BVWSD 147 to 637 Intermediate & Deep 305
DWO03 BVWSD 141 to 631 Intermediate & Deep 305
DWO05 BVWSD 144 to 634 Intermediate & Deep 305
DWO06 BVWSD 137 to 627 Intermediate & Deep 305
Notes:

1 gpm = gallons per minute.

Thomas Harder & Co.

Groundwater Consulting
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Rosedale Rio-Bravo Water Storage District

) . Figure 2
James Canal Banking Project
Hydrologic Conditions for Recharge and Recovery Periods
Baseline Hydrograph - 30S/26E-22P
350
2-yr Groundwater 10-mo Groundwater
325 Recharge Period Recovery Period 1-yr GroundW§ter
2-yr Groundwater (2011 - 2013; (Mar - Dec 2014 - 2016,  Recharge Period
300 Recharge Period Scenario 2 only) 2018) (2017)
(2005 - 2007) /

é’ 275 i
] »4—Pi<¢
&
= 250
2
=)
S
Q@ 225
w
o
2 200
T
f=
3
5 175

150

125

100 . f . t . t . t . t . t . t . t +— — — — . — . i

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
= 22P01 Observed ¢ 22P03 Observed
= Calibration Hydrograph - Shallow/Intermediate Aquifer = Calibration Hydrograph - Deep Aquifer

26-May-21



Gy James Canal Banking Project
o o Rosedale-Rio Bravo Water Storage District 26-May-21 2020 Analysis

Map Features

©  Offsite Production Well

Project Area

: 1 Option Property

[ —

| Buena Vista Water Storage District
Rosedale-Rio Bravo Water
Storage District

Model Domain

Lined Canal

Unlined Canal

I water Courses

! o3 N
Solrced Esri, Maxar GeoEye. Editsianceagnaphics, CHESMInbUs BSHUSHANISE sHt e G LM € METE e

0 1.5 3 B
e U]

NAD 83 State Plane CA Zone 5

Thomas Harder & Co. S Offsite Production Wells

Groundwater Consulting Figure 3




Rosedale-Rio Bravo Water Storage District

26-May-21

\
\

N
o
o

‘ Land Surface Elevation = 350 ft ams|

Minimum Depth Below

‘ Land Surface Elevation = 338 ft ams| / Land Surface = 15.0 ft

/ Land Surface = 25.2 ft

w
v
o

Minimum Depth Bglow
/ Land Surface = 34 Y ft

Minimum Depth Below
/ Land Surface = 23.1 ft

Minimum Depth Below

w
o
o

w
o
o

Y,

N

w

o
L

Minimum Depth Below
Land Surface = 18.6 ft

-~ -t
N
w
o

i
'
H
! Minimum Depth Below /"
'
'

and Surface = 22.0 ft !

>N A

Groundwater Elevation (ft amsl)
N
o
o

Groundwater Elevation (ft amsl)
N
o
o
:

! 5 '\
150 T : — T ]
! g I/ N / : : O\ "
1 1 1 1 1 1
10 i i i i 100 g Period of 1 km ! :
! 1 ! ! ! 1 Recharge™ 1 1 Recharge™ | ] I
100 Period of 1 1 Period of . AVl | 50 1 i i i Period of : i
| Recharge’ | | Recharge | ' H ! H | ! \ Recharge -
50 ' i ' ! ] 0 — — A
H H H H Period of | N N o N
; H : ' Recharge , 7} PF LS FS DY S 4
1 1 1
O+ L E LTSNS S S
P > & & F & L & O S I - TN @
N QO Q' M Q' O O N O N \ 2 % » \ » > » 2
M SIS S S S SR S S ST S S S S S S S S S OP-Central Hydrograph OP-Central Baseline Land SKrface Elevation
JC-Northwest 2 Hydrograph e JC-Northwest 2 Baseline Land Surface Elevation \
400 \ —
MinimUgn Depth Below Minimum Depth Below|

w
v
o

w
o
o

Land Surface Elevation = 350 ft amsl| / Land Sufface = 56.3 ft

/ Land Surface = 42.0 ft

S\

Minimum Depth Below‘l,/'
Land Surface = 75.0 ft 1 ]

N
v
o

\

iy
w
o

=
o
o

Groundwater Elevation (ft amsl)
N
o
o

v
o

g

1
'

Period of, 1

1 Recharge | I H
L H H
i i i H Period of | ]
H 1 ! ! Recharge |
t T T T T b T t T T T u
\ O O SN ] Vg o A

O & L H D H YD

DA AT AT DT AT DT DT AT DT D

e ]C-Northeast Baseline Land Surface Elevatio

0 T
O 2
N Q O
DD
-Northeast Hydrograph

A~"100 — —

400 — — Minimum Depth Below Minimum Depth Below

_ Minimum Depth Below Minimum Depth Below Land Surface Elevation = 350 ft ams| Land Surface = 57.9 ft Land Surface = 38.6 ft
350 Land Surface Elevation = 338 ft amsl| / land Surface = 27.4 ft /Land Surface = 28.0 ft = 350 e == / A eSS - /7 S —

— = . . :
F ‘ ; : £ : | j | ’t

£ H H ks © 300 L L _ L

© 300 - “] — ~ & 1 A 1 1\, Minimum Depth Below!
an ’ ' 1 ' )
§ 250 - g 20 : : : v/
g g 200 ' : | : f
2 200 - o i 1 1 B
o g | i : i
£ 150 . 5 150 : v : : 1
[ ' H 3 1 ' | | 1 '
% H H H ] 100 1 ! ' ' 1 '

1 1 1 = - +
<€ 100 + - + 1 3 14 Period of U1 1g Period of 1 H
3 g : iqferiodofy 1 | ° | Recharge 1 w: i i
I~ | Recharge , | Recharge | 1 [N h 1 h h h H
Y s0 : : : : PP R : H : : Periodof | 4 !

1
/ : : i i R:?:ar:e i { 0 . . : : } : T : : : i : ; : . Recharge | i
/0 e e e e e e P > D P PO LD DD O DD DO 6N S
e & & & F O S ) © O SRR SIS S S S SN S SIS S S SR IR G IS GRS\ AR IR
N Q Q' N Q' M O M) Q' O \ 2 y y 4 y > » 2
_ TSI TS S S AU R A A S A A R i i R A i
JC-Southwest Hydrograph = e JC-Southwest Baseline Land Surface Elevation i JC-Southeast Hydrograph i —JC—Sotheast Baseline Land Surface Elevation
Source: Esri, Maxar,-GeoEye;-Earthstar-Geographics;,-CNES/Airbus-DS;-USDA,-USGS;-AeroGRID;-IGN;-and the
GIS User Community
0 1 2 4

[ eee—— VI

NAD 83 State Plane CA Zone 5

James Canal Banking Project
2020 Analysis

Map Features

Maximum Groundwater Level Mounding (ft)

> 100

90 to 100
80 to 90
70 to 80
60 to 70
50 to 60
40 to 50
30 to 40
20 to 30

10 to 20

0to 10

<0

@ Observation Point

Recharge Zone

Project Area

Model Domain

Intermediate Aquifer

Maximum Model-Predicted
Groundwater Recharge Mounding
December 2012

Figure 4



James Canal Banking Project
Rosedale-Rio Bravo Water Storage District 26-May-21 2020 Analysis

\
400 Minimum Dept) Below Minimum Depth Below
400 _ Land Surface Elevation = 350 ft ams| Land Surface = 7.1 ft /Land Surface =59.3 ft
) Minimum Depth Below Minimum Depth Below 3 350 1 H / 1 4
350 Land Surface Elevation = 338 ft amsl| Land Surface = 25.3 ft / Land Surface = 49.2 ft £ ! i :
= H h
E H / H 1/ ; t ; 300 1 ! Minimum Depth Below _—¥| Map Fea‘tu res
® 300 H _~N\ H = | //'\\ |\ A Land Surface = 78.5 ft 1 v
£ i //'\\ : M Minimum Depth Bemw// § 250 e : d ! ! L/
= I l I I Land Surface = 51.7 ft 1 1 ® ‘\\‘_‘ '/ ! q ! ! \ H 1 . .
§ 250 '“\’\“ i i i i - 2 200 N/ ; | ; S Maximum Groundwater Level Mounding (ft)
TARAS e / o 7\ [/
o H 1 1 ! + 150 T T
w 1 1 1
5 : ' ! i/ g ! : ! ! : - > 100
£ 150 2 100 ! : H H R
3 | 1 H H iqleriod ofy 1 14 Period ox_ v T '
2 100 i i i i [ 1 Recharge | 1 Recharge\ | H H
H 1g Period of o1 gferiodof 1 1 O 50 ! ! 1 % - 1 1 90 to 100
o “—>, 1 1 1 ! ! Period of H
= 1 Recharge 1 Recharge™ 1 H 1 1 : :
O 5o H H L 1 L . | | H ) Recharge | H
! ! ! ! Period of : 1 0 T T T T u T u T T T T T T T T T T 1
| H H H REChal’ge H O d» & D o $H» o & N 9 QS SN g \2J o G
0 — — SIS TLLFLS L LN S 80 to 90
O d D g $H» o & 9 Q SN g \2J o A G
S S M I R P P ; ;
OP-Central Hydrograph e OP-Central Baseline Land\Surface Elevation 70 to 80
(0]
JC-Northwest 2 Hydrograph e JC-Northwest 2 Baseline Land Surface Elevation / \
400 ini Mi Depth Bel
Minimum Dep Below inimum Depth Below 60 to 70
350 Endjuﬁi:e EEvatiBn =350EanEI » LaEdSIJlface- 18ft7 Land Surface 78Eft »
Z : T : P
£ H 1 '
H I
; 300 I : Minimum Depth Belowl - 50 to 60
T__' | 1 Land Surface = 114. thl
S 250 : ~ : : T
Ve N VAR A B oo
> I ] — ' ] 0
3 200 N H | 1 \
3 | : : »,
% 150 E 1 1 1 1
3 : : : : : 30 to 40
5 100 I Period of o1 p i !
g— 1 Recharge 1 ' ! |
h 1 i
%0 : ! : : periodof | o[} 20t0 30
— — 0 ! ! H H Recharge | !
O N\ \ > \J Q0 3 Y QS "3 2 > g ) o A i
O N Q O Q' Q N O 2 33 > s 4 ¥ > 33 )
S S TS S -10t020
ortheast Hydrograph === JC-Northeast Baseline Land Surface Elevation
- 0t0 10
1
400 400 ini h Bel
_ Minimum Depth Below Minimum Depth Below ‘ . Minimum Depth Below Minimum Depth Below < O
350 Land Surface Elevation = 338 ft amsl| Land Surface = 39.2 ft / Land Surface = 56.8 ft 350 - Emdjurfi:e EEvatBn =350E anEI N » Land Surface 74 0 ft Land Surface 80 3 ft )
= = A
@ - T 5 .
£ i i £ i 1 l f l . .
© 1 1 © 1 L
& 300 : Vi s o & 300 : : Wi Denth Belowi_p ©®  Observation Point
T:' 1 T:' 1 1 1 Land Surface = 115.3 ftl
S 250 i g 250 T ~ T i
: 2 /ﬁ\ : / : \ : Recharge Zone
2 200 - / 2 200 -~ i Y T
w | . w : LN T\ /
£ 150 i : £ 150 i ' N : ; /! Project Area
1 1 1 1 1 1 1 1
3 : : : : 2 ; ] : : Nandl
€ 100 § H L L L H € 100 H § H H § H H H
3 14 Perio 1g Period of .1 [ 1 S 14 Period of . | 14 Period of . 1 1 1 .
8 %arge H 1 Recharge | \’ i H [ | Recharge | | Recharge’ | i H Model Domain
50 ; : : ! ; S so : : : : e
/ 1 | ' ' Period of | H | H H Period of |
0 - b Redeme, 0 — e Rechamel )
d» & D o $H» o & o Y QO SN U o S O d & D o $H» o & o Y QS SN \2J o G
L Q' N Q' O Q Q Q' £ % » 4 > > 33 4 O N O N O O O N N O 2 32 3% 3 4 ¥ > 33 \
T TS TS LTSS TS FTEL LTSS S
-
— e | C-SOUthwest Hydrograph JC-Southwest Baseline Land Surface Elevation e |C-SoOUtheast Hydrograph e JC-Southeast Baseline Land Surface Elevation
Source: Esri, Maxa ,— . . Ey. ,. . ~..g.p . ESI_ . _ _ . _  A__ _S._ . _ . ., . _he
GIS User Community Deep AC]UIfer
0 1 2 4

T —— VoS Maximum Model-Predicted
NAD 83 State Plane CA Zone 5 Groundwater Recharge Mounding

December 2012
Figure 5



Rosedale-Rio Bravo Water Storage District

26-May-21

w w
o vl
(=) o

N
v
o

=y
%
o

Groundwater Elevation (ft amsl)
= N
(=) o
o o

50

‘ Land Surface Elevation = 338 ft ams|

~ : :
i Period of ! 1 gPeriod of
"N / \ e VA W ,

Minimum Groundwater’E/V |I
Drawdown =-18.3 ft Y

Drawdown =-7.3 ft “II

Olcese 3 Hydrograph Olcese 3 Baseline

!
—
O
Sl
DT DT AT AT D

Land Surface Elevation

400

350 ‘

Land Surface Elevation = 347 ft ams|

N w

w o

o o
L

N
%
o

Groundwater Elevation (ft amsl)
= N
o o
o o

w
o

Minimum Groundwatel/
Drawdown =-25.7 ft

Minimu\ﬁroundwater

350 1

Land Surface Elevation = 333 ft amsl|

[y

%

o
L

Iat
\

100

Groundwater Elevation (ft amsl)

1 DrawdoWn =-14.6 ft
N » & P > o & o O S NG T
O O N O O O O N O N > % 3 ¥
S SR S S S S S S SR S S S S '
Rehab 4 Hydrograph Rehab 4 Baseline nd Surface Elevation
/
e
‘ Land Surface Elevation = 344 ft ams|
350
i i
' '
300 - 1 - 1
Period of //\ Period of
il 1 il 1
250 Pumping ~ | Pumping " |

[y
%
o

Groundwater Elevation (ft amsl)
N
o
o

[ eee—— VI

NAD 83 State Plane CA Zone 5

1 1] :
1 : 1
; \ ' 100 :
| H Minimum Groundwater | H
50 um Groundwater | ' | 1 50 Drawdown = -14.5 ft H 1 Minimum Groundwater
Drawdown =-28.3 ft ! :MinimumGroundwater/{/ 1 ! | Drawdown =-4.1ft
N H 1 Drawdown =-6.6 ft f H H |
0 T T T T T T T + T : T T + T T 0 ! ! ! ! ! ! ! ! ! ! ! ! ! !
/ > P P P E S PO D »
O » \2 > g $» o QA N O QS " \Z > J \2] (3 A & O O O O O O O N O O 2 2 3% y \
O N O O O O O O S N » \ % » 4 » > » » Q Q Q Q QS Q O Q Q Q Q Q Q Q Q Q Q Q Q
_— LT LT LT LTI BT S AT BT AT AT BT AT BT S
———20L01 Hydrograph 20L01 Baseline Land Surface Elevation 26C01 Hydrograph e 7 6C01 Baseline Land Surface Elevation
/ Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the
GIS User Community
0 1 2 4

James Canal Banking Project
2020 Analysis

~

Map Features

Maximum Groundwater Level Drawdown (ft)

10to 20
0to 10

0to-10

-10to -20

-20to -30

-30 to -40

-40 to -50

-50 to -60

-60 to -70

-70to -80

-80 to -90

-90 to -100

Production Well

Recharge Zone

Project Area

Model Domain

Intermediate Aquifer

Maximum Model-Predicted
Groundwater Pumping Drawdown
December 2015

Figure 6



James Canal Banking Project
Rosedale-Rio Bravo Water Storage District 26-May-21 2020 Analysis

400 \
Land Surface Elevation = 347 ft amsl| \
400 = 350
]
L £
Land Surface Elevation = 338 ft amsl
= 350 l an urrace ktlevation ams| . . . . ; 300
z ; , : ; £ Map Features
= 300 f— : ST 8 250
& Period of g=2rod oty ®
5 '\ E‘W’i A\ i_Pumping "} ) %200 i
§ 250 / : : : : 5 V : Maximum Groundwater Level Drawdown (ft)
© \ n H | ] I / = |
> 1 1 Q
3 200 A\ : A ) 2 150 !
: WM T\ | | B 0020
Q ' 1 N c 1 1
§ 150 H | b ! g 100 MinirnumGroundwater,a'/".r i
-g - : : : H 6 50 Drawdown =-29.0 ft E EMinimu roundwater : E - Ot 10
F 1 ! 1 | Drawdovi =-20.7 ft 1 1 0
] ' | 1 1 1 1
5 Minimum Groundwater ! 1 | 1 1 1 1
° ST v o) N N WP
1 o N Q O O Q' M Q O Q' N 2 32 ' &y 4 y > 33 2
0 ——————— | Drewdown=2907% . S S S S S S S S S S S S S S ) - -10to 0
O 4 3\ > g $H o Q\ N O QS N 7 > g ) o A S
»90 '90 ’190 /190 "90 /190 "90 q9° q9° '190 '9\’ »9\’ @0\’ ’\9\, /19'\’ ,‘9\’ /19'\’ ’\9\, q,Q'\/ Rehab 4 Hydrograph === Rehab 4 Baseline nd Surface Elevation
A A -20to -10
Olcese 3 Hydrograph Olcese 3 Baseline Land Surface Elevation
-30to -20
-40to -30
-50 to -40
-l -60 to -50
Lo — e -70 to -60
- -80 to -70
- -90 to -80
400 ~< 400
Land Surface Elevation = 333 ft ams| 350 ‘ Land Surface Elevation = 344 ft amsl| - -100 to -90
= 350 - - 3 > = *
E : : 1 i / E 300 i i i i
& 300 ~Period o 1 erodor ] g I period of . |qPeriod of ) O  Production Well
= “— I - c D P | Pumping !
£ 550 "\\ | Pumping "1 PN  Pum \ § 250 7\, 1 Pumping "} _AL ! ping :
.9 ] 1 1 T =3 1 1 H
=] 1 ] ! © H
2 00 ! ! . - : 2 200 - . ; : Recharge Zone
w W 1 \
8 1o | £ 150 : : ; -
: | 3 : / ; Lo Project Area
E=] A ! i ! '
S 100 E ‘.l 1 § 100 Minimum Groundwater/r | /i/ :
! ° - o .
& 5 Wwatar [ : S 5o Drawdown=-186% 4 } Minimum Groundwater | i Model Domain
Drawdown =-28.3 ft | | Minimum Groundwater/:/'} i i Drawdown =-13.4 t | :
. : | orawdown 1791 | : 5 S S S
— T T T T T T ! T ! T T T T T T T !
P 9 @ PP PO O DDD O DD F PP TP PSP E DL e D P
//x@m@m@w@m@@“w@w@@“@°@”@”@”@”@”@”@”@”@” G R i
20L01 Hydrograph 20L01 Baseline Land Surface Elevation 26C01 Hydrograph === 26C01 Baseline Land Surface Elevation
Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the
GIS User Community Deep AC]UIfer
0 1 2 4 - .
L eee—— VIS MaX|mum ModeI-Pred|Cted

NAD 83 State Plane CA Zone 5 Groundwater Pumping Drawdown

December 2015
Figure 7



Rosedale-Rio Bravo Water Storage District

26-May-21

DWO03
(O]

WB-1 WB-3
® o0 o
WB-2

Enns-3

Enns-1

SUP-1
]

kY

-4

SUP-5
®@® SuP-6

®E 2 SUP-2
® nns

Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the
GIS User Community

/ Map Features

0 15 3
[ ee—— VIS

NAD 83 State Plane CA Zone 5

6

James Canal Banking Project
2020 Analysis

Maximum Groundwater Level Drawdown (ft)

Buena Vista Water Storage District

Rosedale-Rio Bravo Water
Storage District

Intermediate Aquifer
Drawdown at Off-Site
Production Wells
December 2015

Figure 8



Rosedale-Rio Bravo Water Storage District

26-May-21

DWO03
(O]

WB-3

WB-1
® o0 o

WB-2

Enns-1

SUP-1
]

-4
SUP-5
©0 SUP-6

®E 2 SUP-2
® nns

Enns-3

Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the
GIS User Community

/ Map Features

0 15 3
[ ee—— VIS

NAD 83 State Plane CA Zone 5

6

James Canal Banking Project
2020 Analysis

Maximum Groundwater Level Drawdown (ft)

Buena Vista Water Storage District

Rosedale-Rio Bravo Water
Storage District

Deep Aquifer
Drawdown at Off-Site
Production Wells
December 2015

Figure 9



Rosedale-Rio Bravo Water Storage District 26-May-21

Baseline Groundwater Elevation Contours - Maximum Mounding (Dec 2006)
330

P’

310

Shallow/Intermediate Aquifer

Project Operational Scenario Groundwater Elevation Contours - Maximum Mounding (Dec 2006)
I

N
>

)
/

\/
Source: Estf; Maxar, GeoEye, Edrthstar Geographics,
. . CNESTAIrbus DS, USDA, S, AeroGRID/IGN, and the GIS
ShgHow/In diate Aquifer ser Community
- - 0 025 05 1
|’ ~A Groundwater Flow Dlrectlonl —— — Vil

NAD 83 State Plane CA Zone 5
Groundwater contours in ft amsl

Figure 10



Rosedale-Rio Bravo Water Storage District 26-May-21

- Baseline Groundwater Elevation Contours - Maximum Mounding (Dec 2006)
200
290
7«%0

\
—

/

'

Deep Aquifer

rthstar Geographics,
,AeroGRID, IGN, and the GIS

Project Operational Scenario Groundwater Elevation Contours - Maximum Mounding (Dec 2006)

30

/]~

1

Mile
NAD 83 State Plane CA Zone 5
Groundwater contours in ft amsl

Figure 11

)

Groundwater Flow Direction




Rosedale-Rio Bravo Water Storage District 26-May-21

Baseline Groundwater Elevation Contours - Maximum Mounding (Dec 2012)
N——

"
230
N—
|
rce: Esri, Maxar, GeoEye, Earthstar Geographics,
. . CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS
Shallow/Intermediate Aquifer User Community

Pr'(;ect Operational Scenario Groundwater Elevation Contours - Maximum Mounding (Dec 2012)

T Source: Esti..Maxar; GeoEye, Earthstar Geéograpjlics,

. . v CNES/Airbus DS, USDA, USGS, AeroGRID, IGH, and tHe GIS
éh&ﬁ owrNter User Commumty/
- - 0 025 05 1
|/ ~A Groundwater Flow Dlrectlonl —— —

NAD 83 State Plane CA Zone 5
Groundwater contours in ft amsl

Figure 12



Rosedale-Rio Bravo Water Storage District 26-May-21

Baseline Groundwater Elevation Contours - Maximum Mounding (Dec 2012)
L
220

r

210

200

Source: Esri, Maxar, GeoEye, Earthstar Geographics,

. CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS
Deep Aquifer User Community

Pr'(;ect Operational Scenario Ground\ivater Elevation Contours - Maximum Mounding (Dec 2012)

o
Q,
'{/\Q’QQ
7%
2/
7/

Source: Es/ri,Maxar, GeoE‘ye, Earth;tar Geographic%,
NESHAIrbus DS, USDA, WSGS, AeroGRID, IGN, and the GIS
User Community /

)
&

N7
Q¥

Degp ifer
- - 0 025 05 1

|/N Groundwater Flow Direction ——— — il

NAD 83 State Plane CA Zone 5

Groundwater contours in ft amsl

Figure 13




Rosedale-Rio Bravo Water Storage District

26-May-21
- Baseline Groundwater Elevation Contours - Maximum Drawdown (Dec 2015)
0 o/ 0
D
A0
sy
A2

Shallow/Inte

Source: Esri, Maxar, GeoEye, Earthstar Geographics,

c . CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS
rediate Aquifer User Community

Project Operational Scenario Groundwater Elevation Contours - Maximum Drawdown (Dec 2015)
©
70

NS

O o % 0 QQ 0
Y \‘Q Q
"\D/\ 7 '\,’LO
N Ut e _/
9/\-/— B0
— /
150

——

Source: Esri, Maxar,.GeoEye, Earthstar Geographics,
. . GNE‘S‘/‘A‘iFmSDA, u%’G‘STA'ereG ID, IGN, and the GIS
Sh&HOW/l ntermediate AQUIfer /User Community

0 0.25 0.5

|/'N Groundwater Flow Directionl

1
Mile
NAD 83 State Plane CA Zone 5
Groundwater contours in ft amsl

Figure 14




Rosedale-Rio Bravo Water Storage District 26-May-21

Baseline Groundwater Elevation Contours - Maximum Drawdown (Dec 2015)

" o
A0

raphics,
, IGN, and the GIS

CNES/Airbus DS, USDA, USGS, AeroG
User Community

® é&v _
/
O
A

720

Dee

»

| —

e e N

Source: Esri, Maxar oEye, Earthstar Geographics,

SDA, USGS, AeroGRID, IGN, and the Gl

Degp Aquifer
- - 0 025 05 1

|/'N Groundwater Flow Direction ——— — il

NAD 83 State Plane CA Zone 5

Groundwater contours in ft amsl

Figure 15




	Appendix H Hydrogeological Technical Memo
	1. Introduction
	1.1. Purpose and Scope
	1.2. Types and Sources of Data
	1.3. Historical Groundwater Level Fluctuations

	2. Project Operational Parameters
	2.1. Maximum Annual Recharge Capacity
	2.2. Individual Well Pumping Rates

	3. Project Operational Scenarios for Analysis Using the Groundwater Flow Model
	3.1. Baseline Groundwater Level Conditions
	3.2. Project Operational Scenario

	4. Findings
	4.1.   Groundwater Levels During Maximum Recharge Mounding
	4.2.   Groundwater Levels During Recovery
	4.3.   Predicted Changes in Groundwater Flow

	5. Conclusions
	All_Figures.pdf
	Fig_1_Recharge_Zones
	Fig_2_22P01_Hydrograph
	Fig_3_Offsite_Prod_Wells
	Fig_4_Scen3_Mounding_Dec12_L2
	Fig_5_Scen3_Mounding_Dec12_L3
	Fig_6_Scen3_DD_Dec15_L2
	Fig_7_Scen3_DD_Dec15_L3
	Fig_8_Offsite_Prod_DD_L2_Dec15_Scn3
	Fig_9_Offsite_Prod_DD_L3_Dec15_Scn3
	Fig_10_Scn3_L2_Mounding_Contours_Dec06
	Fig_11_Scn3_L3_Mounding_Contours_Dec06
	Fig_12_Scn3_L2_Mounding_Contours_Dec12
	Fig_13_Scn3_L3_Mounding_Contours_Dec12
	Fig_14_Scn3_L2_DD_Contours_Dec15
	Fig_15_Scn3_L3_DD_Contours_Dec15

	Untitled




Accessibility Report





		Filename: 

		AppxH_Hydrogeo_508_2.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 0



		Passed: 30



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



