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EXPLANATION
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Sources:

Proposed Belridge Water Storage District, Kern County, Califomia,
Department of Water Resources, December 1961.

Draft Hydrogeologic Data Acquisition Report, Groundwater Monitoring
and Process Water Well Field Development Project for Hydrogen i - = AR
Energy California, Kern County, California, URS Corporation, March 0. R % 200
2010. ; |

U.S. Geological Survey National Water Information System
Groundwater Ambient Monitoring and Assessment Program (GAMA)
U.S. Bureau of Reclamation Water District shapefile

Revised Application of Certification for Hydrogen Energy Califomia,
Kem County, California, Volume 1, URS Corporation, May 2009.

=

Soil and Water Figure 8. Map showing deep TDS concentrations in samples from deep and unknown depth wells and repoﬂéd
1970-2007 composite TDS concentration contours for the pumped groundwater zone.




Map Showing Contours of Depth to GW in Perched Zone (Ft.)
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Belridge WSD

EXPLANATION

== TDS Contours (mg/L)
Well with TDS value (mg/L)
%85 USGS (1986)
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General Well Field Area

Unknown Depth

Sources:
U.S. Geological Survey National Water Information System
Groundwater Ambient Monitoring and Assessment Program (GAMA)

Proposed Belndge Water Storage District, Kern County, Califomia,
Department of Water Resources, December 1961.

U.S. Bureau of Reclamation Water District shapefile
Final Environmental Impact Report for the Buena Vista Water Storage

District, Buena Vista Water Management Program, Kreiger & Stewart,
Inc., December 2009.

Buena Vlsta WSD

Buttoniow Service mn)

Rosedale-R|

Soil and Water Figure 10. Map showing TDS concentrations in $&fnples from shallow and unknown depth wells and reported
concentration contours for the shallow perched aquifer.




SOIL&WATER Figure 2: Brackish Groundwater Remediation Project
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IEstimated axial interface
A (current)

Area 2 - Zone of Maximum Benefit

Area'1 - Salt Shadow,
Zone of TDS Mass Movement

o TDS > 2,000 mg/L (2000 - 2010)

TDS < 2,000 mg/L (2000 - 2010)

‘—: TDS {mg/L) from BVWSD water quality database

X TDS (mgiL) from Draft HDAR
Proposed HECA Well Field

NOTES
1. Total glszoived solds data wers codected beaween 2000 and 2030 See Figure
1941 for detalis
mulsted ret axial interice s e SiTulaed ret movement of the axial nterface
25 yearz of pumping from e proposed HECA wel fieid
3. The estmated net 2one of beneft = the area badween the curent estmated aval

:'tl"xe ang he-: musted '\e(‘ar: Inerface mt'.:s years of pumping Es'n MATED ZONE OF BENEFIT

4. Wed locations from the BVWSD aaier qualty database are not exact, but are

iocated based on Townshp, Range, Secion, and 40-acre parcel cason

£. Aerial baze scurce: DigtaiGicbe imageConnect Service, June 2009,
November 2012 Hydrogen Energy California (HECA)

St : 28068052 Kern County, California
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Groundwater Flow Model
Discussion Technical Points
* Boundary Conditions
» Groundwater Recharge
» Specific Yield & Specific Storage
WA [e]ife]0)Y,

URS .



Boundary Conditions




Model Value

Rationale

URS CEC

General Head No Flow
(all 4 sides) (Western Boundary)

Model domain is 100 x
100 miles, which far
exceeds the project well
field pumping influence.
Therefore, the model
boundary does not have
an effect on groundwater
response in the project
area.

To represent the contact
between the water bearing
alluvium and essentially
non-water bearing marine
rocks of the Coast
Ranges. Contactis ~6
miles west of the project
well field.




General-Head

CEC

Grid Size:
Min: 20 by 20 ft (at wells)
Max: 2500 by 2500 ft (edges)

Rows: 329
Columns: 247
Layers: 3

General-Head

General-Head

Model domain (100 by 100 Miles), finite-difference discretization, and BC URSZ
(in Model Laver 1 — Unconfined 0 to 300’ bas)



No-Flow

CEC

Grid Size:
Min: 20 by 20 ft (at wells)
Max: 2500 by 2500 ft (edges)

Rows: 329
Columns: 247
Layers: 3

No-Flow

No-Flow

Model domain (100 by 100 Miles), finite-difference discretization, and BC URS "
(in Model Layers 2 [300 to 600’ bgs] and 3 [600 to 2,000’ bgs])



Comparison of
CEC’s & URS’
Model results:

CEC’s: No-flowBC
URS’: GHB

Well Field (Ah=0.43 ft)

Maximum Difference = 1.28 feet
(at ~6 miles west of well field)

Locationof No-flow BC
of CEC’s case 1

“

Differenceof modeled drawdown between with and without no-flow BC in the west
(T=25years) (Differencebetween modelresults of CEC and URS case of no-recharge) URS 2




Conclusions:

* No difference between no flow and general
head boundary condition in the eastern,
northern, and southern edges of the model
domain.

« Differencein drawdown between general head
and no flow boundary condition in the western
edge of the model domain is small (max diff. is
1.23 feet at ~6 miles west of pumping wells).

URS .



Groundwater Recharge




Rationale

URS

Included
(7,500 afy)

The model simulates 7,500 afy recharge based on
BVWSD’s positive water balance. BVWSD
projects 25,000 afy recharge in excess of overall
BSA GW pumping. With BGRP/HECA, GW
pumping increases by 7,500 afy and the recharge
projection would drop by 7,500 afy (resulting in
new projected recharge over the BSA of 17,500
afy). BVWSD Water Management Plan (WMP)
would apply it’s positive water balance over total
GW pumping with implementation of the
BGRP/HECA Area B component.

CEC

Not Included

Recharge is not
consistent with the
superposition model
approach. The
project will add
7,500 afy pumping.
But, the project
does not add 7,500
afy recharge.




Comparison of Modeled Drawdowns at Selected Locations and Distances from Well Field without and with recharge of
7,500 afy

Model Simulation

Sensitivity Simulation

Results

Base Case Sand % Anisotropy Specific Yield Specific Storage

Lower End | Upper End | Lower End | Upper End | Lower End | Upper End | Lower End| Upper End

Drawdown (ft)
Pumping Wells (without recharge) 336 432 40.5 40.5

With Recharge 30.5 39.2 36.9 36.9

Difference in drawdown (ft) . . 31 . 4 . 3.6 . 3.6
200 feet east of pumping wells
(wiout recharge) 18.3 218 218

With Recharge 15.4 18.4 18.5
Difference in drawdown (ft) 34 . 29 . . . 34 . 3.3
1/2 mile east of pumping wells
(wiout recharge) ar 74 . . . 8.6 . 8.6
With Recharge 5.5 . 44 . . . 5.2 . 5.2

Difference in drawdown (ft) 3.2 . 3 . . . 34 . 34
1 mile east of pumping wells (wiout
recharge) 5.5 . 43 . . . 55 . 55

With Recharge 2.0 . 1.7 . . . 2.0 . 2.0

Difference in drawdown (ft) 35 . 31 . . . 3.5 . 3.5

Distance from well field (miles) without recharge

2.0 f drawdown contour line 4,67

1.0 ft drawdown contour line 9.05

Motes:

Thetahle is a comparison of model results without recharge to those with recharge (7,500 afy) as presented in the HECA May 2009 AFC Appendix O Tahle 2.

Model results with recharge indicated that times to maximum drawdown occurred in a range of between 5 and 23 years depending on location and sensitivity simulation.

Model results without recharge are all atthe end of pumping year 25 (maximum drawdown from pumping) since none of the drawdowns reach steady state wionly
drawdowns near the pumping well approaching steady state.

Without recharge the 2.0 and 1.0 foot contours keep expanding through the end of the 25 yvear simulation.




Specific Yield




Rationale

Specific Yield
URS

0.18

Based on information from Sierra

Scientific Services, specific yield

of the local aquifer system ranges

from 0.15t00.20. This is

typical for an unconfined aquifer. Geometric mean of
A mid-range value was used in storage coefficients from
the model for the Base Case, URS’ aquifer test
noting that sensitivity analysis analyses.

were also run and provided in the

AFC GW Model Appendix (N-2

in May 2012 and O in May

2009)




CEC Modified Model
URS Model

Sv=0.18 Model layer 1-

Model layer 2 $5=5.5X10" (1/ft)

Model layer 3

* In MODFLOW, specificyield (Sy) is always used in the model
layer containing the water table (unconfined). Itis not
appropriateto apply as Ss value to an unconfined condition.

* In MODFLOW, specific storage (Ss) is always used for model
layer where water table is above the layer’ top elevations

(confined).



Conclusions:

« CEC’suse of 0.007 is inappropriate for the top, unconfined, model
layer (0 to 300’ bgs with water table ~50°’ bgs).

« As stated in HDAR findings, the distribution of storativity values is
bimodal: some wells had lower values some wells had higher
values. Therefore,use of 0.007 to representtop model layer
(unconfined)is inappropriate.

« Sy of 0.007 1s not supported by what BVWSD has observed with
long term agricultural well pumping. If it were 0.007, the aquifer
system would have been dried out by now. As such the CEC
modification is not realistic or usable when trying to approximate
local aquifer conditions.

URS .



Anisotropy




CEC

Model VValue 1,000

Typical range is 10 to 50. Seeed| o Bl s

R ationale Amid-range value was - (1993)

used for the Base Case.




 Belitz and others (1993)

— Study area Is in northern Fresno County, ~150 miles
north of the project site, thus is not necessarily
correlatable to the BGRP/HECA study area.

— The CEC model modification assumes the presence of a
Corcoran Clay equivalent (CCE). Local geologic and
geophysical logs do not support CCE presence. When
observed clay lenses appeared to be of limited extent
(not laterally continuous) and thicknesses most a depths
of ~600 to 700 feet bgs.

URS .



e USGS CVHM Model
(2009)

« Maximum Anisotropy
~27

 Anisotropy In the vicinity
of the HECA well field
<10

{
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Conclusions:

 CECs selection of an anisotropic ratio of 1,000 is poorly
justified and not remotely close to the hydrogeologic
conditions in the study area.

« The CEC suggested anisotropic ratio forces an extreme
condition simulating drawdown and drawdown geometry
that is erroneous and misleading . This led to incorrect
calculated impacts.

« BVWSD observations on how their GW system has
responded to agricultural pumping (volumes far greater
than BGRP 7,500 afy) verify that CEC selection of an
anisotropic ratio of 1,000 is not valid.
URS .
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Sources

Proposed Belndge Water Storage District, Kern County.
Califernia, Department of Water Resources, December 1961

Draft Hydrogeologic Data Acquisition Report Groundwater
Monitoring and Process Water Well Field Development
Project for Hydrogen Energy Califomnia, Kern County
Calfornia, URS Corporation, March 2010

U.S Geolegical Survey National Water Informaticn System

Groundwater Ambient Monitoring and Assessment Program
(GAMA)

U.8 Bureau of Reclamation Water District shapefile

I 29
| .

‘ Rosedale-

Rio Bravo
WSD

EXPLANATION

Drawdown - Modified Model
(no-flow boundary, no recharge, and
reduced speciic storage)

Drawdown - Applicant Model
Buena.\fnsta WSD (See Soil and Water Figure A-3

for ¢ Is)
(Buttonwillow Service Area) for contour fabels)
Well

General Well Field Area

2

Miles

e A=

Soil and Water Figure 6. Simulated 25-year drawdown from staff-modified model including reduced storativity (0.007).




+ DWR Extensometer ;‘/\_ -

Sources:
U.S. Geological Survey National Water Information System
California Department of Water Resources Water Data Library

Wiritten Communication with John Kirk, California Department
of Water Resources, 8/17/2010

U.S. Bureau of Reclamation Water Disfrict shapefile
Final Environmental Impact Report for the Buena Vista Water

Storage District, Buena Vista Water Managmement Program,
December 2009,

EXPLANATION

Water Level Well with
W N 24 |ID Number (see Soil and
ool o TS, Water Table A-2)

%+ Buena Vista WS[;\“’-\ » Other Selected Well

R seN; - Spacct b o0 — General Well Field Area
) i S 8
72 = _
Abandoned R . S — F74 Area of Shallow Groundwater

Non-existant, - T o 0 1 2 3

or Piezometer = . Les s teaslesal
A Miles

Soil and Water Figure 3. Selected existing wells and proposed well field, Buttonwillow Service Area, Buena Vista Water Storage District.




Modified Model with
Reduced Storativity and
Wertical Conductivity

d Medel B and | Modified Model with
Recharge Reduced Storstivity

Applicant's Model

simulated drawdown, in feet

(REVISED) SOIL&WATER Table 3: drawdown at select well locations
simulated by applicant's model and three modified models

33



(Estimated axial interface L

LEGEND

o TDS > 2,000 mgiL

! TDS < 2,000 mg/L

TDS (mg/L) from BVWSD water quality database

TDS (mg/L) from Draft HDAR

Net groundwater movement, from revised AFC
Appendix 02 Groundwater Mode! Documentation

Proposed HECA Well Field
BVWSD Service Area

NOTES
1. Total diszolved 3oiids recults are pr n Rer (/L.
2 Screered interais known for w =d during URE' Hycdrogeciogic Data
i3 Program
2 umknown for wed 03t fom BVASD waler qualty catabaze
4. Wei locations from the water quaity catsbaze are not exact but are
focated bazed on Township, Range. Section, and 20-acre parce! kocaton

5. Aerial base zource: DigRaiGiobe imageConnect Service, June 2008

DEFINITIONS

ftbgs = %2et below ground surface

mgL = muigrams per iiter

Sl = screened nterval (R bgs)

TDS5 = total dissoived soiids (MQIL!

Oraft HOAR = Dt Hydrogeoibgic Data Acquistion Report prepared by URS In
March 2010 ana Addendum it April 2010,

BVWSD = Suena Vista Water Storage Distrit

s

3/31/2008 - 1,140 2008 - 1,400
/15/2010 - 1,100 Unknown to 484
S51-218 10 433

SUMMARY OF TOTAL DISSOLVED SOLIDS (2000 - 2010)

November 2012 Hydrogen Energy California (HECA)
28068052 Kern County, California

URS FIGURE 14-1
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BUENA VISTA WSD WATER BALANCE

[5] _ [E] 5] [5] [10) [11] [12] ] 15 [15]
WATER SUPPLY TOTAL WATER DEMANDS
FK SWF | WP -AZ1 | OTAER SAFE YIELD WATER INDUSTRIAL E GOOSE LAKE
SUPPLY | SUPPLY | SUPPLY | SUPPLY [MINGR STREAMS| PRECIE | SUPPLY USE L OUTFLOW

{AF) 1AF) iAF) 1AF) iAF) [&F) PAF) ! [alil]

10.334] 155,602 1 9,085

17.64
14.638] 18,651 122,751 a5, A rrd 4,857
35,206 9,87
=

B.63E 35 740
24,634 1B0,250 g 12,137
25217 221,132 5 X 6,121
15650 187093 ;! 7,364
13,096, £3.970 1 4,463
18,051 23,283 &5 420
25,514) 275,323 i 13,577
24,381 23,01E| 213,251 12,507

- 20,888| 283,255 1 18,285
11,652 21,508 159,552 i 12,351
15,375 25,581| 273293 3 15,504

- 22,075 320,593 7, R 13,264 . 138, 875,608

- 11,621) 224,361 13,365 I 16,478 , 3 972,524
13,122) 163,398 [ 155 16,123 1,015,810
18,601 X | 24,589 7 1 1,144,354
18,433 X . 14,915 ] } 1,141,478
14,655 . 3 16,309 (36, 1,104,511
3,446 55, ao, A | 5080 21 {15,355} 1,083,655
11,723 : [ 4,165 1EL } 1,012,227
21,517 79, 07 | 4,588 \ ! 975,354
3,027 925,558
1993 X ! 5,641
1954 73,712 25 12, 237 57 8,404
1985 283,072 . 23 323,385 | S A 28,384
1356 282,028 255,165 y £ 57 23,555
1957 221,342 262,870 1 28,118
1998 307,672 387,331 1 31,760
1908 £5,237 , 135,817 g 23,067
2000 E1.535 7 110,326 | z 23,083
2001 4 44,597 ; 79,376 524 1 2.8 7,060
2002 £3,203) ! . £5.350 : ! 5025
2003 i E3,191 6.1 127,238 7,87 187 9,813
2004 73,550 7| 7| 110,37s az, B 9,083
2005 222,570 ¥ - 75 7,864
2006 177,597 4 7 1 12,581
2007 5 E7.254 B4 ; 4 . 5 7867
2008 £2 376 ; 7 564 537 5 4083 4
2005 El.564 137 J 37 1 . ; 2,627 1 125,082
FETE] - 723,825 TEETT 7 7 1877 130,529

MNOTES:

[1] Apri-July Runof of the Kem River In % of average [1584-2005 = 264,430 AF) [11] Estimatad crop water use (iranspiration and soil evap) per C5PLU.

[2] BV KR Supply (Surface dellveries to KR Inferile and surface sales o other In county jurisdiciions downstream of 2nd Palnt taken out) [12] Industrial recovery contracis from EVWSD to westside olflelds

[3] FK suppiias (MO BANKING FOR 3RD DARTY)

[4] SWP + pooi purchases (NC BAMKING FOR 3RD PARTY) [14] Special project delveries and Karn Fan pumping

[E] AN 21 punchases [15] Water surtacs avaporation |osses.

[E] Otner purchased supplles [16] Flows north of Hwy 46 (nat Including whaeing bt Inclusing sales)
[17] MCU agreed to praject losses stan In 1835

[E] Proporiionate share of unappropriatad minor local streams (#'s In discussion so left out for now) [18] Sum of [11] through [17].

[%] Gross Preclp estmated at Meadows Flel ¥ cropped acreage + effective precip on ather surfaces.

[10) = Sum of [2] thaough [2].

EW GW Cgerations 1970-2009 (2-24-10).0s BV Balance Prepared by, DWE 7222010




Buena Vista Water Storage District
Groundwater Projects Map
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COMMISSION OF THE STATE OF CALIFORNIA
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Docket No. 08-AFC-08A
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