Regional Groundwater
Flow Model Domain

Scale in Feet

8,000

16,000

PG&E
TOPOCK COMPRESSOR STATION

NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

REGIONAL MODEL DOMAIN EXTENTS

FIGURE

Design & Consultancy
for natural and
built assets 1 - 1




seo B EN

Scale in Feet

| \
0 8,000 16,000

LEGEND
Constant Flux Boundary Cell
Constant Head Boundary Cell
General Head Boundary Cell
River Boundary Cell
No Flow Boundary Cell
Extraction Wells
Injection Wells

*This figure shows a composite of the
boundary conditions in each layer.

PG&E

TOPOCK COMPRESSOR STATION

NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

MODEL BOUNDARY CONDITIONS

A ARCADIS

Design & Consultancy
for natural and
built assets

FIGURE

2.1-1




Scale in Feet

| \
0 8,000 16,000

Satellite imagery from Google Earth dated January 14, 2015.

__h

i [T

: Re‘gibr_lél'roundwater

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

ADDENDUM TO DEVELOPMENT OF GROUNDWATER

FLOW AND SOLUTE TRANSPORT MODELS.

JANUARY 2015 SATELLITE IMAGERY

€]

Design & Consultancy
for natural and
built assets

ARCADIS

FIGURE

2.2-1




Scale in Feet

USGS LANDCOVER SURVEY

8,000

\
16,000

Regional Groundwater
Flow:Model Domain

HNWR-1A

LEGEND
Constant Head Boundary Cell
River Boundary Cell
No Flow Boundary Cell

General Head Boundary

Open Water

- Bulrush

Bare Ground

Tamarix

. Arrowweed

Phragmites

REGIONAL GROUNDWATER MODEL

Scale in Feet

\
16,000

0 8,000
Description | ET Value (in/yr)| Extinction Depth (ft)
open water 0] 10
SAV 0] 10
cattail 68.05 10 PG&E
bulrush 68.05 10 TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

bare gro_und 3.72 10 ADDENDUM TO DEVELOPMENT OF GROUNDWATER

tamarix 36.24 30 FLOW AND SOLUTE TRANSPCRT MODELS
e 0 SIMULATED AND OBSERVED

Mesquite 4535 30 EVAPOTRANSPIRATION MAPS

Submerged Agquatic Vegetation (SAV) . Mesquite

Cattail

U.S. Geological Survey. 2016. Development of a Decision Support Tool
for Water and Resource Mangement Using Biotic, Abiotic, and Hydrological
Assessments of Topock Marsh, Arizona. Report 2016-1065.

/A ARCADIS

Design & Consultancy
for natural and
built assets

FIGURE

2.2-2




Scale in Feet

11,000

Kh:Ky = 100:1

Kh:Ky = 1000:1

Scale in Feet Scale in Feet

|
11,000 0 11,000

|
22,000

LEGEND
. Constant Head Boundary Cell
. No Flow Boundary Cell

—=457=Simulated Groundwater Levels (ft NAVD 88)

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

SIMULATED WATER LEVELS IN THE
BEDROCK (LAYER 10) FOR
DIFFERENT VERTICAL ANISOTROPIES

Design & Consultancy
for natural and
built assets

A ARCADIS

FIGURE

2.5-1




MODEL LAYER 1

al al
MODEL LAYER 2 MODEL LAYER 3

Scale in Feet Scale in Feet Scale in Feet

| | |
0 11,000 0 11,000 0 11,000
LEGEND
Al N
MODEL LAYER 4 MODEL LAYER 5 . Qoa
Tb
Toa

. Toa1
. Toal
. No Flow Cell

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

HYDROSTRATIGRAPHIC UNITS
MODEL LAYERS 1-5

Scale in Feet Scale in Feet

FIGURE
Design & Consultancy

for natural and
built assets 2 . 6— 1

A ARCADIS

| |
0 11,000 0 11,000




MODEL LAYER 6

al al
MODEL LAYER 7 MODEL LAYER 8

Scale in Feet

Scale in Feet Scale in Feet

] | ] | ]
0 11,000 22,000 0 11,000 22,000 0 11,000
LEGEND
Al Al
MODEL LAYER 9 MODEL LAYER 10 Qoa
Tb
Qr2 Toa

Qr1 . Toa1
. Qro . Toal
. No Flow Cell

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

HYDROSTRATIGRAPHIC UNITS
MODEL LAYERS 6-10

Scale in Feet Scale in Feet

FIGURE
Design & Consultancy

for natural and
built assets 2 . 6—2

A ARCADIS

| |
0 11,000 0 11,000




= AL al
MODEL LAYER 1 MODEL L AYER 2 MODEL LAYER 3

Scale in Feet Scale in Feet Scale in Feet

|
0 11,000

| |
0 11,000 0 11,000

LEGEND

Horizontal Hydraulic Conductivity (ft/day)

0 I 2 S0 75 gy o5 5y 15 <oy <25 B

. No Flow Boundary Cell

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

HYDRAULIC CONDUCTIVITY
MODEL LAYERS 1-5

Scale in Feet Scale in Feet

FIGURE
Design & Consultancy
for L and

btaes 2.6-3

A ARCADIS

| |
0 11,000 0 11,000




MODEL LAYER 6

Al al
MODEL LAYER 7 MODEL LAYER 8

Scale in Feet Scale in Feet Scale in Feet

| | |
0 11,000 0 11,000 0 11,000

LEGEND

Al
MODEL LAYER 10 N

Horizontal Hydraulic Conductivity (ft/day)

0 I 2 S0 75 gy o5 5y 15 <oy <25 B

. No Flow Boundary Cell

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

HYDRAULIC CONDUCTIVITY
MODEL LAYERS 6-10

Scale in Feet Scale in Feet

FIGURE
Design & Consultancy

se | 2.6-4

A ARCADIS

| |
0 11,000 0 11,000




20000
18000
18000
17000
16000
15000
14000
13000
12000
11000
10000

9000

8000

Count per Interval

7000
6000
5000
4000
3000
2000
1000

Upper Fluvial Sand and Silt (Qr3)

20

30 40 50 60 70 80 90 100

Hydraulic Conductivity (ft/day)

110 120 130 140 150

8000 TrrrreryT TrTrrrrrryrrrryrrreyrrrerTreTyT Trrrrrrreyrreryreey TrrrryreT Trrrrrrrvyrrrrreeey TrrryreT
:TlTl'['l|T"[TlTl'['l"lTl"[iTlTl'[lTTl'[lTTlIlTTlIlTTlI‘TT'I'['l|'[|TT"[|[TlIlTTIIlT'l: E I l l I l E I l I ;
3 = . Hydraulic Conductivity | 7
E o Hydraulic Conductivity | 3 : H?stogram %1 3
5 1 Histogram 3 7000 3
3 11 3 3 .
= 1 E ] 1
E : : 3 . librati 60.00 1
4 i Calibration 41.30 3 1 &2::":1 on 55.20 ]
] [ Median 38.33 ] . % 4
E E 6000 -
E Mok Geod L E Mode  48.24 E
E Total nodes in zone E ] Ig%anzodes rzonee: | J
3 196789 4 <sn 3 3
3 3 @ ] ]
= E £ . ]
] - ko . ]
b= = £ ] ]
= 3 o 4000 - ]
3 3 o 1 ]
= ER- ]
a 3 = ] ]
s = Q . ]
] E O 3000 3
E 3 2000 3
_ — 1000 3
E 7 0 3 4

Middle Fluvial Deposits (Qr2)

40

60 80 100 120 140
Hydraulic Conductivity (ft/day)

160 180 200

The mode is the peak of the fitted log-normal distribution. The vertical lines on each graph from left to right
are the mode, median, and calibrated value, respectively consistent with a positively skewed log-normal
distribution. The calibration value is also the mean or average of the data.

Count per Interval

7000

6000

5000

4000

3000

2000

1000

Lower Fluvial Deposits (Qr1)

LSL LIS B L N B I N B N
| | | | | | | | | | | |

Hydraulic Conductivity

I

I
(Y | Histogram

'

I

Calibration 31.50
Median 28.95
Mode 25.27

Total nodes in zone
68290

RS ERE N NN EE LN AN UGN TN AR N NSNS NNNEE]

IJllillllllllllllllllIllIJlIJlIJlIJlIJlI1Il1[llllllllllllllllllll!ll

.

LI LI L L L L L

30 40 90 100 110 120

50
Hydraulic Conductivity (ft/day)

60 70 80

130

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

FOR Qr3, Qr2, AND Qr1

HYDRAULIC CONDUCTIVITY HISTOGRAMS

Design & Consultancy
for natural and
built assets

/A ARCADIS

FIGURE

2.6-5




Count per Interval

150

140

130

120

110

100

20

80

70

60

50

40

30

20

10

Colorado River Channel Fill (Qr0) Older Quaternary Alluvium (Qoa)

?0 LI L rrTrT rTrTT LI rrrT rrrT rrTT LI rrrT LB rTrTT LB
:IIFI ||||||||||ll|I| IIII||||IIKI|||IIIIIIIiIIIIllllllllllllllllll: : l I l Il | l I | | | I | :
E L Hydraulic Conductivity E ] U Hydraulic Conductivity ]
] L Histogram ] ] P Histogram :
= P 5 60 - AR A, =]
E ' Calibration 79.70 E ] b LelStion £ ]
. L Median  71.72 ] . P edian : ]
: £is Mode  64.48 4 3 P Mode  66.00 3
] b ‘ : #7 A Total nodes in zone | |
] T Total nodes in zone ] ] & s 809 ]
3 1417 = ] i 5 ]
b 111 1 i B -
- i @ ] & ]
4 11 =
. 1 ] % 40 - Ll | -
E 1 i1 1 [ g
] | | 18 i | 5
3 | i .
] ] S 3
3 4 & 3 ]
3 1 © ] ]
] 1 20 -E {
k. 3 10 =
= . 0 - .
0 20 40 60 80 100 120 140 160 180 200 220 240 0 20 40 60 80 100 120 140 160 180 200 220 240

Hydraulic Conductivity (ft/day) Hydraulic Conductivity (ft/day)

The mode is the peak of the fitted log-normal distribution. The vertical lines on each graph from left to right
are the mode, median, and calibrated value, respectively consistent with a positively skewed log-normal
distribution. The calibration value is also the mean or average of the data.

Count per Interval

5000

4000

3000

2000

1000

Bouse Formation (Th)

TN T T T

| IR A B A SR |

Ca

0 2 4 6 ] 10 12 14 16 18 20

Hydraulic Conductivity (ft/day)

LELL L B L L L L L L L B LR LI B LR R L

Hydraulic Conductivity
Histogram

libration 8.20

Median 7.58
Mode 6.60

Total nodes in zone
56705

I T T T Y

22 24 26

IR AR AR SR

28 30

PG&E

TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

FOR Qr0, Qoa

, AND Tb

HYDRAULIC CONDUCTIVITY HISTOGRAMS

/A ARCADIS

Design & Consultancy
for natural and
built assets

FIGURE

2.6-6




Count per Interval

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

Tertiary Alluvium - Upper (Toa2) Tertiary Alluvium - Lower (Toa1)

| S NS NN SR S NS NS RS E R S NS WS S R

20 30 40 50 60 7O 80 90 100 110 120 130 140 150

TITI'ITII'T'ITITTITIT'IITI'ITIT"ITIT'IITITTITITTIT'ITITIITIT'[ITIT'[ITI['[ITI'I'[IT'i 11000 TITI'[lTITITITl'[ITIT'ITITI'[ITIT'I[IT"[IT‘I'ITI[!'[‘TY
I

10500
10000
9500
9000
8500
8000
7500
7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

Hydraulic Conductivity
Histogram

I I

1 I

I I

: A |
| '

1

1

Calibration 37.50
Median 34.50
Mode 30.06

§
N
10
B E
N
*
I

Total nodes in zone
225354

IlIlIlJlII!IIl|lIII|lIJIlIlJllI!JlIIJIIIIIJIlIIJlIIJIlIIJIlI]IlIIJIlI
Count per Interval
|IlllIiIIIlIIIIIIIII|I|l||||IIIlIrI|IIlIIIIIIllIIrlIIlllrllllllIIIII‘II|Il|lf||||lll|||I1IIIIIII'IIII|II|IIIIII

. LN LB LN LGS NLBLU L B 0

o

25 50 73 100 125 150 175
Hydraulic Conductivity (ft/day) Hydraulic Conductivity (ft/day)

The mode is the peak of the fitted log-normal distribution. The vertical lines on each graph from left to right
are the mode, median, and calibrated value, respectively consistent with a positively skewed log-normal

distribution. The calibration value is also the mean or average of the data.

Hydraulic Conductivity
Histogram

Calibration 77.80
Median
Mode

Total nodes in zone
111250

Count per Interval

IRETI FYRRL ERARE RRARYARARE ARURE ARARY ARRT] FAURY FRARARRUT] FUURY FUURA ARANANRRTY FUARA FAANY RRRTY AUARY FRATRRETY FNAT

| L NI

12000
11500
11000
10500
10000
9500
9000
8500
8000
7500
7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

Basal Alluvium (Toa0)

| FFTT FEETE FTATI SYRTY FATT] AAUTH SURTAARANE AURTY ARERL ANTRY ANTTL FETTY FAUTL ATTE ANTRY AATTA ANURA AU TL CAUT ARATI FRRTANTATE ATUTY

o

T T T
(R

I 1
(BN
1

25

Hydraulic Conductivity
Histogram

Calibration 35.60
Median 33.19
Mode 28.81

Total nodes in zone
86055

RERE FYRTY ARUTY AYATI FRUTY ARATE ARUTY AURTIAUUTY AUSTY ANTRY AUCTY SRR FUUTY AUTTA AXUNY ANTTA AUURY ANTTACANTY ARUTAFURTAATUNE NUAT)

L . L T

50 75 100 125 150
Hydraulic Conductivity (ft/day)

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

HYDRAULIC CONDUCTIVITY HISTOGRAMS
FOR Toaz2, Toa1, AND Toa0

FIGURE

A ARCADIS &= | 5 6.7




Simulated Water Levels (ft NAVD 88)

475.00

470.00

465.00

460.00

455.00

450.00

Residual Mean (ft)

Residual Std. Deviation (ft)
Sum of Squares (ft?)

Number of Observations
Range in Observations (ft)
Scaled Residual Std. Deviation

0.272
1.964
805.746
188
25.187
7.80%

A S

/ )
F 4
445 .00 -

445.00

450.00

455.00
Observed Water Levels (ft NAVD 88)

460.00

Layer 1

Layer 2
Layer 3
Layer 4
@ Layer5
@® LayerB
® Layer9

Ideal Calibration

= = =10% Observed
Range

470.00 475.00

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

SIMULATED VS. OBSERVED
WATER LEVELS
SITE AND REGIONAL TARGETS

FIGURE

3 ARCADIS & | 2.7.1




Simulated Water Levels (ft NAVD 88)

4860.00

459.00

458.00

457.00

456.00

455.00

454.00

453.00

452.00

451.00

Residual Mean (ft) -0.014
Residual Std. Deviation (ft) 0.376
Sum of Squares (ft?) 10.062
Number of Observations 71
Range in Observations (ft) 4.086

Scaled Residual Std. Deviation 9.21%

4 ’
’
450.00 -

450.00 451.00 45200 453.00 45400 45500 456.00 457.00 458.00 4359.00 460.00

@ Layer1
Layer 2
Layer 3
Layer 4

@® LlLayer5

@ Layer6

| cleal Calibration

= = =10% Observed
Range

Observed Water Levels (ft NAVD 88)

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

SIMULATED VS. OBSERVED
WATER LEVELS
SITE TARGETS

FIGURE

A ARCADIS & | 2.7-2




Golden Shores Area
(zoom in shown on Figure 2.7-5)

Site Area
(zoom in shown on Figure 2.7-4)

Scale in Feet

| |
0 8,000 16,000
LEGEND
0.10-0.10
Constant Flux Boundary Cell ¢ @ Residual (ft)

(Residual = Observed Water Level - Simulated Water Level)

Constant Head Boundary Cell )
e 700m-In Locations

General Head Boundary Cell (AddlthnaI detail shown on Figures 2.7-4 and 27-5)

River Boundary Cell PG&E

TOPOCK COMPRESSOR STATION

NEEDLES, CALIFORNIA
No Flow Boundary Cell ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

Extraction Wells

REGIONAL SIMULATED WATER LEVELS
=457=Simulated Groundwater Levels (ft NAVD 88) AND RESIDUALS

*Boundary conditions and simulated water levels are shown Design Constncy FIGURE
for layer 1 only. Residuals and target locations are shown QARmDIS fornatiralang 2 7 3
for all layers .




Scale in Feet

|
0 1,000

LEGEND

\
2,000

. River Boundary Cell

=457=Simulated Groundwater Levels (ft msl)

0.10 -0.10

¢ @ Residual (ft)

(Residual = Observed Water Level - Simulated

*Boundary conditions and simulated water levels are shown
for layer 1 only. Residuals and target locations are shown

for all layers.

Water Level)

PG&E

TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

ADDENDUM TO DEVELOPMENT OF GROUNDWATER

FLOW AND SOLUTE TRANSPORT MODELS

SITE SIMULATED WATER LEVELS
AND RESIDUALS

A ARCADIS

Design & Consultancy
for natural and
built assets

FIGURE

2.7-4




Scale in Feet

| \
0 1,500 3,000

LEGEND
. River Boundary Cell

=457=Simulated Groundwater Levels (ft msl)

0.10 -0.10
¢ @ Residual (ft)
(Residual = Observed Water Level - Simulated
Water Level)

*Boundary conditions and simulated water levels are shown
for layer 1 only. Residuals and target locations are shown
for all layers.

-3.21 0.54
-3.08\. J
5 1.02
195
1.61 0.52
Lf/ -1.05
-2.50
0.80 220 l
4 =
[e2]
3.37 <
1.10 -3.66 -1.04
0.81 %‘, 0.24
-1.43
& ./-1.62
-0.38 . -3.25
2.76 i .\
%3 ,y 120
-1.29 e __ '
‘ -1.47
1.49
&
2.93 2
>
3 0 27\.
3.10
3.48 J
—e
-2.887
0.58
0.16¥ I.ze
> P>
% 3
PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS
GOLDEN SHORES SIMULATED WATER LEVELS]
AND RESIDUALS
. FIGURE
a a RmDIS Design & Consultancy
for natural and
built assets

2.7-5|




'MODEL LAYER 1 N

Scale in Feet

\
11,000 22,000

Scale in Feet

Al
MODEL LAYER 2 N

11,000

\
22,000

al
MODEL LAYER 3

Scale in Feet

\
11,000 22,000

— Al
MODEL LAYER 4 N

Scale in Feet

11,000

Scale in Feet

— Al
MODEL LAYER 5 N

11,000

LEGEND

Constant Flux Boundary Cell
Constant Head Boundary Cell
General Head Boundary Cell
River Boundary Cell

No Flow Boundary Cell

Extraction Wells

eo B | EN

Injection Wells

=457=  Simulated Groundwater Levels (ft NAVD 88)

Bedrock Contact

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

REGIONAL SIMULATED WATER LEVELS
MODEL LAYERS 1-5

FIGURE
Design & Consultancy

2 ARCADIS 55| 576




Scale in Feet

'MODEL LAYER 6 N

11,000

|
22,000

Al
MODEL LAYER 7

Scale in Feet

11,000

\
22,000

al
MODEL LAYER 8

Scale in Feet

\
11,000 22,000

— Al
MODEL LAYER 9 N

Scale in Feet

11,000

Scale in Feet

= a
MODEL L AYER 10

11,000

LEGEND

Constant Head Boundary Cell
General Head Boundary Cell
No Flow Boundary Cell
Extraction Wells

Injection Wells

]
Il
°
>

—=457=_Simulated Groundwater Levels (ft NAVD 88)

Bedrock Contact

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

REGIONAL SIMULATED WATER LEVELS
MODEL LAYERS 6-10

FIGURE
Design & Consultancy

QARO\DB S 2.7-7




| o mmumm

Constant Flux Boundary Cell
Constant Head Boundary Cell
General Head Boundary Cell
River Boundary Cell

No Flow Boundary Cell
Extraction Wells

Simulated Groundwater Particle Pathline
*Arrows are shown every 1,000 feet

\
\ L —
% ﬁf
é L BB AE
4
[e))
A
> - Y
%
2
% %
5 "
Scale in Feet
I |
0 8,000 16,000
LEGEND

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

ADDENDUM TO DEVELOPMENT OF GROUNDWATER

FLOW AND SOLUTE TRANSPORT MODELS.

REGIONAL SIMULATED GROUNDWATER

FLOW AND PATHLINES

Design & Consultancy
for natural and
built assets

A ARCADIS

FIGURE

2.7-8




Subsurface Inflow
11 aflyr

Scale in Feet

Net Subsurface Inflow
830 af/yr

3

1
QKA Golden Shores Outflow
550 af/yr

=z ,
River Outflow River Inflow
‘ 1,321 aflyr 4,200 aflyr
NA

ISR P

I NS
7

Evapotranspiratin Outflow
8,756 af/yr

of

_/2aflyr

Outflow
208 affyr
Vv

Rainfall Recharge
172 aflyr

6,000

|
12,000

Subsurface Inflow
1,094 aflyr

Topock 2/3 Outflow

Warm Springs Wash Catchment Inflow
968 aflyr

Sacramento Wash Catchment Inflow
3,479 aflyr

Subsurface Outflow
47 aflyr

Tl||ll T

LEGEND
Constant Flux Boundary Cell
Constant Head Boundary Cell
General Head Boundary Cell
River Boundary Cell
No Flow Boundary Cell
Sacramento Wash Catchment
Warm Springs Wash Catchment
Inflow

Outflow

PG&E

TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

ADDENDUM TO DEVELOPMENT OF GROUNDWATER

FLOW AND SOLUTE TRANSPORT MODELS

SIMULATED INFLOW/OUTFLOW

A ARCADIS

Design & Consultancy
for natural and
built assets

FIGURE

2.7-9




Scale in Feet

| \
0 8,000 16,000

LEGEND
"~ Positive River Flux
. Negative River Flux

. No Flow Boundary Cell

PG&E
TOPOCK COMPRESSOR STATION

NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

SIMULATED GROUNDWATER-SURFACE
WATER INTERACTION

A ARCADIS

; FIGURE
Design & Consultancy

s 12,710




Simulated Water Levels (ft NAVD 88)

460.00

459.00

458.00

457.00

456.00

455.00

454.00

453.00

452.00

451.00

450.00

Residual Mean (ft) -0.152
Residual Std. Deviation (ft) 0.397
Sum of Squares (ft?) 4.695
Number of Observations 26

Range in Observations (ft) 1.920
Scaled Residual Std. Deviation 20.7%

r g

450.00 451.00 452.00 453.00 454.00 455.00

® Layerl
Layer 2
Layer 3
Layer 4
= |deal Calibration

- == = 10% Observed Range

457.00 458.00 459.00 460.00
Observed Water Levels {ft NAVD 88)

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

SIMULATED VS. OBSERVED
WATER LEVELS
PRE IM-3 CONDITIONS

FIGURE

A ARCADIS &5 |2.7-11




Simulated Water Level (ft NAVD 88)

460.00 & ccidual Mean (ft)

Residual Std. Deviation (ft)
Sum of Squares (ft?)

459.00 |Number of Observations
Range in Observations (ft)
Scaled Residual Std. Deviation

-0.01
0.42
145.98
827
6.75

458.00
457.00
456.00
455.00
454.00
453.00
452.00

451.00 | »

/.
Fd
450.00 £

450.00 451.00 45200 453.00 45400 43500 456.00 45700 4358.00 459.00 460.00

Layer 1
Layer 2
® Llayer3
® Layerd
® Llayer5
® Layer6

|deal Calibration

= = =10% Observed Range

Observed Water Level (ft NAVD 88)

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

SIMULATED VS. OBSERVED
WATER LEVELS
TRANSIENT CALIBRATION

Design & Consultancy
for natural and
built assets .

FIGURE

7-12




MW-23-040
MW-48-125 == Ousened
- a OmenEd — - Comguied
- Computed
a 3
H
I
®
&—
b
% &P ®
®
o @T®
@ e—a 1552 == Oozenes
— — . Compued
MW-31-138 (23} 458
.
b ®
- Computed 1540
& ® =
T
@ 1542
-
m
i:" 535
523
Scale in feet
]
1,500 3,000
MW-32-035
— OBzened
— - - Compusd
PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
= ADDENDUM TO DEVELOPMENT OF GROUNDWATER
= FLOW AND SOLUTE TRANSPORT MODELS
=
FIGURE
a RmDIS Design & Consultancy
t \ for natural and 2 7 1 3
Date built assets . -




OW-015
e Omened MW-26
— — . Compus =—= Cosened
— — - Compuied

=

m

: 3

N z
®
D
&)
OW-05S @ Mn-12
n—ua Omaned =—a ODEENEd
— . Comoued — - Compuszd
an ®
o=
- @ @ -
= =
H H
o @ o
Scale in feet
]
1,500 3,000
MW-11
—a ODEanEd
— — - Compuied

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA

FLOW AND SOLUTE TRANSPORT MODELS

ADDENDUM TO DEVELOPMENT OF GROUNDWATER

UPLAND TRANSIENT
HYDROGRAPHS

Design & Consultancy
for natural and

built assets

FIGURE

2.7-14




-20@® -25
-80 @
®
-100%
75 @ Y 36 @
40
® e o & -iO
80 24
éﬂa ® %28 &0 o
100 2] 16> @28
S @ 20 %e &
200 $5080 &%
5 16 ® @
®16
®14
12@ ®
® @3 & oo
% o $4
°
5 %12 ® 7
® 113 -9 0%
4 12 @ 4@ R 2%
® » o ® 0329
& R e 0%
507 17 e @ ¢
ol © ® ® @
®
6 @
Scale in Feet
I |
) 0 800 1,600
LEGEND
@ NTHIRZWELL LOCATIONS Active Rates in GPM PG&E

@® COMPRESSOR STATION INJECTION
IRL INJECTION WELLS

@ FRESHWATER INJECTION

@ EAST RAVINE EXTRACTION WELLS

@ RIVERBANK EXTRACTION WELLS

TRANSWESTERN BENCH EXTRACTION WELLS

MONITORING WELLS

TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
ADDENDUM TO DEVELOPMENT OF GROUNDWATER
FLOW AND SOLUTE TRANSPORT MODELS

REMEDIATION DESIGN WELL LOCATIONS

FIGURE

3-1

Design & Consultancy
for natural and
built assets

A ARCADIS




% Zg ,‘;}"?rb&i -
Wi b | P
? ’| gzgg.akh
by it
AR iR 5y
! m":'g’v, GIZ "1235‘3/ 555
go L RN RN N\
/1 lt/: /I/ﬁ&ggﬂ&gzwl%iag N
> 92 SRRRRAIRN
277N\, N2, I
\—\yww;\
SRR,
“RAEENK,
N OANSETAN
RS e
\QA \AA\'\:?(
N “.:"n\.
WA
o o
W-B
‘.
¥ Lo
0 K 3 WE;Z - 5@2‘1? MW-54-085/140/195 \ ﬂ
T NW31406 VAN 175/205 -\ ¢ A b
W:03D TSSMD | |MW-44-07615/125 . . D2
V-39-040/050/060/070/080/1.
-0 W-45-095
- S WO MW-34-055/080/100
- AW-36-020/040/050/070/090/100
7 MWEE MW-42-030/055/065
= A .
9 W0, -27-020/060/085 -
ko)
b $ &.Ag——ﬂ 32-020/035
51 AN DA MW(43-025/075/090
S “ 0 “ . MW-53S/M)
Q
N 5 o ',: 34 MW-E2S/MID. - MW-S6SIMID  to
N Nt S ) -48 ) \ o
N 24A/B)
X 6 MW- )
N2 ) & W-71-35 -23-060/080
w3 MWK -621065/110/190 , 7
-185/225/260 e | 2 o MW-63-065 )/ |
h 66BR-27 1/
-66 / \
- (/. |
R-280 " :
: MW- —— 55
M /115/ B
9 : ~58-065/115/2 -
W-60-125, 475 B
&) o0 MW-64BR
ég’f 5 -195 MW-60BR-245  \\.64-150/205/260 .
MW-74-240 75
// 485 485—— T T 485 \
495 495 \
495 & 505 495 485
— 50 505
—— 51 515 \ 0 600 1,200
— - SCALE IN FEET
LEGEND
@® IRZWELLS —460— SIMULATED GROUNDWATER LEVELS (FT MSL)
@ UPGRADIENT INJECTION WELLS == ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
@  EXTRACTION WELLS 32 ug/L CONTOUR
—5— SIMULATED GROUNDWATER PARTICLE PATHLINE*
. EXISTING MONITORING WELLS (5 YEAR POSTINGS)
. PROPOSED MONITORING WELLS
@ FUTURE PROVISIONAL MONITORING WELLS
SIMULATED PUMPING RATES *Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
. _IF:TI-ILIRZ (SOCI) l\cImEm)TI \ IRL LOOP (150 gpm take into account mechanisms such as sorption, reduction,
- - EXTRACTION INJECTION oxidation, degradation, etc.
NTH IRZ =300 gpm NTH IRZ =300 gpm RB-1 = 25 gpm IRL-1 = 75 ¢ gpm
RB-2 = OFF IRL-2 = 75 gpm
TCS LOOP (24 gpm) RB-3 =50 gpm PG&E
RB-4 = 50 apm TOPOCK COMPRESSOR STATION
EXTRACTION INJECTION ap NEEDLES, CALIFORNIA
ER-1=0.25 gpm TCS-1 =12 gpm RB-5 =25 gpm DEVELOPMENT OF GROUNDWATER FLOW AND SOLUTE

ER-2 =0.25 gpm
ER-3 =0.25 gpm
ER-4 = 0.25 gpm
ER-6 = 1.0 gpm
TWB-1 =13 gpm
TWB-2 =9 gpm

TCS-2 =12 gpm

TRANSPORT MODELS

EFRESHWATER (450 gpm)

SIMULATED SUBSURFACE PATHLINES

EXTRACTION INJECTION -
HNWR-1A = 450 gpm  FW-1 = 100 gpm MODEL LAYER 1 - NTH IRZ ON
IRL-5 = 100 gom ——
-3 = esign Dnsu tancy
IRL-4 = 200 gpm A ARCADIS g 4-1




Y/
%ﬂw £ /
A q/Q
B
A . |
i‘* L B
; EEEEESQ o
szﬁﬁix \
—=ARERN,. 1
| g
1IN ) \
PRI VISIZN |
?f \\
AN 1) \
:'\'E‘%éi @ \\\ |
Lo, Mgy b
:M\‘Q"—Sg-da%ggous /210 |
LN éEE% | [
oM AR \ / ‘
LY ] |
foo W MW-54-085/140/195 \
SMW-46-175/205 -\ )
[ T - 0
T / 24-070/115/125 . . / R
. (-39-040/050/060/070/080/1
MW-45.005
MW-34-055/080/100 A
N W-36-020/040/050/070/090/100
42:930/055/065
9 s ,
) -27-020/060/085
D) % N
: MW:32-020/035
N o %V“W 10 MW-43-025/075/090
<< iYe) e T B \
Q ~T . MW-53S/M)
%5 ° ‘
Q N
N % Z S MW-52S/M/D
) W-48 reN ARy
20 O ® I @, : e
o N W-12 0
N © M\V-71-35 -23-060/080
“ (oo) e WoK -621065/110/190
185/225/260 ] O\ MW-63-065 I/
%) 25555 (7 ‘
66BR /1 |
;6 N /! |
-28 W [
MW- \x
E T \
-065/115/2
°§? W-60-125, 475 T
D -oL- MW-64BR
v 5 -195 MW-60BR-245  \\.64-150/205/260
MW-74-240 475
485 485 ——— g5 T
495 495 \
195 & 505 495 485
5 505
———— 515 515 0 600 1,200
o . SCALE IN FEET
LEGEND
@® IRZWELLS —460~ SIMULATED GROUNDWATER LEVELS (FT MSL)
87 UPGRADIENT INJECTION WELLS e ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
@  EXTRACTION WELLS 32 ug/L. CONTOUR
—5— SIMULATED GROUNDWATER PARTICLE PATHLINE*
o EXISTING MONITORING WELLS (5 YEAR POSTINGS)
o PROPOSED MONITORING WELLS
D FUTURE PROVISIONAL MONITORING WELLS
SIMULATED PUMPING RATES *Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
NTH IRZ (OFF IRL LOOP (150 gpm take into account mechanisms such as sorption, reduction,
E#LRI)SZ 1l OII\ZIF :\II\ITIEIFIZI —NOFF EXTRACTION INJECTION oxidation, degradation, etc.
= - RB-1 = 25 gpm IRL-1 =75 gpm
RB-2 = OFF IRL-2 =75 gpm
TCS LOOP (24 gpm) RB-3 = 50 gpm PG&E
RB-4 = 50 gpm TOPOCK COMPRESSOR STATION
EXTRACTION INJECTION NEEDLES, CALIFORNIA
ER-1=0.25 gpm TCS-1=135 gpm RB-5 =25 gpm DEVELOPMENT OF GROUNDWATER FLOW AND SOLUTE

ER-2 =0.25 gpm
ER-3 =0.25 gpm
ER-4 = 0.25 gpm
ER-6 = 1.0 gpm
TWB-1 =13 gpm
TWB-2 =9 gpm

TCS-2=13.5gpm FRESHWATER (450 gpm)

EXTRACTION INJECTION

HNWR-1A =450 gpm FW-1 = 100 gpm
FW-2 = 50 gpm
IRL-3 = 100 gpm

IRL-4 =200 gpm

TRANSPORT MODELS

SIMULATED SUBSURFACE PATHLINES
MODEL LAYER 1 - NTH IRZ OFF

FIGURE
Design & Consultancy
for natural and 4 2

built assets

A ARCADIS




7 -l
} Tzt
Z;
| I T - )
M R
N o
MW-33-040/090/150/210
. X ;
/ =
0 \%X W-28- 5/9901%: MW-54-085/140/195
60/ MW- 46 175\205 A
2 03D TSSMID \ | MW-44-0707115/125 . .
V-39-040/050/060/070/080/1.
) / W-45-095
wgos MW-34-055/080/100
2 MW-36-020/040/050/070/090/100 MW-55-045/120
MW-42-030/055/065
a
% -27-020/060/085 -
) o
< | \0, 32-020/035
S 51 0 ‘gg""‘ MW(-43-025/075/090
% . MW-53S/M)
N % o N
& S 9 ~ 53 MW-52S/M/D. - MW-56S/M/D
& = o MW-48 , o
N © > ral
A\ S M
N MW-12
N %) M ' MW-71-85 MW-23-060/080
: W-G;é MW-621065/110/190 |
-185/225260 S @ o, \MW-63-065 [/ |
I [m[]=] «s] \ [ !
66BR- - Il/ !
N D & ) | / g 3= U ‘
LQ -28 T
o = MW= ]
& W-60-125
5 MW-64BR
/ 5 MW-65-195 MW-60BR-245  \1y/.64-150/205/260
MW-74-240 475
485 48— —4gs \
495 495 \
195 & 505 495 985
5 505
—— 815 515 0 600 1,200
_ SCALE IN FEET
LEGEND
@® IRZWELLS —460— SIMULATED GROUNDWATER LEVELS (FT MSL)
® UPGRADIENT INJECTION WELLS e ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
@  EXTRACTION WELLS 32 ug/l. CONTOUR
—5— SIMULATED GROUNDWATER PARTICLE PATHLINE*
o EXISTING MONITORING WELLS (5 YEAR POSTINGS)
o PROPOSED MONITORING WELLS
) FUTURE PROVISIONAL MONITORING WELLS
SIMULATED PUMPING RATES *Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
. _IF:TI-ILIRZ (SOCI) l\cImEm)TI \ IRL LOOP (150 gpm take into account mechanisms such as sorption, reduction,
- - EXTRACTION INJECTION oxidation, degradation, etc.
NTH IRZ =300 gpm NTH IRZ =300 gpm RB-1 = 25 gpm IRL-1 = 75 ¢ gpm
RB-2 = OFF IRL-2 =75 gpm
TCS LOOP (24 gpm) RB-3 =50 gpm PG&E
RB-4 = 50 apm TOPOCK COMPRESSOR STATION
EXTRACTION INJECTION _ ap NEEDLES, CALIFORNIA
ER-1=0.25 gpm TCS-1 =12 gpm RB-5 =25 gpm DEVELOPMENT OF GROUNDWATER FLOW AND SOLUTE

TRANSPORT MODELS

ER-2 =0.25 gpm

TCS-2 =12 gpm
ER-3 =0.25 gpm

EFRESHWATER (450 gpm)

SIMULATED SUBSURFACE PATHLINES

ER-4 = 0.25 gpm EXTRACTION INJECTION :

ER 4= 020 O o om PETo MODEL LAYER 2 - NTH IRZ ON
TWB-1 =13 gpm FW-2 =50 gpm FIGURE
TWB-2=9 gpm IRL-3 =100 gpm Destgn&CDnsulrancy

for natural and
built assets

A ARCADIS

4-3

IRL-4 =200 gpm




)5 ds —
o X
Pb v '2é§§§§xn
Ao Ek PN
oty T s \
N 7770 S L
/ d;‘%%‘ &gdﬁgﬁg : BRiw.
Ui i
/A%’//,—.‘-?“E%Sﬁgr\\(
SO
A RUR B
RSN
Y T 1
ok
2N
Z;,;=I.III
-
/
; MW-54-085/140/195
—MV46-175/205. -
D (MW-44-070/115/125 . .
V:39-040/050/060/070/080/1
15-095
MW-34-055/080/100
\W-36-020/040/050/070/090/100 MW-55-045/120
MW-42-030/055/065
= N2 -27-020/060/085 -
9
N MWA32- 02@/@35
2 W 43:02510751090
% L Wk s3sM
\Q QD D !
) o N
\0, MW-52S/M/D- - MW-56S/M/D
10 N v M , “5\(
Q ?’Q \Q 03 S % (¢} W-
a W-12
N S / MW-71- MW-23-060/080
% MWK W-62:065/110/190 7
-185/225/260 5 .D o MW-63-065 / // |
N - \ 1
66B i/
N N Wi6 s / |
o) e v
I D. e, o \ )
-2 T
= M h
/ A /_/-065% 475 =
L —— ) &
5 195 MW-60BR-245 MW-64-150/205/260
MW-74-240 475
485 8 ——— 485
495 495 —
195 & 505 495 985
5 505
545 515 0 600 1,200
SCALE IN FEET
LEGEND
@® IRZWELLS —460— SIMULATED GROUNDWATER LEVELS (FT MSL)
D UPGRADIENT INJECTION WELLS e ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
@  EXTRACTION WELLS 32 ug/L CONTOUR
—5— SIMULATED GROUNDWATER PARTICLE PATHLINE*
o EXISTING MONITORING WELLS (5 YEAR POSTINGS)
o PROPOSED MONITORING WELLS
) FUTURE PROVISIONAL MONITORING WELLS
SIMULATED PUMPING RATES *Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
EXTRA _'F:T"l\'l IRZ OFIT\I ECTION IRL LOOP (150 gpm take into account mechanisms such as sorption, reduction,
oxidation, degradation, etc.
NTH IRZ = OFF NTH IRZ = OFF EXTRACTION INJECTION
RB-1 = 25 gpm IRL-1 =75 gpm
RB-2 = OFF IRL-2 = 75 gpm
TCS LOOP (24 gpm) RB-3 =50 gpm PG&E
RB-4 = 50 apm TOPOCK COMPRESSOR STATION
EXTRACTION INJECTION ap NEEDLES, CALIFORNIA
ER-1=0.25 gpm TCS-1=135 gpm RB-5 =25 gpm DEVELOPMENT OF GROUNDWATER FLOW AND SOLUTE

ER-2 =0.25 gpm
ER-3 =0.25 gpm
ER-4 = 0.25 gpm
ER-6 = 1.0 gpm
TWB-1 =13 gpm
TWB-2 =9 gpm

TCS-2=13.5gpm

EFRESHWATER (450 gpm)

EXTRACTION
HNWR-1A = 450 gpm

INJECTION
FW-1 =100 gpm
FW-2 = 50 gpm
IRL-3 = 100 gpm
IRL-4 =200 gpm

TRANSPORT MODELS

SIMULATED SUBSURFACE PATHLINES
MODEL LAYER 2 - NTH IRZ OFF

FIGURE
Design & I:nnsulrancy
for natural 4 4

built assets

A ARCADIS




5&53“‘

i?)
j:) ’ .’—‘QS.EH*Q
72 ol N B Y
| e 1 | 2T YANY £380
0 co Nl P 3
e ﬁer'/' INC KA
H AN DK S ee el Q00
H‘ X ‘}V’I’//;g AV IR0 k8
((QReeRRRSURRRARY
-'S ”///fxg"\_:':;ﬂﬂﬂ)h
N ‘ ;hé—¥§§§§5
SAa HETRR
LI O N
1 "'R'«EEE%.\ %
~OREERD, /
N 2N
N
PN
N
N o)
PN/ (%
Q /
QO
M Z
[ )
455,
B
/20 ‘
-025/090 MW-54-085/140/195
19 ®¢ Yo @ \
60/135 (d MW-46-175/205 - \.3
03D 5 MW-44-070/115/125 . -
&, V-39-040/050/060/070/080/1
1 w0 W-45-095
9 -0 MW-34-055/080/100
Q 2 » AW-36-020/040/050/070/090/100
) -E 00 MW-42-030/055/065
< \
-27-020/060/085 -
> 3
s “5
N MW MW:32-020/035
MW-51 ) MW-43-025/075/090 . _
7 MW-53S/M/
o N /D D
Q w-11 T8 MW-52S/M/D- - MW-56S/M/D
MWE11D MW- , [ _ ]
o) 21
S MW-24A/B/BR g %59
MW-12 <
MYV-38S/D ? -35 0/080
M ) < TW-01 MW-K %5/110/190 /i
M -185/225/26 o §i,63-065 Ny
o 10 I @MWE66BR-270 ry 1/ |
o MW-10D - 575% I/
Mw-15 D W266:165/2 ehe U/ |
o ~ MW-II \35\\;3?‘ S
{65-160/22 5 e
MW- .
?ﬂ% : MW-615110 —>4
//// MW- \
% MW0S /) /) -065/115/205 475 \
&
W-60-125
4 MW-64BR
A MW-69-195 MW-60BR-245  \\.64-150/205/260 475
MW-74-240
485 485 4gc T
495 495
95 & \
505 495 985
50 505
— 515 0 600 1,200
SCALE IN FEET
LEGEND

IRZ WELLS

UPGRADIENT INJECTION WELLS
EXTRACTION WELLS

EXISTING MONITORING WELLS

PROPOSED MONITORING WELLS

D 000 De

=460— SIMULATED GROUNDWATER LEVELS (FT MSL)

== ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
32 ug/L CONTOUR

—5-— SIMULATED GROUNDWATER PARTICLE PATHLINE*
(5 YEAR POSTINGS)

FUTURE PROVISIONAL MONITORING WELLS

SIMULATED PUMPING RATES *Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
TRA _IF:TI-ILIRZ (SOCI)I\cIJ DEm)TI \ IRL LOOP (150 gpm take into account mechanisms such as sorption, reduction,
- - EXTRACTION INJECTION oxidation, degradation, etc.
NTH IRZ =300 gpm NTH IRZ =300 gpm RB-1 = 25 gpm IRL-1 = 75 ¢ gpm
RB-2 = OFF IRL-2 = 75 gpm
TCS LOOP (24 gpm) RB-3 =50 gpm PG&E
RB-4 = 50 apm TOPOCK COMPRESSOR STATION
EXTRACTION INJECTION ap NEEDLES, CALIFORNIA
ER-1=0.25 gpm TCS-1 =12 gpm RB-5 =25 gpm DEVELOPMENT ogs\m%gg%vTngEgE%OWAND SOLUTE
ER-2 =0.25 gpm TCS-2 =12 gpm ]
ER-3 = 0.25 gpm EXTRAF;EKS;:WATER “I‘S‘jE"gﬁc‘)N SIMULATED SUBSURFACE PATHLINES
ER-4 = 0.25 gpm EAIRALTIDN INJECTION -
ER.6 = 1.0 gpm HNWR-1A = 450 gpm  FW-1 = 100 gpm MODEL LAYER 3 - NTH IRZ ON
TWB-1=13 gpm FW-2 =50 gpm FIGURE
TWB-2 =9 gpm IRL-3 =100 gpm Dnlzrsngn"%a[:::sulrancy
IRL.4 = 200 oo A ARCADIS & 4.5




Aﬁi(

.\Yl’l’ll‘

NS ERZ 45 ére o4

1)V WA i

i

B
s
7

= XSUNRY ol

5

e 4

SN
i v \:' E L\
: MV\\/-QQO
PR\
A N
NS

PES)
q/ggo O
MW-46-175/205. -

0/150/210

MW-54-085/140/195

\W-44-070/115/125 N
V-39:040/050/060/070/080/1

W-45-095

MW-34-055/080/100

W 36-020/040/050/070/090/100"

MW-42-030/055/065

$ -27-020/060/085 - '

D

W-11 PT8D
11D

MW-24A9B/BR
MWV-38S/
PGE-07(BR)

\W-48

-12

45

W-
-185/225/2

66BR-2
W-664165/2

MW-V y
M o

W-10 I

MW-10D
-14§0

-65+160/22
71\ .

f'
&

M 9-195
MW-74-240

©

Oy’ b‘@

R

495

& 505
50 /ﬁﬁ

R

95

505
515

MW-71-3

-065/115/205
¢ w— 475
W-60-125 MW-64BR

MW-60BR-245

4485 —— 485

495 \

Q

SR

MW:32-020/035
MW-43-025/075/090

W-

%\ \MW-525/M/D MW-5§M/D

W-21

M
M

23
6

0/080

7 65/110/190
W\

MW-615110

MW-64-150/205/260
475

495 485

o

600
SCALE IN FEET

1,200

LEGEND
IRZ WELLS

UPGRADIENT INJECTION WELLS
EXTRACTION WELLS

EXISTING MONITORING WELLS
PROPOSED MONITORING WELLS

FUTURE PROVISIONAL MONITORING WELLS

> 000 De

—460— SIMULATED GROUNDWATER LEVELS (FT MSL)

=== ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
32 ug/L CONTOUR

— 5 SIMULATED GROUNDWATER PARTICLE PATHLINE*
(5 YEAR POSTINGS)

SIMULATED PUMPING RATES

NTH IRZ (OFF IRL LOOP (150 gpm)
EXTRACTION INJECTION
NTH IRZ = OFF NTH IRZ = OFF E)éTffzg 'gp';'n —:giElC:T '%“épm
RB-2 = OFF IRL-2 = 75 gpm
TCS LOOP (24 gpm) RB-3 = 50 gpm
EXTRACTION INJECTION RB-4 =50 gpm
ER-1=0.25gpm  TCS-1=13.5gpm RB-5 =25 gpm

ER-2 =0.25 gpm
ER-3 =0.25 gpm

TCS-2=13.5gpm FRESHWATER (450 gpm)

ER-4 = 0.25 gpm EXTRACTION INJECTION
ER-6 = 1.0 gpm HNWR-1A =450 gpm FW-1 = 100 gpm
TWB-1 =13 gpm FW-2 = 50 gpm
TWB-2 =9 gpm IRL-3 = 100 gpm

IRL-4 =200 gpm

*Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
take into account mechanisms such as sorption, reduction,
oxidation, degradation, etc.

PG&E
TOPOCK COMPRESSOR STATION
NEEDLES, CALIFORNIA
DEVELOPMENT OF GROUNDWATER FLOW AND SOLUTE
TRANSPORT MODELS

SIMULATED SUBSURFACE PATHLINES
MODEL LAYER 3 - NTH IRZ OFF

FIGURE
Design & I:Dnsulra ncy
for natural and 4 6

built assets

A ARCADIS




NN ZSN I TAAAN)
!h‘.‘).hl\‘i'gﬂgﬁs-- 17 5

i R AL gARFRD ¢
:,f""'limss!"'ﬁllllllli/‘\/ ¥ Pl
A

/// //
‘.Jvi.‘: 3 Ry marals / Wil

r;, v'll/ii’ili@)"/%%/// ', 5 SOl ). N \ -
855 - —

I//’//Ill/////’//% 4@

——— s
\

|

M (1‘\ ) \\
Q\\\ \\\ \\\\\\&\&\\\\L&({ﬂl{ﬂ/;

MW-54-085/140/195
WD @

yMW-46-175/205 -\ ¢

S/IM/D MW-44-070/115/125

MW-55-045/1283

“\ 5 !} MW-39-040/050/060/070/080/1
@ W-45-095
O w- .
N‘ iw-30 0301809 MW-34-055/080/100 - - .
‘I A\W-36-020/040/050/070/090/100
MW-42-030/055/065

/"
w-27.020/060/085 >
| /
19635920035 [\
N [,

. MWL43-025/075/09
\529 4?\ .

( “TN. MW-53S/M/

\

|

475

85065/115/20F

MW-60-125
MW-64BR
MW-60BR-245 MW-64-150/205/260

l
69- 475
A T

\\

495
0

I 4
600 1,200

SCALE IN FEET

LEGEND
@® IRZWELLS —460— SIMULATED GROUNDWATER LEVELS (FT MSL)
D UPGRADIENT INJECTION WELLS e ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
@  EXTRACTION WELLS 32 ug/L. CONTOUR
—5-— SIMULATED GROUNDWATER PARTICLE PATHLINE*
o EXISTING MONITORING WELLS (5 YEAR POSTINGS)
o PROPOSED MONITORING WELLS
&> FUTURE PROVISIONAL MONITORING WELLS
SIMULATED PUMPING RATES *Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
TRA _IF:TI-ILIRZ (SOCI)I\cIJ DEm)TI \ IRL LOOP (150 gpm take into account mechanisms such as sorption, reduction,
- = EXTRACTION INJECTION oxidation, degradation, etc.
NTH IRZ =300 gpm NTH IRZ =300 gpm RB-1 = 25 gpm IRL-1 = 75 ¢ gpm
RB-2 = OFF IRL-2 = 75 gpm
TCS LOOP (24 gpm) RB-3 =50 gpm PG&E
EXTRACTION  JNJECTION RE-4 250 9pm T
ES-% = ggg gpm TCS-l - 12 gpm -0 = gpm DEVELOPMENT O_IF:RGA}?\lOSLFJJg%\_/rVAMTOEgEFLIéOW AND SOLUTE
-2 =0.20gpm TCS-2 =12 gpm
ER-3 = 0.25 gpm Ao ATER “I‘S‘J’E"(‘:’:(’)N SIMULATED SUBSURFACE PATHLINES
ER-4 = 0.25 gpm EAIRALTIDN INJECTION _
ER-6 = 1.0 gpm HNWR-1A = 450 gpm  FW-1 = 100 gpm MODEL LAYER 4 - NTH IRZ ON
TWB-1 =13 gpm FW-2 =50 gpm FIGURE
TWB-2=9 m IRL-3 =100 gpm Design & Consultancy
% IRL-4 = 200 gpm Q AR(y-\DIS e 4-7




e u”&\‘: ¢ A : e
R SR (77 e SN A S R e,
SRR GESET R
NSO 1S y x>, > e %
N ANOL] 1y “ % o 8 y
TR 7] [ L LS P =

SRREEE
s

MW-54-085/140/195

W?;T » MW.-44-070/115/125
] ‘ ”_NMW-39-040/050/060/070/080/1 )
I 0=-030/0 s )
e e \W-34-055/080/100 N [/ /
AW-36-020/040/050/070/090/100 - MW-55-045/12353\
N-42-030/055/065 ,
- /
/ \

W-E
-27-020/060/085 -

U

<7

gl
92, @

L

5 ; o

N\ \\
-2§/M/D
A

\

065/115/205 |- 475 ‘

MW-60-125
MW-69-195 MW-60BR-245

MW-64BR
MW-64-150/205/260 475

\

— N R 485
/ 495 ‘ 495 \
5 \ — 505 ‘ \495\

[ I
—— &1 515 0 600 1,200
= SCALE IN FEET

IRZ WELLS
® =460— SIMULATED GROUNDWATER LEVELS (FT MSL)
87 UPGRADIENT INJECTION WELLS e ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
@  EXTRACTION WELLS 32 ug/L. CONTOUR
—5— SIMULATED GROUNDWATER PARTICLE PATHLINE*
() EXISTING MONITORING WELLS (5 YEAR POSTINGS)
o PROPOSED MONITORING WELLS
D FUTURE PROVISIONAL MONITORING WELLS
SIMULATED PUMPING RATES *Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
EXTRA _'F:T"l\'l IRZ OFIT\I ECTION IRL LOOP (150 gpm take into account mechanisms such as sorption, reduction,
oxidation, degradation, etc.
NTH IRZ = OFF NTH IRZ = OFF EXTRACTION INJECTION J
RB-1 =25 gpm IRL-1 = 75 gpm
RB-2 = OFF IRL-2 =75 gpm
TCS LOOP (24 gpm) RB-3 =50 gpm PG&E
EXTRACTION INJECTION RB-4 = 50 gpm T EEDLES, CALIFORNIA
ES_% — ggg gpm TCS-1=135 gpm RB-5 =25 gpm DEVELOPMENT ogs\m%gg%\/TVAMgEgE%OWAND SOLUTE
-2 =0.20gpm TCS-2=13.5gpm
ER-3 = 0.25 gpm EXTRAF;EKS;:WATER “I‘S‘jE"g:(‘)N SIMULATED SUBSURFACE PATHLINES
ER-4 = 0.25 gpm EAIRACTION INJECTION _
ER.6 =10 ggﬁq HNWR-1A = 450 gpm  FW-1 = 100 gpm MODEL LAYER 4 - NTH IRZ OFF
TWB-1 =13 gpm FW-2 =50 gpm FIGURE
TWB-2=9 gpm IRL-3 =100 gpm Dnerﬂgnus;a[:::su“ancy
IRL.4 = 200 oo A ARCADIS sz | 4.8




§
"
(111

y'lll"l"

[ 11777

s N S R R R - / I
lll,lillm:i, "y/,//l 0 7 4 B N \ - N |
D 07 K7 /1 e £ VAT \

,’// /l! il‘i// ‘ 4 & 9K \ \ 1S i . \
.l‘"' hii' , R / :)’/.?,--)j-\l‘/"\;,- o .k.?my |
‘s I —= // "//,/., / \;/ RE K r‘ - x' L ST

o

\:‘ )
\\ \\\\\\g\\\\\

\

MW-34-055/080/100

AW-36-020/040/050/070/090/100 MW-55-045/1288%,

"o

-27-020/060/085 - >

. /
@)

3435920/035 [

MW WoA3-025/075/090 "

B\ e ™

U\ MW-53S/M

|

MW-60-125
MW-64BR
MW-69-195 MW-60BR-245 MW-64-150/205/260

MNN-74-

e 485 485

065/115/205—1— 475

475

4
495 S5
505
I
0 600 1,200
SCALE IN FEET
LEGEND
@® RZWELLS —460— SIMULATED GROUNDWATER LEVELS (FT MSL)
© UPGRADIENT INJECTION WELLS e ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
@  EXTRACTION WELLS 32 ug/L CONTOUR
—5— SIMULATED GROUNDWATER PARTICLE PATHLINE*
o EXISTING MONITORING WELLS (5 YEAR POSTINGS)
o PROPOSED MONITORING WELLS
D FUTURE PROVISIONAL MONITORING WELLS
SIMULATED PUMPING RATES *Simulated particle pathlines depict simulated groundwater flow
and are not representative of solute transport as they do not
TRA _IF:TI-ILIRZ (SOCI)I\? DEm)TI \ IRL LOOP (150 gpm take into account mechanisms such as sorption, reduction,
- - EXTRACTION INJECTION oxidation, degradation, etc.
NTH IRZ =300 gpm NTH IRZ =300 gpm RB-1 = 25 gpm IRL-1 = 75 ¢ gpm
RB-2 = OFF IRL-2 =75 gpm
TCS LOOP (24 gpm) RB-3 =50 gpm PG&E
RB-4 = 50 gpm TOPOCK COMPRESSOR STATION
EXTRACTION INJECTION ap NEEDLES, CALIFORNIA
ER-1=0.25 gpm TCS-1 =12 gpm RB-5 =25 gpm DEVELOPMENT ogs\m%gg%vTngEgE%OWAND SOLUTE
ER-2=0.25gpm  TCS-2 =12 gpm .
ER-3 = 0.25 gpm EXTRAF;EKS;:WATER “I‘S‘jE"gﬁc‘)N SIMULATED SUBSURFACE PATHLINES
ER-4 = 0.25 gpm EAIRALIIVN INJEC TTON -
ER-6 = 1.0 gpm HNWR-1A = 450 gpm  FW-1 = 100 gpm MODEL LAYER 5 - NTH IRZ ON
TWB-1=13 gpm FW-2 =50 gpm FIGURE
TWB-2=9 gpm IRL-3 =100 gpm Dnlzrsign"%a[:::sulrancy
IRL4 = 200 o A ARCADIS | 4.9




R LR FHR™ TR 77~ 7 ST
'W//fW 7 e
" 7 W08 K 07
i Jiny [If//// oo ([R5
9, N7 b
A

7 AR RS
SAEZERIRN NN/ 1y, V. '
ik /
IS
%
L2

LTS~ ; o el
il

RN

1 I \
[ , RPC OSERER
R I2 OECLPSN
‘a‘/‘ /;%
Yy

IEe8

S ,!.';,"/
'I’//// 4

7

\’;‘\h“‘h 7Y 4
/5%
f /,,,%”/.” e 2
il

(//,4’/ et

- >. MW-=H ' 3 y‘v 10 A_n",
y e WS 28,025/090 V-
) ] M '\
16 - i I }\A N\ ‘
5 |2 @‘ MW-44-070/115/125
2 » “MW-39-040/050/060/070/080/100

w""’@;

MW-54-085/140/195
W-46-175/205 -

MW-45-095
~~MW-34-055/080/100. - <

) D B
“MW-36.020/040/050/070/0887200

jfx N-42-030/055/065 ~
S

Hﬂi v‘ y ]
ok
d 2’1 )

|

\

%

N

MW-58-06

505

515

4

MW-60BR-245

AN // /
s W-27:020/06Q/085 -
32-020/035
NSRS et
MW-43-025/075/090

NN
TN
A

MW-53S/M/

L)

5/205
MW-60-125, MW-64BR
MW-64-150/205/260

485

495

600
SCALE IN FEET

1,200

LEGEND
IRZ WELLS

UPGRADIENT INJECTION WELLS
EXTRACTION WELLS

EXISTING MONITORING WELLS
PROPOSED MONITORING WELLS

> 000 De

FUTURE PROVISIONAL MONITORING WELLS

—460— SIMULATED GROUNDWATER LEVELS (FT MSL)

== ESTIMATED DECEMBER 2015 HEXAVALENT CHROMIUM
32 ug/L CONTOUR

— 5 SIMULATED GROUNDWATER PARTICLE PATHLINE*
(5 YEAR POSTINGS)

SIMULATED PUMPING RATES

*Simulated particle pathlines depict simulated groundwater flow
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and are not representative of solute transport as they do not
take into account mechanisms such as sorption, reduction,
oxidation, degradation, etc.
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