
APPENDIX A-1

Monitoring Well Borehole Logs
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 60

100

GP-SP

GP

ML

GM

SM-
ML
SM

AC Pavement
0.3

Brown Sandy GRAVEL
(Hand clear to 5')

No Samples

5.0
Very dense, gray-brown GRAVEL with

Sand;   angular, wet
5.5

Hard, olive-brown SILT with tuffaceous
Gravel, trace Clay, dry to moist, weakly to

moderately cemented
(can be broken w/ hand)

[Subaqueous Ashfall Welded Tuff]
LL = 41 (-No. 40 fraction) @ 5.5 ft
PI = 5 (-No. 40 fraction) @ 5.5 ft

LL = 42 (-No. 40 fraction) @ 6.5 ft
PI = 7 (-No. 40 fraction) @ 6.5 ft

7.5
Brown Silty GRAVEL with Sand, wet

8.5
9.0
Very dense, gray-brown, mottled, fine SAND

with Elastic Silt, dry to moist
Gas odor

Kv =  7.81x10-7 cm/s @ 9.0 ft
γdry = 73.8 pcf @ 9.0 ft

porosity, n = 0.56 @ 9.0 ft
LL = 50 (-No. 40 fraction) @ 9.0 ft
PI = 14 (-No. 40 fraction) @ 9.0 ft

Very dense, olive Silty SAND, some Gravel,
wet

Very dense, brown, Silty fine to medium
SAND, trace Gravel, moist

Medium dense, brown, Silty fine SAND,
moist

Recessed cover

Top of 2"ø ID SCHD 40 PVC
Casing
8"ø hole
Concrete
Granular bentonite: 1.5 to 2.5'

Bentonite chips: 2.5'to 3.5'

Top of filter pack @ 3.5'
No. 8 mesh sand

Top of screen @ 5.0'
10' long screen w/ 0.020" slots
No. 8 Mesh Sand

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Maple Street, Alturas (W shldr) DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 15.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-18A

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.77

HAMMER FALL (in): 30 WATER LEVEL (ft):3.75 DATE: 06-04-2013

NOTES:
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4358

4356

4354

4352

4350

4348

14

15

16

17

18

19

20

21

22

23

24

25

26

SM 13.5
Medium dense, brown, fine SAND with Silt,

moist

15.5
Bottom of Boring@ 15.5'

Bottom of screen @ 15.0'
PVC end cap
Bottom of filter pack @ 15.5'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Maple Street, Alturas (W shldr) DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 15.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-18A

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.77

HAMMER FALL (in): 30 WATER LEVEL (ft):3.75 DATE: 06-04-2013

NOTES:
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4372

4370

4368

4366

4364

4362

4360

0

1

2

3

4

5

6

7

8

9

10

11

12

13

GP-SP

GP

ML

GM

SM-
ML

SM

AC Pavement
0.3

Brown Sandy GRAVEL
(Hand clear to 5')

No Samples

5.0
Very dense, gray-brown GRAVEL with

Sand;   angular, wet
5.5

Hard, olive-brown SILT with tuffaceous
Gravel, trace Clay, dry to moist, weakly to

moderately cemented
(can be broken w/  hand)

[Subaqueous Ashfall Welded Tuff]
LL = 41 (-No. 40 fraction) @ 5.5 ft
PI = 5 (-No. 40 fraction) @ 5.5 ft

w = 45.5 % @ 6.5 ft
LL = 42 (-No. 40 fraction) @ 6.5 ft
PI = 7 (-No. 40 fraction) @ 6.5 ft

7.5
Brown Silty GRAVEL with Sand, wet

8.5
Very dense, gray-brown, mottled, fine SAND

with Elastic Silt, dry to moist
LL = 50 (-No. 40 fraction) @ 9.0 ft
PI = 14 (-No. 40 fraction) @ 9.0 ft

9.5
Very dense, olive Silty SAND, some Gravel,

wet
Very dense, brown, Silty fine to medium

SAND, trace Gravel, moist

Medium dense, brown, Silty fine SAND,
moist

Recessed cover

Top of 2"ø ID SCHD 40 PVC
Casing
8"ø hole
Concrete
Granular bentonite: 1.5 to 2.5'

Bentonite chips: 2.5' to 17.0'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Maple Street, Alturas (W shldr 3.2' N of MW-18A) DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 30.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-18B

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.95

HAMMER FALL (in): 30 WATER LEVEL (ft):14.68 DATE: 06-04-2013

NOTES: No Samples from 0' to 20'.  Stratigraphy shown for these depths is from MW-18A located 3.2' to the south.
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4358

4356

4354

4352

4350

4348

14

15

16

17

18

19

20

21

22

23

24

25

26

S-1

S-2

14
40

50/3"

10
20
40

 83

100

SM

SM

SM

13.5
Medium dense, brown, Silty fine SAND,

moist

20.0
Medium dense to dense, light brown, Silty

fine SAND, moist
-No.40 = 52.8 %

-No. 200 = 18.6 %

25.0
Medium dense to dense, blue-gray, Silty fine

to medium SAND, moist
-No.40 = 67.3 %

-No. 200 = 20.5 %

Top of filter pack @ 17.0'
No. 8 mesh sand

Top of screen @ 20.0'
10' long screen w/ 0.020" slots
No. 8 Mesh Sand

Theis-Jacob Recovery Method
K= 1.31x10-4 cm/s

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Maple Street, Alturas (W shldr 3.2' N of MW-18A) DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 30.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-18B

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.95

HAMMER FALL (in): 30 WATER LEVEL (ft):14.68 DATE: 06-04-2013

NOTES: No Samples from 0' to 20'.  Stratigraphy shown for these depths is from MW-18A located 3.2' to the south.
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4346

4344

4342

4340

4338

4336

4334

27

28

29

30

31

32

33

34

35

36

37

38

39

40

S-3

13
27
31

100 SM 29.0
Medium dense to dense, blue-gray, Silty

SAND, trace Gravel,  wet
-No.40 = 58.0 %

-No. 200 = 30.5 %

30.5
Bottom of Boring @ 30.5'

Bottom of screen @ 30.0'
PVC end cap
Bottom of filter pack @ 30.5'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Maple Street, Alturas (W shldr 3.2' N of MW-18A) DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 30.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-18B

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.95

HAMMER FALL (in): 30 WATER LEVEL (ft):14.68 DATE: 06-04-2013

NOTES: No Samples from 0' to 20'.  Stratigraphy shown for these depths is from MW-18A located 3.2' to the south.
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4372

4370

4368

4366

4364

4362

4360

0

1

2

3

4

5

6

7

8

9

10

11

12

13

GP-SP

GP

SM-
ML

SP

AC Pavement
0.3

Brown Sandy GRAVEL
(Hand clear to 5')

No Samples

5.0
Dense to very dense, light gray-brown Sandy

GRAVEL

6.5
Very Stiff to Hard, light brown, Sandy SILT,

with tuffaceous Gravel fragments,  dry
(broken with moderate to strong hand

pressure)
[Subaqueous Ashfall Welded Tuff]
LL = 48 (-No. 40 fraction) @ 8.0 ft
PI = 11 (-No. 40 fraction) @ 8.0 ft

10.5
Dense to very dense, light brown, Silty fine

to medium SAND, some Gravel (platey,
cannot be broken by hand), dry

sample transitions from dry to wet @ 13'
- darker brown

Recessed cover

Top of 2"ø ID SCHD 40 PVC
Casing
8"ø hole
Concrete
Granular bentonite: 1.5 to 2.5'

Bentonite chips: 2.5' to 3.5'

Top of filter pack @ 3.5'
No. 8 mesh sand

Top of screen @ 5.0'
10' long screen w/ 0.020" slots
No. 8 Mesh Sand

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: 10th Street, Alturas (60' E curb W end 10th; 12' N DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 15.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-19A

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.30

HAMMER FALL (in): 30 WATER LEVEL (ft):5.00 DATE: 06-05-2013

NOTES: No samples obtained.  Stratigraphy shown is from MW-19B located 3.8' to the west.
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4358

4356

4354

4352

4350

4348

4346

14

15

16

17

18

19

20

21

22

23

24

25

26

SP-SM 14.0
Dense to very dense, brown, medium to

coarse, poorly graded SAND with Silt, wet

15.5
Bottom of Boring @ 15.5'

Bottom of screen @ 15.0'
PVC end cap
Bottom of filter pack @ 15.5'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: 10th Street, Alturas (60' E curb W end 10th; 12' N DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 15.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-19A

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.30

HAMMER FALL (in): 30 WATER LEVEL (ft):5.00 DATE: 06-05-2013

NOTES: No samples obtained.  Stratigraphy shown is from MW-19B located 3.8' to the west.
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4362
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S-1

S-2

S-3

S-4

S-5

S-6

17
36
49

17
29

50/5"

16
26
45

15
38

50/3"

50/5.5"

35
38

50/3"

 17

 94

100

 83

 92

 83

GP-SP

GP

SM-
ML

SM

AC Pavement
0.3

Brown Sandy GRAVEL
(Hand clear to 5')

No Samples

5.0
Dense to very dense, light gray-brown Sandy

GRAVEL

6.5
Very Stiff to Hard, light brown, Sandy SILT,

with tuffaceous Gravel fragments,  dry
(broken with moderate to strong hand

pressure)
[Subaqueous Ashfall Welded Tuff]

Kv =  1.13x10-6 cm/s @ 6.5 ft
γdry = 78.9 pcf @ 6.5 ft

w = 37.0 % @ 6.5 ft
porosity, n = 0.53 @ 6.5 ft

trace very thin (< 0.1 mm), light yellow clay
coatings on fissures, dry

LL = 48 (-No. 40 fraction) @ 8.0 ft
PI = 11 (-No. 40 fraction) @ 8.0 ft

10.5
Dense to very dense, light brown, Silty fine

to medium SAND, some Gravel (platey,
cannot be broken by hand), dry

sample transitions from dry to wet @ 13'
- darker brown

-No.40 = 66.0 %

Recessed cover

Top of 2"ø ID SCHD 40 PVC
Casing
8"ø hole
Concrete
Granular bentonite: 1.5 to 2.5'

Bentonite chips: 2.5' to 17.0'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: 10th Street, Alturas, (3.5' W of MW-19A) DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 30.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-19B

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.08

HAMMER FALL (in): 30 WATER LEVEL (ft):5.73 DATE: 06-04-2013

NOTES:
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4358

4356

4354

4352

4350

4348

4346

14

15

16

17

18

19

20

21

22

23

24

25

26

S-7

S-8

S-9

S-10

S-11

28
50/4.5"

17
34
36

9
20
24

14
29

50/6"

17
34

50/6"

 88

 83

 10

100

100

SP-SM

ML

-No. 200 = 14.3 %

14.0
Dense to very dense, brown, medium to

coarse, poorly graded SAND with Silt, wet
-No.40 = 45.0 %
-No. 200 = 9.5 %

16.7
more difficult augering; transition to stiffer

layer

Very stiff, light yellow brown, Sandy SILT
with Clay, moist

Very stiff, light yellow brown, Sandy SILT
with Clay, moist

Kv =  3.33x10-7 cm/s @ 20.0 ft
γdry = 74.8 pcf @ 20.0 ft

porosity, n = 0.56 @ 20.0 ft
LL = 43 (-No. 40 fraction) @ 20.0 ft
PI = 3 (-No. 40 fraction) @ 20.0 ft

Very stiff to hard, light brown Sandy SILT
with Clay,  moist

Kv =  8.47x10-7 cm/s @ 25.0 ft
γdry = 80.8 pcf @ 25.0 ft

w = 38.5 % @ 25.0 ft
porosity, n = 0.52 @ 25.0 ft

Top of filter pack @ 17.0'
No. 8 mesh sand

Top of screen @ 20.0'
10' long screen w/ 0.020" slots
No. 8 Mesh Sand

Theis-Jacob Recovery Method
K= 6.67x10-4 cm/s
(avg over full screen length)

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: 10th Street, Alturas, (3.5' W of MW-19A) DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 30.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-19B

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.08

HAMMER FALL (in): 30 WATER LEVEL (ft):5.73 DATE: 06-04-2013

NOTES:
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4344

4342

4340

4338

4336

4334

27

28

29

30

31

32

33

34

35

36

37

38

39

40

S-12

S-13

42
50/5"

24
50/5.5"

 92

 96

SM

SM-
ML

27.0
Very dense, olive-gray Silty SAND with

Gravel, wet
-No.40 = 49.9 %

-No. 200 = 32.9 %

29.0
Very dense, olive-gray Silty SAND / Sandy

SILT with Gravel, wet
-No.40 = 66.5 %

-No. 200 = 48.0 %

30.5
Bottom of Boring @ 30.5'

Bottom of screen @ 30.0'
PVC end cap
Bottom of filter pack @ 30.5'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: 10th Street, Alturas, (3.5' W of MW-19A) DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 8.25 TOTAL DEPTH (ft): 30.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
MW-19B

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4372.08

HAMMER FALL (in): 30 WATER LEVEL (ft):5.73 DATE: 06-04-2013

NOTES:
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4374

4372

4370

4368

4366

4364

4362

0

1

2

3

4

5

6

7

8

9

10

11

12

13

Bag1

S-1

grab

10
20
27

100

GP-SP

SC-SM

AC Pavement
0.3

Clear from 0' to 2±' by hand

Brown Gravelly SAND

TANK BACKFILL

rubble @ 4'±
clear with vacuum

strong gas odor@ 6'

10.0
Medium dense, brown-gray, mottled Silty

SAND, trace Clay, moist
TPH-E = 0.00 mg/Kg
TPH-P = 8.8 mg/Kg
MTBE = 5.8 μg/Kg

Benzene = ND μg/Kg
Toluene = ND μg/Kg

Ethylbenzene = 56 μg/Kg
Xylenes, Total = 140 μg/Kg

Recessed cover

Top of 4"ø SCHD 40 PVC
casing
12"ø hole
concrete
Granular bentonite: 1.5' to 2.5'

Bentonite chips: 2.5' to 3.5'

Top of filter pack @ 3.5'
No. 8 mesh Sand

Top of screen @ 5.0'
20' long screen with 0.020" slots
No. 8 mesh Sand

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Modoc Mini-Mart between MW-2, MW-7, and MW- DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 12 TOTAL DEPTH (ft): 25.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
EW-1

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4374.54

HAMMER FALL (in): 30 WATER LEVEL (ft):5.36 DATE: 06-05-2013

NOTES: Inital 8"ø boring enlarged with 12"ø auger prior to MW construction
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4360

4358

4356

4354

4352

4350

14

15

16

17

18

19

20

21

22

23

24

25

26

S-2

S-3

7
17
27

17
36

50/3"

100

 83

ML

SM

15.0
Very Stiff, very dark gray SILT with fine

Sand, moist
TPH-E = 0.00 mg/Kg
TPH-P = ND mg/Kg
MTBE = ND μg/Kg

Benzene = ND μg/Kg
Toluene = ND μg/Kg

Ethylbenzene = ND μg/Kg
Xylenes, Total = 5.5 μg/Kg

20.0
Medium dense to dense, light brown Silty

SAND, moist
(no significant soil odor)

Switch to 2.5" ID Cal Mod Sampler @ 20.0'

25.5
Bottom of Boring @ 25.5'

Bottom of screen @ 25.0'
PVC end cap
Bottom of filter pack @ 25.5'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Modoc Mini-Mart between MW-2, MW-7, and MW- DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 12 TOTAL DEPTH (ft): 25.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
EW-1

HAMMER WT (lb): 140 SAMPLER: 2" ID Cal Mod TOC ELEV: 4374.54

HAMMER FALL (in): 30 WATER LEVEL (ft):5.36 DATE: 06-05-2013

NOTES: Inital 8"ø boring enlarged with 12"ø auger prior to MW construction
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4374

4372

4370

4368

4366

4364

0

1

2

3

4

5

6

7

8

9

10

11

12

13

S-1
13
19

50/5"

100

  0

  0

GP-SP

SP

GP-SP

SM-
ML

AC Pavement
0.3

Brown Gravelly SAND

5.0
Medium dense, dark gray, fine to medium

SAND
Strong petroleum odor
TPH-E = 47.00 mg/Kg
TPH-P = ND mg/Kg
MTBE = 110 μg/Kg

Benzene = ND μg/Kg
Toluene = ND μg/Kg

Ethylbenzene = ND μg/Kg
Xylenes, Total = 11 μg/Kg

6.5
3" to 4"ø, rounded to subrounded

COBBLES @ 6.5'± to 7.5'±

10.0
No Recovery

No Recovery

Probable
Silty SAND and Sandy SILT

(No Recovered Samples)

Recessed cover

Top of 4"ø SCHD 40 PVC
casing
12"ø hole
concrete
Granular bentonite: 1.5' to 2.5'

Bentonite chips: 2.5' to 3.5'

Top of filter pack @ 3.5'
No. 8 mesh Sand

Top of screen @ 5.0'
20' long screen with 0.020" slots
No. 8 mesh Sand

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Modoc Mini-Mart south of covered fuel island DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 12 TOTAL DEPTH (ft): 25.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
EW-2

HAMMER WT (lb): 140 SAMPLER: 2.5" ID Cal Mod TOC ELEV: 4375.54

HAMMER FALL (in): 30 WATER LEVEL (ft):5.29 DATE: 06-05-2013

NOTES: Inital 8"ø boring enlarged with 12"ø auger prior to MW construction
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4362

4360

4358

4356

4354

4352

4350

14

15

16

17

18

19

20

21

22

23

24

25

26

S-2

S-3

S-4

27
50/5"

32
50

25
38

 96

 67

100

ML

SP

SM

ML

SP

15.0
Stiff, light brown, Sandy SILT, some Gravel,

dry to moist
Petroleum odor

-No.40 = 73.1 %
-No. 200 = 52.4 %

TPH-E = 0.00 mg/Kg
TPH-P = ND mg/Kg
MTBE = 670 μg/Kg

Benzene = ND μg/Kg
Toluene = ND μg/Kg

Ethylbenzene = ND μg/Kg
Xylenes, Total = ND μg/Kg

15.5
Dense, light brown, fine to medium SAND

with Gravel, wet
17.0

becomes very dense @ 17'
slow drilling

Medium dense to dense, brown, Silty fine to
medium SAND, moist

-No.40 = 60.4 %
-No. 200 = 28.4 %

21.0
Kv =  6.09x10-6 cm/s @ 21.3 ft

γdry = 80.8 pcf @ 21.3 ft
w = 40.9 % @ 21.3 ft

porosity, n = 0.52 @ 21.3 ft
slow drilling @ 22' - hard

Very Stiff, brown and dark blueish gray SILT
and fine Sand, trace Clay, moist

(thinly bedded)
Kv =  5.86x10-5 cm/s @ 24.0 ft

γdry = 72.8 pcf @ 24.0 ft
w = 47.9 % @ 24.0 ft

porosity, n = 0.57 @ 24.0 ft
24.2

Bottom of screen @ 25.0'
PVC end cap
Bottom of filter pack @ 25.5'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Modoc Mini-Mart south of covered fuel island DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 12 TOTAL DEPTH (ft): 25.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
EW-2

HAMMER WT (lb): 140 SAMPLER: 2.5" ID Cal Mod TOC ELEV: 4375.54

HAMMER FALL (in): 30 WATER LEVEL (ft):5.29 DATE: 06-05-2013

NOTES: Inital 8"ø boring enlarged with 12"ø auger prior to MW construction
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4348

4346

4344

4342

4340

4338

4336

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Dense,  dark blueish gray,  fine to coarse
SAND, wet

25.5
Bottom of Boring @ 25.5'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Modoc Mini-Mart south of covered fuel island DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 12 TOTAL DEPTH (ft): 25.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
EW-2

HAMMER WT (lb): 140 SAMPLER: 2.5" ID Cal Mod TOC ELEV: 4375.54

HAMMER FALL (in): 30 WATER LEVEL (ft):5.29 DATE: 06-05-2013

NOTES: Inital 8"ø boring enlarged with 12"ø auger prior to MW construction
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4374

4372

4370

4368

4366

4364

4362

0

1

2

3

4

5

6

7

8

9

10

11

12

13

S-1

ST-1

25
50/4"

 83

 35

GP-SP

SP

ML

Concrete slab
0.3

Brown Gravelly SAND

5.0
Medium dense to dense, brown Gravelly

SAND
mild petroleum odor

8.0
increased resistance to auger; stiffer layer

Very stiff, brown, mottled SILT with Sand,
weakly cemented, dry

Crimpled end of 3"ø x 10"L tube.
Sample did not fill entire tube circumference

and was lost while trying to seal tube with
wax.

Recessed cover

Top of 4"ø SCHD 40 PVC
casing
12"ø hole
concrete
Granular bentonite: 1.5' to 2.5'

Bentonite chips: 2.5' to 3.5'

Top of filter pack @ 3.5'
No. 8 mesh Sand

Top of screen @ 5.0'
20' long screen with 0.020" slots
No. 8 mesh Sand

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Modoc Mini-Mart between diesel islands DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 12 TOTAL DEPTH (ft): 25.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
EW-3

HAMMER WT (lb): 140 SAMPLER: 2.5" ID Cal Mod TOC ELEV: 4375.33

HAMMER FALL (in): 30 WATER LEVEL (ft):6.57 DATE: 06-05-2013

NOTES: Inital 8"ø boring enlarged with 12"ø auger prior to MW construction
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4360

4358

4356

4354

4352

4350

14

15

16

17

18

19

20

21

22

23

24

25

26

S-2

S-3

26
50/5"

grab

 91 SM-
ML

SC

15.0
Dense to very dense, brown and gray,

mottled, fine to medium SAND with Silt,
trace Gravel, some cementation, dry to moist

25.0
Medium brown Clayey SAND, moist

Grab sample from auger flights
25.5

Bottom of Boring @ 25.5'

Bottom of screen @ 25.0'
PVC end cap
Bottom of filter pack @ 25.5'

Porter Geotechnical PROJECT: Former Gil's Gas Alturas PROJECT NO: Case 250006

5560 Wildwood Drive CLIENT: Porter Geotechnical LOGGED BY: Steve Devin

Reno, Nevada 89511 LOCATION: Modoc Mini-Mart between diesel islands DRILL CO: Diamond Core Drilling

(775) 849-0668 DRILL METHOD: Rotary - Hollow Stem Auger DRILLER: Ted Olgive

(775) 849-0895 FAX HOLE DIA. (in): 12 TOTAL DEPTH (ft): 25.5 DRILL RIG: Mobile Drill B-59

Monitoring Well:
EW-3

HAMMER WT (lb): 140 SAMPLER: 2.5" ID Cal Mod TOC ELEV: 4375.33

HAMMER FALL (in): 30 WATER LEVEL (ft):6.57 DATE: 06-05-2013

NOTES: Inital 8"ø boring enlarged with 12"ø auger prior to MW construction
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APPENDIX A-2

Grain Size Distribution Curves and Plasticity Charts



Tested By: S Devin Checked By: SCD

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:
Project:

Source of Sample: MW-18B Depth: 20.0 Sample Number: S-1
Source of Sample: MW-18B Depth: 25.0 Sample Number: S-2
Source of Sample: MW-18B Depth: 29.0 Sample Number: S-3

Figure

1.3730 0.5528 0.3813 0.1469
1.0404 0.3138 0.2134 0.1043
2.4992 0.4831 0.2556

Medium dense to dense, light brown , Silty fine to medium SAND, moist SM
Medium dense to dense, blue-gray, Silty fine to medium SAND, moist SM
Medium dense to dense, blue-gray, Silty fine to coarse SAND, trace tuffaceous Gravel,  wet SM

Case 250006 Porter Geotechnical

MW-18B
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GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel
Fine Coarse Medium

% Sand
Fine Silt

% Fines
Clay

0.0 0.0 0.9 6.7 39.6 34.2 18.6
0.0 0.0 1.0 5.4 26.3 46.8 20.5
0.0 0.0 6.9 11.4 23.7 27.5 30.5
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Particle Size Distribution Summary

Former Gil's Gas Alturas



Tested By: S Devin

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:
Project:

Source of Sample: MW-19B Depth: 12.5 Sample Number: S-6
Source of Sample: MW-19B Depth: 14.0 Sample Number: S-7
Source of Sample: MW-19B Depth: 27.0 Sample Number: S-12
Source of Sample: MW-19B Depth: 29.0 Sample Number: S-13

Figure

1.1391 0.3350 0.2334 0.1218 0.0767
1.6835 0.6995 0.5050 0.2295 0.1037 0.0772 0.98 9.07
6.5052 1.3253 0.4281
2.0869 0.2333 0.0906

Dense to very dense, brown, Silty SAND, fine to medium, wet SM
Dense to very dense, brown, medium to coarse poorly graded SAND with Silt, wet SP-SM
Very dense, olive-gray Clayey SAND with fine tuffaceous Gravel, wet SM
Very dense, olive-gray Silty SAND,  wet SM-ML

Case 250006 Porter Geotechnical

MW-19B
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GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel
Fine Coarse Medium

% Sand
Fine Silt

% Fines
Clay

0.0 0.0 2.0 6.0 26.0 51.7 14.3
0.0 0.0 2.5 8.9 43.6 35.5 9.5
0.0 2.7 18.7 13.9 14.8 17.0 32.9
0.0 0.0 5.1 10.4 18.0 18.5 48.0
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Particle Size Distribution Summary

Former Gil's Gas Alturas



LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:
Project:

Source of Sample: EW-2 Depth: 15.0 Sample Number: S-2
Source of Sample: EW-2 Depth: 20.0 Sample Number: S-3

Figure

3.7497 0.1287
1.8575 0.4147 0.2370 0.0817

Medium dense, light brown, Sandy SILT, dry to moist ML
Medium dense to dense, brown, Silty fine SAND, moist SM

Case Porter Geotechnical

EW-2
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GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel
Fine Coarse Medium

% Sand
Fine Silt

% Fines
Clay

0.0 0.0 12.7 7.2 7.0 20.7 52.4
0.0 0.0 1.6 12.2 25.8 32.0 28.4
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Tested By: S Devin Checked By: SCD

Client:
Project:

Project No.: Figure

Porter Geotechnical
Former Gil's Gas Alturas

Case 250006 MW-18A

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
 IN

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL or O
L

CH or O
H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

Atterberg Limits Summary

MW-18A S-1B 5.5 36 41 5 ML

MW-18A S-2 6.5 45.5 35 42 7

MW-18A S-3A 9.0 36 50 14 SM



Client:
Project:

Project No.: Figure

Porter Geotechnical
Former Gil's Gas Alturas

Case 250006 MW-19B

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
 IN

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL o
r O

L

CH or O
H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

Atterberg Limits Summary

MW-19B S-3 8.0 37 48 11

MW-19B S-8 20.0 43.1 40 43 3



APPENDIX A-3

Laboratory Hydraulic Conductivity Test Results

















APPENDIX A-4

Photographs of the Site Testing Work







APPENDIX A-5

Aquifer Constant Discharge Pumping Test Solutions

and Analysis Reports



Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19B Theis Recovery Analysis Date: 6/22/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]

1 10 100 1000 10000
t/t'

0.0

1.0

2.0

3.0
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re
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l 
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d
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w
n

 [
ft

]

MW-19B

Calculation using THEIS & JACOB

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Radial Distance to PW

[ft]

MW-19B 1.89 × 101 1.89 × 100 0.2

1



Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19A Copper & Jacob I Analysis Date: 6/24/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]

1E0 1E1 1E2 1E3
Time [min]

0.00

0.20

0.40

0.60

0.80
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D
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w
d

o
w

n
 [

ft
]

MW-19A

Calculation using COOPER & JACOB

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-19A 2.26 × 101 2.26 × 100 2.34 × 10-2 4.0

2



Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19A Theis Recovery Analysis Date: 7/3/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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MW-19A

Calculation using THEIS & JACOB

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Radial Distance to PW

[ft]

MW-19A 2.20 × 101 2.20 × 100 4.0
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: Time-Drawdown Analysis Date: 7/6/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19A Hantush Leaky - Derivative Analysis Date: 7/6/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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MW-19A MW-19A (Derivative)

Calculation using Hantush

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Hydr. resistance

[min]

Leakage factor

[ft]

Radial Distance to PW

[ft]

MW-19A 5.57 × 100 5.57 × 10-1 2.01 × 10-2 2.27 × 103 2.96124576931063 4.0

5



Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19B Agarwal Recovery Analysis Date: 6/22/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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MW-19B

Calculation using AGARWAL + Agarwal skin

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Skin factor Radial Distance to PW

[ft]

MW-19B 2.82 × 101 2.82 × 100 1.85 × 101 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19B Diagnostic Semi-log Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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MW-19B MW-19B (Derivative)

Calculation using Theis

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-19B 9.30 × 102 9.30 × 101 1.00 × 10-4 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19B Diagnostic log-log Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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MW-19B MW-19B (Derivative)

Calculation using Theis

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-19B 9.30 × 102 9.30 × 101 1.00 × 10-4 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19A Diagnostic Semi-log Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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MW-19A MW-19A (Derivative)

Calculation using Theis

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-19A 9.30 × 102 9.30 × 101 1.00 × 10-4 4.0
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Analysis Performed by: S Devin MW-19A Diagnostic Log-log Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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MW-19A MW-19A (Derivative)

Calculation using Theis

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-19A 9.30 × 102 9.30 × 101 1.00 × 10-4 4.0
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-19B Pumped Pumping Well: MW-19B

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/12/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.68238 [U.S. gal/min]
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Analysis Name

MW-19B Theis Recovery

MW-19A Copper & Jacob I

MW-19A Theis Recovery

MW-19A Hantush Leaky - Derivative 

MW-19B Agarwal Recovery

MW-19B Diagnostic Semi-log

MW-19B Diagnostic log-log

MW-19A Diagnostic Semi-log

MW-19A Diagnostic Log-log

Analysis Performed by

S Devin

S Devin

S Devin

S Devin

S Devin

S Devin

S Devin

S Devin

S Devin

Analysis Date

6/22/2013

6/24/2013

7/3/2013

7/6/2013

6/22/2013

9/23/2013

9/23/2013

9/23/2013

9/23/2013

Method name

Theis Recovery

Cooper & Jacob I

Theis Recovery

Hantush

AGARWAL + Agarwal skin

Theis

Theis

Theis

Theis

Well

MW-19B

MW-19A

MW-19A

MW-19A

MW-19B

MW-19B

MW-19B

MW-19A

MW-19A

T [ft²/d] K [ft/d] S

1.89 × 101

2.26 × 101

2.20 × 101

5.57 × 100

2.82 × 101

9.30 × 102

9.30 × 102

9.30 × 102

9.30 × 102

4.24 × 102

1.89 × 100

2.26 × 100

2.20 × 100

5.57 × 10-1

2.82 × 100

9.30 × 101

9.30 × 101

9.30 × 101

9.30 × 101

4.24 × 101

2.34 × 10-2

2.01 × 10-2

1.04 × 100

1.00 × 10-4

1.00 × 10-4

1.00 × 10-4

1.00 × 10-4

1.55 × 10-1Average
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Cooper & Jacob I Analysis Date: 6/25/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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Calculation using COOPER & JACOB

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-18B 2.83 × 100 2.83 × 10-1 6.73 × 10-2 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Theis Recovery Analysis Date: 7/2/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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Calculation using THEIS & JACOB

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Radial Distance to PW

[ft]

OW-18B 3.37 × 100 3.37 × 10-1
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Unconfined Boulton Analysis Date: 7/2/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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MW-18B

Calculation using Boulton

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Specific Yield Drainage factor Ratio Sy/S Radial Distance to PW

[ft]

MW-18B 9.80 × 10-1 9.80 × 10-2 6.60 × 10-1 3.08 × 10-2 2.25 × 101 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: Time-Drawdown Analysis Date: 7/6/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Double Porosity Model; Log Scale Analysis Date: 9/16/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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MW-18B

Calculation using Double Porosity

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Sigma Lambda Radial Distance to PW

[ft]

MW-18B 8.60 × 10-1 8.60 × 10-2 3.20 × 10-2 3.12 × 101 8.50 × 10-1 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Double Porosity Model - Semi-Log Analysis Date: 9/16/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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MW-18B

Calculation using Double Porosity

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Sigma Lambda Radial Distance to PW

[ft]

MW-18B 1.025 × 100 1.025 × 10-1 2.450 × 10-2 2.8200 × 101 6.7200 × 10-1 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Boulton Unconfined -fitted Analysis Date: 9/16/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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MW-18B

Calculation using Boulton

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Specific Yield Drainage factor Ratio Sy/S Radial Distance to PW

[ft]

MW-18B 1.92 × 100 1.92 × 10-1 2.04 × 10-1 1.96 × 10-2 1.00 × 101 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: Diagnostic Semi-log Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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Calculation using Theis

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-18B 9.30 × 102 9.30 × 101 1.00 × 10-4 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Analysis Performed by: Diagnostic Log-log Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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Calculation using Theis

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-18B 9.30 × 102 9.30 × 101 1.00 × 10-4 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-18B Pumped Pumping Well: MW-18B

Test Conducted by: S Devin Test Date: 6/12/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.39 [U.S. gal/min]
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Analysis Name

Cooper & Jacob I

Theis Recovery 

Unconfined Boulton

Double Porosity Model; Log Scale

Double Porosity Model - Semi-Log

Boulton Unconfined -fitted

Diagnostic Semi-log

Diagnostic Log-log

Analysis Performed by

S Devin

S Devin

S Devin

S Devin

S Devin

S Devin

Analysis Date

6/25/2013

7/2/2013

7/2/2013

9/16/2013

9/16/2013

9/16/2013

9/23/2013

9/23/2013

Method name

Cooper & Jacob I

Theis Recovery

Boulton

Double Porosity

Double Porosity

Boulton

Theis

Theis

Well

MW-18B

OW-18B

MW-18B

MW-18B

MW-18B

MW-18B

MW-18B

MW-18B

T [ft²/d] K [ft/d] S

2.83 × 100

3.37 × 100

9.80 × 10-1

8.60 × 10-1

1.02 × 100

1.92 × 100

9.30 × 102

9.30 × 102

2.34 × 102

2.83 × 10-1

3.37 × 10-1

9.80 × 10-2

8.60 × 10-2

1.02 × 10-1

1.92 × 10-1

9.30 × 101

9.30 × 101

2.34 × 101

6.73 × 10-2

6.60 × 10-1

3.20 × 10-2

2.45 × 10-2

2.04 × 10-1

1.00 × 10-4

1.00 × 10-4

1.41 × 10-1Average
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-2 Pumped Pumping Well: MW-2

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/20/2013

Analysis Performed by: Time-Drawdown Curve Analysis Date: 9/13/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.53659 [U.S. gal/min]
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-2 Pumped Pumping Well: MW-2

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/20/2013

Analysis Performed by: Theis Recovery Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.53659 [U.S. gal/min]
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MW-2

Calculation using THEIS & JACOB

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Radial Distance to PW

[ft]

MW-2 2.09 × 100 2.09 × 10-1 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-2 Pumped Pumping Well: MW-2

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/20/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.53659 [U.S. gal/min]

1

Analysis Name

Theis Recovery

Analysis Performed by Analysis Date

9/23/2013

Method name

Theis Recovery

Well

MW-2

T [ft²/d] K [ft/d] S

2.09 × 100 2.09 × 10-1
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Hantush Analysis Date: 7/2/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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MW-15B Filtered MW-15B Filtered (Derivative)

Calculation using Hantush

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Hydr. resistance

[min]

Leakage factor

[ft]

Radial Distance to PW

[ft]

MW-15B Filtered 2.71 × 10-2 2.71 × 10-3 2.64 × 10-2 1.88 × 102 0.0594415715399329 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: Time-Drawdown Analysis Date: 7/6/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: Hantush with Storage Analysis Date: 7/6/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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Dimensionless Time tD [min]
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MW-15B Filtered MW-15B Filtered (Derivative)

Calculation using Hantush with Storage

Observation Well Transmissivity

[ft²/d]

Hydraulic 
Conductivity
[ft/d]

Storage coefficient Ratio K(v)/K(h) Hydr. resistance

[min]

Storage coefficient of 
the aquitard

Leakage factor

[ft]

Radial Distance to 
PW
[ft]

MW-15B Filtered 2.71 × 10-2 2.71 × 10-3 2.64 × 10-2 1.47 × 10-1 1.88 × 102 1.29 × 10-6 0.0594416422998189 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Theis Recovery Analysis Date: 9/19/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Hantush - Semi-Log Derv Analysis Date: 7/2/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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Dimensionless Time tD [min]
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MW-15B Filtered MW-15B Filtered (Derivative)

Calculation using Hantush

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Hydr. resistance

[min]

Leakage factor

[ft]

Radial Distance to PW

[ft]

MW-15B Filtered 1.01 × 100 1.01 × 10-1 9.35 × 10-2 1.95 × 102 0.369825409258657 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Hantush - fitted Analysis Date: 7/2/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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MW-15B Filtered MW-15B Filtered (Derivative)

Calculation using Hantush

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Hydr. resistance

[min]

Leakage factor

[ft]

Radial Distance to PW

[ft]

MW-15B Filtered 3.61 × 10-2 3.61 × 10-3 3.21 × 10-2 1.64 × 102 0.0642540548103662 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Hantush - Derv Fit Analysis Date: 7/2/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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MW-15B Filtered MW-15B Filtered (Derivative)

Calculation using Hantush

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Hydr. resistance

[min]

Leakage factor

[ft]

Radial Distance to PW

[ft]

MW-15B Filtered 1.45 × 10-2 1.45 × 10-3 1.67 × 10-2 2.59 × 102 0.0510722372886687 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: S Devin Agarwal Recovery Analysis Date: 9/22/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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MW-15B Filtered

Calculation using AGARWAL + Agarwal skin

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Well-bore storage coefficient Skin factor Radial Distance to PW

[ft]

MW-15B Filtered 1.44 × 101 1.44 × 100 8.03 × 10-7 2.34 × 100 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: Diagnostic Log-log Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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MW-15B Filtered MW-15B Filtered (Derivative)

Calculation using Theis

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-15B Filtered 9.30 × 102 9.30 × 101 1.00 × 10-4 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Analysis Performed by: Diagnostic Semi-log Analysis Date: 9/23/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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MW-15B Filtered MW-15B Filtered (Derivative)

Calculation using Theis

Observation Well Transmissivity

[ft²/d]

Hydraulic Conductivity

[ft/d]

Storage coefficient Radial Distance to PW

[ft]

MW-15B Filtered 9.30 × 102 9.30 × 101 1.00 × 10-4 0.2
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Pumping Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Pumping Test: MW-15B Pumped Pumping Well: MW-15B Filtered

Test Conducted by: Steve Devin Test Date: 6/12/2013

Aquifer Thickness: 10.00 ft Discharge: variable, average rate 0.4 [U.S. gal/min]
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9

Analysis Name

Hantush

Hantush with Storage

Theis Recovery

Hantush - Semi-Log Derv

Hantush - fitted

Hantush - Derv Fit

Agarwal Recovery

Diagnostic Log-log

Diagnostic Semi-log

Analysis Performed by

S Devin

S Devin

S Devin

S Devin

S Devin

S Devin

Analysis Date

7/2/2013

7/6/2013

9/19/2013

7/2/2013

7/2/2013

7/2/2013

9/22/2013

9/23/2013

9/23/2013

Method name

Hantush

Hantush with Storage

Theis Recovery

Hantush

Hantush

Hantush

AGARWAL + Agarwal skin

Theis

Theis

Well

MW-15B Filtered

MW-15B Filtered

MW-15B Filtered

MW-15B Filtered

MW-15B Filtered

MW-15B Filtered

MW-15B Filtered

MW-15B Filtered

MW-15B Filtered

T [ft²/d] K [ft/d] S

2.71 × 10-2

2.71 × 10-2

9.26 × 100

1.01 × 100

3.61 × 10-2

1.45 × 10-2

1.44 × 101

9.30 × 102

9.30 × 102

2.09 × 102

2.71 × 10-3

2.71 × 10-3

9.26 × 10-1

1.01 × 10-1

3.61 × 10-3

1.45 × 10-3

1.44 × 100

9.30 × 101

9.30 × 101

2.09 × 101

2.64 × 10-2

2.64 × 10-2

9.35 × 10-2

3.21 × 10-2

1.67 × 10-2

8.03 × 10-7

1.00 × 10-4

1.00 × 10-4

2.44 × 10-2Average
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APPENDIX A-6

Stepped Drawdown Tests



Location: Alturas, CA Pumping Test: EW-1 Stepped Drawdown Pumping Well: EW-1

Test Conducted by: Steve Devin / Chip PorterTest Date: 6/11/2013 Discharge: variable, average rate 0.82753 [U.S. ga

Observation Well: EW-1 Radial Distance to PW [ft]: -

Pumping Test - Discharge Data  Page 1 of 1

Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782 
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Time
[min]

Discharge
[U.S. gal/min]

1 6.6167 1.10
2 16.7667 1.60
3 21.35 2.24
4 39.7333 0.00
5 45.0333 1.30
6 56.1167 0.52



Pumping Test Analysis Report

Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782 
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com
Location: Alturas, CA Pumping Test: EW-1 Stepped Drawdown Pumping Well: EW-1
Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013
Analysis Performed by: Time-Drawdown Analysis Date: 6/26/2013
Aquifer Thickness: 20.00 ft Discharge: variable, average rate 0.82753 [U.S. gal/min]
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Location: Alturas, CA Pumping Test: EW-2 Stepped Drawdown Pumping Well: EW-2

Test Conducted by: Steve Devin / Chip PorterTest Date: 6/11/2013 Discharge: variable, average rate 0.84557 [U.S. ga

Observation Well: EW-2 Radial Distance to PW [ft]: -

Pumping Test - Discharge Data  Page 1 of 1

Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782 
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Time
[min]

Discharge
[U.S. gal/min]

1 7.1667 0.95
2 15.9167 0.82
3 36.3333 0.53
4 52.5 1.38
5 66.4167 0.65



Pumping Test Analysis Report

Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782 
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com
Location: Alturas, CA Pumping Test: EW-2 Stepped Drawdown Pumping Well: EW-2
Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013
Analysis Performed by: Time-Drawdown Analysis Date: 6/26/2013
Aquifer Thickness: 20.00 ft Discharge: variable, average rate 0.84557 [U.S. gal/min]
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Location: Alturas, CA Pumping Test: EW-3 Stepped Drawdown Pumping Well: EW-3

Test Conducted by: Steve Devin / Chip PorterTest Date: 6/26/2013 Discharge: variable, average rate 0.56603 [U.S. ga

Observation Well: EW-3 Radial Distance to PW [ft]: -

Pumping Test - Discharge Data  Page 1 of 1

Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782 
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Time
[min]

Discharge
[U.S. gal/min]

1 1.4167 0.00
2 6.75 1.31
3 25.5833 0.61
4 63.25 0.46



Pumping Test Analysis Report

Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782 
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com
Location: Alturas, CA Pumping Test: EW-3 Stepped Drawdown Pumping Well: EW-3
Test Conducted by: Steve Devin / Chip Porter Test Date: 6/26/2013
Analysis Performed by: Time-Drawdown Analysis Date: 6/26/2013
Aquifer Thickness: Discharge: variable, average rate 0.56603 [U.S. gal/min]
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APPENDIX A-7

Plots of the Slug Test Results



Slug Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Slug Test: EW-1 Slug Test Test Well: EW-1

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013

Analysis Performed by: S Devin Hvorslev Analysis Date: 6/27/2013

Aquifer Thickness: 20.00 ft
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Calculation using Hvorslev

Observation Well Hydraulic Conductivity

[ft/d]

EW-1 1.27 × 101

1 Appendix 7



Slug Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Slug Test: EW-1 Slug Test Test Well: EW-1

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013

Analysis Performed by: S Devin Bouwer & Rice Analysis Date: 6/27/2013

Aquifer Thickness: 20.00 ft
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Calculation using Bouwer & Rice

Observation Well Hydraulic Conductivity

[ft/d]

EW-1 9.58 × 100

2 Appendix 7



Slug Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Slug Test: EW-1 Slug Test Test Well: EW-1

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013

Analysis Performed by: S devin Bouwer-Rice Analysis Date: 9/21/2013

Aquifer Thickness: 20.00 ft
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Calculation using Bouwer & Rice

Observation Well Hydraulic Conductivity

[ft/d]

EW-1 8.82 × 100

3 Appendix 7



Slug Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Slug Test: EW-2 Slug Test Test Well: EW-2

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013

Analysis Performed by: S Devin Hvorslev Analysis Date: 6/27/2013

Aquifer Thickness: 19.30 ft
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Calculation using Hvorslev

Observation Well Hydraulic Conductivity

[ft/d]

EW-2 1.02 × 101

4 Appendix 7



Slug Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Slug Test: EW-2 Slug Test Test Well: EW-2

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013

Analysis Performed by: S Devin Bouwer-Rice Analysis Date: 9/21/2013

Aquifer Thickness: 19.30 ft
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Calculation using Bouwer & Rice

Observation Well Hydraulic Conductivity

[ft/d]

EW-2 7.52 × 100

5 Appendix 7



Slug Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Slug Test: EW-3 Slug Test Test Well: EW-3

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013

Analysis Performed by: S Devin Hvorslev Analysis Date: 6/27/2013

Aquifer Thickness: 20.00 ft
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Slug Test Analysis Report
Project: Former Gil's Gas

Number: RWQCB Case No. 250006

Client: Porter Geotechnical

Steven C Devin, P.E., G.E.
Consulting Engineer
P.O. Box 1782
Quincy, California 95971
(530) 251-7087
Devin.Geotech@gmail.com

Location: Alturas, CA Slug Test: EW-3 Slug Test Test Well: EW-3

Test Conducted by: Steve Devin / Chip Porter Test Date: 6/11/2013

Analysis Performed by: Bouwer & Rice Analysis Date: 7/6/2013

Aquifer Thickness: 20.00 ft
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Observation Well Hydraulic Conductivity

[ft/d]
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APPENDIX A-8

Diagnostic Plots for Monitoring Wells MW-19B, MW-19A,

MW-15B and MW-2



                  Steven C. Devin, P.E., G.E.   
                  Civil and Geotechnical Engineering Services 
 
 

 1

 

 
 
 
 

 
 
 



                  Steven C. Devin, P.E., G.E.   
                  Civil and Geotechnical Engineering Services 
 
 

 2

 
 

 
 
 
 

 
 



                  Steven C. Devin, P.E., G.E.   
                  Civil and Geotechnical Engineering Services 
 
 

 3

 
 
 

 
 
 
 
 



                  Steven C. Devin, P.E., G.E.   
                  Civil and Geotechnical Engineering Services 
 
 

 4

 
 
 

 
 
 
 
 



                  Steven C. Devin, P.E., G.E.   
                  Civil and Geotechnical Engineering Services 
 
 

 5

 
 
 
 

 
 



APPENDIX A-9

Aquifer Test Validity Checks



Steven C Devin, P.E., G.E.
Civil, Geotechnical, and Geological  Engineer

 10/21/2013

Theis Recovery Method - Single Well

Applicability:

The aquifer is confined, leaky, or unconfined with specific conditions as noted below;1.
The aquifer has a seemingly infinite areal extent;2.
The aquifer is homogeneous, isotropic, and of uniform thickness over the area influenced by the test;3.
Prior to pumping, the prezometric surface is horizontal (or nearly so) over the area that will be influenced by the test;4.
The aquifer is pumped at a constant discharge rate;5.
The flow into the well is unsteady;6.
The well penetrates the entire thickness of the aquifer and thus receives water by horizontal flow except as noted below;7.
The water removed from storage is discharged instantaneously with decline in head;8.

Well function argument u < 0.01; i.e.   tp
25 r2⋅ S⋅

T
>   where u

r2 S⋅
4 T⋅ t⋅

=   and;9.

Well function argument u' < 0.01; i.e.   t'
25 r2⋅ S⋅

T
>   where u'

r2 S⋅
4 T⋅ t'⋅

=  ;10.

 Well storage effects can be neglected when pumping time  tp
25 rc

2
⋅

T
>   and  recovery time t'

25 rc
2

⋅

T
>  where rc= radius of casing;11.

For partially penetrating wells;  tp
10 D2
⋅ S⋅
T

>  and t'
10 D2
⋅ S⋅
T

>  ;12.

For determining the skin factor using Jacob's Equation the linear well losses (i.e. the skin effect) are appreciable, and the non-linear13.
well losses are negligible. 

For leaky aquifers, the sum of the pumping and recovery times should be   tp t'+( ) L2 S⋅
20 T⋅

≤   or   tp t'+( ) c S⋅
20

≤14.

where L K D⋅ c⋅=    is the leakage factor and  c
D'
K'

=   is the hydraulic resistance;

For unconfined aquifers only late-time recovery data can be used so u < 0.01  i.e.;  tp
25 rw

2
⋅ S⋅

T
>15.

and u' < 0.01  i.e.;  t'
25 rw

2
⋅ S⋅

T
>
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Steven C Devin, P.E., G.E.
Civil, Geotechnical, and Geological  Engineer

 10/21/2013

MW-18B Theis Recovery - Single Well

Q 0.39 gpm⋅:= Q 0.0521
ft3

min
⋅=S 3.2 10 2−

×:= from double porosity model curve fit

tp 93 min⋅:=
T 3.37

ft2

day
⋅:= from late-time recovery data (Cooper-Jacob modification

of Theis) r 1 in⋅:=

Check_Pumping_Time "Pumping Time OK" tp
25 r2⋅ S⋅

T
>if

"Pumping Time Too Short" otherwise

"Pumping Time OK"=:=

Recovery Time; t'min
25 r2⋅ S⋅

T
2.37 min⋅=:=

tp t'min+

t'min
40.18=

T calculation for straight line recovery valid for
tp t'+

t'
40.176≤   on semi-log plot  

Check_Well_Casing_Storage "Ok, Well Storage can be neglected" tp
25 r2⋅

T
>if

"Cannot neglect Well Storage" otherwise

"Ok, Well Storage can be neglected"=:=

MW-18B Skin Factor and Effective Well Radius

T 2.34 10 3−
×

ft2

min
⋅:= r 0.08333 ft⋅:=

rw r:=Q 0.0521
ft3

min
⋅:=

Well drawdown at end of pumping; sw 10.52 ft⋅:=

t/t'
2.25 T⋅ tp⋅

rw
2 S⋅

2203.58=:= Well drawdown from extrapolated recovery curve at t/t' 2203.58=  s'w 12.8 ft⋅:=

skin_factor
2 π⋅ T⋅

Q
sw s'w−( )⋅ 0.64−=:=
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Steven C Devin, P.E., G.E.
Civil, Geotechnical, and Geological  Engineer

 10/21/2013

Q
4 π⋅ T⋅

ln
2.25 T⋅ tp⋅

reff
2 S⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

⋅
Q

4 π⋅ T⋅
ln

2.25 T⋅ tp⋅

rw
2 S⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

⋅− skin_factor( )
Q

2 π⋅ T⋅
⋅−

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

solve
0.159− ft⋅

0.159 ft⋅
⎛
⎜
⎝

⎞
⎟
⎠

→ Positive root = Effective Well Radius, reff

MW-19B Theis Recovery - Single Well

Q 0.65 gpm⋅:= Q 0.0869
ft3

min
⋅=S 2 10 2−

×:= assumed

tp 126 min⋅:=
T 18.9

ft2

day
⋅:= from late-time recovery data (Cooper-Jacob modification

of Theis) r 1 in⋅:=

Check_Pumping_Time "Pumping Time OK" tp
25 r2⋅ S⋅

T
>if

"Pumping Time Too Short" otherwise

"Pumping Time OK"=:=

Recovery Time; t'min
25 r2⋅ S⋅

T
0.26 min⋅=:=

tp t'min+

t'min
477.28=

T calculation for straight line recovery valid for
tp t'+

t'
477.28≤  on semi-log plot  

Check_Well_Casing_Storage "Ok, Well Storage can be neglected" tp
25 r2⋅

T
>if

"Cannot neglect Well Storage" otherwise

"Ok, Well Storage can be neglected"=:=
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Steven C Devin, P.E., G.E.
Civil, Geotechnical, and Geological  Engineer

 10/21/2013

MW-19B Skin Factor and Effective Well Radius

T 1.3125 10 2−
×

ft2

min
⋅:= r 0.08333 ft⋅:=

Q 0.0869
ft3

min
⋅:= rw r:= Well drawdown at end of pumping; sw 14.88 ft⋅:=

t/t'
2.25 T⋅ tp⋅

rw
2 S⋅

2.6793 104
×=:= Well drawdown from extrapolated recovery curve at t/t' 26792.89=  s'w 5.6 ft⋅:=

skin_factor
2 π⋅ T⋅

Q
sw s'w−( )⋅ 8.81=:=

Q
4 π⋅ T⋅

ln
2.25 T⋅ tp⋅

reff
2 S⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

⋅
Q

4 π⋅ T⋅
ln

2.25 T⋅ tp⋅

rw
2 S⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

⋅− skin_factor( )
Q

2 π⋅ T⋅
⋅−

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

solve
1.248 10 5−

×− ft⋅

1.248 10 5−
× ft⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

→ Positive root = Effective Well Radius, reff

MW-19A Theis Recovery - Single Well

Q 0.65 gpm⋅:= Q 0.0869
ft3

min
⋅=S 2 10 2−

×:= assumed

tp 126 min⋅:=
T 18.9

ft2

day
⋅:= from late-time recovery data (Cooper-Jacob modification

of Theis) r 3.5 ft⋅:=

Check_Pumping_Time "Pumping Time OK" tp
25 r2⋅ S⋅

T
>if

"Pumping Time Too Short" otherwise

"Pumping Time Too Short"=:=

Recovery Time; t'min
25 r2⋅ S⋅

T
466.67 min⋅=:=

tp t'min+

t'min
1.27=

T calculation for straight line recovery valid for
tp t'+

t'
477.28≤  on semi-log plot  
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Steven C Devin, P.E., G.E.
Civil, Geotechnical, and Geological  Engineer

 10/21/2013

Check_Well_Casing_Storage "Ok, Well Storage can be neglected" tp
25 r2⋅

T
>if

"Cannot neglect Well Storage" otherwise

"Cannot neglect Well Storage"=:=

MW-19A Skin Factor and Effective Well Radius

T 1.3125 10 2−
×

ft2

min
⋅:= r 3.5 ft⋅:=

Q 0.0869
ft3

min
⋅:= rw r:= Well drawdown at end of pumping; sw 14.88 ft⋅:=

t/t'
2.25 T⋅ tp⋅

rw
2 S⋅

15.1875=:= Well drawdown from extrapolated recovery curve at t/t' 15.19=  s'w 5.6 ft⋅:=

skin_factor
2 π⋅ T⋅

Q
sw s'w−( )⋅ 8.81=:=

Q
4 π⋅ T⋅

ln
2.25 T⋅ tp⋅

reff
2 S⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

⋅
Q

4 π⋅ T⋅
ln

2.25 T⋅ tp⋅

rw
2 S⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

⋅− skin_factor( )
Q

2 π⋅ T⋅
⋅−

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

solve
5.241 10 4−

×− ft⋅

5.241 10 4−
× ft⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

→ Positive root = Effective Well Radius, reff

MW-15B Theis Recovery - Single Well

Q 0.40 gpm⋅:=S 3.32 10 2−
×:= assumed Q 0.0535

ft3

min
⋅=

tp 98 min⋅:=
T 6.07

ft2

day
⋅:= from late-time recovery data (Cooper-Jacob modification

of Theis) r 1 in⋅:=

Check_Pumping_Time "Pumping Time OK" tp
25 r2⋅ S⋅

T
>if

"Pumping Time Too Short" otherwise

"Pumping Time OK"=:=
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Steven C Devin, P.E., G.E.
Civil, Geotechnical, and Geological  Engineer

 10/21/2013

Recovery Time; t'min
25 r2⋅ S⋅

T
1.37 min⋅=:=

tp t'min+

t'min
72.67=

T calculation for straight line recovery valid for
tp t'+

t'
477.28≤  on semi-log plot  

Check_Well_Casing_Storage "Ok, Well Storage can be neglected" tp
25 r2⋅

T
>if

"Cannot neglect Well Storage" otherwise

"Ok, Well Storage can be neglected"=:=

MW-15B Skin Factor and Effective Well Radius

tp 126 min⋅:=( )
T 1.3125 10 2−

×
ft2

min
⋅:= r 0.08333 ft⋅:=

Q 0.65 gpm⋅:=( )
Q 0.0535

ft3

min
⋅:= rw r:=

Well drawdown at end of pumping; sw 10.39 ft⋅:=

t/t'
2.25 T⋅ tp⋅

rw
2 S⋅

1.614 104
×=:= Well drawdown from extrapolated recovery curve at t/t' 16140.30= s'w 9.7 ft⋅:=

skin_factor
2 π⋅ T⋅

Q
sw s'w−( )⋅ 1.06=:=

Q
4 π⋅ T⋅

ln
2.25 T⋅ tp⋅

reff
2 S⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

⋅
Q

4 π⋅ T⋅
ln

2.25 T⋅ tp⋅

rw
2 S⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

⋅− skin_factor( )
Q

2 π⋅ T⋅
⋅−

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

solve
2.877 10 2−

×− ft⋅

2.877 10 2−
× ft⋅

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

→ Positive root = Effective Well Radius, reff
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Civil, Geotechnical, and Geological  Engineer

 10/21/2013
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APPENDIX A-10

Driller’s Logs of the Two Nearest Municipal Wells
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Histogram of Pumping Data
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APPENDIX A-13

Time Series Graphs for Gasoline, Diesel, Benzene

and MTBE in Groundwater



MW-1:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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Proj. 2145.1  Former Gil's Shell porter geotechnical



MW-2:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-3:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-4:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-5:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-6:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-7:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-8:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-11A:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-13A:  Time Series Graphs - Former Gil's Shell, Alturas, CA

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 0 

5 

10 

15 

20 

25 

B
e

n
ze

n
e

 in
G

ro
u

n
d

w
at

e
r 

(p
p

b
) 

D
e

p
th

 t
o

 G
ro

u
n

d
w

at
e

r 
(F

e
e

t)
 

Benzene vs Depth to Groundwater 

GW Benzene Linear (Benzene) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 0 

5 

10 

15 

20 

25 

1/1/92 1/1/94 1/1/96 1/1/98 1/1/00 1/1/02 1/1/04 1/1/06 1/1/08 1/1/10 1/1/12 

M
TB

E 
in

G
ro

u
n

d
w

at
e

r 
(p

p
b

) 

D
e

p
th

 t
o

 G
ro

u
n

d
w

at
e

r 
(F

e
e

t)
 

MTBE vs Depth to Groundwater 

GW MTBE Linear (MTBE) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 0 

5 

10 

15 

20 

25 

1/1/92 1/1/94 1/1/96 1/1/98 1/1/00 1/1/02 1/1/04 1/1/06 1/1/08 1/1/10 1/1/12 

TP
H

G
 in

 G
ro

u
n

d
w

at
e

r 
(p

p
m

) 

D
e

p
th

 t
o

 G
ro

u
n

d
w

at
e

r 
(F

e
e

t)
 

TPHG vs Depth to Groundwater 

GW TPHg Linear (TPHg) 

Proj. 2145.1  Former Gil's Shell porter geotechnical



MW-13B:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-14A:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-14B:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-15A:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-15B:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-16A:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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MW-16B:  Time Series Graphs - Former Gil's Shell, Alturas, CA
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APPENDIX A-14

Inorganic Chemical Test Results on Groundwater
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Pollution Migration Analyses
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 10/21/2013

Former Gil's Gas Alturas
Plume Migration Analysis towards Alturas City Well No. 5

Hydrostratigraphy 

Unit 1:  Shallow Unconfined Aquifer 
 (Sand and Gravel)
Unit 2: Upper Aquitard

(Welded Tuff, Sandy Silt with Gravel)
Unit 3: Shallow Confined Aquifer

(Interbedded Silty fine Sand and poorly graded Sand)
Unit 4: Middle Aquitard

(Interbedded Sandy Silt and Silty fine Sand)
Unit 5: Lower Leaky Aquifer

(Silty Sand and poorly graded Sand, some Gravel)

Summary of Field and Laboratory Hydraulic Conductivity Testing

Well ID Hydro Unit Depth (ft) Field Kh (cm/s) Lab Kv (cm/s) Lab Porosity, n

MW‐19B Unit 2 ‐ Upper Aquitard 6.5 ‐‐‐ 1.13x10‐6 0.53

MW‐18A Unit 2 ‐ Upper Aquitard 9.0 ‐‐‐ 7.81x10‐7 0.56

MW‐19B Unit 4 ‐ Middle Aquitard 20.0 ‐‐‐ 3.33x10‐7 0.56

EW‐2 Unit 4 ‐ Middle Aquitard 21.3 ‐‐‐ 6.09x10‐6 0.52

MW‐19B Unit 4 ‐ Middle Aquitard 25.0 ‐‐‐ 8.47x10‐7 0.52

MW‐2 Unit 4 ‐ Middle Aquitard 20 ‐ 30 4.76x10‐5 ‐‐‐ ‐‐‐

EW‐2 Unit 5 ‐ Lower Leaky Aquifer 24.0 ‐‐‐ 5.86x10‐5 0.57

MW‐18B Unit 5 ‐ Lower Leaky Aquifer 20 ‐ 30 1.31x10‐4 ‐‐‐ ‐‐‐

MW‐19B Unit 5 ‐ Lower Leaky Aquifer 20 ‐ 30 6.67x10‐4 ‐‐‐ ‐‐‐

MW‐15B Unit 5 ‐ Lower Leaky Aquifer 34 ‐ 44 2.14x10‐4 ‐‐‐ ‐‐‐

Appendix 15 1 Pollution Migration Analysis
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Topographic Site Plan with Well Locations
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Estimate the longitudinal dispersion coefficient using MTBE concentration vs. time data from MW-1

Date days MTBE concentration (ppb)

6/16/1995 0 0 0.0000 Cmax = 1700
4/25/1996 309 82 0.0482
12/18/1996 542 95 0.0559
3/22/1997 636 87 0.0512
3/5/1998 979 64 0.0376
8/12/1998 1136 110 0.0647
1/25/1999 1299 91 0.0535
3/18/2000 1712 130 0.0765
3/19/2001 2073 60 0.0353
7/6/2001 2180 110 0.0647

11/15/2001 2309 28 0.0165
3/27/2002 2441 80 0.0471
2/11/2003 0 0 0.0000
6/28/2003 137
5/31/2007 1550 570 0.3353
08/28/07 1637
10/04/08 2033 1100 0.6471
02/11/10 2520 1600 0.9412
07/20/10 2679 1700 1.0000
05/07/11 2966 1400 0.8235
06/18/13 3727 1300 0.7647

Weeded data shaded in green was used to approximate a cumulative normal distribution for the the longitudinal spread
of the concentration of MTBE about the advective front which passes MW-1 at a concentration ratio of 0.50 in 
the graph below.  Assuming a normal distribution, the times representing a spread of twice the standard deviation 
can be evaluated for concentration ratios of 0.16 and 0.84. 
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y = ‐6.7981E‐14x4 + 3.1413E‐10x3 ‐ 2.5590E‐07x2 + 1.1144E‐04x + 1.1716E‐10

0.0000

0.2000

0.4000

0.6000

0.8000

1.0000

1.2000

0 500 1000 1500 2000 2500 3000

Days

MW‐1 ‐MTBE Concentration Ratio vs Time

y x( ) 6.798− 1× 10 14−
×( ) x4

⋅ 3.1413 10 10−
×( ) x3

⋅+ 2.559 10 7−
×( ) x2

⋅− 0.00011144 x⋅+ 11716 10 10−
×( )+:=

y 2679( ) 1.0002=

y 1181( ) 0.1599= 1181 days for the mean minus one standard deviation to pass MW-1 t16 1181day:=

y 1815( ) 0.50= 1815 days for the mean (i.e. the location of the advective front) to pass MW-1

y 2330( ) 0.84= 2330 days for the mean plus one standard deviation to pass MW-1 t84 2330 day⋅:=
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The standard deviation is therefore:

σt
t84 t16−( )

2
574.50 day⋅=:=

Flow from mid-screen of MW-6 to mid-screen of MW-1: 

Δx 93.3 ft⋅:= Δz 22.3 ft⋅:= Head differential ΔhMW6_MW1 3.12 ft⋅:=

Based upon pumping tests in MW-2, MW-15B, MW-18B, and MW-19B, as well as laboratory vertical
hydraulic conductivity tests, assume the following K values:

NOTE: Initially assumed K values were adjusted such
that the computed advective travel time between MW-6
and MW-1 matched the  t50 determined from the
analysis above (i.e. 1815 days).  

Kh1 7 10 04−
×

cm
s

⋅:= Kv1 9.6 10 06−
×

cm
s

⋅:= K.s= resultant hydraulic conductivity  

Angle from the horizontal in a vertical plane between the mid-point of each well screen:

θ1 atan
Δz
Δx

⎛⎜
⎝

⎞⎟
⎠

13.44 °⋅=:=
Ks

cos θ1( )2

Kh1

sin θ1( )2

Kv1
+

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

1−

1.4325 10 4−
×

cm
s

⋅=:=

assuming n 0.35:=

ne 0.25:= vs
Ks
ne

ΔhMW6_MW1

Δx( )2
Δz( )2

+

⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

⋅ 1.8637 10 5−
×

cm
s

⋅=:= vs 5.2829 10 2−
×

ft
day

⋅= advective velocity

Advective travel time from MW-6 to MW-1:

t6_1
Δx( )2

Δz( )2
+

vs
1815.80 day⋅=:=
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Longitudinal Dispersion Coefficient:

Dx t( )
vs

2
σt

2
⋅

2 t⋅
:=

Longitudinal Dispersivity:

t 1816 day⋅:= Dx t( ) 0.2536
ft2

day
⋅=

αx
Dx t( )

vs
:= αx 4.80 ft=

Assume transverse and vertical dispersitivities are as follows:

αy 0.1 αx⋅:= Transverse horizontal dispersivity αy 0.48 ft=

αz 0.05 αx⋅:= Transverse vertical dispersivity αz 0.24 ft=

Check computed dispersivity between MW-6 and MW-1 against regression equation (Xu and Eckstein (1995)):

Apparent dispersivity:
αm Ls( ) 0.83 m⋅( ) log

Ls
m

⎛
⎜
⎝

⎞
⎟
⎠

⎛
⎜
⎝

⎞
⎟
⎠

2.414

⋅:= where Ls = distance from source to the front edge of the plume

αm 96.2 ft⋅( ) 6.87 ft=
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Consider advective, dispersive, retarded transport of MTBE southward from tank cavity near MW-6 and EW-2

Cross sectional dimension of rectangular tank cavity:

Width: Y 45 ft⋅:= Depth: Z 20 ft⋅:=

Properties of MTBE: Koc 11.5
mL
g

⋅:= Organic carbon and water partition coefficient  (Poehls and Smith, 2009)

for lacustrine silt: ƒoc 0.00108:= Weight fraction of organic carbon  (Spitz and Moreno, 1996)

for fine sand, glacio lacustrine: ƒoc= 0.00102 (Spitz and Moreno, 1996)

Partition coefficient: Kd ƒoc Koc⋅ 0.012420
mL
g

⋅=:= Distribution coefficient of linear Freundlich isotherm

Density of solids:
ρs 2.65

g

cm3
⋅:= assumed

Retardance factor:
Rf 1

1 n−
n

⎛⎜
⎝

⎞⎟
⎠

ρs⋅ Kd⋅+⎡⎢
⎣

⎤⎥
⎦

1.0611=:= accounts for sorption of dissolved solute onto surfaces of solids

Evaluate "lumped" apparent decay rate of MTBE in the tank cavity using MTBE concentrations from MW-6 as shown below.  Data
has been smoothed to obtain a nearly perfect fit of exponential decay curve.  Un smoothed and smoothed curves are both shown.

First order decay rate constant: 

ks 0.0018226−
1

day
⋅:= from manually smoothed data shown below

Appendix 15 7 Pollution Migration Analysis



Steven C Devin, P.E., G.E.
Civil, Geotechnical, and Geological Engineer

 10/21/2013

MW‐6 and EW‐2 Tank Cavity Source Area

01/22/07 0 20000
03/12/07 50 12000
05/31/07 129 8200
08/28/07 216 13000
04/02/08 430 5900
07/08/08 526 3800
10/04/08 612 6700
02/11/10 1099 2800
05/07/11 1545 1300
02/25/12 1833 650
06/18/13 2306 1900

01/22/07 0 20000
03/12/07
05/31/07
08/28/07 216 13000
04/02/08
07/08/08
10/04/08 612 6700
02/11/10 1099 2800
05/07/11 1545 1300
02/25/12 1833 650
06/18/13

y = 1.1780E+04e‐1.1966E‐03x

R² = 7.9628E‐01

0
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15000

20000

25000

0 500 1000 1500 2000 2500

MTBE (ppb)

Days

MW‐6 Source ‐MTBE Concentration vs Time
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y = 2.0062E+04e‐1.8226E‐03x

R² = 9.9806E‐01

0
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15000

20000

25000

0 500 1000 1500 2000

MTBE (ppb)

Days

MW‐6 Source ‐MTBE Concentration vs Time
vc

vs
Rf

:=
αx Ls( ) 0.83 m⋅( ) log

Ls
m

⎛
⎜
⎝

⎞
⎟
⎠

⎛
⎜
⎝

⎞
⎟
⎠

2.414

⋅:=

αy Ls( ) 0.1 αx Ls( )⋅:= αz Ls( ) 0.05 αx Ls( )⋅:=

Co 20000 10 3−
×

mg
L

⋅:= Initial MTBE concentration in tank
pit

CThreshold 5 10 3−
×

mg
L

⋅:= Threshold odor and taste concentration

Concentration as function of longitudinal distance, x, from source, 
horizontal transverse distance, y, and vertical transverse distance z from 
rectangular cross section source area (20' deep by 45' wide).    
Analysis includes apparent "lumped" decay of MTBE in tank cavity with
time.

With Source Decay:

C x y, z, Ls, tc, ( ) Co e
ks− tc

x
vc

−⎛
⎜
⎝

⎞
⎟
⎠

⋅⎡
⎢
⎣

⎤
⎥
⎦⋅

1
8

⎛⎜
⎝

⎞⎟
⎠

⋅ erfc
x vc tc⋅−

2 αx Ls( )( ) vc⋅ tc⋅⋅

⎡⎢
⎢⎣

⎤⎥
⎥⎦

⋅ erf
y

Y
2

+

2 αy Ls( ) x⋅⋅

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

erf
y

Y
2

−

2 αy Ls( ) x⋅⋅

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

−

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

⋅ erf
z Z+

2 αz Ls( ) x⋅⋅
⎛
⎜
⎝

⎞
⎟
⎠

erf
z Z−

2 αz Ls( ) x⋅⋅
⎛
⎜
⎝

⎞
⎟
⎠

−⎛
⎜
⎝

⎞
⎟
⎠

⋅:=

Determine Ls assuming the plume front is located where the concentration of MTBE becomes detectable (i.e. 5 x 10-4 mg/L)

C 779ft 0 ft⋅, 0 ft⋅, 779 ft⋅, 12119 day⋅, ( ) 5.0319 10 4−
×

mg
L

⋅= Note that tc = 12119 days from iterative solution 

33.2 years to reach well at threshold concentration assuming decay of
MTBE source concentrationC 730ft 0 ft⋅, 0 ft⋅, 779 ft⋅, 12119 day⋅, ( ) 5.0003 10 3−

×
mg
L

⋅=
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Without Source Decay:

Cno_source_decay x y, z, Ls, tc, ( ) Co
1
8

⎛⎜
⎝

⎞⎟
⎠

⋅ erfc
x vc tc⋅−

2 αx Ls( )( ) vc⋅ tc⋅⋅

⎡⎢
⎢⎣

⎤⎥
⎥⎦

⋅ erf
y

Y
2

+

2 αy Ls( ) x⋅⋅

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

erf
y

Y
2

−

2 αy Ls( ) x⋅⋅

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

−

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

⋅ erf
z Z+

2 αz Ls( ) x⋅⋅
⎛
⎜
⎝

⎞
⎟
⎠

erf
z Z−

2 αz Ls( ) x⋅⋅
⎛
⎜
⎝

⎞
⎟
⎠

−⎛
⎜
⎝

⎞
⎟
⎠

⋅:=

Cno_source_decay 811ft 0 ft⋅, 0 ft⋅, 811 ft⋅, 7331 day⋅, ( ) 5.0886 10 4−
×

mg
L

⋅= Note that tc = 7331 days from iterative solution 

Cno_source_decay 730ft 0 ft⋅, 0 ft⋅, 811 ft⋅, 7331 day⋅, ( ) 4.98345 10 3−
×

mg
L

⋅= 20.1 years to reach well at threshold concentration assuming no
decay of MTBE source concentration

MTBE detection limit: 0.50 10 3−
×

mg
L

⋅ C 730 ft⋅ 0 ft⋅, 0 ft⋅, 730 ft⋅, 11138 day⋅, ( ) 5.001 10 4−
×

mg
L

⋅=

Detectable concentration at 30.5 years assuming concentration decay at source
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year 365.25 day⋅:=
tc 1000 1010, 20000..:=

C 730 ft⋅ 0 ft⋅, 0 ft⋅, 730 ft⋅, tc day⋅, ( )
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10
00.0000·10

...

mg
L

⋅

=

1 104× 1.1 104× 1.2 104× 1.3 104× 1.4 104× 1.5 104× 1.6 104× 1.7 104× 1.8 104× 1.9 104× 2 104×
0 100×

1 10 4−×

2 10 4−×

3 10 4−×

4 10 4−×

5 10 4−×

6 10 4−×

7 10 4−×

8 10 4−×

9 10 4−×

1 10 3−×

Predicted MTBE Concentration vs Time in Alturas City Well No. 5

days (since 01/22/2007)

M
TB

E 
C

on
ce

nt
ra

tio
n 

(m
g/

L)
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Estimate Potential Leakage and MTBE Transport through Middle Aquitard

Well Pair MW-15A and MW-15B

Assuming horizontal flow in aquifers resulting in constant head distribution vertically through each aquifer and vertical flow in the aquitards 
(not strictly true for the potentiometric surfaces measured in the field)

Hydraulic head in Shallow Confined Aquifer: h15A 4368.69 ft⋅:= This example demonstrates the time for any MTBE in Unit 3 to
reach a detectable concentration in Unit 5.  The concentration of
MTBE in Unit 3 was assumed to be 5700 ppb which is the highest
concentration that has been measured in MW-4.  

Hydraulic head in Lower Leaky Aquifer: h15B 4353.43 ft⋅:=

Middle Aquitard thickness: z15 20 ft⋅:=

Vertical gradient:
i15

h15A h15B−

z15
0.76300=:=

Assumed vertical Kv: Kv15 5.9 10 7−
×

cm
s

⋅:=

Assumed ne: ne15 0.25:=

qv15
Kv15 i15⋅

ne15
1.801 10 6−

×
cm
s

⋅=:= qv15 5.1043 10 3−
×

ft
day

⋅=

Advective travel time: t15
z15
qv15

10.73 year⋅=:= αz 20 ft⋅( ) 0.08 ft= Rf 1.06=

One dimensional mass transport (MTBE); time required breakthrough at detection limit:
Czo 5700 10 3−

×
mg
L

⋅:= CThreshold 0.5 10 3−
×

mg
L

⋅:=Assuming hypothetical MTBE concentration in Unit 3 (Shallow Confined Aquifer):

Cz1 Czo z15, qv15, tc, ( ) Czo
1
2

⋅ erfc

z15
qv15 tc⋅

Rf
−

2 αz z15( )
qv15 tc⋅

Rf
⋅⋅

⎛⎜
⎜
⎜
⎜
⎜
⎝

⎞⎟
⎟
⎟
⎟
⎟
⎠

e

z15
αz z15( )

⎛
⎜
⎝

⎞
⎟
⎠

⎡⎢
⎢⎣

⎤⎥
⎥⎦ erfc

z15
qv15 tc⋅

Rf
+

2 αz z15( )
qv15 tc⋅

Rf
⋅⋅

⎛⎜
⎜
⎜
⎜
⎜
⎝

⎞⎟
⎟
⎟
⎟
⎟
⎠

⋅

⎡⎢
⎢
⎢
⎢
⎢
⎣

⎤⎥
⎥
⎥
⎥
⎥
⎦

+

⎡⎢
⎢
⎢
⎢
⎢
⎣

⎤⎥
⎥
⎥
⎥
⎥
⎦

⋅:= Cz1 Czo z15, qv15, 2993 day⋅, ( ) 5.041 10 4−
×

mg
L

⋅=

tv15_Threshold 2993 day⋅ 8.19 year⋅=:=
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