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TABLE A-1
CHEMICAL COMPOSITION OF DNAPL FROM SATURATED UBA

MONTROSE SUPERFUND SITE

1988 & 1989 DNAPL COMPOSITION DATA

MCB(a) Total DDT(b)

01/21/88 wt % 49 51
03/18/88 wt % 28 72
03/25/88 wt % 74 26
04/22/88 wt % 45 55
10/14/88 wt % 49 51
02/09/89 wt % 52 48

Footnotes (1988 &1989 Data):
(a) = Sample analyzed via EPA Method 8240.
(b) = Sample analyzed by EPA Method 8080.

Total DDT = Total DDT is reported as the sum of the detected concentrations of: 2,4'-DDD, 4,4'-DDD, 2,4'-DDE, 4,4'-DDE, 2,4'-DDT, and 4,4'-DDT.

SOURCE: H+A, 1999. DNAPL Feasibility Study, Montrose Site, Torrance, California. September 29.

1998 DNAPL COMPOSITION DATA

MCB(c) Total DDT(d) Chloroform(c)

UBE-1(f) wt % 49 (49) 47.0 (47.8) 0.1 (0.1) 0.5 (ND) J (R) 1.0 (0.8) R (R) 0.1 (0.2) J (J) 0.14 R
UBT-1 wt % 49 49.9 0.1 ND R ND R 0.1 J 0.14
UBT-2 wt % 49 50.9 ND ND R ND R 0.1 J 0.14
UBT-3 wt % 51 47.7 0.4 ND R ND R 0.1 J 0.14
MW-2(f) wt % 48 (47) 54.5 (48.8) 0.2 (0.2) ND (ND) R (R) ND (ND) R (R) 0.1 (0.2) J (J) 0.07
Average wt % 49.1 50.2 0.2 0.1 0.2 0.1 0.1

Footnotes (1998 Data):
(c) = Sample analyzed via EPA Method 8240.
(d) = Sample analyzed by EPA Method 8270 modified.
(e) = Sample analyzed by modified EPA Method 300.
(f) = The duplicate for UBE-1 is a field duplicate quality control sample; the duplicate for MW-2 is a laboratory duplicate quality control sample.
(g) = pCBSA results are presented in units of milligrams per liter.  All other results are presented as weight percent.

R = Results qualified as "R" or rejected
J = Results qualified as "J" or estimated

(  ) = Values shown in parenthetical represent results of a duplicate sample.

Units(g)10/29/98

UnitsMW-2 Analyte

Analyte
p-CBSA(e,g)Acetone(c)2-Butanone or MEK(c) 1,4-DCB(c)
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TABLE A-1
CHEMICAL COMPOSITION OF DNAPL FROM SATURATED UBA

MONTROSE SUPERFUND SITE

2008 DNAPL COMPOSITION DATA

2D-DNAPL-A wt % 64% 36%

2D-DNAPL-AB(i) wt % 64% 36%

Footnotes (2008 Data):
The DNAPL samples were collected on March 6, 2008.

(h) = DNAPL used for samples was a mixture between wells UBE-4 and UBT-1
All samples were analyzed using EPA Method 8270C modified.

(i) = Sample 2D-DNAPL-AB is a duplicate sample of 2D-DNAPL-A

2009 DNAPL COMPOSITION DATA

UBE-4-5 wt % 51% 49%

Footnotes (2009 Data):

All samples were analyzed using EPA Method 8270C modified.

Abbreviations (global):
Total DDT = Total DDT is reported as the sum of the detected concentrations of: 2,4'-DDD, 4,4'-DDD, 2,4'-DDE, 4,4'-DDE, 2,4'-DDT, and 4,4'-DDT.

2,4'-DDD = 2,4'-Dichlorodiphenyldichoroethane 1,4-DCB = 1,4-Dichlorobenzene p-CBSA = Parachlorobenzene sulfonic acid
4,4'-DDD = 4,4'-Dichlorodiphenyldichoroethane BHC = Hexachlorocyclohexane MCB = Monochlorobenzene 
2,4'-DDE = 2,4'-Dichlorodiphenyldichoroethylene DDT = Dichlorodiphenyltrichloroethane NA = Not analyzed
4,4'-DDE = 4,4'-Dichlorodiphenyldichoroethylene UBA = Upper Bellflower Aquitard ND = Not detected
2,4'-DDT = 2,4'-Dichlorodiphenyltrichoroethane MEK = Methyl ethyl ketone wt % = Weight Percent
4,4'-DDT = 4,4'-Dichlorodiphenyltrichoroethane mg/kg = Milligrams per kilogram

MCB

MCB

Units

UBE-4 / UBT-1(h) Units Total DDT

UBE-4
Analyte

Total DDT

Analyte

Page 2 of 2



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
 
 
 

B-1 Physical Properties of DNAPL from Saturated Upper Bellflower 
Aquitard  

Lab Report: Capillary Pressure Measurements from PTS Laboratories 



TABLE B-1
PHYSICAL PROPERTIES OF DNAPL FROM SATURATED UBA

MONTROSE SUPERFUND SITE
1988-2006

Physical Property Temperature UBE-1 UBT-1 UBT-2 UBT-3 MW-2
10°C(a) 1.233 1.234 1.239 1.228 NA
20°C(a) 1.222 1.224 1.229 1.217 NA
22°C(b) 1.252 1.241 1.252 1.246 1.251
30°C(a) 1.211 1.214 1.218 1.209 NA
40°C(a) 1.200 1.202 1.209 1.199 NA
50°C(a) 1.190 1.194 1.198 1.188 NA
60°C(a) 1.181 1.186 1.188 1.178 NA
70°C(a) 1.171 1.174 1.177 1.167 NA
80°C(a) 1.160 1.163 1.165 1.157 NA
90°C(a) 1.150 1.154 1.157 1.146 NA

Dynamic Viscosity (cP) 10°C(a) 3.46 3.41 3.43 3.40 NA
20°C(a) 2.78 2.80 2.81 2.76 NA
22°C(b) 2.60 2.60 2.70 2.50 2.80
30°C(a) 2.33 2.33 2.32 2.28 NA
40°C(a) 2.05 2.03 2.01 2.05 NA
50°C(a) 1.86 1.93 1.80 1.86 NA
60°C(a) 1.83 1.93 1.80 1.85 NA

10°C(a) 34.5 35.9 35.6 35.1 NA
50°C(a) 31.1 32.3 32.6 31 NA
90°C(a) 26.8 27.7 27.6 26.7 NA

10°C(a) 67.2 67.3 67.2 63.6 NA
50°C(a) 61.2 61.3 61.5 59.7 NA
90°C(a) 56.4 56.7 55.4 54.4 NA

10°C(a) 11.5 11.4 11.2 11.1 NA
22°C(b) 15 14 14 15 13
50°C(a) 11.1 11.1 10.9 11.3 NA
90°C(a) 11.8 11.4 10.6 11.6 NA

Boiling Point -
DNAPL only(1,c)

NA NA
Initial: 128°C
Final: 359°C NA NA NA

Co-Boiling Point -
DNAPL/GW mixture(c)

NA NA 96 °C NA NA NA

Density (g/cm3)

UBA Well Identifier

Interfacial Tension DNAPL - 
Groundwater (dyn/cm)

Surface Tension
Groundwater (dyn/cm)

Surface Tension
DNAPL (dyn/cm)

Page 1 of 2



TABLE B-1
PHYSICAL PROPERTIES OF DNAPL FROM SATURATED UBA

MONTROSE SUPERFUND SITE
1988-2006

Footnotes:

Data Sources:

Abbreviations:

C = Centigrade
cP = centipoise
dyn/cm = dynes per centimeter
g/cm3 = grams per cubic centimeter
NA = Not analyzed or not applicable
H+A = Hargis + Associates, Inc.
UBA = Upper Bellflower Aquitard

(c) = Data source is: H+A, 2006b.  Technical Memorandum Re: DNAPL Boiling Test Results, Montrose Site, Torrance, 
California.  August 7, 2006.

(b) = Data source for table row is Appendix B of: H+A, 1999.  Dense Non-Aqueous Phase Liquid Feasibility Study, 
Montrose Site, Torrance, California. September 29, 1999.

(a) = Data source for table row is: Davis, Eva L., Ph.D., 2006.  Final Report, Montrose Chemical Superfund Site, Los 
Angeles County California, One-Dimensional Thermal Remediation Treatability Study . August 24, 2006.

1.  The boiling point increases as the chlorobenzene component of the DNAPL boils off, eventually reaching a maximum 
temperature when the DNAPL was likely composed solely of DDT. 
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DNAPL/Water Capillary Pressure Data 
 















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C 
 
 
 

C-1 Estimated MCB Mass in the Unsaturated Zone from  
Ground Surface to 25 feet bgs 

C-2 Estimated MCB Mass in the Unsaturated Zone  
Between 25 and 60 feet bgs 



Soil Boring 
ID

Average MCB Conc 
per Boring

(mg/kg)

Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 13 9 1,200 5,300 13,000 16,000 - - - - - 5,920
Depth (ft bgs) 3.5 5 6.5 8 9.5 11 13.5 - - - -
Conc (mg/kg) 3 6.4 910 540 7,100 14,000 9,000 - - - - 4,508
Depth (ft bgs) 10 15 20 - - - - - - - -
Conc (mg/kg) 6.3 14 880 - - - - - 300
Depth (ft bgs) 7.8 8.3 14.6 24.3 - - - - - - -
Conc (mg/kg) 1,500 3 6,900 2,800 - - - - - - 2,801
Depth (ft bgs) 9.2 19.7 - - - - - - - - -
Conc (mg/kg) 190 1,900 - - - - - - - - - 1,045
Depth (ft bgs) 9.2 19.7 - - - - - - - -
Conc (mg/kg) 8,200 830 - - - - - - - - 4,515
Depth (ft bgs) 1 3 5 7 10 15 - - - - -
Conc (mg/kg) 1.2 68 310 780 200 430 - - - - - 298

2,770

Depth (ft bgs) 5 6 6.5 8 9.5 12.5 14.5 16 16.5 18 19.5
Conc (mg/kg) 20 0.16 0.26 2.7 1.1 12,000 3,300 2,800 2,900 4,500 29 2,323

Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 0.027 1,200 1,200 1,800 1,400 180 - - - - - 963

Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 2.4 160 28 0.015 0.043 1.4 - - - - - 32
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 0.31 1.3 2 17 0.28 120 - - - - - 23
Depth (ft bgs) 1 3 5 7 10 20 25 - - - -
Conc (mg/kg) 0.0016 0.094 3.2 0.13 0.15 55 170 - - - - 33
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 1 6.2 410 36 4.8 140 - - - - - 100
Depth (ft bgs) 23 - - - - -
Conc (mg/kg) 190 - - - - - 190
Depth (ft bgs) 16 16.5 17 17 20.5 - - - - -
Conc (mg/kg) 310 200 0.65 64 120 - - - - - 139
Depth (ft bgs) 8.4 18.4 - - - - -
Conc (mg/kg) 11 130 - - - - - 71
Depth (ft bgs) 1.5 2 3.5 4.5 8 9.5 - - - - -
Conc (mg/kg) 4 360 15 1.8 0.02 0.02 - - - - - 63

81

Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 3.7 320 0.063 0.15 0.087 1 - - - - - 54
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 0.26 110 16 1.7 0.053 1.4 - - - - - 22

38

Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 94 86 190 730 900 5.4 - - - - - 334

Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 0.12 59 0.04 0.56 1.2 5.7 - - - - - 11
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 0.091 5.4 13 0.15 0.073 34 - - - - - 9
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 37 8.7 0.92 1.2 3.8 2.6 - - - - - 9
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 9.8 33 18 8.1 1 7.3 - - - - - 13
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 0.2 20 0.35 4.2 0.31 3.1 - - - - - 5
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 0.0036 6.6 0.086 14 0.00074 0.00095 - - - - - 3
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 4.2 15 4 9.5 5.5 12 - - - - - 8
Depth (ft bgs) 1 3 5 7 10 20 - - - - -
Conc (mg/kg) 30 0.0016 0 0 0.97 0 - - - - - 5
Depth (ft bgs) 1 2 2.5 4.5 5 7.5 9.5 11 - - -
Conc (mg/kg) 0.08 29 13 0.014 1.6 0 0 0 - - - 5
Depth (ft bgs) 6.5 11.5 17 22 - - - - -
Conc (mg/kg) 70 0 4 6 - - - - - 20
Depth (ft bgs) 8.3 8.8 9.1 21.8 - - - - -
Conc (mg/kg) 19 4.9 1.3 15 - - - - - 10
Depth (ft bgs) 1.5 2 2.5 3.5 4.5 6 6.5 9.5 - - -
Conc (mg/kg) 1.1 0.018 2.1 22 1.5 0.1 0 0 - - - 3

9

Notes: Avg MCB Soil Estimated
bgs = below ground surface Conc Area Thickness Density MCB Mass
ft = feet Area (mg/kg) (sq ft) (ft) (g/cc) (lbs)
sq ft = square feet Area 1 2,770 28,049 25 1.66 201,266
g/cc = grams per cubic centimeter Area 2 2,323 2,733 25 1.66 16,448
lbs = pounds Area 3 963 1,203 25 1.66 3,002
mg/kg = milligrams per kilogram Area 4 81 46,333 25 1.66 9,763
MCB = Monochlorobenzene Area 5 38 4,392 25 1.66 431
Conc = concentration Area 6 334 940 25 1.66 814

Area 7 9 51,212 25 1.66 1,131
DNAPL SSB-4 14,000 3,000 1 1.66 4,352

237,208

C14

EW-1

C33

Area 1 - Average MCB Conc

S305

S301

24D

S304

Area 2 - MCB >1,000 mg/kg; 2,733 Square Feet

14D

Table C-1
Estimated MCB Mass in the Unsaturated Zone from Ground Surface to 25 Feet bgs

Montrose Superfund Site

Area 1 - MCB >1,000 mg/kg; 28,049 Square Feet

MCB Conc (mg/kg) at Sample Depths Between Ground Surface and 25 Feet bgs

C15

Total Estimated MCB Mass 0-25 Feet bgs (lbs) =

C9

C32

S101

S201

S303

15D

Area 4 - Average MCB Conc

C31

Area 5 - MCB >100 mg/kg but <1,000 mg/kg; 4,392 Square Feet

Area 3 - MCB >1,000 mg/kg; 1,203 Square Feet

C26

C30

Area 4 - MCB >100 mg/kg but <1,000 mg/kg; 46,333 Square Feet

C46

C52

Area 5 - Average MCB Conc
Area 6 - MCB >100 mg/kg but <1,000 mg/kg; 940 Square Feet

C64

Area 7 - MCB >10 mg/kg but <100 mg/kg; 51,212 Square Feet

C22

C41

C45

C51

C55

S302E,F

35D

Area 7 - Average MCB Conc

C59

C2

25D

MW002



Soil 
Boring ID

Average MCB Conc 
per Boring

(mg/kg)

Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 4,400 4,700 21 0.18 - - - 2,280
Depth (ft bgs) 30 35 40 50 55 60 -
Conc (mg/kg) 440 3,300 1,000 3,800 200 16 - 1,459
Depth (ft bgs) 34.3 37 44.3 44.8 54.3 - -
Conc (mg/kg) 4,700 2,700 5,600 7,700 6,000 - - 5,340
Depth (ft bgs) 28 39.2 39.7 50.3 - - -
Conc (mg/kg) 55 1,400 170 24 - - - 412
Depth (ft bgs) 29.6 30.1 38.3 44.1 51.7 58.8 -
Conc (mg/kg) 3,700 3,800 1,900 4,400 4.5 1.5 - 2,301
Depth (ft bgs) 26.3 30.5 42 50 50.5 51 60
Conc (mg/kg) 1 0.5 4 3.2 1 0.2 2,400 344
Depth (ft bgs) 30.5 35.5 46.5 51 - - -
Conc (mg/kg) 16 13 460 4,400 - - - 1,222
Depth (ft bgs) 27 32 37 42 47 52 -
Conc (mg/kg) 1,200 3,400 3,500 3,800 1,800 2,900 - 2,767
Depth (ft bgs) 27 32 37 42 47 52 57
Conc (mg/kg) 160 23 14 1 96 420 38 107

1,804

Depth (ft bgs) 31.3 39.2 39.7 49.2 59.2 - -
Conc (mg/kg) 2 1.6 6.7 52 3,200 - - 652

Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 1.5 6.5 0.27 13 - - - 5
Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 16 - - - - - - 16
Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 3.2 20 0.23 0.39 - - - 6
Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 9.3 0.22 1.1 1 - - - 3
Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 1.3 2.4 21 36 - - - 15
Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 2 1.7 0.18 9.8 - - - 3

8

Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 0.24 0.014 0.62 11 - - - 3

Depth (ft bgs) 30 40 50 60 - - -
Conc (mg/kg) 0.068 3.5 0.087 10 - - - 3

Notes: Avg MCB Soil Estimated
bgs = below ground surface Conc Area Thickness Density MCB Mass
ft = feet Area (mg/kg) (sq ft) (ft) (g/cc) (lbs)
sq ft = square feet Area 1 1,804 41,544 35 1.52 248,864
g/cc = grams per cubic centimeter Area 2 652 680 35 1.52 1,473
lbs = pounds Area 3 8 33,083 35 1.52 893
mg/kg = milligrams per kilogram Area 4 3 1,259 35 1.52 12
MCB = Monochlorobenzene Area 5 3 3,238 35 1.52 37
Conc = concentration DNAPL PSB-5 70,000 3,000 0.5 1.52 9,963

261,243

EW-1

S305

Area 1 - MCB >100 mg/kg; 41,544 Square Feet

C9

S301

MW002

S302F

Area 2 - MCB >100 mg/kg; 680 Square Feet

Area 3 - MCB >10 mg/kg but <100 mg/kg; 33,083 Square Feet

Area 4 - MCB >10 mg/kg but <100 mg/kg; 1,259 Square Feet
Area 3 - Average MCB Concentration

C26

C31

C32

C33

C30

Estimated MCB Mass in the Unsaturated Zone Between 25 and 60 Feet bgs
Table C-2

Montrose Superfund Site

Area 1 - Average MCB Concentration

MCB Conc (mg/kg) at Sample Depths Between 25 and 60 Feet bgs 

S304

S204

S201

S101

C15

C50

Area 5 - MCB >10 mg/kg but <100 mg/kg; 3,238 Square Feet

C59

Total Estimated MCB Mass 25-60 Feet bgs (lbs) =







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix D 
 
 
 

D-1 DNAPL Characterization as Definite or Possible in Saturated Upper 
Bellflower Aquitard 



Table D-1
DNAPL Characterization as Definite or Possible in Saturated UBA

Montrose Superfund Site

Visual FLUTe Soil MCB 2,4'-DDD 2,4'-DDE 2,4'-DDT 4,4'-DDD 4,4'-DDE 4,4'-DDT Total DDT DNAPL Conc. FID PID Boring Log
Top Bottom Observation Stain Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppmv) (ppmv) Notes1

5/6/2003 60.00 60.10 N N N -- -- -- -- -- -- -- -- -- 33 11 N N Y H+A
5/6/2003 65.50 65.60 N N N -- -- -- -- -- -- -- -- -- 175 66 N N Y H+A
5/6/2003 68.00 68.10 N N N -- -- -- -- -- -- -- -- -- 111 45 N N Y H+A
5/6/2003 70.00 70.10 N N N -- -- -- -- -- -- -- -- -- 43 25 N N Y H+A
5/6/2003 71.50 71.60 N N N -- -- -- -- -- -- -- -- -- 420 120 N N Y H+A
5/6/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 1,700 320 N Y N Headspace H+A
5/6/2003 75.00 75.10 N N N -- -- -- -- -- -- -- -- -- 470 170 N N Y H+A
5/6/2003 79.00 79.10 N N Y 310 <51 <51 <51 <51 <51 110 110 420 2,115 310 N Y N Lab, Headspace, H+A
5/6/2003 79.50 79.60 N N N -- -- -- -- -- -- -- -- -- 1,420 340 N N Y H+A
5/6/2003 82.00 82.10 N N N -- -- -- -- -- -- -- -- -- >2000 350 N Y N Headspace H+A
5/6/2003 83.50 83.60 N N N -- -- -- -- -- -- -- -- -- 1,020 180 N N Y H+A
5/6/2003 85.00 85.10 N N Y 480 <71 <71 <71 <71 <71 170 170 650 -- -- Y* N N Lab H+A
5/6/2003 86.00 86.10 N N N -- -- -- -- -- -- -- -- -- 7,000 579 N Y N Headspace H+A
5/6/2003 88.00 88.10 N N N -- -- -- -- -- -- -- -- -- 1,400 365 N N Y H+A
5/6/2003 90.00 90.10 N N N -- -- -- -- -- -- -- -- -- 1,870 370 N Y N Headspace H+A

5/6/2003 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 630 230 N N Y H+A
5/6/2003 67.00 67.10 N N N -- -- -- -- -- -- -- -- -- 1,380 340 N N Y H+A
5/6/2003 69.00 69.10 N N N -- -- -- -- -- -- -- -- -- 387 115 N N Y H+A
5/6/2003 72.00 72.10 N N N -- -- -- -- -- -- -- -- -- 390 120 N N Y H+A
5/6/2003 73.00 73.10 N N N -- -- -- -- -- -- -- -- -- 1,130 290 N N Y H+A
5/6/2003 75.00 75.10 N N N -- -- -- -- -- -- -- -- -- 470 170 N N Y H+A
5/6/2003 77.00 77.10 N N N -- -- -- -- -- -- -- -- -- 1,330 327 N N Y H+A
5/6/2003 77.50 77.60 N N N -- -- -- -- -- -- -- -- -- 325 186 N N Y H+A
5/6/2003 79.00 79.10 N N Y 210 <27 <27 <27 <27 <27 42 42 252 2,002 330 N Y N Headspace H+A
5/6/2003 85.00 85.10 N N N -- -- -- -- -- -- -- -- -- 220 110 N N Y H+A
5/6/2003 87.00 87.10 N N N -- -- -- -- -- -- -- -- -- 315 131 N N Y H+A
5/6/2003 88.00 88.10 N N N -- -- -- -- -- -- -- -- -- 1,090 288 N N Y H+A
5/6/2003 88.50 88.60 N N N -- -- -- -- -- -- -- -- -- 1,278 350 N N Y H+A
5/7/2003 89.00 89.10 N N Y 130 <29 <29 <29 <29 <29 110 110 240 -- -- N Y N Lab H+A

5/7/2003 60.00 60.10 N N N -- -- -- -- -- -- -- -- -- 18 10 N N Y H+A
5/7/2003 67.00 67.10 N N N -- -- -- -- -- -- -- -- -- 380 126 N N Y H+A
5/7/2003 70.50 70.60 N N N -- -- -- -- -- -- -- -- -- 1,882 431 N Y N Headspace H+A
5/7/2003 71.00 71.60 N N Y <28 <28 <28 <28 <28 <28 <28 <28 <28 201 99 N N Y H+A
5/7/2003 73.00 73.10 N N N -- -- -- -- -- -- -- -- -- 309 139 N N Y H+A
5/7/2003 75.50 75.60 N N N -- -- -- -- -- -- -- -- -- 640 220 N N Y H+A
5/7/2003 76.50 76.60 N N N -- -- -- -- -- -- -- -- -- 7,905 860 N Y N Headspace H+A
5/7/2003 78.80 78.90 Y Y Y 13,000 <3,700 <3,700 <3,700 <3,700 <3,700 8,300 8,300 21,300 30,000 880 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
5/7/2003 81.00 81.10 N N N -- -- -- -- -- -- -- -- -- 148 78 N N Y H+A
5/7/2003 81.70 81.80 N Y N -- -- -- -- -- -- -- -- -- 829 341 Y N N FLUTe H+A
5/7/2003 86.00 86.10 N N N -- -- -- -- -- -- -- -- -- 222 115 N N Y H+A

5/8/2003 60.50 60.60 N N N -- -- -- -- -- -- -- -- -- 9 3 N N Y H+A
5/8/2003 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 1,040 350 N N Y H+A
5/8/2003 66.00 66.10 N N N -- -- -- -- -- -- -- -- -- 12 11 N N Y H+A
5/8/2003 68.00 68.10 N N N -- -- -- -- -- -- -- -- -- 2,970 680 N Y N Headspace H+A
5/8/2003 73.20 73.30 N N N -- -- -- -- -- -- -- -- -- 2,588 660 N Y N Headspace H+A
5/8/2003 75.00 75.10 N N N -- -- -- -- -- -- -- -- -- 143 89 N N Y H+A
5/8/2003 76.70 76.80 N N Y 30 <28 <28 <28 <28 <28 <28 <28 30 231 140 N N Y H+A
5/8/2003 81.00 81.10 N N N -- -- -- -- -- -- -- -- -- 1,498 529 N N Y H+A
5/8/2003 84.00 84.10 N N N -- -- -- -- -- -- -- -- -- 593 287 N N Y H+A
5/8/2003 86.70 86.80 N N Y 45 <28 <28 <28 <28 <28 <28 <28 45 231 147 N N Y H+A
5/8/2003 88.00 88.10 N N N -- -- -- -- -- -- -- -- -- 993 347 N N Y H+A

5/8/2003 62.00 62.10 N N N -- -- -- -- -- -- -- -- -- 28 11 N N Y H+A
5/8/2003 65.50 65.60 N N N -- -- -- -- -- -- -- -- -- 19 4 N N Y H+A
5/8/2003 68.00 68.10 N N N -- -- -- -- -- -- -- -- -- 36 13 N N Y H+A
5/8/2003 69.50 69.60 N N N -- -- -- -- -- -- -- -- -- 46 18 N N Y H+A
5/8/2003 72.60 72.70 N N Y 95 <34 <34 <34 <34 43 85 128 223 27 10 N Y N Lab H+A
5/8/2003 73.50 73.60 N N N -- -- -- -- -- -- -- -- -- 83 45 N N Y H+A
5/8/2003 77.00 77.10 N N N -- -- -- -- -- -- -- -- -- 410 157 N N Y H+A
5/8/2003 78.00 78.10 N N N -- -- -- -- -- -- -- -- -- 259 136 N N Y H+A
5/8/2003 80.00 80.10 N N N -- -- -- -- -- -- -- -- -- 182 101 N N Y H+A
5/8/2003 83.50 83.60 N N N -- -- -- -- -- -- -- -- -- 73 36 N N Y H+A
5/8/2003 89.60 89.70 Y Y Y 3,400 <1,400 <1,400 <1,400 <1,400 <1,400 2,400 2,400 5,800 2,453 757 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
5/8/2003 90.50 90.60 N N N -- -- -- -- -- -- -- -- -- 623 297 N N Y H+A

Consultant
DNAPL Occurrence

Definite Possible
Not 

Present
Basis For Definition

DP-1

Boring ID

SecondaryPrimary

Sample Date
Depth Interval

DNAPL Presence Line of Evidence

DP-5

DP-3

DP-4

DP-2
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Table D-1
DNAPL Characterization as Definite or Possible in Saturated UBA

Montrose Superfund Site

Visual FLUTe Soil MCB 2,4'-DDD 2,4'-DDE 2,4'-DDT 4,4'-DDD 4,4'-DDE 4,4'-DDT Total DDT DNAPL Conc. FID PID Boring Log
Top Bottom Observation Stain Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppmv) (ppmv) Notes1

Consultant
DNAPL Occurrence

Definite Possible
Not 

Present
Basis For Definition

Boring ID

SecondaryPrimary

Sample Date
Depth Interval

DNAPL Presence Line of Evidence

5/9/2003 63.50 63.60 N N N -- -- -- -- -- -- -- -- -- 31 21 N N Y H+A
5/9/2003 65.50 65.60 N N N -- -- -- -- -- -- -- -- -- 23 14 N N Y H+A
5/9/2003 68.50 68.60 N N N -- -- -- -- -- -- -- -- -- 136 82 N N Y H+A
5/9/2003 71.90 72.00 N N Y <31 <31 <31 <31 <31 <31 <31 <31 <31 244 142 N N Y H+A
5/9/2003 76.50 76.60 N N N -- -- -- -- -- -- -- -- -- 242 135 N N Y H+A
5/9/2003 77.50 77.60 N N N -- -- -- -- -- -- -- -- -- 111 61 N N Y H+A
5/9/2003 80.25 80.35 N N N -- -- -- -- -- -- -- -- -- 121 76 N N Y H+A
5/9/2003 89.30 89.50 Y Y Y 16,000 <3,900 <3,900 <3,900 <3,900 <3,900 12,000 12,000 28,000 30,000 1,190 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
5/9/2003 89.60 89.70 N N N -- -- -- -- -- -- -- -- -- 15,000 115 Y N N Headspace H+A
5/9/2003 89.80 89.90 N N N -- -- -- -- -- -- -- -- -- 247 518 N N Y H+A
5/9/2003 94.90 95.00 N N Y 95 <23 <23 <23 <23 <23 42 42 137 610 280 N N Y H+A
5/9/2003 96.50 96.60 N N N -- -- -- -- -- -- -- -- -- 191 74 N N Y H+A

5/12/2003 60.50 60.60 N N N -- -- -- -- -- -- -- -- -- 110 88 N N Y H+A
5/12/2003 64.70 64.80 N N N -- -- -- -- -- -- -- -- -- 3,450 818 N Y N Headspace H+A
5/12/2003 66.00 66.10 N N N -- -- -- -- -- -- -- -- -- 796 398 N N Y H+A
5/12/2003 67.00 67.10 N N N -- -- -- -- -- -- -- -- -- 3,510 744 N Y N Headspace H+A
5/12/2003 69.25 69.35 N N N -- -- -- -- -- -- -- -- -- 250 152 N N Y H+A
5/12/2003 72.00 72.10 N N N -- -- -- -- -- -- -- -- -- 6,300 861 N Y N Headspace H+A
5/12/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 570 212 N N Y H+A
5/12/2003 75.50 75.60 N N N -- -- -- -- -- -- -- -- -- 230 114 N N Y H+A
5/12/2003 76.75 76.85 N N N -- -- -- -- -- -- -- -- -- 538 245 N N Y H+A
5/12/2003 79.90 80.00 N N Y 100 <24 <24 <24 <24 <24 <24 <24 100 216 61 N N Y H+A
5/12/2003 85.00 85.10 N N N -- -- -- -- -- -- -- -- -- 660 304 N N Y H+A
5/12/2003 88.00 88.10 N N N -- -- -- -- -- -- -- -- -- 224 118 N N Y H+A
5/12/2003 89.10 89.20 N N Y <27 <27 <27 <27 <27 <27 <27 <27 <27 83 34 N N Y H+A

5/14/2003 60.50 60.60 N N N -- -- -- -- -- -- -- -- 12,700 1,590 Y N N Headspace H+A
5/14/2003 64.50 64.60 N N N -- -- -- -- -- -- -- -- 799 462 N N Y H+A
5/14/2003 68.50 68.60 N N N -- -- -- -- -- -- -- -- 789 445 N N Y H+A
5/14/2003 70.00 70.10 N N N -- -- -- -- -- -- -- -- 324 210 N N Y H+A
5/14/2003 72.00 72.10 N N Y 40 <24 <24 <24 <24 <24 <24 <24 40 712 317 N N Y H+A
5/14/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 410 227 N N Y H+A
5/14/2003 77.00 77.10 N N N -- -- -- -- -- -- -- -- -- 33 19 N N Y H+A
5/14/2003 79.00 79.10 N N N -- -- -- -- -- -- -- -- -- 93 58 N N Y H+A
5/14/2003 81.00 81.10 N N Y 550 <130 <130 130 <130 <130 420 550 1,100 2,310 941 N Y N Lab, Headspace H+A
5/14/2003 85.50 85.60 N N N -- -- -- -- -- -- -- -- -- 729 427 N N Y H+A
5/14/2003 99.00 99.10 N N N -- -- -- -- -- -- -- -- -- 979 445 N N Y H+A

10/7/2003 62.50 62.60 N N N -- -- -- -- -- -- -- -- -- 52 37 N N Y H+A
10/7/2003 63.50 63.60 N N N -- -- -- -- -- -- -- -- -- 167 92 N N Y H+A
10/7/2003 67.50 67.60 N N N -- -- -- -- -- -- -- -- -- 178 254 N N Y H+A
10/7/2003 71.50 71.60 N N N -- -- -- -- -- -- -- -- -- 331 118 N N Y H+A
10/7/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 276 109 N N Y H+A
10/7/2003 76.40 76.50 N N Y 1,700 <510 <510 <510 <510 <510 1,900 1,900 3,600 16,500 1,768 Very Strong Odor Y N N Lab, Headspace H+A
10/7/2003 77.50 77.60 N N N -- -- -- -- -- -- -- -- -- 18,000 1,650 Y N N Headspace H+A
10/7/2003 81.00 81.20 Y Y Y 2,400 <580 <580 620 <580 <580 2,500 3,120 5,520 9,760 1,461 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
10/7/2003 82.70 82.80 N N N -- -- -- -- -- -- -- -- -- 730 382 N N Y H+A
10/7/2003 89.50 89.70 N N N -- -- -- -- -- -- -- -- -- 27,000 1,688 Y N N Headspace H+A
10/7/2003 93.50 93.60 N N N -- -- -- -- -- -- -- -- -- 1,272 655 N N Y H+A

10/8/2003 62.00 62.10 N N N -- -- -- -- -- -- -- -- -- 163 147 N N Y H+A
10/8/2003 68.00 68.10 N N N -- -- -- -- -- -- -- -- -- 15 18 N N Y H+A
10/8/2003 75.00 75.10 N Y Y 7,100 <1,500 <1,500 2,100 <1,500 <1,500 7,700 9,800 16,900 21,000 2,670 Very Strong Odor Y N N FLUTe, Lab, Headspace H+A
10/8/2003 75.50 75.80 N Y N -- -- -- -- -- -- -- -- -- 13,100 2,223 Y N N FLUTe, Headspace H+A
10/8/2003 83.50 83.60 N N N -- -- -- -- -- -- -- -- -- 270 252 N N Y H+A
10/8/2003 87.50 87.60 N N N -- -- -- -- -- -- -- -- -- 393 489 N N Y H+A
10/8/2003 92.00 92.10 N N Y 43 <28 <28 <28 <28 <28 <28 <28 43 525 661 Odor N N Y H+A

10/9/2003 63.50 63.60 N N N -- -- -- -- -- -- -- -- -- 178 140 N N Y H+A
10/9/2003 69.00 69.10 N N N -- -- -- -- -- -- -- -- -- 17 16 N N Y H+A
10/9/2003 75.50 75.60 Y Y Y 3,000 <630 <630 650 <630 <630 2,500 3,150 6,150 2,135 1,170 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
10/9/2003 79.00 79.20 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual H+A
10/9/2003 79.40 79.50 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual H+A
10/9/2003 79.90 80.00 Y Y Y 480 <120 <120 <120 <120 <120 250 250 730 19,100 2,111 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Headspace H+A
10/9/2003 88.00 88.10 N N N -- -- -- -- -- -- -- -- -- 574 420 N N Y H+A

10/10/2003 64.00 64.10 N N N -- -- -- -- -- -- -- -- -- 19,500 2,251 Y N N Headspace H+A
10/10/2003 69.50 69.60 N N N -- -- -- -- -- -- -- -- -- 151 179 N N Y H+A
10/10/2003 75.00 75.10 N N Y 150 <140 <140 200 <140 <140 680 880 1,030 602 567 Odor N Y N Lab H+A
10/10/2003 79.00 79.10 N N N -- -- -- -- -- -- -- -- -- 319 324 N N Y H+A
10/10/2003 84.25 84.35 N N N -- -- -- -- -- -- -- -- -- 138 165 N N Y H+A
10/10/2003 88.00 88.10 Y Y Y 45,000 <7,000 <7,000 9,400 <7,000 <7,000 28,000 37,400 82,400 24,400 2,459 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
10/10/2003 90.50 90.70 Y Y Y 1,600 <500 <500 <500 <500 <500 920 920 2,520 23,100 2,369 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A

PSB-2

PSB-3

DP-7

PSB-4

PSB-1

DP-12

DP-8
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Table D-1
DNAPL Characterization as Definite or Possible in Saturated UBA

Montrose Superfund Site

Visual FLUTe Soil MCB 2,4'-DDD 2,4'-DDE 2,4'-DDT 4,4'-DDD 4,4'-DDE 4,4'-DDT Total DDT DNAPL Conc. FID PID Boring Log
Top Bottom Observation Stain Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppmv) (ppmv) Notes1

Consultant
DNAPL Occurrence

Definite Possible
Not 

Present
Basis For Definition

Boring ID

SecondaryPrimary

Sample Date
Depth Interval

DNAPL Presence Line of Evidence

10/13/2003 63.00 63.10 N N N -- -- -- -- -- -- -- -- -- 610 241 N N Y H+A
10/13/2003 68.00 68.10 N N N -- -- -- -- -- -- -- -- -- 300 176 N N Y H+A
10/13/2003 74.00 74.10 N Y N -- -- -- -- -- -- -- -- -- 1,157 307 Y N N FLUTe H+A
10/13/2003 79.00 79.10 N N N -- -- -- -- -- -- -- -- -- 564 241 N N Y H+A
10/13/2003 84.00 84.10 N N N -- -- -- -- -- -- -- -- -- 245 180 N N Y H+A
10/13/2003 88.50 88.60 N N N -- -- -- -- -- -- -- -- -- 301 155 N N Y H+A
10/13/2003 90.00 91.20 Y Y Y 14,000 <2,900 <2,900 4,100 <2,900 <2,900 12,000 16,100 30,100 22,200 1,965 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A

10/14/2008 62.00 62.10 N N N -- -- -- -- -- -- -- -- -- 42 69 N N Y H+A
10/14/2008 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 142 101 N N Y H+A
10/14/2008 68.00 68.10 N N N -- -- -- -- -- -- -- -- -- 90 40 N N Y H+A
10/14/2008 74.50 74.60 N N N -- -- -- -- -- -- -- -- -- 85 42 N N Y H+A
10/14/2008 78.50 78.60 N N N -- -- -- -- -- -- -- -- -- 262 125 N N Y H+A
10/14/2008 93.50 93.60 N N N -- -- -- -- -- -- -- -- -- 89 32 N N Y H+A
10/14/2008 84.80 84.90 N N Y <31 <31 <31 <31 <31 <31 <31 <31 <31 90 42 N N Y H+A
10/14/2008 90.40 90.70 Y Y Y 27,000 <6,800 <6,800 8,100 <6,800 <6,800 19,000 27,100 54,100 11,000 2,000 Oily sheen, very strong odor Y N N FLUTe, Visual, Lab, Headspace H+A
10/14/2008 93.50 93.60 N N N -- -- -- -- -- -- -- -- -- 89 32 N N Y H+A

10/17/2003 62.50 62.60 N N N -- -- -- -- -- -- -- -- -- 215 175 N N Y H+A
10/17/2003 65.50 65.60 N N N -- -- -- -- -- -- -- -- -- 300 129 N N Y H+A
10/17/2003 75.50 75.60 N N N -- -- -- -- -- -- -- -- -- 110 38 N N Y H+A
10/17/2003 81.00 81.10 N N N -- -- -- -- -- -- -- -- -- 0 9 N N Y H+A
10/17/2003 82.00 82.10 N N N -- -- -- -- -- -- -- -- -- 44 10 N N Y H+A
10/17/2003 85.50 85.60 N N Y <34 <34 <34 <34 <34 <34 <34 <34 <34 44 10 N N Y H+A
10/17/2003 92.20 92.60 Y Y Y 2,000 <280 <280 390 <280 <280 1400 1,790 3,790 319 277 Y N N FLUTe, Visual, Lab H+A
10/17/2003 93.20 93.40 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual H+A
10/17/2003 94.30 94.40 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual H+A

10/28/2003 60.50 60.60 N N Y <30 <30 <30 <30 <30 <30 <30 <30 <30 133 252 N N Y H+A
10/28/2003 68.00 68.10 N N N -- -- -- -- -- -- -- -- -- 59 29 N N Y H+A
10/28/2003 72.80 72.90 N N N -- -- -- -- -- -- -- -- -- 250 148 N N Y H+A
10/28/2003 77.00 77.10 N N N -- -- -- -- -- -- -- -- -- 1,948 450 N Y N Headspace H+A
10/28/2003 83.90 84.00 N N N -- -- -- -- -- -- -- -- -- 200 396 N N Y H+A
10/28/2003 89.50 89.60 N N Y 44 <33 <33 <33 <33 <33 <33 <33 44 104 61 N N Y H+A

10/29/2003 60.00 60.10 N N N -- -- -- -- -- -- -- -- -- 543 240 N N Y H+A
10/29/2003 64.90 65.00 N N N -- -- -- -- -- -- -- -- -- 277 144 N N Y H+A
10/29/2003 69.90 70.00 N N N -- -- -- -- -- -- -- -- -- 168 81 N N Y H+A
10/29/2003 74.40 74.50 N N Y 3,200 <2,000 <2,000 2,300 <2,000 <2,000 6,400 8,700 11,900 476 192 Y N N Lab H+A
10/29/2003 77.90 78.00 N N N -- -- -- -- -- -- -- -- -- 3,010 705 N Y N Headspace H+A
10/29/2003 81.60 81.70 N N Y 47 <40 <40 <40 <40 <40 <40 <40 47 -- -- N N Y H+A
10/29/2003 86.50 86.60 N N N -- -- -- -- -- -- -- -- -- 7,584 1,084 N Y N Headspace H+A
10/29/2003 90.00 90.10 N N N -- -- -- -- -- -- -- -- -- 485 212 N N Y H+A

10/30/2003 61.80 61.90 N N N -- -- -- -- -- -- -- -- -- 404 419 N N Y H+A
10/30/2003 65.20 65.30 N N Y <40 <40 <40 <40 <40 <40 <40 <40 <40 569 557 N N Y H+A
10/30/2003 69.40 69.50 N N N -- -- -- -- -- -- -- -- -- 960 803 N N Y H+A
10/30/2003 72.70 72.80 N N Y 670 <630 <630 <630 <630 <630 1,700 1,700 2,370 7,315 2,202 Strong Odor Y N N Lab H+A
10/30/2003 77.40 77.50 Y Y Y 1,400 <400 <400 <400 <400 <400 1,100 1,100 2,500 5,780 2,320 Oil Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
10/30/2003 81.00 81.10 N N N -- -- -- -- -- -- -- -- -- 1,060 895 N N Y H+A
10/30/2003 83.80 83.90 N N N -- -- -- -- -- -- -- -- -- 364 402 N N Y H+A
10/30/2003 90.00 90.10 N N N -- -- -- -- -- -- -- -- -- 313 390 N N Y H+A

11/4/2003 62.80 62.90 N N N -- -- -- -- -- -- -- -- -- 222 153 N N Y H+A
11/4/2003 67.80 67.90 N N N -- -- -- -- -- -- -- -- -- 57 30 N N Y H+A
11/4/2003 75.00 75.10 N N N -- -- -- -- -- -- -- -- -- 22 12 N N Y H+A
11/4/2003 75.75 75.85 N N N -- -- -- -- -- -- -- -- -- 999 556 N N Y H+A
11/4/2003 78.50 78.80 Y Y Y 8,600 <3,500 <3,500 <3,500 <3,500 <3,500 <3,500 9,900 18,500 1,642 1,256 Oily Sheen, Very Strong Odor. Y N N FLUTe, Visual, Lab H+A
11/4/2003 83.00 83.10 N N N -- -- -- -- -- -- -- -- -- 123 -- N N Y H+A
11/4/2003 89.00 89.10 N N N -- -- -- -- -- -- -- -- -- 57 39 N N Y H+A
11/4/2003 91.00 91.10 N N N -- -- -- -- -- -- -- -- -- 158 111 N N Y H+A
11/4/2003 93.50 93.60 N N Y <40 <40 <40 <40 <40 <40 <40 <40 <40 481 206 N N Y H+A
11/4/2003 93.90 94.00 N N N -- -- -- -- -- -- -- -- -- 185 129 N N Y H+A

11/5/2003 62.90 63.00 N N N -- -- -- -- -- -- -- -- -- 41 29 N N Y H+A
11/5/2003 67.00 67.10 N N N -- -- -- -- -- -- -- -- -- 820 450 N N Y H+A
11/5/2003 71.20 71.30 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual H+A
11/5/2003 74.90 75.20 Y Y Y 9,000 <2,000 <2,000 2,600 <2,000 <2,000 8,600 11,200 20,200 10,400 1,400 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
11/5/2003 79.00 79.10 N N N -- -- -- -- -- -- -- -- -- 10,300 2,000 Y N N Headspace H+A
11/5/2003 79.40 79.50 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual H+A
11/5/2003 79.60 79.90 Y Y Y 13,000 <3,300 <3,300 <3,300 <3,300 <3,300 11,000 11,000 24,000 -- -- Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
11/5/2003 80.20 80.30 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual H+A
11/5/2003 83.00 83.10 N N N -- -- -- -- -- -- -- -- -- 64 47 N N Y H+A
11/5/2003 87.50 87.60 N N N -- -- -- -- -- -- -- -- -- 74 42 N N Y H+A
11/5/2003 91.50 91.60 N N N -- -- -- -- -- -- -- -- -- 529 225 N N Y H+A
11/5/2003 93.00 93.10 N N N -- -- -- -- -- -- -- -- -- 236 142 N N Y H+A

PSB-5

PSB-15

PSB-14

PSB-10

PSB-9

PSB-11

PSB-12

PSB-6
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Table D-1
DNAPL Characterization as Definite or Possible in Saturated UBA

Montrose Superfund Site

Visual FLUTe Soil MCB 2,4'-DDD 2,4'-DDE 2,4'-DDT 4,4'-DDD 4,4'-DDE 4,4'-DDT Total DDT DNAPL Conc. FID PID Boring Log
Top Bottom Observation Stain Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppmv) (ppmv) Notes1

Consultant
DNAPL Occurrence

Definite Possible
Not 

Present
Basis For Definition

Boring ID

SecondaryPrimary

Sample Date
Depth Interval

DNAPL Presence Line of Evidence

11/10/2003 61.00 61.10 N N N -- -- -- -- -- -- -- -- -- 69 54 N N Y H+A
11/10/2003 66.00 66.10 N N N -- -- -- -- -- -- -- -- -- 342 253 N N Y H+A
11/10/2003 70.50 70.60 N N N -- -- -- -- -- -- -- -- -- 350 260 N N Y H+A
11/10/2003 78.00 78.10 N N N -- -- -- -- -- -- -- -- -- 79 85 N N Y H+A
11/10/2003 82.00 82.10 N N N -- -- -- -- -- -- -- -- -- 97 86 N N Y H+A
11/10/2003 85.00 85.10 N N N -- -- -- -- -- -- -- -- -- 578 380 N N Y H+A
11/10/2003 87.50 87.60 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual, Lab, Headspace H+A
11/10/2003 88.20 88.40 Y Y Y 9,300 <2,000 <2,000 2,200 <2,000 <2,000 10,000 12,200 21,500 10,300 1,289 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
11/10/2003 94.00 94.10 N N Y <34 <34 <34 <34 <34 <34 <34 <34 <34 111 80 N N Y H+A

11/22/2003 64.00 64.10 N N N -- -- -- -- -- -- -- -- 43 27 N N Y H+A
11/22/2003 68.00 68.10 N N N -- -- -- -- -- -- -- -- 283 239 N N Y H+A
11/22/2003 68.90 69.00 N N Y 400 <400 <400 510 <400 <400 1,500 2,010 2,410 3,000 1,460 Strong Odor Y N N Lab H+A
11/22/2003 73.00 73.10 N N N -- -- -- -- -- -- -- -- 0 320 230 N N Y H+A
11/22/2003 77.00 77.10 N N N -- -- -- -- -- -- -- -- 0 300 265 N N Y H+A
11/22/2003 81.00 81.10 N N N -- -- -- -- -- -- -- -- 0 850 620 N N Y H+A
11/22/2003 85.00 85.10 N N N -- -- -- -- -- -- -- -- 0 260 186 N N Y H+A
11/22/2003 88.50 88.60 N N Y 5,700 <1,800 <1,800 <1,800 <1,800 <1,800 5,900 5,900 11,600 5,000 1,000 Strong Odor Y N N Lab H+A
11/22/2003 95.00 95.10 N N N -- -- -- -- -- -- -- -- 526 237 N N Y H+A

11/23/2003 61.00 61.10 N N N -- -- -- -- -- -- -- -- -- 42 69 N N Y H+A
11/23/2003 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 270 227 N N Y H+A
11/23/2003 69.00 69.10 N N N -- -- -- -- -- -- -- -- -- 365 317 N N Y H+A
11/23/2003 71.80 71.90 N N Y <40 <40 <40 <40 <40 <40 <40 <40 <40 1,220 590 N N Y H+A
11/23/2003 75.00 75.10 N N N -- -- -- -- -- -- -- -- -- 167 288 N N Y H+A
11/23/2003 77.10 77.20 Y Y Y 5,200 <1,500 <1,500 1,500 <1,500 <1,500 3,900 5,400 10,600 17,500 1,318 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
11/23/2003 78.75 78.85 N N N -- -- -- -- -- -- -- -- -- 3,145 901 N Y N Headspace H+A
11/23/2003 81.50 81.60 N N N -- -- -- -- -- -- -- -- -- 686 350 N N Y H+A
11/23/2003 86.00 86.10 N N N -- -- -- -- -- -- -- -- -- 138 116 N N Y H+A
11/23/2003 87.75 87.85 N N N -- -- -- -- -- -- -- -- -- 275 144 N N Y H+A
11/23/2003 90.00 90.10 N N N -- -- -- -- -- -- -- -- -- 223 159 N N Y H+A
11/23/2003 93.00 93.10 N N N -- -- -- -- -- -- -- -- -- 709 401 N N Y H+A

10/21/2003 61.10 61.20 N N N -- -- -- -- -- -- -- -- -- 155 88 N N Y H+A
10/21/2003 67.00 67.10 N N N -- -- -- -- -- -- -- -- -- 12 17 N N Y H+A
10/21/2003 77.00 77.10 N N Y <30 <30 <30 <30 <30 <30 <30 <30 <30 332 128 N N Y H+A
10/21/2003 79.10 79.20 N N N -- -- -- -- -- -- -- -- -- 138 124 N N Y H+A
10/21/2003 86.00 86.10 Y Y N -- -- -- -- -- -- -- -- -- 20,900 1,492 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Headspace H+A
10/21/2003 86.50 87.50 Y Y Y 23,000 <2,900 <2,900 6,800 <2,900 <2,900 19,000 25,800 48,800 -- -- Y N N FLUTe, Visual, Lab H+A
10/21/2003 88.50 88.60 Y Y N -- -- -- -- -- -- -- -- -- -- -- Y N N FLUTe, Visual H+A

10/22/2003 63.00 63.10 N N N -- -- -- -- -- -- -- -- -- 100 57 N N N H+A
10/22/2003 66.50 66.60 N N N -- -- -- -- -- -- -- -- -- 1,558 901 N Y N Headspace H+A
10/22/2003 69.00 69.10 N N N -- -- -- -- -- -- -- -- -- 1,072 800 N N Y H+A
10/22/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 135 100 N N Y H+A
10/22/2003 79.00 79.10 N N N -- -- -- -- -- -- -- -- -- 237 190 N N Y H+A
10/22/2003 86.00 86.10 N N Y <40 <40 <40 <40 <40 <40 <40 <40 <40 69 49 N N Y H+A
10/22/2003 90.00 90.10 N N Y <34 <34 <34 <34 <34 <34 <34 <34 <34 225 191 N N Y H+A

10/24/2003 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- -- 73 N N Y H+A
10/24/2003 69.00 69.10 N N N -- -- -- -- -- -- -- -- -- -- 22 N N Y H+A
10/24/2003 75.00 75.10 N N N -- -- -- -- -- -- -- -- -- -- 165 N N Y H+A
10/24/2003 76.40 76.50 N Y N -- -- -- -- -- -- -- -- -- -- 2,519 Y N N FLUTe H+A
10/24/2003 77.75 77.85 Y Y Y 2,200 <340 <340 530 <340 <340 1,800 2,330 4,530 -- 1,995 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
10/24/2003 80.00 80.10 N N N -- -- -- -- -- -- -- -- -- -- 392 N N Y H+A
10/24/2003 82.25 82.35 Y Y N -- -- -- -- -- -- -- -- -- -- 1,007 Y N N FLUTe, Visual H+A
10/24/2003 88.00 88.10 N N N -- -- -- -- -- -- -- -- -- -- 182 N N Y H+A
10/24/2003 94.50 94.60 N N Y 39 <33 <33 <33 <33 <33 <33 <33 39 -- 210 N N Y H+A

11/6/2003 61.00 61.10 N N N -- -- -- -- -- -- -- -- -- 239 141 N N Y H+A
11/6/2003 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 400 239 N N Y H+A
11/6/2003 67.00 67.10 N N N -- -- -- -- -- -- -- -- -- 513 320 N N Y H+A
11/6/2003 71.00 71.10 N N N -- -- -- -- -- -- -- -- -- 662 344 N N Y H+A
11/6/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 127 81 N N Y H+A
11/6/2003 77.50 77.60 Y Y Y 15,000 <3,100 <3,100 <3,100 <3,100 <3,100 <3,100 10,000 25,000 9,500 2,020 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
11/6/2003 80.00 80.10 N N N -- -- -- -- -- -- -- -- -- 300 230 N N Y H+A
11/6/2003 85.50 85.60 N N N -- -- -- -- -- -- -- -- -- 274 169 N N Y H+A
11/6/2003 87.00 87.10 N N N -- -- -- -- -- -- -- -- -- 381 257 N N Y H+A
11/6/2003 88.00 88.10 N N Y <32 <32 <32 <32 <32 <32 <32 <32 <32 1,472 820 N N Y H+A
11/6/2003 89.00 89.50 Y Y Y 55,000 <30,000 <30,000 <30,000 <30,000 <30,000 <30,000 35,000 90,000 -- -- Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
11/6/2003 90.50 90.80 Y Y Y 49,000 <28,000 <28,000 <28,000 <28,000 <28,000 <28,000 <28,000 49,000 16,300 2,652 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
11/6/2003 94.00 94.10 N N N -- -- -- -- -- -- -- -- -- 471 250 N N Y H+A

11/11/2003 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 415 225 N N Y H+A
11/11/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 148 117 N N Y H+A
11/11/2003 83.00 83.10 N N N -- -- -- -- -- -- -- -- -- 230 188 N N Y H+A
11/11/2003 89.40 89.50 N N Y <2,000 <2,000 <2,000 <2,000 <2,000 <2,000 6,200 6,200 6,200 1,901 750 Y N N Lab H+A
11/11/2003 94.00 94.10 N N Y <40 <40 <40 <40 <40 <40 <40 <40 <40 58 64 N N Y H+A

SSB-7

SSB-6

SSB-3

SSB-5

SSB-2

PSB-19

PSB-18

PSB-17
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Table D-1
DNAPL Characterization as Definite or Possible in Saturated UBA

Montrose Superfund Site

Visual FLUTe Soil MCB 2,4'-DDD 2,4'-DDE 2,4'-DDT 4,4'-DDD 4,4'-DDE 4,4'-DDT Total DDT DNAPL Conc. FID PID Boring Log
Top Bottom Observation Stain Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppmv) (ppmv) Notes1

Consultant
DNAPL Occurrence

Definite Possible
Not 

Present
Basis For Definition

Boring ID

SecondaryPrimary

Sample Date
Depth Interval

DNAPL Presence Line of Evidence

11/19/2003 63.00 63.10 N N N -- -- -- -- -- -- -- -- -- 368 236 N N Y H+A
11/19/2003 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 71 76 N N Y H+A
11/19/2003 71.00 71.10 N N N -- -- -- -- -- -- -- -- -- 11 33 N N Y H+A
11/19/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 50 58 N N Y H+A
11/19/2003 78.00 78.10 N N Y 990 <350 <350 <350 <350 <350 1,400 1,400 2,390 7,500 1,800 Very Strong Odor Y N N Lab H+A
11/19/2003 83.00 83.10 N N N -- -- -- -- -- -- -- -- -- 945 370 N N Y H+A
11/19/2003 85.50 85.60 N N N -- -- -- -- -- -- -- -- -- 1,270 550 N N Y H+A
11/19/2003 97.00 97.10 N N Y 40 <40 <40 <40 <40 <40 <40 <40 40 1020 472 Strong Odor N N Y H+A

11/20/2003 64.90 65.00 N N Y <40 <40 <40 <40 <40 <40 <40 <40 <40 401 261 N N Y H+A
11/20/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 274 241 N N Y H+A
11/20/2003 82.40 82.70 Y Y Y 50,000 <20,000 <20,000 <20,000 <20,000 <20,000 53,000 53,000 103,000 7,400 1,710 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab H+A
11/20/2003 88.50 88.60 N N N -- -- -- -- -- -- -- -- -- 858 436 N N Y H+A

11/17/2003 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 79 49 N N Y H+A
11/17/2003 69.50 69.60 N N N -- -- -- -- -- -- -- -- -- 17 20 N N Y H+A
11/17/2003 75.00 75.10 N N N -- -- -- -- -- -- -- -- -- 352 193 N N Y H+A
11/17/2003 78.75 78.85 N N Y 54 <36 <36 <36 <36 <36 <36 <36 54 1,040 427 Odor N N Y H+A
11/17/2003 82.75 82.85 N N N -- -- -- -- -- -- -- -- -- 316 168 N N Y H+A
11/17/2003 87.60 87.80 Y Y Y 28,000 <4,000 <4,000 4,700 <4,000 <4,000 16,000 20,700 48,700 17,300 1,139 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
11/17/2003 91.00 91.10 N N N -- -- -- -- -- -- -- -- -- 58 39 N N Y H+A

11/25/2003 60.00 60.10 N N N -- -- -- -- -- -- -- -- -- 145 133 N N Y H+A
11/25/2003 64.00 64.10 N N N -- -- -- -- -- -- -- -- -- 218 159 N N Y H+A
11/25/2003 68.00 68.10 N N N -- -- -- -- -- -- -- -- -- 134 81 N N Y H+A
11/25/2003 71.00 71.10 N N N -- -- -- -- -- -- -- -- -- 23 29 N N Y H+A
11/25/2003 74.00 74.10 N N N -- -- -- -- -- -- -- -- -- 17 28 N N Y H+A
11/25/2003 74.70 74.80 N N Y <36 <36 <36 <36 <36 <36 <36 <36 <36 47 58 N N Y H+A
11/25/2003 79.20 79.30 Y Y Y 14,000 <2,000 <2,000 3,000 <2,000 <2,000 9,900 12,900 26,900 23,000 1,530 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
11/25/2003 80.90 81.00 N N N -- -- -- -- -- -- -- -- -- 41,000 1,552 Y N N Headspace H+A
11/25/2003 84.90 85.00 N N N -- -- -- -- -- -- -- -- -- 63,000 1,582 Y N N Headspace H+A
11/25/2003 82.00 82.10 N N N -- -- -- -- -- -- -- -- -- 292 305 N N Y H+A
11/25/2003 90.50 90.60 N N N -- -- -- -- -- -- -- -- -- 873 530 N N Y H+A
11/25/2003 92.50 92.60 N N N -- -- -- -- -- -- -- -- -- 567 313 N N Y H+A
11/25/2003 95.00 95.10 N N Y 34 <32 <32 <32 <32 <32 <32 <32 <32 674 551 N N Y H+A

1/22/2004 63.50 63.60 N N N -- -- -- -- -- -- -- -- -- 6 5 N N Y H+A
1/22/2004 64.75 64.85 N N N -- -- -- -- -- -- -- -- -- 3 2 N N Y H+A
1/22/2004 69.25 69.35 N N N -- -- -- -- -- -- -- -- -- 7 6 N N Y H+A
1/22/2004 74.25 74.35 N N N -- -- -- -- -- -- -- -- -- 36 26 N N Y H+A
1/22/2004 79.00 79.10 N N N -- -- -- -- -- -- -- -- -- 68 47 N N Y H+A
1/22/2004 81.00 81.10 N N N -- -- -- -- -- -- -- -- -- 1,828 709 N Y N Headspace H+A
1/22/2004 85.00 85.10 N N N -- -- -- -- -- -- -- -- -- 1,210 657 N N Y H+A
1/22/2004 87.00 87.30 Y Y Y 5,100 <1,700 <1,700 <1,700 <1,700 <1,700 3,200 3,200 8,300 37,600 1,563 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Lab, Headspace H+A
1/22/2004 90.80 91.00 Y Y N -- -- -- -- -- -- -- -- -- 10,800 1,413 Oily Sheen, Very Strong Odor Y N N FLUTe, Visual, Headspace H+A
1/22/2004 91.00 91.50 N N Y 13,000 <3,500 <3,500 <3,500 <3,500 <3,500 8,000 8,000 21,000 2,620 1,078 Y N N Lab H+A
1/22/2004 94.00 94.10 N N N -- -- -- -- -- -- -- -- -- 316 202 N N Y H+A

1/23/2004 62.00 62.10 N N N -- -- -- -- -- -- -- -- -- 56 38 N N Y H+A
1/23/2004 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 1,169 646 N N Y H+A
1/23/2004 68.90 69.00 N N N -- -- -- -- -- -- -- -- -- 2,763 878 N Y N Headspace H+A
1/23/2004 72.50 72.60 N N N -- -- -- -- -- -- -- -- -- 1,118 611 N N Y H+A
1/23/2004 76.00 76.10 N N N -- -- -- -- -- -- -- -- -- 182 151 N N Y H+A
1/23/2004 76.60 76.70 N N N -- -- -- -- -- -- -- -- -- 9,218 1,248 N Y N Headspace H+A
1/23/2004 79.00 79.10 N N N -- -- -- -- -- -- -- -- -- 1,453 646 N N Y H+A
1/23/2004 81.00 81.10 N N N -- -- -- -- -- -- -- -- -- 321 242 N N Y H+A
1/23/2004 85.00 85.10 N N N -- -- -- -- -- -- -- -- -- 279 181 N N Y H+A
1/23/2004 89.00 89.10 N N Y <35 <35 <35 <35 <35 <35 <35 <35 <35 1,217 526 Odor N N Y H+A
1/23/2004 91.00 91.10 N N Y 47 <35 <35 <35 <35 <35 <35 <35 47 933 406 Odor N N Y H+A
1/23/2004 92.00 92.10 N N N -- -- -- -- -- -- -- -- -- 1,003 427 N N Y H+A

1/27/2004 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 0 0 N N Y H+A
1/27/2004 71.00 71.10 N N N -- -- -- -- -- -- -- -- -- 19 1 N N Y H+A
1/27/2004 75.00 75.10 N N N -- -- -- -- -- -- -- -- -- 72 49 N N Y H+A
1/27/2004 77.50 77.60 N N N -- -- -- -- -- -- -- -- -- 775 678 N N Y H+A
1/27/2004 81.00 81.10 N N Y <34 <34 <34 <34 <34 <34 <34 <34 <34 950 690 Odor N N Y H+A
1/27/2004 82.50 82.60 N N Y 280 <66 <66 <66 <66 <66 100 100 380 4,000 1,900 Odor N Y N Lab, Headspace H+A
1/27/2004 85.00 85.10 N N N -- -- -- -- -- -- -- -- -- 125 133 N N Y H+A
1/27/2004 89.00 89.10 N N N -- -- -- -- -- -- -- -- -- 157 189 N N Y H+A
1/27/2004 91.00 91.10 N N Y <50 <50 <50 <50 <50 <50 <50 <50 <50 74 69 N N Y H+A

5/20/2006 60.00 60.10 N N Y 0.39 0.13J ND 1.0 0.38 ND 1.40 2.91 3.30 114 214 N N Y ET & H+A
5/20/2006 66.40 66.50 Y Y Y** 8,300 <1,600 <1,600 1600 <1,600 <1,600 5000 6,600 14,900 10,800 >10,000 Y N N FLUTe, Visual, Lab, Headspace ET & H+A
5/20/2006 70.00 70.10 N N Y 3.20 0.049J ND 0.33 0.16 ND 0.85 1.39 4.59 318 546 N N Y ET & H+A
5/20/2006 80.00 80.10 N N Y 3.70 ND ND 0.098J 0.052J ND 0.33 0.48 4.18 106 136 N N Y ET & H+A
5/20/2006 85.00 85.10 N N Y** 120 <110 <110 150 <110 <110 650 800 920 450 1,306 N Y N Lab ET & H+A
5/20/2006 90.00 90.10 N N Y 40 0.21J ND 1.9 0.83 ND 4.7 7.64 47.64 318 1,580 N Y N Headspace ET & H+A

C30

TSB-9

TSB-11

TSB-8

TSB-2

TSB-3

SSB-11

SSB-12
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Table D-1
DNAPL Characterization as Definite or Possible in Saturated UBA

Montrose Superfund Site

Visual FLUTe Soil MCB 2,4'-DDD 2,4'-DDE 2,4'-DDT 4,4'-DDD 4,4'-DDE 4,4'-DDT Total DDT DNAPL Conc. FID PID Boring Log
Top Bottom Observation Stain Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppmv) (ppmv) Notes1

Consultant
DNAPL Occurrence

Definite Possible
Not 

Present
Basis For Definition

Boring ID

SecondaryPrimary

Sample Date
Depth Interval

DNAPL Presence Line of Evidence

5/19/2006 60.00 60.10 N N Y 0.01 0.012 0.0067 ND 0.03 0.0160 0.0075 0.0722 0.0842 9 19 N N Y ET & H+A
5/19/2006 65.00 65.10 N N N -- -- -- -- -- -- -- -- -- 320 1,100 N N Y ET & H+A
5/19/2006 70.00 70.10 N N Y 11 0.01 ND ND 0.0074 0.0044J 0.0036J 0.02 11.02 223 1,029 N N Y ET & H+A
5/19/2006 76.70 76.80 N N Y** 62 <32 <32 <32 <32 <32 <32 <32 62 640 962 N N Y ET & H+A
5/19/2006 80.00 80.10 Y Y Y 25 ND ND 0.10 0.051J ND 0.44J 0.59 25.59 1,019 >10,000 Y N N FLUTe, Visual, Headspace ET & H+A
5/19/2006 81.00 81.10 N N Y** 4,100 <760 <760 960 <760 <760 2,900 3,860 7,960 13,000 >10,000 Y N N Headspace, Lab ET & H+A
5/19/2006 85.00 85.10 N N N -- -- -- -- -- -- -- -- -- 154 210 N N Y ET & H+A
5/19/2006 90.00 90.10 N N Y 3.20 ND ND 0.041J ND ND 0.22 0.26 3.46 368 1,011 N N Y ET & H+A

11/1/1988 69.30 69.40 Y -- Y 1,200 <5,000 <2,500 <2,500 <5,000 <2,500 11,000 11,000 12,200 -- -- Y N N Visual, Lab H+A
11/1/1988 73.70 73.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
11/1/1988 74.60 74.70 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
11/1/1988 87.50 87.60 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
11/1/1988 89.20 89.30 Y -- Y 36,000 <10,000 <5,000 <5,000 14,000 <5,000 37,000 51,000 87,000 -- -- Y N N Visual, Lab H+A

10/25/1988 60.40 60.50 N -- Y 0.90 <1 <05 <05 1.10 <0.5 2.70 3.80 4.70 -- -- N N Y H+A
10/25/1988 60.90 61.00 N -- Y -- -- -- -- 0.04 0.03 0.84 0.91 0.91 -- -- N N Y H+A
10/14/1988 72.60 72.70 N -- Y 15 <0.6 <0.3 <0.3 0.64 <0.3 2.10 2.74 17.74 -- -- N N Y H+A
10/14/1988 75.10 75.20 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/14/1988 75.70 75.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/14/1988 77.00 77.10 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/14/1988 79.50 79.60 Y -- Y 11,000 <5,000 <2,500 <2,500 <5,000 <2,500 3,900 3,900 14,900 -- -- Y N N Visual, Lab H+A
10/14/1988 81.70 81.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/14/1988 82.10 82.20 Y -- Y 4.30 <2.5 <1.3 <1.3 2.9 <1.3 9.3 12.2 16.5 -- -- Y N N Visual H+A
10/14/1988 89.50 89.70 Y -- Y 12,000 <5,000 <2,500 <2,500 <5,000 <2,500 3,800 3,800 15,800 -- -- Y N N Visual, Lab H+A

10/17/1988 73.50 73.60 N -- Y 54 <5 <2.5 <2.5 7.2 8.4 11.0 26.6 80.6 -- -- N N Y H+A
10/17/1988 74.50 74.60 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/17/1988 76.00 76.30 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/18/1988 79.50 79.60 Y -- Y 8.90 <10 5.5 <5 21.0 25.0 36.0 87.5 96.4 -- -- Y N N Visual H+A
10/18/1988 80.40 80.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/18/1988 81.70 81.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/18/1988 98.00 98.10 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/18/1988 99.70 99.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A

10/13/1988 78.20 78.30 Y -- Y 4,400 <25,000 <13,000 <13,000 <25,000 <13,000 69,000 69,000 73,400 -- -- Y N N Visual, Lab H+A
10/13/1988 78.70 78.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual
10/13/1988 80.90 81.00 Y -- Y 4,900 <25,000 <13,000 <13,000 <25,000 <13,000 51,000 51,000 55,900 -- -- Y N N Visual, Lab H+A
10/13/1988 81.30 81.40 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A

9/26/1988 64.30 64.40 N -- Y 9.60 <1 <0.5 <0.5 <1 <0.5 0.55 0.55 10.15 -- -- N N Y H+A
9/26/1988 73.00 73.20 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A

10/16/1988 73.20 73.30 N -- Y 220 <50 <25 <25 <50 <25 130 130 350 N Y N Lab H+A
10/16/1988 73.80 73.90 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
9/26/1988 74.60 74.70 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
9/26/1988 74.70 74.80 N -- Y 370 <500 <250 <250 <500 <250 540 540 910 N Y N Lab H+A

10/16/1988 79.30 79.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
10/16/1988 81.50 81.60 N -- Y 10 <2.5 <1.3 <1.3 <2.5 <1.3 8.40 8.40 18.40 -- -- N N Y H+A
10/16/1988 90.50 90.60 Y -- Y 81,000 <10,000 <5,000 <5,000 <10,000 <5,000 24,000 24,000 105,000 -- -- Y N N Visual, Lab H+A
10/16/1988 95.00 95.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A

Sept - 1989 60.00 62.60 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 62.90 63.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 64.20 64.90 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 65.90 68.10 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 71.10 71.20 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 72.50 72.60 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 72.60 72.70 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 74.00 74.10 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 74.60 74.70 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 74.80 74.90 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 75.20 75.30 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 75.50 75.60 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 75.90 76.00 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 80.90 81.00 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 83.90 84.00 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 86.90 87.00 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 88.30 88.40 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 89.50 89.60 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 89.75 89.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 91.70 91.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 92.40 92.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 97.80 97.90 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A

C44

S305/S305A

UBT-01

S302,A,F

S101/101A

S304/304A

S301/301A
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Table D-1
DNAPL Characterization as Definite or Possible in Saturated UBA

Montrose Superfund Site

Visual FLUTe Soil MCB 2,4'-DDD 2,4'-DDE 2,4'-DDT 4,4'-DDD 4,4'-DDE 4,4'-DDT Total DDT DNAPL Conc. FID PID Boring Log
Top Bottom Observation Stain Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppmv) (ppmv) Notes1

Consultant
DNAPL Occurrence

Definite Possible
Not 

Present
Basis For Definition

Boring ID

SecondaryPrimary

Sample Date
Depth Interval

DNAPL Presence Line of Evidence

Sept - 1989 60.00 60.30 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 62.10 62.20 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 63.40 63.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 64.70 65.20 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 70.40 71.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 71.90 72.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 74.70 74.90 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 75.20 75.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 75.90 76.30 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 76.40 76.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 85.20 86.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 90.00 90.10 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 90.40 90.50 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 92.35 92.45 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 94.20 94.30 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A

Sept - 1989 61.00 61.10 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 69.60 69.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 72.50 73.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 74.60 74.70 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 75.00 75.10 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 75.10 75.20 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 75.60 75.70 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 77.75 77.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 90.05 90.10 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 92.40 93.00 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
Sept - 1989 94.10 94.30 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A

8/24/1989 79.55 79.75 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
8/24/1989 86.90 87.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A
8/24/1989 94.60 94.80 Y -- N -- -- -- -- -- -- -- -- -- -- -- Y N N Visual H+A

Notes: Definite DNAPL Occurrence if:
DNAPL Concentration = Total DDT + MCB FLUTe ribbon stain
1 Where available; from H+A Visual observation
* Definite DNAPL occurrence at DP-1 is an error; did not meet the criteria; should be characterized as possible MCB > 1,000 mg/kg
** Lab data from H+A Total DDT > 1,000 mg/kg
mg/kg = milligrams per kilogram Headspace > 10,000 ppmv
ppmv = parts per million by volume

FID = flame ionization detector Possible DNAPL Occurrence if:
PID = photo ionization detector MCB > 180/230 mg/kg
ft = feet Total DDT > 60 mg/kg
H+A = Hargis + Associates, Inc. Headspace > 1,500 ppmv
ET = Earth Tech, Inc.

MCB = monochlorobenzene

DNAPL = dense non-aqueous phase liquid

DDT = dichlorodiphenyltrichloroethane

DDE = dichlorodiphenyldichloroethene

DDD = dichlorodiphenyldichloroethane

EPA Data Source = Final Remedial Investigation Report (May 1998)

H+A Data Sources = Results of DNAPL Reconnaissance Investigation (Oct 2004); Tech Memo regarding DNAPL Reconnaissance Borings in Support of Earth Tech Soil Sampling Program (Jan 2006); revised DNAPL thickness estimates (May 2008)

ET Data Source = 2005 Soil Sampling Program, final laboratory results and soil boring logs (soil borings C30 and C44 only)

UBA = Upper Bellflower Aquitard

LW-1

UBT-02

UBT-03
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E-7 Estimated DNAPL Mass in Focused Treatment Area Saturated UBA 

(60-105’ bgs) Per EPA Method for Corrected Weight 
E-8 Estimated Mobile DNAPL Mass in Saturated UBA (60-105’ bgs) Per 
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TABLE E-1
SUMMARY OF DNAPL MASS ESTIMATES PER MONTROSE LIBERAL ESTIMATE

SATURATED UPPER BELLFLOWER AQUITARD (60-105 FEET BGS)

DNAPL
(MCB + DDT)

(lbs)

DNAPL
(gallons)

MCB1              

(DNAPL PHASE)
(lbs)

Total DNAPL Mass in Focused Treatment Area 473,655 41,870 236,828 Table E-3
Mobile DNAPL Mass 221,784 19,544 110,892 Table E-4
Residual DNAPL Mass 251,871 ─ 125,936 ─

DNAPL Mass outside Focused Treatment Area 2 322,396 ─ 161,198 ─
Total DNAPL Mass At Site 796,051 ─ 398,026 Table E-2
% of Total DNAPL Mass in Focused Treatment Area 60% ─ 60% ─

Notes:
1. Assumed to be 50 % of the Total DNAPL Mass.
2. DNAPL mass outside the focused treatment area is all residual; no mobile DNAPL exists outside the focused treatment area.
MCB = monochlorobenzene
DDT = dichlorodiphenyltrichloroethane
BGS = below grade surface

Mass Estimates

Calculation Details 



TABLE E-2
ESTIMATED TOTAL DNAPL MASS IN

SATURATED UPPER BELLFLOWER AQUITARD (60-105 FEET BGS)
CALCULATED USING MONTROSE LIBERAL ESTIMATES OF DNAPL THICKNESS

Definite
Peak MCB Peak Total DDT Peak DNAPL DNAPL Thickness x

Concentration Concentration Concentration Thickness Concentration >50,000 >10,000 >1,000 <1,000
Boring ID (mg/kg) (mg/kg) (mg/kg) (feet) (ftxmg/kg/1E6) mg/kg mg/kg mg/kg mg/kg

DP-1 480 170 650 0.50 0.0003 0.0003
DP-2 210 110 320 0.00
DP-3 13,000 8,300 21,300 0.50 0.0107 0.0107
DP-4 45 <28 45 0.00
DP-5 3,400 2,400 5,800 0.30 0.0017 0.0017
DP-7 16,000 12,000 28,000 1.00 0.0280 0.0280
DP-8 100 <24 100 0.00
DP-9 <30 <30 <60 0.00
DP-10 <30 <30 <60 0.00
DP-11 <28 <28 <56 0.00
DP-12 550 550 1,100 1.25
PSB-1 2,400 3,120 5,520 2.50 0.0138 0.0138
PSB-2 7,100 9,800 16,900 0.85 0.0144 0.0144
PSB-3 3,000 3,150 6,150 1.75 0.0108 0.0108
PSB-4 45,000 37,400 82,400 2.95 0.2431 0.2431
PSB-5 14,000 16,100 30,100 2.50 0.0753 0.0753
PSB-6 27,000 27,100 54,100 0.35 0.0189 0.0189
PSB-7 <33 <33 <66 0.00
PSB-8 <30 <30 <60 0.00
PSB-9 2,000 1,790 3,790 4.00 0.0152 0.0152
PSB-10 44 <33 44 0.00
PSB-11 3,200 8,700 11,900 2.00 0.0238 0.0238
PSB-12 1,400 1,100 2,500 1.55 0.0039 0.0039
PSB-13 <51 <51 <102 0.00
PSB-14 8,600 9,900 18,500 1.00 0.0185 0.0185
PSB-15 13,000 11,000 24,000 1.75 0.0420 0.0420
PSB-16 49 <35 49 0.00
PSB-17 9,300 12,200 21,500 1.00 0.0215 0.0215
PSB-18 5,700 5,900 11,600 1.75 0.0203 0.0203
PSB-19 5,200 5,400 10,600 0.25 0.0027 0.0027
SSB-1 <21 <21 <42 0.00
SSB-2 23,000 25,800 48,800 2.35 0.1147 0.1147
SSB-3 <40 <40 <80 0.00
SSB-4 N/A N/A N/A 0.00
SSB-5 2,200 2,330 4,530 0.95 0.0043 0.0043
SSB-6 55,000 35,000 90,000 2.50 0.2250 0.2250
SSB-7 <2,000 6,200 6,200 1.50 0.0093 0.0093
SSB-8 <40 <40 <80 0.00
SSB-9 <45 <45 <90 0.00
SSB-10 <40 <40 <80 0.00
SSB-11 990 1,400 2,390 0.70 0.0017 0.0017
SSB-12 50,000 53,000 103,000 1.00 0.1030 0.1030
SSB-13 <40 <40 <80 0.00
SSB-14 <40 <40 <80 0.00
SSB-15 <34 <34 <68 0.00
TSB-1 <50 <50 <100 0.00
TSB-2 28,000 20,700 48,700 0.30 0.0146 0.0146
TSB-3 14,000 12,900 26,900 1.60 0.0430 0.0430
TSB-4 <30 <30 <60 0.00
TSB-5 44 <34 44 0.00
TSB-6 <36 <36 <72 0.00
TSB-7 <34 <34 <68 0.00
TSB-8 13,000 8,000 21,000 0.95 0.0200 0.0200
TSB-9 47 <35 47 0.00
TSB-10 46 <34 46 0.00
TSB-11 280 100 380 0.00
TSB-12 <40 <40 <80 0.00
TSB-13 45 <40 45 0.00
TSB-14 40 <35 40 0.00
TSB-15 <35 <35 <70 0.00
TSB-16 <40 <40 <80 0.00

C-13 <30 <30 <60 0.00
C-30 8,300 6,600 14,900 2.00 0.0298 0.0298
C-42 <35 <35 <70 0.00
C-44 4,100 3,860 7,960 1.00 0.0080 0.0080
C-59 66 <40 66 0.00

S-101/101A 36,000 51,000 87,000 1.05 0.0914 0.0914
S-201 N/A N/A N/A N/A
S-202 N/A N/A N/A N/A
S-203 N/A N/A N/A N/A
S-204 N/A N/A N/A N/A

S-301/301A 12,000 3,800 15,800 1.20 0.0190 0.0190
S-302A 54 88 142 1.45 0.0002 0.0002

S-302E/302F N/A N/A N/A 1.45
S-303/303A 1 8 9 0.00
S-304/304A 4,900 69,000 73,900 1.00 0.0739 0.0739
S-305/305A 81,000 24,000 105,000 2.20 0.2310 0.2310

MW-2 7,400 4,980 12,380 N/A
UBT-1 N/A N/A N/A 14.15 0.2310
UBT-2 N/A N/A N/A 7.55 0.2310
UBT-3 N/A N/A N/A 4.50 0.2310
LW-1 N/A N/A N/A 1.30

Notes:
Average (ft x mg/kg / 1E6) = 0.1595 0.0282 0.0076 0.0003 Subtotal

Area (sq ft) = 30,492 58,141 50,447 23,045 162,125
Wet bulk density (g/cc) = 1.85 1.85 1.85 1.85

DNAPL Mass (lbs) = 561,686 189,267 44,391 706 796,051
% of Total Mass = 70.6% 23.8% 5.6% 0.1% 100.0%

For purposes of DNAPL mass estimation, recovery wells UBT-1 
through UBT-3 were assigned a (thickness x concentration) product of 
0.2310 ft x mg/kg/1E6, consistent with the value measured at S-
305/305A.

Saturated UBA

Contour Area



TABLE E-3
ESTIMATED DNAPL MASS IN FOCUSED TREATMENT AREA

SATURATED UPPER BELLFLOWER AQUITARD (60-105 FEET BGS)
CALCULATED USING MONTROSE LIBERAL ESTIMATES OF DNAPL THICKNESS

Saturated UBA

(ftxmg/kg/1E6)
Boring ID (mg/kg) (mg/kg) (mg/kg) (feet) Focused Treatment Area SSB-12 Area

PSB-4 45,000 37,400 82,400 2.95 0.24308
PSB-5 14,000 16,100 30,100 2.50 0.07525
PSB-6 27,000 27,100 54,100 0.35 0.018935
SSB-6 55,000 35,000 90,000 2.50 0.225

SSB-12 50,000 53,000 103,000 1.00 0.103
S-101/101A 36,000 51,000 87,000 1.05 0.09135
S-304/304A 4,900 69,000 73,900 1.00 0.0739
S-305/305A 81,000 24,000 105,000 2.20 0.231

UBT-1 N/A N/A N/A 14.15 0.231*
UBT-2 N/A N/A N/A 7.55 0.231*
UBT-3 N/A N/A N/A 4.50 0.231*

Notes:

Average (ft x mg/kg / 1E6) = 0.1652 0.103 Total

Area (sq ft) = 22,900 3,100 26,000
Wet bulk density (g/cc) = 1.85 1.85

Total  DNAPL Mass (lbs) = 436,779 36,876 473,655
DNAPL density (g/cc) = 1.25 1.25

Total  DNAPL Volume (gals)  = 41,870 3,535 45,405

Definite DNAPL Thickness x Concentration

*For purposes of mobile DNAPL mass estimation, recovery wells UBT-
1 through UBT-3 were assigned a (thickness x concentration) product 
of 0.078 ft x mg/kg/1E6, consistent with the value measured at S-
305/305A.

Peak MCB 
Concentration

Peak Total DDT 
Concentration

Peak DNAPL 
Concentration DNAPL Thickness



TABLE E-4
ESTIMATED MOBILE DNAPL MASS IN FOCUSED TREATMENT AREA
SATURATED UPPER BELLFLOWER AQUITARD (60-105 FEET BGS)

CALCULATED USING MONTROSE LIBERAL ESTIMATES OF DNAPL THICKNESS

Saturated UBA

(ftxmg/kg/1E6)
Boring ID (mg/kg) (mg/kg) (mg/kg) (feet) (mg/kg) Focused Treatment Area SSB-12 Area

PSB-4 45,000 37,400 82,400 2.95 29,400 0.08673
PSB-6 27,000 27,100 54,100 0.35 1,100 0.000385
SSB-6 55,000 35,000 90,000 2.50 37,000 0.0925

SSB-12 50,000 53,000 103,000 1.00 50,000 0.05
S-101/101A 36,000 51,000 87,000 1.05 34,000 0.0357
S-304/304A 4,900 69,000 73,900 1.00 20,900 0.0209
S-305/305A 81,000 24,000 105,000 2.20 52,000 0.1144

UBT-1 N/A N/A N/A 14.15 0.1144*
UBT-2 N/A N/A N/A 7.55 0.1144*
UBT-3 N/A N/A N/A 4.50 0.1144*

Notes:

Average (ft x mg/kg / 1E6) = 0.0771 0.05 Total

Area (sq ft) = 22,900 3,100 26,000
Wet bulk density (g/cc) = 1.85 1.85

Mobile DNAPL Mass (lbs) = 203,883 17,901 221,784
DNAPL density (g/cc) = 1.25 1.25

Mobile DNAPL Volume (gals)  = 19,544 1,716 21,260

(Peak Conc - Assumed 
Residual Concentration 

of 53,000)

Definite DNAPL Thickness x Concentration

*For purposes of mobile DNAPL mass estimation, recovery wells UBT-
1 through UBT-3 were assigned a (thickness x concentration) product 
of 0.078 ft x mg/kg/1E6, consistent with the value measured at S-
305/305A.

Peak MCB 
Concentration

Peak Total DDT 
Concentration

Peak DNAPL 
Concentration

DNAPL 
Thickness



TABLE E-5
SUMMARY OF DNAPL MASS ESTIMATES PER EPA METHOD

SATURATED UPPER BELLFLOWER AQUITARD (60-105 FEET BGS)

DNAPL
(MCB + 
DDT)
(lbs)

DNAPL
(gallons)

MCB1              

(DNAPL PHASE)
(lbs)

Total DNAPL Mass in Focused Treatment Area 771,905 68,069 385,952 Table E-7
Mobile DNAPL Mass 338,344 29,836 222,128 Table E-8
Residual DNAPL Mass 433,561 ─ 163,824 ─

DNAPL Mass outside Focused Treatment Area 124,881 ─ 62,441 ─
Total DNAPL Mass At Site 896,786 ─ 448,393 Table E-6
% of Total DNAPL Mass in Focused Treatment Area 86% ─ 86% ─

Notes:
1. Assumed to be 50 % of the Total DNAPL Mass
2. According to EPA calculation method a small amount of DNAPL mass exists outside the focused treatment area
MCB = monochlorobenzene
DDT = dichlorodiphenyltrichloroethane
BGS = below grade surface

Mass Estimates

Calculation Details 



TABLE E-6
ESTIMATED TOTAL DNAPL MASS IN

SATURATED UPPER BELLFLOWER AQUITARD (60-105 FEET BGS)
CALCULATED USING EPA METHOD FOR CORRECTED WET WEIGHT

>50,000 >10,000 >1,000 <1,000
(mg/kg) mg/kg mg/kg mg/kg mg/kg

DP- 1 480 322 321.9555
DP- 2 210 336
DP- 3 13,000 82 82.1
DP- 4 45 344
DP- 5 3,400 197 197.2
DP- 7 16,000 139 139.0
DP- 8 100 341
DP- 9 <30
DP- 10 <30
DP- 11 <28
DP- 12 550 318

PSB- 1 2,400 235 235.2
PSB- 2 7,100 99 99.2
PSB- 3 3,000 212 211.8
PSB- 4 45,000 2969 2968.9
PSB- 5 14,000 96 96.2
PSB- 6 27,000 726 726.0
PSB- 7 <33
PSB- 8 <30
PSB- 9 2,000 252 251.8
PSB- 10 44 344
PSB- 11 3,200 204 204.4
PSB- 12 1,400 278 278.1
PSB- 13 <51
PSB- 14 8,600 79 78.6
PSB- 15 13,000 82 82.1
PSB- 16 49 344
PSB- 17 9,300 73 72.8
PSB- 18 5,700 128 128.3
PSB- 19 5,200 141 141.1
SSB- 1 <21
SSB- 2 23,000 444 443.8
SSB- 3 <40
SSB- 4 N/A
SSB- 5 2,200 243 243.4
SSB- 6 55,000 4903 4902.8
SSB- 7 <2,000 0.0
SSB- 8 <40
SSB- 9 <45
SSB- 10 <40
SSB- 11 990 297 297.1
SSB- 12 50,000 3874 3874.4
SSB- 13 <40
SSB- 14 <40
SSB- 15 <34
TSB- 1 <50
TSB- 2 28,000 809 808.9
TSB- 3 14,000 96 96.2
TSB- 4 <30
TSB- 5 44 344
TSB- 6 <36
TSB- 7 <34
TSB- 8 13,000 82 82.1
TSB- 9 47 344
TSB- 10 46 344
TSB- 11 280 332
TSB- 12 <40
TSB- 13 45 344
TSB- 14 40 344
TSB- 15 <35
TSB- 16 <40

C- 13 <30
C- 30 8,300 82 81.9
C- 42 <35
C- 44 4,100 173 173.5
C- 59 66 343
S- 101/101A 36,000 1648 1648.5
S- 201 N/A
S- 202 N/A
S- 203 N/A
S- 204 N/A
S- 301/301A 12,000 73 73.0
S- 302A 54 344 343.7
S- 302E/302F N/A
S- 303/303A 1 346
S- 304/304A 4,900 149 149.3
S- 305/305A 81,000 12230 12230.3

MW- 2 7,400 94
UBT- 1 N/A 12230.3
UBT- 2 N/A 12230.3
UBT- 3 N/A 12230.3
LW- 1 N/A

Notes:
Average (gm/sq ft) = 5753.4 174.2 209.8 332.8 Subtotal

Area (sq ft) = 30,492 58,141 50,447 23,045 162,125
Wet bulk density (g/cc) = 1.85 1.85 1.85 1.85

MCB Mass (lbs) = 385,952 22,286 23,281 16,873 448,393
DNAPL Mass (lbs)* = 771,905 44,572 46,563 33,746 896,786

*MCB Mass x 2 % of Total Mass = 86.1% 5.0% 5.2% 3.8% 100.0%

For purposes of DNAPL mass 
estimation, recovery wells UBT-1 
through UBT-3 were assigned an MCB 
mass integral value of 12,230.3 gm/sq 
ft, consistent with the value determined 

Boring ID

Contour Area
MCB Mass Integral

(gm/sq ft)

Peak MCB 
Concentration in 
Saturated UBA



TABLE E-7
ESTIMATED TOTAL DNAPL MASS IN FOCUSED TREATMENT AREA 
SATURATED UPPER BELLFLOWER AQUITARD (60-105 FEET BGS)

CALCULATED USING EPA METHOD FOR CORRECTED WET WEIGHT

(mg/kg) (gm/sq ft)

PSB- 4 45,000 2968.9 2968.9
PSB- 5 14,000 96.2 96.2
PSB- 6 27,000 726.0 726.0
SSB- 6 55,000 4902.8 4902.8
SSB- 12 50,000 3874.4 3874.4

S- 101/101A 36,000 1648.5 1648.5
S- 304/304A 4,900 149.3 149.3
S- 305/305A 81,000 12230.3 12230.3

UBT- 1 N/A 12230.3
UBT- 2 N/A 12230.3
UBT- 3 N/A 12230.3

Notes:
Average (gm/sq ft) = 5753.4

Area (sq ft) = 30492.0
Wet bulk density (g/cc) = 1.85

MCB Mass (lbs) = 385,952
DNAPL Mass (lbs)* = 771,905

*MCB Mass x 2

For purposes of DNAPL mass estimation, 
recovery wells UBT-1 through UBT-3 were 
assigned an MCB mass integral value of 
12,230.3 gm/sq ft, consistent with the value 
determined for S-305/305A.

MCB Mass 
Integral

(gm/sq ft)Boring ID

Focused 
Treatment 

Peak MCB 
Concentration in 
Saturated UBA



TABLE E-8
ESTIMATED MOBILE DNAPL MASS IN 

SATURATED UPPER BELLFLOWER AQUITARD (60-105 FEET BGS)
CALCULATED USING EPA METHOD FOR CORRECTED WET WEIGHT

>50,000 >10,000 >1,000 <1,000
(mg/kg) mg/kg mg/kg mg/kg mg/kg

DP- 3 13,000 431 431.4
DP- 5 3,400 78 77.7
DP- 7 16,000 565 564.7

PSB- 1 2,400 47 47.2
PSB- 2 7,100 201 200.9
PSB- 3 3,000 65 65.3
PSB- 4 45,000 2410 2410.2
PSB- 5 14,000 475 474.6
PSB- 6 27,000 1146 1145.8
PSB- 9 2,000 35 35.3
PSB- 11 3,200 71 71.5
PSB- 12 1,400 18 17.9
PSB- 14 8,600 256 255.5
PSB- 15 13,000 431 431.4
PSB- 17 9,300 282 282.0
PSB- 18 5,700 152 152.3
PSB- 19 5,200 136 135.6
SSB- 2 23,000 918 917.7
SSB- 5 2,200 41 41.2
SSB- 6 55,000 3281 3280.9
SSB- 7 <2,000 0.0
SSB- 11 990 6 6.2
SSB- 12 50,000 2831 2830.5
TSB- 2 28,000 1206 1205.8
TSB- 3 14,000 475 474.6
TSB- 8 13,000 431 431.4

C- 30 8,300 244 244.4
C- 44 4,100 100 99.7
S- 101/101A 36,000 1729 1729.4
S- 201 N/A
S- 301/301A 12,000 389 389.4
S- 302A 54 -20 -19.6
S- 304/304A 4,900 126 125.6
S- 305/305A 81,000 6107 6106.7

UBT- 1 N/A 6106.7
UBT- 2 N/A 6106.7
UBT- 3 N/A 6106.7
LW- 1 N/A

Notes:
Average (gm/sq ft) = 3311.3 412.6 43.4 -9.8 Subtotal

Area (sq ft) = 30,492 58,141 50,447 23,045 162,125
Wet bulk density (g/cc) = 1.85 1.85 1.85 1.85

MCB Mass (lbs) = 222,128 52,773 4,816 -497 279,221
DNAPL Mass (lbs)* = 444,257 105,547 9,633 -995 558,442

% of Total Mass = 79.6% 18.9% 1.7% -0.2% 100.0%
*MCB Mass x 2

Estimated DNAPL Mass Prior to Remediation from Table E-6 (lbs) = 896,786

Estimated Mobile DNAPL Mass in Focused Treatment Area (lbs) = 338,344

Contour Area

Boring ID

For purposes of DNAPL mass estimation, recovery wells 
UBT-1 through UBT-3 were assigned an MCB mass integral 
value of 6,106.7 gm/sq ft, consistent with the value 
determined for S-305/305A.

Peak MCB 
Concentration 
in Saturated 

MCB Mass Integral
(gm/sq ft)

Estimated DNAPL Mass Following Hydraulic Displacement (HD)
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F-1 Passive DNAPL Recovery Since 1988 
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MW-2 UBT-1 UBT-2 UBT-3 UBE-1 UBE-2 UBE-3 UBE-4 UBE-5 TOTAL CUMULATIVE 
TOTAL

DATE
01/18/1988 0.26 -- -- -- -- -- -- -- -- 0.26 0.26
02/04/1988 0.19 -- -- -- -- -- -- -- -- 0.19 0.45
03/18/1988 0.16 -- -- -- -- -- -- -- -- 0.16 0.61
03/25/1988 0.02 -- -- -- -- -- -- -- -- 0.02 0.63
03/31/1988 0.02 -- -- -- -- -- -- -- -- 0.02 0.65
04/22/1988 0.03 -- -- -- -- -- -- -- -- 0.03 0.68
07/27/1988 0.19 -- -- -- -- -- -- -- -- 0.19 0.87
10/14/1988 0.08 -- -- -- -- -- -- -- -- 0.08 0.95
02/09/1989 0.06 -- -- -- -- -- -- -- -- 0.06 1.01
05/20/1989 0.01 -- -- -- -- -- -- -- -- 0.01 1.02
09/25/1989 -- 1.00 -- -- -- -- -- -- -- 1.00 2.02
10/28/1989 0.05 -- -- -- -- -- -- -- -- 0.05 2.07
06/20/1990 0.11 -- 0.00 0.53 -- -- -- -- -- 0.63 2.70
07/06/1990 0.19 -- 0.00 0.01 -- -- -- -- -- 0.20 2.91
08/02/1990 0.11 -- 0.00 0.01 -- -- -- -- -- 0.12 3.03
11/26/1990 0.00 -- 0.00 0.00 -- -- -- -- -- 0.00 3.03
10/07/1991 0.00 6.50 0.05 3.00 0.00 -- -- -- -- 9.55 12.58
11/18/1991 0.00 1.72 0.00 0.00 0.00 -- -- -- -- 1.72 14.30
02/21/1992 0.00 3.50 0.00 0.00 0.00 -- -- -- -- 3.50 17.80
05/21/1992 0.00 2.00 0.00 0.00 0.00 -- -- -- -- 2.00 19.80
07/24/1992 0.75 4.00 0.00 1.00 0.00 -- -- -- -- 5.75 25.55
11/19/1992 0.50 1.50 0.00 0.00 0.00 -- -- -- -- 2.00 27.55
01/29/1993 1.00 2.00 0.00 0.00 0.00 -- -- -- -- 3.00 30.55
06/08/1993 0.50 13.00 0.00 0.00 0.13 -- -- -- -- 13.63 44.17
07/23/1993 0.25 4.00 0.50 0.00 0.13 -- -- -- -- 4.88 49.05
09/27/1993 0.00 3.00 0.25 0.00 0.50 -- -- -- -- 3.75 52.80

VOLUME DNAPL PURGED (gallons)

TABLE F-1
PASSIVE DNAPL RECOVERY SINCE 1988

MONTROSE SUPERFUND SITE

UBA WELL
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MW-2 UBT-1 UBT-2 UBT-3 UBE-1 UBE-2 UBE-3 UBE-4 UBE-5 TOTAL CUMULATIVE 
TOTAL

DATE VOLUME DNAPL PURGED (gallons)

TABLE F-1
PASSIVE DNAPL RECOVERY SINCE 1988

MONTROSE SUPERFUND SITE

UBA WELL

02/08/1994 0.75 5.00 0.50 0.00 0.75 -- -- -- -- 7.00 59.80
05/25/1994 0.60 3.00 0.50 0.60 2.50 -- -- -- -- 7.20 67.00
10/06/1994 0.70 2.50 0.60 0.30 2.00 -- -- -- -- 6.10 73.10
06/19/1995 0.13 2.50 0.75 0.13 1.50 -- -- -- -- 5.00 78.10
10/09/1995 -- 2.00 -- 1.13 1.13 -- -- -- -- 4.25 82.35
12/19/1995 0.25 1.50 1.00 0.25 1.50 -- -- -- -- 4.50 86.85
03/14/1997 -- 1.50 -- -- -- -- -- -- -- 1.50 88.35
10/08/1997 -- -- 1.83 1.55 -- -- -- -- -- 3.38 91.73
10/29/1998 0.33 1.50 3.00 3.00 4.75 -- -- -- -- 12.58 104.31
3/23/1999 0.00 0.40 0.70 2.80 0.00 -- -- -- -- 3.90 108.21
6/22/1999 0.30 0.10 0.80 0.80 0.40 -- -- -- -- 2.40 110.61
9/30/1999 0.00 0.00 1.00 1.00 0.20 -- -- -- -- 2.20 112.81
12/22/1999 0.00 0.20 0.50 1.30 0.00 -- -- -- -- 2.00 114.81
3/23/2000 0.00 0.20 0.50 2.00 0.00 -- -- -- -- 2.70 117.51
6/28/2000 0.00 0.40 0.60 1.50 0.00 -- -- -- -- 2.50 120.01
9/30/2000 0.00 0.40 0.60 1.50 0.00 -- -- -- -- 2.50 122.51

12/15/2000 0.00 0.40 0.50 1.30 0.00 -- -- -- -- 2.20 124.71
5/24/2001 0.00 0.25 0.50 1.00 0.25 -- -- -- -- 2.00 126.71

10/24/2001 0.00 0.25 1.00 2.00 0.05 -- -- -- -- 3.30 130.01
3/28/2002 0.02 0.25 0.75 1.00 0.50 -- -- -- -- 2.52 132.53
8/29/2002 0.00 0.50 0.30 0.30 0.80 -- -- -- -- 1.90 134.43
11/6/2003 0.10 1.30 0.50 0.50 2.40 -- -- -- -- 4.80 139.23
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MW-2 UBT-1 UBT-2 UBT-3 UBE-1 UBE-2 UBE-3 UBE-4 UBE-5 TOTAL CUMULATIVE 
TOTAL

DATE VOLUME DNAPL PURGED (gallons)

TABLE F-1
PASSIVE DNAPL RECOVERY SINCE 1988

MONTROSE SUPERFUND SITE

UBA WELL

7/26/2005 0.00 0.25 0.75 0.50 5.50 -- -- -- -- 7.00 146.23
8/5/2005 -- -- -- -- -- 0.00 0.00 10.75 -- 10.75 156.98

12/9/2005 0.00 0.50 0.25 0.00 1.85 0.00 0.00 8.50 -- 11.10 168.08
5/25/2006 0.00 0.75 0.13 0.25 1.75 0.00 0.00 9.00 -- 11.88 179.96
11/9/2006 0.00 0.25 0.13 0.00 1.50 0.13 0.00 13.00 -- 15.01 194.97
4/3/2007 0.00 0.25 0.13 0.00 0.75 0.00 0.00 14.00 -- 15.13 210.10
3/7/2008 0.00 0.00 0.25 0.00 1.25 0.25 0.00 19.00 -- 20.75 230.85

10/15/2008 0.00 4.00 0.13 0.00 2.25 0.25 0.00 19.00 0.00 25.63 256.47
2/11/2009 -- -- -- -- -- -- -- 4.88 0.05 4.93 261.40
5/18/2009 0.00 1.125 0.00 0.00 1.25 0.125 0.00 6.50 0.875 9.875 271.28
9/9/2009 0.00 0.26 0.13 0.00 1.75 0.00 0.00 3.75 2.50 8.39 279.67

12/1/2009 -- -- -- -- -- -- -- 7.93 1.75 9.68 289.35
3/23/2010 0.00 0.75 0.31 0.00 0.25 0.00 0.00 6.75 2.00 10.06 299.41
6/30/2010 -- -- -- -- -- -- -- 6.50 1.50 8.00 307.41
9/22/2010 0.00 0.50 0.00 0.00 0.75 0.00 0.00 3.50 1.00 5.75 313.16
3/30/2011 0.00 0.75 0.00 0.20 0.50 0.00 0.00 8.50 2.50 12.45 325.61

10/17/2011 0.00 0.75 0.00 0.00 0.25 0.00 0.00 8.00 2.25 11.25 336.86
TOTAL 7.65 76.51 19.44 29.45 39.08 0.76 0.00 149.56 14.43 336.86 336.86

Notes:
 -- = Well not purged on the given date
 UBA = Upper Bellflower Aquitard
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HARGIS + ASSOCIATES, INC. 
HYDROGEOLOGY • ENGINEERING 
 
Mission City Corporate Center 
2365 Northside Drive, Suite C-100 
San Diego, CA  92108 
Phone: 619.521.0165 
Fax: 619.521.8580 

Technical Memorandum 
 
Via: Email and U.S. Mail Project No:  857.04c 

Date: March 25, 2009

To: Carolyn d’Almeida, U.S. Environmental Protection Agency 

cc: Dr. Eva L. Davis, U.S. Environmental Protection Agency (via email only)  
John Dolegowski, CH2M Hill (2 copies) 

 Joe Kelly, Montrose (via email only) 
Paul Sundberg, Montrose (via email only) 
Mike Palmer, de maximis, inc. (via email only) 

 Karl Lytz Esq., Latham & Watkins (via email only) 
 Kelly Richardson Esq., Latham & Watkins (1 copy) 
 Brian Dean, Earth Tech (via email only) 
 Dr. Bernie Kueper, Queens University (via email only) 
 Dr. Paul Johnson, Arizona State University (via email only) 
 Dacre Bush, TN & Associates (via email only) 
 Dr. David Huntley (via email only) 
 
From: Danielle Ondic, PE 6286  Roger Niemeyer, PG 3616, CHG 49 

Re: Evaluation of Containment Zone Timeframes Following a DNAPL Remedy at the 
Montrose Site, Torrance, California, Revision 1.0 

  
 
This technical memorandum was originally submitted to the U.S. Environmental Protection Agency 
(EPA) on September 4, 2008.  It has been updated in response to EPA comments provided in a 
letter dated December 23, 2008 (EPA, 2008b) and supersedes the September 4, 2008 memo.  
Responses to EPA’s comments have been prepared and are included as a separate technical 
memorandum in this transmittal. 
 
This technical memorandum provides an evaluation of the timeframes required for hydraulic 
containment following potential implementation of a dense non-aqueous phase liquid (DNAPL) 
remedy at the Montrose Chemical Corporation of California (Montrose) Site in Torrance, California.  
Given the size of the DNAPL source area in the upper Bellflower aquitard (UBA) and the complexity 
of the lithology at the Montrose Site, there is no DNAPL remedy that will be able to achieve complete 
removal of the DNAPL mass.  Therefore, even if a DNAPL remedy is selected and implemented, the 
remaining DNAPL mass will continue to dissolve into the groundwater in the UBA over time, requiring 
hydraulic containment of the source area in the UBA.   
 
Hydraulic containment of the DNAPL source area in the UBA will be required until groundwater 
concentrations decline to below the in situ groundwater standard (ISGS) for chlorobenzene of 
70 micrograms per liter (ug/l), as specified in the groundwater Record of Decision (ROD) 
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(EPA, 1999).  The concentration of chlorobenzene in groundwater, and thus the need for long-term 
hydraulic containment, is dependent on the amount of DNAPL mass remaining in the UBA following 
a DNAPL remedy, and the rate of DNAPL dissolution.  
 
Therefore, this technical memorandum provides estimates of the timeframes required to achieve the 
ISGS for chlorobenzene following implementation of the various DNAPL remedies being considered.  
The estimated timeframes will be used to facilitate comparison of these remedial alternatives for 
effectiveness assessments, including assessments of remedial and cost effectiveness as part of the 
DNAPL Feasibility Study (FS), as specified by EPA’s Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA (EPA, 1988).   
 
Additional information is provided below regarding project background, the approach used to 
calculate timeframes, assumptions used in the calculations, results of a sensitivity analysis, and a 
discussion of conclusions and uncertainties. 
  
Background 
 
DNAPL at the Montrose Site, composed primarily of dichlorodiphenyltrichloroethane (DDT) and 
chlorobenzene, has migrated downward from the land surface into the UBA.  DNAPL presence 
has been confirmed in the saturated portion of the UBA at the Montrose Property to a depth of 
about 100 feet below land surface (bls)  (Hargis + Associates, Inc. [H+A], 2004).  The depth of 
the base of the UBA in the area of DNAPL impact is encountered at about 105 feet.  Thus, 
DNAPL is present at depths near the base of the UBA.  This analysis solely focuses on DNAPL 
in the saturated portion of the UBA and does not address DNAPL that may be present in the 
underlying Bellflower Sand (BFS)1.  
 
The estimated aerial extent of DNAPL within the saturated zone of the UBA is approximately 
162,000 square feet and is shown in Figure 1.  As groundwater in the saturated portion of the 
UBA contacts the DNAPL, the more soluble component of the DNAPL, chlorobenzene, 
dissolves.  DDT is nearly insoluble in water; therefore, for the purposes of this evaluation, only 
the dissolution and transport of chlorobenzene in the saturated zone is considered.  As 
chlorobenzene dissolves into groundwater, it migrates horizontally downgradient from the 
source area creating a dissolved chlorobenzene plume.  In addition to the horizontal migration 
of chlorobenzene within the UBA, the downward vertical gradient between the UBA and the 
underlying BFS also causes a slight downward flow of groundwater containing dissolved 
chlorobenzene from the UBA into the BFS. 
 
Various technologies for DNAPL source zone treatment are being considered as part of the 
DNAPL FS.  Based on evaluations being conducted for the FS, hydraulic containment only, 
hydraulic containment in combination with hydraulic displacement (HD), or hydraulic 
containment in combination with one of two thermal technologies (i.e., steam injection or 
electrical resistance heating [ERH]) are candidates for a remedial technology.  As part of the 

                                                 
1 Data obtained from field investigations does not provide conclusive evidence of the presence of DNAPL in the BFS 
(H+A, 2008). 
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evaluation of the effectiveness of these technologies, it is important to develop estimates of the 
residual dissolved chlorobenzene concentrations following implementation of these potential 
treatment techniques. 
 
Attaining groundwater standards in the NAPL-impacted areas would require virtually complete 
elimination of the NAPL from the subsurface, which EPA has determined to be technically 
impracticable (EPA, 1999).  EPA therefore designated the region surrounding the DNAPL 
source area as a technical impracticability waiver zone or containment zone due to the 
expected difficulty in removing enough of the DNAPL to achieve the 70 ug/l ISGS for 
chlorobenzene at the Montrose Site (EPA, 1999).  The ROD indicates that since NAPL 
dissolution will continue to occur within the containment zone, it must be contained indefinitely 
(EPA, 1999).  Prior to this evaluation the potential timeframe over which hydraulic containment 
may be required following a DNAPL remedy had not been evaluated. 
 
Technical Approach 
 
For this evaluation, two published methodologies (Newell & Adamson, and Falta, et al., 2005) 
were initially considered for use in estimating the time required to reach a specified dissolved 
phase concentration goal, i.e., the ISGS.  For the purposes of evaluating the long-term impacts 
of partial removal of DNAPL, these methodologies provide a range of estimates and facilitate 
comparison of the technologies as part of planning level assessments including the 
development of the DNAPL FS.  As further explained below, the method presented by Falta, et 
al. (2005), was ultimately selected for use in this evaluation.   
 
Therefore, the results presented provide a basis for evaluating the potential operational 
durations of the hydraulic containment system after applying a source depletion remedy at the 
Montrose Site.   
 
Newell & Adamson Method 
 
Newell & Adamson (2005) presented four simplified mass-balance models: (1) Step Function 
Model, (2) Linear Decay Model, (3) First-Order Decay Model, and (4) Compound Model.  
However, the models presented by Newell & Adamson (2005) are not considered further in this 
evaluation for two primary reasons: 
 

• Applicability – with the exception of the First-Order Decay Model, the models are not 
applicable to the conditions observed at the Montrose Site 

• Redundancy – with the exception of the Compound Model, the models can be evaluated 
with the approach presented by Falta, et al. (2005)  

 
The Step Function Model assumes that the mass flux remains constant over time until all of the 
DNAPL has dissolved.  This model describes a theoretical condition, which is not applicable to 
an actual DNAPL site where the DNAPL dissolution rate would be influenced by a decrease in 
DNAPL mass over time.  The Compound Model is a combination of the Step Function Model 
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and the First-Order Decay Model.  Since the Step Function Model, which is not applicable to an 
actual DNAPL site, is a component of the Compound Model, the Compound Model is also not 
representative.  The Linear Decay Model is unrealistic as well given the complex lithology and 
DNAPL architecture at the Montrose Site.   
 
Thus, the only model presented by Newell & Adamson (2005) that is retained for further 
consideration is the First-Order Decay Model.  Since this model can be evaluated using the 
approach presented by Falta, et al. (2005), as described below, the Newell & Adamson (2005) 
model was not utilized in this evaluation. 
 
Falta Method 
 
Falta, et al. (2005) presented mass and concentration relationships as a function of time based 
on a power relationship between the existing DNAPL mass and dissolved phase concentrations 
emanating from the DNAPL source.  The development of this approach was supported by EPA 
through the National Risk Management Research Laboratory and Strategic Environmental 
Research and Development Program (Falta, 2005).  Additionally, in a recent online EPA 
seminar (EPA, 2008a) it is noted that a power function relationship, similar to the approach 
presented by Falta et al.,(2005), is applicable to evaluating dissolution timeframes. 
 
According to the power function model developed by Falta et al. (2005), the dissolved phase 
concentration is related to the DNAPL mass raised to a power equal to a constant, gamma (Γ).  
The equations describing this relationship were used to solve for the time to reach the ISGS 
concentration for chlorobenzene, as described in Attachment A.  The exponent, Γ, in the power 
function equations determines the rate of change in the groundwater concentration (or dissolved 
mass flux) resulting as DNAPL mass is removed, and is an empirical parameter that defines the 
relationship between mass and dissolution rates for a given DNAPL architecture.   
 
Characteristic decay curves representing a range of Γ values presented in Falta, et al. (2005) 
are provided below: 
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 Power function, Γ=2 
 
The Γ value used in the power function equation is a function of a number of parameters 
including: site lithology, DNAPL architecture after implementation of the remedy, DNAPL 
saturations, and soil conductivities.  Even for homogeneous sites with simple DNAPL 
distribution, it is not possible to precisely select Γ values.  However, evaluation of a range of Γ 
values ensures that results are representative of the site conditions and bound the likely 
minimum and maximum results.  The general relationship of Γ values to site characteristics, as 
presented by Falta, et al. (2005), were used to select Γ values that bound the range of 
conditions observed at the Montrose Site. 
 
Lower Γ values, on the order of 0.5 or less, are typical of source zones where DNAPL tends to 
reside in high permeability soils and with DNAPL distributed in large horizontal pools.  Higher Γ 
values on the order of 2.0 are typical of heterogeneous source zones where DNAPL is 
distributed in lower permeability soils.  The First-Order Decay Model, when Γ equals 1, 
represents a commonly assumed median approach for NAPL sites (Newell & Adamson, 2005; 
Falta, et al., 2005; Parker and Park, 2004) and was therefore selected for use as the base case 
in this evaluation.  Based on direct communication with Dr. Ronald Falta, a gamma value of 
near 1 is common based on analysis of field and laboratory data. 
 
The assumptions regarding the required input parameters are described in greater detail in the 
following sections. 
 
It should be noted that DNAPL dissolution models, as described above and as utilized in this 
analysis, do not explicitly include the effects of slow diffusion of dissolved chlorobenzene from 
fine-grained layers, commonly referred to as back diffusion.  This process is observed following 
remediation at many sites and results in a long term tailing of dissolved concentrations which 
can significantly increase the time required to achieve cleanup levels.  This issue is discussed 
further in the section regarding uncertainties in this evaluation.    
 
Assumptions 
 
The Power Function Model used in this evaluation requires input of various parameters 
including the initial mass of the chlorobenzene component of DNAPL, the initial dissolved phase 
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chlorobenzene concentration, hydraulic properties of the DNAPL zone, hydraulic gradients, and 
the target dissolved phase chlorobenzene concentration.  DNAPL mass is estimated as 
described in a June 5, 2008 EarthTech memorandum (EarthTech, 2008).  This method is based 
on DNAPL thickness estimates and soil sample concentrations.  Since DNAPL is composed of 
an approximate 50/50 mixture of chlorobenzene and DDT (H+A, 1999), the initial mass of the 
chlorobenzene component of DNAPL is one half of the initial DNAPL mass.  As previously 
presented to EPA, estimates of DNAPL thickness have been used to estimate DNAPL mass2 
(H+A, 2007 and 2008, EarthTech, 2008).  Details regarding the assumptions, including DNAPL 
thickness estimates used to estimate DNAPL mass, are provided in Attachment A. 
 
In addition to the input parameters indicated above, this evaluation requires estimation of the 
percentage of the initial chlorobenzene mass that will be removed during a DNAPL remedy.  
The amount of chlorobenzene mass reduction that can be achieved is dependent, in part, on 
the remedial technology used and on the treatment area considered.   
 
Hydraulic Displacement 
 
As further explained in Attachment A, the hydraulic displacement technology is effective at 
removing mobile DNAPL mass.  Thus, the treatment area considered for HD, referred to as the 
focused treatment area and defined as Case 3 in the EarthTech memorandum dated June 5, 
2008 (EarthTech, 2008a), is delineated by the extent of mobile DNAPL mass.  For this 
evaluation, the mass reduction percentages that may be achieved by a HD remedy are based 
DNAPL/water capillary pressure testing conducted on the Montrose DNAPL as well as 
published information about other sites (Sale, et al, 1997; Gerhard, et al, 2001), as further 
discussed in Attachment A and shown below.   
 

Table 1.  Hydraulic Displacement Mass Reduction   
Percent Mobile 
Chlorobenzene Mass 
Reduction(a)  

Mobile Mass 
Fraction of 

Total Mass(b)  

Percent Chlorobenzene 
Mass Reduction in 

Entire DNAPL-Impacted Area(a) 
60% of mobile DNAPL mass X 28% = 17% 
80% of mobile DNAPL mass X 28% = 22% 
90% of mobile DNAPL mass X 28% = 25% 

(a) HD removes both components of mobile DNAPL, i.e., chlorobenzene and DDT 
(b) Mobile mass fraction of the total mass (i.e. 28%) is calculated by dividing the amount of mobile 

chlorobenzene mass (110,900 lbs) by the total chlorobenzene mass in the entire DNAPL-impacted area 
(398,100 lbs) 

                                                 
2 The DNAPL mass estimate used in this evaluation is referred to as the “liberal mass estimate” in other documents 
and was based on field data and professional judgment. 
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Thermal Remedy, Entire DNAPL-Impacted Area 
 
In the case of a thermal remedy, two treatment areas were considered; the entire 
DNAPL-impacted area and a focused treatment area (Earth Tech Case 3) (Attachment A).  For 
treatment in the entire DNAPL-impacted area via ERH or steam injection when 2 to 3 pore 
volumes of steam are injected, it was assumed that 60, 80, and 90 percent of the initial 
chlorobenzene mass could be removed.  Unlike HD, a thermal technology would only be 
effective at removing the chlorobenzene component of DNAPL, such that DDT will remain in the 
subsurface.   
 
While mass removal in excess of 90 percent has been claimed for some sites, there is little 
empirical support for these mass removal percentages and care must be taken not to base 
decisions on overly-optimistic or overly-pessimistic performance projections (Kingston, 2008; 
Kavanaugh and Rao, 2003).  The potential effectiveness of thermal remediation in a highly 
layered aquitard containing an unconventional DNAPL composed of chlorobenzene and DDT is 
highly uncertain.  Given the characteristics of the Montrose Site, e.g., a complex geologic 
setting, a large volume of saturated soil to be remediated, complex DNAPL composition, and 
the depth of the treatment zone, we are not aware of any comparable sites where even the 
percentages assumed for this evaluation have been documented.  Nevertheless, for purposes 
of this evaluation, chlorobenzene mass removal percentages of 60, 80, and 90 percent within 
the treated area were considered for an ERH remedy or steam injection involving injection of 
2 to 3 pore volumes of steam.  In fact, removal of 80 to 90 percent of the chlorobenzene mass is 
considered an optimistic, high-end assumption for mass removal at the Montrose site since no 
reliable data has been identified to show that these removal percentages have been achievable 
at a site comparable to the Montrose site. 
 
Thermal Remedy, Focused Treatment Area 
 
Similar to the evaluation of a thermal remedy in the entire DNAPL-impacted area, three mass 
removal scenarios were considered for ERH or steam with injection of 2 to 3 pore volumes of 
steam in the focused treatment area, as follows:     
 

Table 2.  Thermal Technology Mass Reduction  in Focused Treatment Area 

Percent Chlorobenzene 
Mass Reduction in the 
Focused Treatment Area(a)  

Fraction of Total 
Mass in the 

Focused Treatment 
Area(b)  

Percent Chlorobenzene 
Mass Reduction in 

Entire DNAPL-Impacted 
Area(a) 

60% of chlorobenzene mass X 60% = 36% 
80% of chlorobenzene mass X 60% = 48% 
90% of chlorobenzene mass X 60% = 54% 

(a) Thermal technologies only remove the chlorobenzene component of DNAPL such that removal percentages 
represent chlorobenzene mass removal percentages. 
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(b) The fraction of the total mass in the focused treatment area (i.e. 60%) is calculated by dividing the amount of 
chlorobenzene mass in the focused treatment area (236,900 lbs) by the total chlorobenzene mass in the 
entire DNAPL-impacted area (398,100 lbs). 

 
Results 
 
The results for this evaluation are reported in terms of the years required to reach the ISGS of 
70 ug/l for chlorobenzene in groundwater following a particular DNAPL remedy, and is referred 
to as the dissolution timeframe.  The average chlorobenzene concentration was computed 
based on the groundwater flowrate and chlorobenzene mass transiting a cross section of the 
UBA oriented perpendicular to groundwater flow located immediately downgradient from the 
source area.  Dissolution timeframes for each DNAPL remedial alternative presented below 
(Table 3) were based on the percentage of chlorobenzene mass reduction relative to the total 
initial chlorobenzene mass within the entire DNAPL-impacted area.  The baseline Containment-
Only scenario includes hydraulic containment but no active DNAPL remedy.   
 

Table 3.  Results of Modeling Dissolution Timeframes   

 
Mass Reduction in 

Treatment Area 

Chlorobenzene 
Mass Reduction 

in Entire Area 

Time to reach ISGS after 
remedy (years) 

Γ = 1 (First Order Decay) 
Entire DNAPL-Impacted Area 
Containment-
Only 0% 0% 4,900 

60% 60% 4,200 
80% 80% 3,600 Thermal 
90% 

Total 
chlorobenzene in 

entire DNAPL-
impacted area 90% 3,100 

Focused Treatment Area 
60% 17% 4,700 
80% 22% 4,700 Hydraulic 

Displacement 
90% 

Mobile 
chlorobenzene 

mass in focused 
treatment area 25% 4,700 

60% 36% 4,500 
80% 48% 4,400 Thermal 
90% 

Total 
chlorobenzene 

mass in focused 
treatment area 54% 4,300 

 
Per Table 3, if no DNAPL remedy is performed, the time required to achieve the ISGS for 
chlorobenzene will be on the order of 4,900 years.  Estimated timeframes for dissolution 
following a HD remedy and a focused thermal remedy are somewhat lower, ranging from about 
4,300 to 4,700 years.  The estimated timeframes for dissolution following a thermal remedy in 
the entire DNAPL-impacted area are lower than for a HD remedy or a focused thermal remedy, 
ranging from about 3,100 to 4,200 years. 
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Sensitivity Analysis 
 
A sensitivity analysis was conducted to assess the effect of parameter uncertainty on the 
timeframes estimated during this evaluation.  Initially each parameter was evaluated to identify 
those parameters which had the greatest impact on the timeframe estimates.  It was determined 
that the following five parameters had the greatest impact on the results:  
 

• Empirical Constant, Γ 

• Cross-sectional area impacted by DNAPL 

• UBA horizontal hydraulic gradient 

• UBA hydraulic conductivity 

• Initial chlorobenzene mass in the entire DNAPL-impacted area (chlorobenzene mass 
was varied through the use of  several related parameters collectively referred to as 
“Mass Related Parameters”)  

• The residual DNAPL saturation (changes in saturation result in changes in the footprint 
of and mass within the focused treatment area; these parameters are collectively 
referred to as “Residual Saturation Parameters”)  

 
Reasonable minimum and/or maximum values were selected for each parameter based on 
available Montrose Site data (Attachment A).  Figure 2 shows the percentage change in the 
timeframe required to reach ISGS for chlorobenzene for each parameter, or group of 
parameters, varied.  Based on the results of the sensitivity analysis, the dissolution timeframes 
could range from minus 76 percent to plus 58 percent of the base case calculated timeframes.   
 
Since the mass estimate utilized in this evaluation has been specifically questioned by EPA, 
further details are provided below on the impact of the value used for DNAPL mass.  For the 
example provided below, use of a thermal remedy in the entire DNAPL-impacted area is 
discussed.  
 

Table 4.  Example of Sensitivity of Dissolution Timeframe to Mass Estimate   
Scenario: Thermal Remedy, entire 
DNAPL-impacted Area Base Case Scenario 

Upper Bound Scenario 
(+50%) 

DNAPL Mass Estimate 796,100 lbs 1,194,200 lbs 
Chlorobenzene Mass Estimate(a) 398,100 lbs 597,100 lbs 
Timeframe Range 3,100 years to 4,200 years 3,500 years to 4,600 years 
Variability from Base Case 
Scenario -- +13% 
(a) Chlorobenzene mass is half of the DNAPL mass based on site data which indicate that Montrose DNAPL is a 
50/50 mixture of chlorobenzene and DDT 
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Based on the foregoing, this variability in mass considered in this evaluation has limited impact 
on the estimated timeframes.  
 
Further explanation of the process used for the sensitivity analysis is provided in Attachment A. 
 
Uncertainty 
 
A number of factors contribute to some level of uncertainty in these estimates including DNAPL 
architecture, site conditions, dissolution dynamics, and back diffusion.   
 
The DNAPL architecture is highly complex3 at the Montrose Site, which contributes uncertainty 
to evaluating the impact of source zone remediation on attainment of remedial goals.  The 
combination of complex lithology and variability in other parameters such as soil conductivities 
and DNAPL saturations, results in uncertainty in the Γ values selected.  While site knowledge 
can be used in combination with perspective provided in Falta, et al. (2005), it is not possible to 
determine the actual Γ that is applicable to a site, even for sites with simple, homogeneous 
lithology and DNAPL architecture.  This uncertainty is partially addressed by evaluating a range 
of Γ values as part of the sensitivity analysis.   
 
There is also uncertainty due to the complexity of DNAPL dissolution dynamics and 
post-remediation equilibrium conditions which would result in a change in DNAPL/plume 
dynamics.  The numerical approach used for estimating dissolution timeframes does not 
account for all mechanisms that hasten or slow down the dissolution process.  For example, for 
the first few years after a thermal remedy, elevated temperatures in the treatment zone will 
result in increased chlorobenzene solubility and higher desorption rates, resulting in decreased 
dissolution timeframes.  Dispersion effects would also result in decreased timeframes as 
groundwater contacting DNAPL in the more upgradient areas of the DNAPL-impacted zone 
disperses with movement towards the downgradient areas.  Conversely, lithologic heterogeneity 
which results in preferential or non-uniform groundwater flow and dead-end pores would result 
in decreased dissolution rates, thus resulting in increased dissolution timeframes.   
 
As mentioned earlier, back diffusion is an important process that can sustain plumes long after 
DNAPL in the source zone has dissolved.  Fine-grained low permeability layers can store 
significant amounts of dissolved phase mass which is released very slowly over time.  This can 
extend the time required to achieve ISGS levels following DNAPL removal.  This will in turn 
extend the operating duration of the hydraulic containment system.  Per Dr. Bernie Kueper, 
back diffusion can be significant in extending times to reach ISGS where dissolution timeframes 
are less than many hundreds of years, but is not likely a driving factor when considering DNAPL 
dissolution rates on the order of thousands of years such as those estimated for the Montrose 
Site.  
 

                                                 
3 DNAPL at the Montrose Site is distributed in a complex manner typically as residual DNAPL or in thin discontinuous 
layers or pools ranging from a few inches to several feet in thickness distributed within a heterogeneous sequence of 
interbedded fine-grained low permeability sands and silts. 
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Conclusions 
 
The following conclusions can be drawn from the dissolution modeling results: 
 

• The range of potential dissolution timeframes estimated during this evaluation suggests 
that, using only hydraulic containment, it will take on the order of 4,900 years for the 
DNAPL within the source area to dissolve to the point where the ISGS for chlorobenzene 
will be achieved in the UBA. 

• Assuming that implementation of a HD remedy removes roughly 60 percent to 90 
percent of mobile DNAPL mass, it will take approximately 4,700 years for the DNAPL 
remaining in the source area to dissolve to the point where the ISGS for chlorobenzene 
will be achieved.   

• An ERH remedy or steam injection with 2 to 3 pore volumes injected in a focused 
treatment area removing 60 percent to 90 percent of the chlorobenzene mass in the 
focused treatment area will take on the order of 4,300 to 4,500 years to reach the ISGS 
for chlorobenzene.   

• A thermal DNAPL remedy implemented across the entire DNAPL-impacted area 
removing 60 percent to 90 percent of the chlorobenzene mass in the entire 
DNAPL-impacted area will take on the order of 3,100 to 4,200 years to reach the ISGS 
for chlorobenzene. 

 
Despite the uncertainties, the results presented are reliable estimates and provide a basis for 
evaluating potential timeframes required to achieve the ISGS for chlorobenzene following 
certain source depletion remedies.  The calculations presented by Falta, et al. (2005) provide a 
range of estimates, illustrating that DNAPL removal will not materially alter the amount of time 
required to obtain the ISGS for chlorobenzene, as containment will be required for multiple 
thousands of years under all scenarios.  The estimates presented will facilitate comparison of 
the various remedial alternatives for effectiveness assessments within the DNAPL FS.   
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ATTACHMENT A 
METHODOLOGY AND ASSUMPTIONS 

 
This attachment presents the methodology and assumptions that were utilized in estimating the time 
required to achieve the in-situ groundwater standard (ISGS) for chlorobenzene of 70 micrograms per 
liter (ug/l) following a potential dense non-aqueous phase liquid (DNAPL) remedy at the Montrose 
Chemical Corporation of California (Montrose) site in Torrance, California.  DNAPL presence has 
been confirmed the saturated portion of the UBA at the Montrose Property to a depth of about 
100 feet below land surface (bls) (Hargis + Associates, Inc. [H+A], 2004).  Since the base of the 
upper Bellflower aquitard (UBA) is encountered at about 105 feet bls in this area, confirmed DNAPL 
evidence is limited to the UBA.  Thus, this analysis solely focuses on DNAPL in the UBA and does 
not address the affect on containment timeframes for DNAPL that may be present in the underlying 
Bellflower Sand (BFS).   
 
This attachment presents the following: (1) modeling approach (2) site conditions and input 
parameter assumptions, and (3) sensitivity of results to parameter uncertainty.   
 
APPROACH 
 
A number of analytical solutions have been published for estimating timeframes for DNAPL source 
depletion (Newell and Adamson, 2005; Falta et al., 2005).  Generally, these solutions are based on 
mass-balance calculations that relate changes in DNAPL source mass to changes in the dissolved 
groundwater concentrations and/or mass emanating from the source zone. The basic form of the 
mass-balance calculations assumes that for a given DNAPL compound, the ratio of the dissolved 
groundwater concentration at any point in time to the initial groundwater concentration is related to 
the ratio of the remaining DNAPL mass, to the initial DNAPL mass, by the following equation: 
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C = Concentration, dissolved phase in groundwater (C0 is the initial concentration) 
M = Mass (M0 is the initial mass) 
Γ = Empirical parameter 
 
The empirical parameter Γ is related to the DNAPL architecture, which incorporates both the 
distribution of DNAPL within the zone and the soil and aquifer properties of the DNAPL zone.  As 
described in Falta, et al. (2005), lower Γ values, on the order of 0.5 or less, are typical of source 
zones where DNAPL resides in highly permeable soils, with DNAPL distributed in large horizontal 
pools.  Higher Γ values, on the order of 2.0, are typical of heterogeneous source zones or where 
DNAPL is distributed in lower permeability soils.   
 
In the case of Γ = 1, the power equation becomes equivalent to the first-order decay equation 
described by Newell et al. (2005), and the concentration ratio decreases at the same rate as the 
mass ratio.  In this case it is assumed that at all times the reduction in the groundwater 
concentration is directly proportional to the reduction in the DNAPL mass.   

Power Relationship 
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Power Function Model 
 
The power relationship shown in Equation (1) describes the relationship between dissolved phase 
concentration and DNAPL mass, but does not provide information on how the mass is expected to 
decline over time under the process of DNAPL dissolution.  The power function model utilizes two 
solutions that describe the behavior of mass and concentration as a function of time according to the 
power relationship described in Equation (1).  Falta, et al. (2005) derived analytical solutions shown 
in Equations (2) and (3) for cases when DNAPL source mass is only removed by dissolution: 
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Cs(t) = Source zone concentration as a function of time, dissolved phase in groundwater 
C0 = Initial concentration 
M(t) = Source zone DNAPL mass as a function of time 
M0 = Initial mass 
Γ = Empirical parameter 
Vd = Darcy velocity 
A = Cross-sectional area of groundwater flow 
t = time 
 
The starting mass, M0, is defined by site characteristics.  A mass loading goal is defined for this 
analysis as the ISGS multiplied by the groundwater flow rate; the groundwater flow rate is the rate of 
groundwater movement through the downgradient cross-sectional area.  The remedial timeframe is 
the calculated timeframe to reach the ISGS following DNAPL remediation.   
 
It is important to note that Equations (2) and (3) can not be solved for Γ = 1, representing the 
first-order decay function; however, this case can be evaluated by setting Γ equal to a value 
approaching one such as 9999.0 . 
 
Equation (2) was rearranged to solve for time to reach an ISGS concentration when DNAPL source 
mass is only removed by dissolution for all power function cases where Γ is not equal to 1, as 
follows:  
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The various terms of this equation are as defined for Equations (2) and (3). 
 
To account for partial depletion of the source mass by a DNAPL remedy, Falta, et al. (2005) offers 
two additional equations: 
 

0)1( MXM t −=  (5) 
 
M0 = Initial mass 
Mt = Mass following source reduction activities 
X = Fraction of the initial mass removed by source reduction activities 
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C0 = Concentration, dissolved phase in groundwater prior to source reduction activities 
Ct = Concentration, dissolved phase in groundwater following source reduction activities 
M0 = Initial mass 
Mt = Mass following source reduction activities 
Γ = Empirical parameter 
 
Equation (4) can be solved for the time to reach an ISGS concentration when DNAPL source mass 
is removed by source reduction activities for all power function cases where Γ is not equal to 1 by 
replacing the initial mass term (M0) with the equation for Mt (Equation 5) and by replacing the initial 
concentration term (C0) with the equation for Ct (Equation 6), as follows:  
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The various terms of this equation are as defined for Equations (3), (5), and (6). 
 
 
SITE CONDITIONS AND INPUT PARAMETER ASSUMPTIONS 
 
The mass balance models generally require the following inputs:  

 
• the initial chlorobenzene mass associated with the DNAPL;  
• the amount of chlorobenzene mass reduction achieved by the DNAPL remedy; and  
• the target chlorobenzene mass, which is analogous to the ISGS chlorobenzene 

concentration.   
 

In order to develop the input parameters for the models, data from the 1999 Draft DNAPL Feasibility 
Study (H+A, 1999), the DNAPL extraction test (H+A, 2007), and the groundwater model developed 
by the U.S. Environmental Protection Agency (EPA) for the groundwater Remedial Design (CH2M 
Hill, 2008), were combined to estimate parameters specific to the Montrose Site.  Other sources of 
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data are cited below, as appropriate.  Assumed parameter values are provided in Table A-1 and 
depicted in Figure A-1.  The basis for the parameter values selected is presented in the following 
section.  
 
DNAPL-Impacted Area 
 
The aerial extent of DNAPL, approximately 162,000 square feet (ft2), was calculated by mapping the 
estimated DNAPL extent from boring logs.  This area is referred to as the entire DNAPL-impacted 
area. 
 
A second treatment area, referred to as the focused treatment area, is also considered as part of 
this evaluation.  The focused treatment area is delineated by the extent of mobile DNAPL mass 
which is defined by areas where the DNAPL saturation exceeds the residual saturation.  The 
focused treatment area is described as Case 3 in the EarthTech memorandum dated June 5, 2008 
(EarthTech, 2008a).  Since hydraulic displacement (HD) is only capable of removing mobile DNAPL 
mass, the focused area is the only scenario considered.  For a thermal remedy, both the entire 
DNAPL-impacted area and the focused treatment are considered. 
 
When the focused treatment area is considered, mass is only actively removed by the remedy from 
the treatment area; dissolution is then evaluated for the mass outside of the treatment area and the 
mass remaining inside the treatment area not recovered by the active remedy. 
 
DNAPL Thickness and Cross-Sectional Area  
 
DNAPL is known to be distributed unevenly throughout the UBA.  Where DNAPL comes in contact 
with groundwater, chlorobenzene dissolves, resulting in concentrations approaching the solubility 
limit.  However, the chlorobenzene concentration may not be detectable in areas of the UBA where 
groundwater does not contact DNAPL.  In order to estimate the average chlorobenzene 
concentration and mass passing through a cross section of the UBA downgradient of the DNAPL 
source area, the cross-sectional area of the UBA where groundwater contacts DNAPL was 
estimated.  To accomplish this, the DNAPL source was conceptualized as a single, bell-shaped 
layer that extends across an idealized 400 by 400 square foot source area (Figure A-1).  The bell 
shape of the DNAPL layer results from the spatial and vertical distribution of the DNAPL.  The area 
of this curve, in profile, represents the cross-sectional area of the UBA where groundwater will come 
in contact with DNAPL  The bulk of the DNAPL exists in the core of the DNAPL-impacted area, 
represented by the center, thickest part of the bell curve.  The DNAPL diminishes away from the 
main source area, represented by the decreasing thickness approaching the edge of the 
DNAPL-impacted area.   
 
The thickness of the DNAPL(i.e. the vertical distribution) was evaluated by considering the thickness 
of DNAPL within individual borings.  The thickness estimates used in this evaluation were developed 
using data collected during the DNAPL reconnaissance program and from other historic soil borings 
(H+A, 2004; EPA, 1998).  DNAPL evidence, including visual observation, staining on Flexible Liner 
Underground Technology (FLUTe) ribbon, soil core analytical data, and organic vapor 
measurements, were used to estimate DNAPL thickness.  DNAPL evidence was used in 
combination with soil lithology to develop an estimate of DNAPL thickness in the individual borings 
(H+A, 2008a; EarthTech, 2008a).  
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The thickness data was kriged to generate a set of thickness contours.  The contours were then 
used to evaluate the thickness data in profile to develop the bell-shaped distribution of DNAPL 
across the DNAPL-impacted area, as conceptualized in Figure A-1. 
 
Chlorobenzene Mass  
 
The Montrose DNAPL is an approximate 50/50 mixture of chlorobenzene and DDT.  However, for 
the purposes of evaluating timeframes required to achieve the ISGS for chlorobenzene, the mass of 
the chlorobenzene component is more pertinent to this evaluation.  Further, the two technologies 
considered in this evaluation (i.e., HD and thermal technologies) remove mass differently.  While HD 
will remove both the chlorobenzene and DDT component of the DNAPL, it can only remove mobile 
DNAPL mass such that it is necessary to understand the amount of DNAPL mass that exceeds the 
residual saturation value and is therefore potentially mobile.  Thermal technologies are capable of 
removing both mobile and immobile chlorobenzene mass.  They are not, however, capable of 
removing the DDT component of the DNAPL which would be left in an immobile, almost insoluble 
form in the subsurface. 
 
The total initial DNAPL mass in the DNAPL-impacted area was calculated as the product of (i) the 
thickness of soil with confirmed DNAPL-impact; (ii) the concentration of intervals with confirmed 
DNAPL-impact; (iii) the treatment area; and (iv) the wet bulk density (EarthTech, 2008a) (Table A-2).  
The same approach for calculating mass (Earth Tech 2008a) was applied using only those borings 
which are within the focused treatment area to estimate the mass DNAPL in the focused treatment 
area (Table A-3).  The approximate mass of mobile DNAPL was calculated similarly (Table A-4).  
Mobile DNAPL is associated with soil containing DNAPL in excess of the residual saturation of 19% 
which is equivalent to a DNAPL concentration of approximately 53,000 milligrams per kilogram 
(mg/kg).  Thus, only the amount of mass associated with the portion of the concentration in excess 
of 53,000 mg/kg was used to calculate mobile mass (Table A-4).  The estimates of DNAPL mass 
and the chlorobenzene mass associated with the DNAPL, are summarized below in Table A-5. 
 

Table A-5. Estimates of DNAPL Mass 

Description 
DNAPL Mass 

(lbs) 
Chlorobenzene Mass(a) 

(lbs) 
Total Mass, entire DNAPL-impacted area 796,100 398,100 
Total Mass, focused treatment area 473,700 236,900 
Mobile Mass 221,800 110,900 
 (a) = the chlorobenzene mass is half of the DNAPL mass based on the approximate 50/50 ratio of 
chlorobenzene and DDT in the Montrose DNAPL 

 
Horizontal Groundwater Flow 
 
In this analysis, both the components of horizontal groundwater flow within the UBA and vertical 
groundwater flow from the UBA to the BFS, as depicted in Figure A-1, were calculated in order to 
estimate the combined DNAPL mass loading.  Calculations are based on the following assumptions: 
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• The average saturated thickness is 40 feet.   This was based on the vertical interval from the 
water table at about 60 feet bls to the maximum depth of confirmed DNAPL of about 
100 feet bls, as reported during the DNAPL reconnaissance investigation (H+A, 2004).   

• The average horizontal hydraulic conductivity, Kh, of the UBA was determined from 
transmissivities calculated during extraction testing of on-Property UBA wells UBE-1 and 
UBT-1 during the DNAPL extraction testing (H+A, 2007).  The time-drawdown data collected 
during short-duration DNAPL extraction testing at these two wells yielded transmissivity 
values of 4,500 gallons per day per foot (gpd/ft) or about 600 square feet per day (ft2/day) 
(H+A, 2007).  The average Kh of the UBA was estimated by dividing the UBA transmissivity 
by the average thickness of 40 feet, resulting in an estimated Kh of 15 feet per day (ft/day).  

• The horizontal hydraulic gradient in the UBA in the vicinity of the DNAPL source area was 
calculated based on a steady state simulation using the calibrated groundwater Remedial 
Design model assuming only the hydraulic containment wells are pumping.  A water level 
contour figure based on the model simulation was prepared and the horizontal gradient on 
the Montrose Property was estimated based on the spacing of the water level contours 
(Figure A-2).  The groundwater Remedial Design model results indicate that the horizontal 
gradient at the site would be approximately 0.0025 in the UBA under a hydraulic containment 
scenario. 

• The flow rate of groundwater passing through a cross-sectional area 400 feet wide and 
40 feet thick was calculated using Darcy’s Law: 

 
AIKQ ××=                         (8) 

 
     Q = the groundwater flow rate 

K = hydraulic conductivity 
I = hydraulic gradient, and 
A = the cross-sectional area 

 
Based on the forgoing, the horizontal groundwater flow rate is estimated to be approximately 
600 cubic feet per day (ft3/day). 
 
Average Chlorobenzene Concentration in UBA Groundwater 
 
The initial average chlorobenzene concentration in the UBA downgradient from the source zone was 
estimated by applying a mixing model within the vertical section of the UBA.  The mixing model 
assumes that the chlorobenzene concentration in groundwater contacting DNAPL is equal to the 
theoretical maximum concentration of chlorobenzene in groundwater or, the multi-component 
solubility limit of chlorobenzene of approximately 410,000 ug/l (EPA, 1998).  This concentration is 
applied to the cross-sectional area where groundwater contacts DNAPL (i.e., the bell-shaped curve 
described above).  The mixing model also assumes that groundwater from the DNAPL zone at this 
maximum concentration would mix with groundwater containing no chlorobenzene throughout the 
remainder of the UBA as the plume leaves the source area.  Therefore, the average chlorobenzene 
concentration can be calculated by dividing the total mass loading by the total groundwater flow rate 
and performing the appropriate unit conversions.  Since the concentration of chlorobenzene in the 
non-DNAPL zone is assumed to be zero, the total mass loading is equal to the mass loading from 
the DNAPL-impacted zone.  This results in an average chlorobenzene concentration of 
approximately 33,700 ug/l in the UBA. 
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Vertical Groundwater Flow 
 
Calculations for estimating downward flow rate of groundwater from the DNAPL source area in the 
UBA to the BFS are based on the following assumptions:  
 

• The cross-sectional area supporting vertical flow was assumed to be equal to the aerial 
extent of the DNAPL source zone of approximately 162,000 ft2.   

• The head difference across the lower portion of the UBA was calculated from the 
groundwater Remedial Design model hydraulic containment simulation results, described 
above.  Based on this simulation, the water level difference between the UBA and BFS in the 
vicinity of the DNAPL source area would be about 0.3 foot with only the hydraulic 
containment wells operating. The estimated thickness of the aquitard sediments separating 
the DNAPL zone from the BFS was determined from lithologic logs from borings S301A, 
S302A, S304A, and S305A in the area of DNAPL impact (H+A, 1988).  The thickness of the 
basal fine-grained aquitard sediments that exist between the DNAPL-impacted zone and the 
BFS were assumed to control the vertical flow of groundwater to the BFS in this area.  The 
thickness of the aquitard sediments in these four borings ranged from 8.5 to 13.5 feet, and 
the average thickness is 10.75 feet.  Therefore, an aquitard thickness of 11 feet was used for 
the calculation of vertical flow through the basal silty sand sediments.  

• The average vertical hydraulic gradient across the silty aquitard sediments was computed as 
the head difference of 0.3 foot divided by the unit thickness of 11 feet which results in a 
vertical hydraulic gradient of 0.027. 

• The vertical hydraulic conductivity of the aquitard sediments was assumed to be equal to the 
geometric mean of vertical hydraulic conductivities measured for fine-grained soil samples 
collected from the UBA by Earth Tech (2008b) and fine-grained off-Property soil samples 
collected from the UBA (EPA, 1998).  Based on the foregoing, the average vertical 
conductivity is approximately 4.9x10-3 ft/day. 

 
The vertical groundwater flow rate passing through the cross-sectional area of the DNAPL-impacted 
zone was calculated using Darcy’s Law (Equation 8), as described above.  Based on the forgoing, 
the vertical groundwater flow rate is estimated to be approximately 21.4 ft3/day. 
 
Chlorobenzene Mass Loading 
 
The chlorobenzene mass loading is calculated as the total loading out of the UBA in both the 
horizontal and vertical direction. 
 
Horizontal Component 
 
The initial average chlorobenzene mass loading from the source area was calculated based on the 
groundwater flow rate and average chlorobenzene concentration as described above.  Based on an 
average chlorobenzene concentration of about 33,700 ug/l, a groundwater flow rate in the 
conceptualized DNAPL layer of 49.3 ft3/day, and accounting for unit conversions, yields a horizontal 
mass loading of 357 pounds per year (lbs/year) emanating from the DNAPL source area. 
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Vertical Component 
 
The vertical mass flow rate of chlorobenzene from the source area into the BFS was calculated 
based on the vertical groundwater flow rate and average chlorobenzene concentration in the UBA, 
as described above.  Based on an average chlorobenzene concentration of 100,000 ug/l from 
recently collected depth discrete data from the BFS (H+A, 2008b) and accounting for unit 
conversions, a groundwater flowrate of 21.4 ft3/day, and accounting for unit conversions, yields a 
vertical chlorobenzene mass loading of 48.7 lbs/year emanating vertically from the DNAPL source 
area. 
 
Chlorobenzene Mass Reduction by a DNAPL Remedy 
 
In order to estimate dissolution timeframes for the different DNAPL remedial technologies, it is 
necessary to include assumptions for the percent of chlorobenzene mass reduction that is likely to 
be achieved with each technology.  The selected DNAPL remedy may include one of two active 
DNAPL remediation approaches:  HD or a thermal technology.  For a thermal technology, two 
treatment areas are considered: the entire DNAPL-impacted area and a focused treatment area.  
For the HD remedy, only the focused treatment area is considered.  The focused treatment area is 
equivalent for both technologies and is defined by the extent of mobile DNAPL mass; this area is 
referred to as Case #3 in a June 5, 2008 EarthTech memorandum (EarthTech, 2008a).  
Furthermore, in all cases, mass reduction percentages discussed below refer to reductions relative 
to the initial chlorobenzene mass within the entire DNAPL-impacted area.   
 
Hydraulic Displacement Remedy 
 
DNAPL is potentially mobile at saturations exceeding the residual saturation.  If effectively 
implemented, HD can reduce DNAPL saturations to nearly the residual saturation.  An average 
residual saturation value of 0.19 used for this evaluation was based on a DNAPL-water capillary 
pressure curve developed based on a soil sample from the UBA at the Montrose Site (EarthTech, 
2008b).  This is equivalent to a DNAPL concentration (i.e., chlorobenzene plus DDT) of 
approximately 53,000 mg/kg (Earth Tech 2008a).  Thus, it was assumed that for HD to remove 
DNAPL, the DNAPL concentration must exceed approximately 53,000 mg/kg.  As described above, 
the amount of chlorobenzene mass associated with the mobile DNAPL at the site is estimated to be 
110,900 lbs, or approximately 28 percent of the total chlorobenzene mass associated with DNAPL in 
the entire DNAPL-impacted area.  This is the theoretical maximum chlorobenzene mass that could 
be removed by HD.   
 
For the purposes of this evaluation, mass removal percentages of 60, 80, and 90 percent of mobile 
mass were utilized for HD.  The percentage of mobile DNAPL that can be recovered using HD at the 
Montrose site was based on DNAPL/water capillary pressure testing conducted on the Montrose 
DNAPL as well as published information about other sites (Sale, et al, 1997; Gerhard, et al, 2001).  
As described further in the upcoming DNAPL FS Report, DNAPL/water capillary pressure testing 
indicates that while it is unlikely that HD will recovery 100 percent of the mobile DNAPL, removal 
efficiencies on the order of 80 to 90 percent are considered reasonable.  Investigations at other sites 
further support the recovery efficiencies utilized.  One full-scale site utilizing horizontal drains was 
reported to have achieved approximately 95 percent mobile mass removal (Sale, et al, 1997).  Per 
Dr. Bernie Kueper, information presented in a modeling study conducted to evaluate a potential 
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DNAPL HD remedy at another site (Gerhard, et al, 2001) indicates that about 75 percent of the 
mobile DNAPL mass could be recovered using horizontal wells.   
 
Since approximately 28 percent of the total chlorobenzene mass is potentially mobile, mass removal 
percentages of 60, 80, and 90 percent are equivalent to removal of 17, 22, and 25 percent removal 
of the total chlorobenzene mass in the entire DNAPL-impacted area. 
 
Thermal Remedy 
 
Thermal remedies have been employed at pilot- and full-scale at more than 180 sites nationally.  
Mass reductions of greater than 90 percent have been claimed for a number of projects; however, a 
recent extensive analysis of thermal sites concluded that "the long term effect on groundwater 
quality improvements and source discharge reductions appear to be poorly documented and/or not 
monitored at many thermal sites" (Kingston, 2008).  Moreover, an EPA report prepared by 
Kavanaugh and Rao, (2003), points out that reduction claims are inherently inaccurate due to the 
uncertainty of estimating the initial mass of DNAPL prior to source removal.  Thus, there is little 
empirical support for the prior estimates of mass removal percentages and care must be taken not to 
base decisions on overly-optimistic or overly-pessimistic performance projections.  Given: 1) the 
complex geologic setting with pooled DNAPL located in a highly layered and heterogeneous 
aquitard of 40 or more feet in thickness underlain by a sandy aquifer, 2) the large volume of 
saturated soil to be remediated, 3) the complex DNAPL composition which includes a large 
percentage of DDT, a non-volatile organic solid, and 4) the depth of treatment zone, we are not 
aware of any comparable site where the percentages employed in this report have been 
documented.  
 
Nevertheless, for purposes of this evaluation, chlorobenzene mass removal percentages of 60, 80, 
and 90 percent within the treated area were considered for an electrical resistance heating (ERH) 
remedy or steam injection remedy involving injection of 2 to 3 pore volumes of steam.  
 
There is approximately 237,000 lbs of chlorobenzene mass in the focused treatment area or, about 
60 percent of the total chlorobenzene mass in the entire DNAPL-impacted area.  Thus, removal of 
60, 80, and 90 percent of the total chlorobenzene mass in the focused treatment area is equivalent 
to removal of 36, 48, and 54 percent of the total chlorobenzene mass in the entire DNAPL-impacted 
area.     
 
Hydraulic Containment Only 
 
In addition, a hydraulic containment only scenario was evaluated where there was no active DNAPL 
remediation and therefore no initial source depletion associated with an active DNAPL remedy.   
 
 
PARAMETER UNCERTAINTY – SENSITIVITY ANALYSIS   
 
In order to assess the potential effects of parameter uncertainty on the evaluation results, a 
sensitivity analysis was performed.  Prior to conducting the sensitivity analysis, all parameters were 
screened to identify which were likely to have the greatest effect on the results.  Certain parameters 
were considered fixed values such as the width of the DNAPL zone, the thickness of the UBA, and 
the maximum concentration of chlorobenzene in groundwater.  Other parameters were found to 
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have minimal effect on the calculated dissolution timeframes including the hydraulic conductivity and 
the gradient in the aquitard separating the UBA and the BFS.  The following section presents the 
sensitivity analysis results for the parameters which have the greatest effect on the dissolution 
timeframes.  Parameter ranges used during the sensitivity analysis are presented in Table A-1.  
Results of the sensitivity analysis are shown graphically in Figure 2 and are presented in terms of 
percent difference in the dissolution timeframe where a positive percentage indicates an increase in 
the timeframe and a negative percentage indicates a decrease in the timeframe.  
 
Horizontal Gradient and Hydraulic Conductivity in the UBA 
 
The dissolution timeframe is inversely proportional to the horizontal hydraulic gradient and Kh of the 
UBA, which are components of the calculation of the groundwater flow rate and therefore also 
components of mass loading. 
 
During the sensitivity analysis the horizontal hydraulic gradient in the UBA was varied by a factor of 
±20 percent to provide a range of values that may occur under actual conditions. This is consistent 
with the range of values predicted by the calibrated groundwater Remedial Design model under the 
containment scenario, or 0.0025 to 0.003 in the UBA.  This resulted in a variation in the dissolution 
timeframe of up to 22 percent. 
 
During the sensitivity analysis the horizontal hydraulic conductivity of the UBA was varied from by a 
factor of about ±30 percent, i.e., from 10 to 20 ft/day, which resulted in a variation in the dissolution 
timeframe of up to 44 percent. 
 
Cross-Sectional Area of DNAPL Impact and Total Initial Chlorobenzene Mass 
 
 
There are several parameters that are directly linked to the total initial DNAPL mass in the entire 
DNAPL-impacted area, including: 
 

• Cross-sectional area of the conceptual bell-shaped DNAPL layer (see above discussion of 
“DNAPL Thickness and Cross-Sectional Area”) 

• Initial mass of chlorobenzene in the entire DNAPL-impacted area 
• Initial mass of chlorobenzene and mobile chlorobenzene in the focused treatment area 

 
These input parameters are collectively referred to as “Mass Related Parameters” and were varied 
together in the sensitivity analysis to evaluate the uncertainty associated with the DNAPL mass 
estimates.  As part of the sensitivity analysis, the base-case values for the cross-sectional area and 
the initial mass values were increased by 50 percent, as shown below.   
 

Table A-6.  Sensitivity Analysis of Mass-Related Parameters 
 

Input Parameter Base Case Value Upper Bound Value
Cross-Sectional Area 1,314 ft2 1,971 ft2 
Total MCB Mass, Entire DNAPL-impacted Area 398,100 lbs 597,100 lbs 

 MCB = chlorobenzene 
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An increase in initial mass of 50 percent was utilized since it is consistent with the high end of the 
range considered appropriate for Feasibility Level cost estimates.  In both the base case and the 
upper bound of the sensitivity analysis, 60 percent of the total chlorobenzene mass is in the focused 
treatment area and 28 percent of the total chlorobenzene mass is mobile. 
 
This adjustment resulted in a variation in the dissolution timeframe of up to 9 percent. 
 
 
Residual DNAPL Saturation 
 
There are several parameters that are directly linked to the DNAPL residual saturation including: 
 

• Foot-print of the focused treatment area 
• Initial mass of chlorobenzene in the focused treatment area 
• Initial mass of mobile chlorobenzene in the focused treatment area 

 
These input parameters are collectively referred to as “Residual Saturation Parameters” and were 
varied together in the sensitivity analysis to evaluate the uncertainty associated with the DNAPL 
residual saturation. 
 
The average residual saturation value of 0.19 used for this evaluation was based on a DNAPL-water 
capillary pressure curve developed based on a soil sample from the UBA at the Montrose Site 
(EarthTech, 2008b).  Residual saturation is, however, a function of a number of variables including 
the lithology within which the DNAPL is present and the initial amount of DNAPL present at a 
particular location.  Thus, the measured residual saturation of 0.19 may not be applicable to all 
DNAPL pools.  Per Dr. Bernie Kueper, the residual saturation is not likely to be lower than the value 
determined based on the laboratory analysis (Earth Tech, 2008b); however, it could range as high 
as 0.25.  This is equivalent to a DNAPL concentration (i.e., chlorobenzene plus DDT) of 
approximately 70,000 mg/kg (Earth Tech 2008a).  A focused treatment area defined by a soil 
concentration of 70,000 mg/kg encompasses a smaller area than the area defined by a soil 
concentration of 53,000 mg/kg (i.e. a residual saturation of 0.19).  This is because fewer borings 
have soil concentrations in excess of the higher threshold.  The smaller footprint of the focused 
treatment area contains less total mass and less mobile mass, as indicated below. 
 

Table A-7.  Sensitivity Analysis of Residual Saturation Parameters 
 

Input Parameter 

Value When 
Residual Saturation 

19% 

Value When 
Residual Saturation 

25% 
Footprint of Focused Treatment Area 26,000 ft2 18,100 ft2 
Total MCB Mass in Focused Treatment Area(a) 236,900 lbs (60%) 190,800 lbs (48%) 
Mobile MCB Mass in Focused Treatment Area(a) 110,900 lbs (28%) 85,000 lbs (21%) 

(a) = value in parenthetical represents the fraction of the total MCB mass in the entire 
DNAPL-impacted area which is present in the focused treatment area 
MCB = chlorobenzene 
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This adjustment resulted in a variation in the dissolution timeframe of up to 4 percent.  It should be 
noted that only timeframes for treatment scenarios associated with the focused treatment area are 
impacted by a change in the residual saturation since a change in the residual saturation does not 
result in a change in the total mass in the entire DNAPL-impacted area. 
 
Aquitard Vertical Conductivity 
 
The vertical hydraulic conductivity of the aquitard sediments was estimated to be 4.9x10-3 ft/day, as 
described above.  During the sensitivity analysis, the vertical hydraulic conductivity of the aquitard 
sediments was varied by a factor of ± 20 percent, i.e. from 3.9 x 10-3 to 5.9 x 10-3.  This resulted in a 
variation in the dissolution timeframe of up to 2 percent. 
 
Empirical Parameter, Γ 
 
The power function model used to estimate dissolution timeframes in this evaluation includes an 
empirical parameter, Γ, which is selected based on site characteristics.  For this evaluation, a 
conservative, base case Γ value of 1 was used.  This represents a commonly assumed median 
approach for NAPL sites (Newell & Adamson, 2005; Falta, et al., 2005; Parker and Park, 2004) and, 
based on direct communication with Dr. Ronald Falta, a gamma value of near 1 is common based 
on analysis of field and laboratory data.  In order to evaluate the sensitivity of the estimated 
timeframe to a range of potential Γ values, the empirical parameter was varied between 0.6 and 1.2.  
This resulted in a variation in the dissolution timeframe of up to 76 percent. 
 
Lower Γ values, on the order of 0.5 or less, are typical of source zones where DNAPL tends to 
reside in high permeability soils and with DNAPL distributed in large horizontal pools.  Higher Γ 
values on the order of 2.0 are typical of heterogeneous source zones where DNAPL is distributed in 
lower permeability soils.  The lithology and DNAPL distribution at the Montrose Site is indicative of Γ 
values that are greater than 1.  The UBA consists of a heterogeneous sequence of interbedded 
fine-grained low permeability sands and silts.  Furthermore, the DNAPL is distributed in a complex 
manner typically as thin discontinuous layers ranging from a few inches to several feet in thickness.   
 
List of Attachments 
 
Table A-1: Input Parameter Values 
Table A-2: Base Case Estimate of Mass in the Upper Bellflower Aquitard, Entire DNAPL-Impacted 

Area 
Table A-3: Base Case Estimate of Mass in the Upper Bellflower Aquitard, Focused Treatment Area 
Table A-4: Base Case Estimate of Mobile Mass in the Upper Bellflower Aquitard, Focused Treatment 

Area 
Table A-5: Estimates of DNAPL Mass (in text) 
Table A-6: Sensitivity Analysis of Mass Related Parameters (in text) 
Table A-7 Sensitivity Analysis of Residual Saturation Parameters (in text) 
 
Figure A-1: Conceptual Model in the Upper Bellflower Aquitard 
Figure A-2: Simulated Water Level Elevations Upper Bellflower Aquitard Hydraulic Containment 

Pumping Scenario 
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Table A-1.  Input Parameter Values

Minimum Value Maximum Value
Empirical Parameter, Γ 1 0.6 1.2
UBA horizontal hydraulic conductivity (ft/day), Kh 15 10 20
Width of DNAPL-impacted zone (ft) 400 -- --
UBA thickness (ft) 40 -- --
Footprint of Entire DNAPL-Impacted Area (ft2) 162,000 -- --
UBA horizontal gradient (ft/ft), i 0.0025 0.002 0.003
MCB concentration in DNAPL zone (ug/l), C0 410,000 -- --
Aquitard thickness (ft) 11 -- --
Aquitard hydraulic conductivity (ft/day), Kv 0.0049 0.0039 0.0059
Aquitard head differential (ft) 0.3 -- --
Aquitard vertical gradient (ft/ft), i 0.027 -- --
Concentration goal (ug/l), Cs(t) 70 -- --
DNAPL Thickness Parameters (varied concurrently):

Cross-sectional area (ft2) 1,314 986 1,643
Starting MCB Mass (lbs), Entire Area, M0 398,000 298,500 497,500

Acronyms & Abbreviations:
-- = parameter not evaluated as part of sensitivity analysis, as described in Attachment A
DNAPL = Dense Non-Aqueous Phase Liquid
ft = foot
ft/day = feet per day
ft/ft = feet per foot
ft2 = square feet
lbs = pounds
MCB = Chlorobenzene
UBA = Upper Bellflower aquitard
ug/l = micrograms per liter

Sensitivity Analysis
Parameter Base Value

Note:  See spreadsheet provided in Attachment B for details on use of these parameters in the calculation of 
dissolution timeframes.

Table A-1.xls
02-06-09 Page 1 of 1



  HARGIS + ASSOCIATES, INC. TABLE A-2
BASE CASE ESTIMATE OF MASS IN THE UPPER BELLFLOWER AQUITARD

ENTIRE DNAPL-IMPACTED AREA

>50,000 >10,000 >1,000 <1,000
(mg/kg) (mg/kg) (mg/kg) (feet) (ft x mg/kg / 1E6) mg/kg mg/kg mg/kg mg/kg

DP- 1 480 170 650 0.50 0.0003 0.0003
DP- 2 210 110 320 0.00
DP- 3 13,000 8,300 21,300 0.50 0.0107 0.0107
DP- 4 45 <28 45 0.00
DP- 5 3,400 2,400 5,800 0.30 0.0017 0.0017
DP- 7 16,000 12,000 28,000 1.00 0.0280 0.0280
DP- 8 100 <24 100 0.00
DP- 9 <30 <30 <60 0.00
DP- 10 <30 <30 <60 0.00
DP- 11 <28 <28 <56 0.00
DP- 12 550 550 1,100 1.25

PSB- 1 2,400 3,120 5,520 2.50 0.0138 0.0138
PSB- 2 7,100 9,800 16,900 0.85 0.0144 0.0144
PSB- 3 3,000 3,150 6,150 1.75 0.0108 0.0108
PSB- 4 45,000 37,400 82,400 2.95 0.2431 0.2431
PSB- 5 14,000 16,100 30,100 2.50 0.0753 0.0753
PSB- 6 27,000 27,100 54,100 0.35 0.0189 0.0189
PSB- 7 <33 <33 <66 0.00
PSB- 8 <30 <30 <60 0.00
PSB- 9 2,000 1,790 3,790 4.00 0.0152 0.0152
PSB- 10 44 <33 44 0.00
PSB- 11 3,200 8,700 11,900 2.00 0.0238 0.0238
PSB- 12 1,400 1,100 2,500 1.55 0.0039 0.0039
PSB- 13 <51 <51 <102 0.00
PSB- 14 8,600 9,900 18,500 1.00 0.0185 0.0185
PSB- 15 13,000 11,000 24,000 1.75 0.0420 0.0420
PSB- 16 49 <35 49 0.00
PSB- 17 9,300 12,200 21,500 1.00 0.0215 0.0215
PSB- 18 5,700 5,900 11,600 1.75 0.0203 0.0203
PSB- 19 5,200 5,400 10,600 0.25 0.0027 0.0027
SSB- 1 <21 <21 <42 0.00
SSB- 2 23,000 25,800 48,800 2.35 0.1147 0.1147
SSB- 3 <40 <40 <80 0.00
SSB- 4 N/A N/A N/A 0.00
SSB- 5 2,200 2,330 4,530 0.95 0.0043 0.0043
SSB- 6 55,000 35,000 90,000 2.50 0.2250 0.2250

Contour AreaDefinite Thickness 
x Concentration

Peak DNAPL 
Concentration

Peak Total DDT 
Concentration

DNAPL 
Thickness

Boring ID

Saturated UBA
Peak MCB 

Concentration

Tables A2 A3 A4.xls Page 1 of 3



  HARGIS + ASSOCIATES, INC. TABLE A-2
BASE CASE ESTIMATE OF MASS IN THE UPPER BELLFLOWER AQUITARD

ENTIRE DNAPL-IMPACTED AREA

>50,000 >10,000 >1,000 <1,000
(mg/kg) (mg/kg) (mg/kg) (feet) (ft x mg/kg / 1E6) mg/kg mg/kg mg/kg mg/kg

Contour AreaDefinite Thickness 
x Concentration

Peak DNAPL 
Concentration

Peak Total DDT 
Concentration

DNAPL 
Thickness

Boring ID

Saturated UBA
Peak MCB 

Concentration

SSB- 7 <2,000 6,200 6,200 1.50 0.0093 0.0093
SSB- 8 <40 <40 <80 0.00
SSB- 9 <45 <45 <90 0.00
SSB- 10 <40 <40 <80 0.00
SSB- 11 990 1,400 2,390 0.70 0.0017 0.0017
SSB- 12 50,000 53,000 103,000 1.00 0.1030 0.1030
SSB- 13 <40 <40 <80 0.00
SSB- 14 <40 <40 <80 0.00
SSB- 15 <34 <34 <68 0.00
TSB- 1 <50 <50 <100 0.00
TSB- 2 28,000 20,700 48,700 0.30 0.0146 0.0146
TSB- 3 14,000 12,900 26,900 1.60 0.0430 0.0430
TSB- 4 <30 <30 <60 0.00
TSB- 5 44 <34 44 0.00
TSB- 6 <36 <36 <72 0.00
TSB- 7 <34 <34 <68 0.00
TSB- 8 13,000 8,000 21,000 0.95 0.0200 0.0200
TSB- 9 47 <35 47 0.00
TSB- 10 46 <34 46 0.00
TSB- 11 280 100 380 0.00
TSB- 12 <40 <40 <80 0.00
TSB- 13 45 <40 45 0.00
TSB- 14 40 <35 40 0.00
TSB- 15 <35 <35 <70 0.00
TSB- 16 <40 <40 <80 0.00

C- 13 <30 <30 <60 0.00
C- 30 8,300 6,600 14,900 2.00 0.0298 0.0298
C- 42 <35 <35 <70 0.00
C- 44 4,100 3,860 7,960 1.00 0.0080 0.0080
C- 59 66 <40 66 0.00
S- 101/10 36,000 51,000 87,000 1.05 0.0914 0.0914
S- 201 N/A N/A N/A N/A
S- 202 N/A N/A N/A N/A
S- 203 N/A N/A N/A N/A
S- 204 N/A N/A N/A N/A
S- 301/30 12,000 3,800 15,800 1.20 0.0190 0.0190
S- 302A 54 88 142 1.45 0.0002 0.0002
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  HARGIS + ASSOCIATES, INC. TABLE A-2
BASE CASE ESTIMATE OF MASS IN THE UPPER BELLFLOWER AQUITARD

ENTIRE DNAPL-IMPACTED AREA

>50,000 >10,000 >1,000 <1,000
(mg/kg) (mg/kg) (mg/kg) (feet) (ft x mg/kg / 1E6) mg/kg mg/kg mg/kg mg/kg

Contour AreaDefinite Thickness 
x Concentration

Peak DNAPL 
Concentration

Peak Total DDT 
Concentration

DNAPL 
Thickness

Boring ID

Saturated UBA
Peak MCB 

Concentration

S- 302E/3 N/A N/A N/A 1.45
S- 303/30 1 8 9 0.00
S- 304/304 4,900 69,000 73,900 1.00 0.0739 0.0739
S- 305/30 81,000 24,000 105,000 2.20 0.2310 0.2310

MW- 2 7,400 4,980 12,380 N/A
UBT- 1 N/A N/A N/A 14.15 0.231*
UBT- 2 N/A N/A N/A 7.55 0.231*
UBT- 3 N/A N/A N/A 4.50 0.231*
LW- 1 N/A N/A N/A 1.30

Notes:
Average (ft x mg/kg / 1E6) = 0.1595 0.0282 0.0076 0.0003 Subtotal

Area (sq ft) = 30,492 58,141 50,447 23,045 162,125
Wet bulk density (g/cc) = 1.85 1.85 1.85 1.85

DNAPL Mass (lbs) = 561,686 189,267 44,391 706 796,051
DNAPL density (g/cc) = 1.25 1.25 1.25 1.25

UBA = Upper Bellflower aquitard DNAPL Volume (gals)  = 53,844 18,143 4,255 68 76,310
MCB = Chlorobenzene
DDT = Dichlorodiphenyltrichloroethane

DNAPL = Dense non-aqueous phase liquid
(>) = Greater than
(<) = Less than

mg/kg = Milligrams per kilogram
N/A = Not analyzed
sq ft = Square feet
g/cc = Grams per cubic centimeter
lbs = Pounds

gals = Gallons

FOOTNOTES

* For purposes of DNAPL mass estimation, recovery wells UBT-1 
through UBT-3 were assigned a (thickness x concentration) 
product of 0.2310 ft x mg/kg/1E6, consistent with the value 
measured at S-305/305A.
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  HARGIS + ASSOCIATES, INC. TABLE A-3
BASE CASE ESTIMATE OF MASS IN THE UPPER BELLFLOWER AQUITARD

FOCUSED TREATMENT AREA

Saturated UBA
Peak MCB 

Concentration
Peak Total DDT 
Concentration

Peak DNAPL 
Concentration

Definite DNAPL Thickness x Concentration
(ftxmg/kg/1E6)

Boring ID (mg/kg) (mg/kg) (mg/kg) (feet) (ft x mg / kg / 1E6) Focused Treatment Area SSB-12 Area
PSB-4 45,000 37,400 82,400 2.95 0.24308 0.24308
PSB-5 14,000 16,100 30,100 2.50 0.07525 0.07525
PSB-6 27,000 27,100 54,100 0.35 0.018935 0.018935
SSB-6 55,000 35,000 90,000 2.50 0.225 0.225
SSB-12 50,000 53,000 103,000 1.00 0.103 0.103

S-101/101A 36,000 51,000 87,000 1.05 0.09135 0.09135
S-304/304A 4,900 69,000 73,900 1.00 0.0739 0.0739
S-305/305A 81,000 24,000 105,000 2.20 0.231 0.231

UBT-1 N/A N/A N/A 14.15 N/A 0.231*
UBT-2 N/A N/A N/A 7.55 N/A 0.231*
UBT-3 N/A N/A N/A 4.50 N/A 0.231*

Notes:

Average (ft x mg/kg / 1E6) = 0.1652 0.103 Total

Area (sq ft) = 22,900 3,100 26,000
Wet bulk density (g/cc) = 1.85 1.85

1. Estimated residual DNAPL concentration is 53,000 mg/kg.
DNAPL Mass (lbs) = 436,779 36,876 473,655

DNAPL density (g/cc) = 1.25 1.25
DNAPL Volume (gals)  = 41,870 3,535 45,405

UBA = Upper Bellflower aquitard
MCB = Chlorobenzene
DDT = Dichlorodiphenyltrichloroethane

DNAPL = Dense non-aqueous phase liquid
mg/kg = Milligrams per kilogram

N/A = Not analyzed
sq ft = Square feet
g/cc = Grams per cubic centimeter
lbs = Pounds

gals = Gallons

Definite Thickness x 
Concentration

* For purposes of DNAPL mass estimation, recovery wells UBT-1 
through UBT-3 were assigned a (thickness x concentration) product of 
0.231 ft x mg/kg/1E6, consistent with the value measured at S-
305/305A.

DNAPL 
Thickness

FOOTNOTES
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  HARGIS + ASSOCIATES, INC. TABLE A-4
BASE CASE ESTIMATE OF MOBILE MASS IN THE UPPER BELLFLOWER AQUITARD

FOCUSED TREATMENT AREA

Saturated UBA

Peak MCB 
Concentration

Peak Total DDT 
Concentration

Peak DNAPL 
Concentration

Definite DNAPL Thickness x Concentration
(ftxmg/kg/1E6)

Boring ID (mg/kg) (mg/kg) (mg/kg) (feet) (mg/kg) Focused Treatment Area SSB-12 Area
PSB-4 45,000 37,400 82,400 2.95 29,400 0.08673
PSB-6 27,000 27,100 54,100 0.35 1,100 0.000385
SSB-6 55,000 35,000 90,000 2.50 37,000 0.0925
SSB-12 50,000 53,000 103,000 1.00 50,000 0.05

S-101/101A 36,000 51,000 87,000 1.05 34,000 0.0357
S-304/304A 4,900 69,000 73,900 1.00 20,900 0.0209
S-305/305A 81,000 24,000 105,000 2.20 52,000 0.1144

UBT-1 N/A N/A N/A 14.15 N/A 0.1144*
UBT-2 N/A N/A N/A 7.55 N/A 0.1144*
UBT-3 N/A N/A N/A 4.50 N/A 0.1144*

Notes:

Average (ft x mg/kg / 1E6) = 0.0771 0.05 Total

Area (sq ft) = 22,900 3,100 26,000
Wet bulk density (g/cc) = 1.85 1.85

1. Estimated residual DNAPL concentration is 53,000 mg/kg.
Mobile DNAPL Mass (lbs) = 203,883 17,901 221,784

DNAPL density (g/cc) = 1.25 1.25
Mobile DNAPL Volume (gals)  = 19,544 1,716 21,260

UBA = Upper Bellflower aquitard
MCB = Chlorobenzene
DDT = Dichlorodiphenyltrichloroethane

DNAPL = Dense non-aqueous phase liquid
mg/kg = Milligrams per kilogram

N/A = Not analyzed
sq ft = Square feet
g/cc = Grams per cubic centimeter
lbs = Pounds

gals = Gallons

Magnitude of 
Concentration Above 

Residual Concentration1

* For purposes of mobile DNAPL mass estimation, recovery wells UBT-
1 through UBT-3 were assigned a (thickness x concentration) product 
of 0.1144 ft x mg/kg/1E6, consistent with the value measured at S-
305/305A.

DNAPL 
Thickness

FOOTNOTES
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  HARGIS + ASSOCIATES, INC.

DESCRIPTION OF SPREADSHEETS 
FOR CALCULATION OF DISSOLUTION TIMEFRAMES

Input-Output Sheet
This sheet is used to enter the inputs for various parameters used for calculation throughout the workbook. This is the
only sheet where data should be entered. Input values are entered in cells B4 through B16 for the appropriate
parameters and units listed in column A.

The results of the model are listed in the table labeled RESULTS (cells A21-E33). The mass reduction percentages
(cells B23-B33) and gamma values (cells C22-D22) can be modified on this sheet and will carry through to the
calculations on other sheets. The “Time to reach ISGS after remedy” presents the time in years to reach the goal
concentration for each scenario listed in the column; cells C23-E33 reference the results that are calculated on the
appropriate sheet for each treatment scenario; the sheets are titled “Timeframe-Entire Area” and “Timeframe-Focused
Area” should not be manually updated.

Timeframe-Entire Area Sheet
This sheet calculates the timeframes for scenarios involving treatment in the entire DNAPL-impacted area. No inputs are
required.

The INPUT CALCUALTIONS calculate Mt and Ct, which are inputs to the main calculations of dissolution timeframes
(cells C8-F10).

The results of the model are output in the table labeled RESULTS (cells C15-E17).

The unit conversions/interim calculations below the results tables convert the calculated groundwater flowrates, mass
loadings, and concentrations calculated in the “Flow Rate & Mass” to the forms required by the calculation, as specified in
Falta et al. (2005). Additionally, the values are converted to the metric system in order to simplify the calculations.
Standard unit conversions are listed under CONVERSIONS.  

Initial mass, M0, is the estimate chlorobenzene mass in the UBA, converted to kilograms (kg).  

The term Vd*A is the Darcy velocity times the cross-sectional area, and is equivalent to the groundwater flow rate through
the DNAPL source zone. In this evaluation, the horizontal and vertical groundwater flow rates are summed together to
represent the total groundwater flow rate through the DNAPL source zone. This total groundwater flow rate is converted
to liters per year using the standard conversion listed under CONVERSIONS.

Initial concentration, C0, is the calculated average concentration in the UBA, converted to killogram per liter (kg/l).  

The goal concentration is the ISGS, converted to kg/l.

Timeframe-Focused Area Sheet
This sheet calculates the timeframes for scenarios involving treatment in the focused area.  No inputs are required.
  
This sheet is set up identically to the above sheet that calculates the timeframes for the scenarios involving treatment of
the entire DNAPL-impacted area.

The INPUT CALCULATIONS are presented in cells C8-F13.

The RESULTS are presented in cells C18-E23.

857 TM01A AttB Dislutn TimeframeCalcs - 
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  HARGIS + ASSOCIATES, INC.

DESCRIPTION OF SPREADSHEETS 
FOR CALCULATION OF DISSOLUTION TIMEFRAMES

Flow Rate & Mass Sheet

This sheet calculates the groundwater flow rates, mass loadings, and average concentrations for various portions of the 
simplified UBA model.  No inputs are required for this sheet, and no modifications should be made to this sheet.  All 
inputs are from the sheet labeled “Input-Output”.  

This sheet is divided into 4 sections – 
1. Chlorobenzene Mass
2. Horizontal Transport Only
3. Vertical Transport Only 
4. Combined Horizontal and Vertical Transport

The mass of chlorobenzene in the UBA is calculated separately using DNAPL thickness estimates and soil analytical 
data, as described in the technical memorandum.  The horizontal calculations relate to the components of groundwater 
and chlorobenzene mass transport in the horizontal dimension through the permeable portion of the UBA only.  The 
vertical transport calculations relate to the component of groundwater flow rate from the UBA, downward through the 
base of the UBA into the BFS.  The combined horizontal and vertical flow rates sums the magnitude of the two flow rates 
(horizontal and vertical).

The following points should also be noted:

1. For the horizontal transport, it was assumed that the UBA is split into two zones – a “Non-DNAPL zone” and a “DNAPL
zone” for the purposes of calculating groundwater and chlorobenzene mass transport.  The cross-sectional area of flow 
for the DNAPL zone is calculated separately, based on DNAPL thickness estimates, as described in the technical 
memorandum.  The cross-sectional area of flow for the Non-DNAPL zone is calculated using the input width times the 
thickness of the Non-DNAPL zone, minus the area of the DNAPL zone.  These values are provided in cells C9 and C10.  
The horizontal components of groundwater flow are calculated separately for each of these zones using Darcy’s law, 
Q=KhiA, where Q is flow rate, Kh is the horizontal hydraulic conductivity (input), i is the horizontal gradient (input), and A is
the cross-sectional area for each zone as described above.  The groundwater flow rate is calculated in cells C12 and 
C13 for each zone.   The horizontal component of chlorobenzene mass loading from the DNAPL-impacted zone is 
calculated by first converting the concentration of chlorobenzene in the DNAPL zone from micrograms per liter to pounds 
per cubic feet, using standard conversion factors, in cell C15.  This concentration is then multiplied by the groundwater 
flow rate in the DNAPL zone to yield the mass loading of chlorobenzene in the DNAPL zone in pounds per year in cell 
C16.  After groundwater leaves the DNAPL zone, it was assumed that the dissolved-phase chlorobenzene mixes ideally 
throughout the UBA to create an average concentration throughout the entire thickness of the UBA.  Therefore, the total 
groundwater flow rate for both the non-DNAPL zone and the DNAPL zone is summed in cell C18.  The mass loading 
from the DNAPL zone is divided by the total groundwater flow rate to calculate the average concentration for this 
scenario in cell C19; this calculation requires the conversion of cubic feet per day to liters per year and pounds to 
micrograms to yield a concentration in micrograms per liter.

2. For the calculation of the vertical component of mass loading from the UBA DNAPL zone to the BFS, the idealized 
horizontal extent of DNAPL impact was assumed to be the aerial extent of the entire DNAPL-impacted area, as shown in 
cell C23.  The groundwater flow rate through the base of the UBA into the BFS is then calculated in cell C25 using 
Darcy’s law as described above; the input values for the vertical hydraulic conductivity and gradient differ from the 
horizontal values within the UBA.  The average concentration of chlorobenzene in groundwater flowing vertically through 
the base of the UBA into the BFS is defined in cell C27 and is assumed to be equal to the maximum concentration of 
chlorobenzene observed in the BFS near the area of DNAPL impact in the UBA.  In cell C28, the concentration is 
converted to pounds per cubic feet.  The mass loading is then calculated in cell C29 by multiplying the converted 
concentration by the vertical groundwater flow rate and converting to pounds per year.

857 TM01A AttB Dislutn TimeframeCalcs - 
        READ ME FIRST Page 2 of 8



  HARGIS + ASSOCIATES, INC.

DESCRIPTION OF SPREADSHEETS 
FOR CALCULATION OF DISSOLUTION TIMEFRAMES

3. The magnitude of the groundwater flow rate and the mass loading are summed in cells C33 and C34 for use in the 
calculations of dissolution timeframes on the “Timeframe” sheets.  

4. Beginning on Row 38, the calculation inputs are repeated.  These are the same values as the input parameters on the 
sheet titled “Input-Output” and refer to the values input on that sheet.  The parameters should NOT be modified on the 
sheet titled “Flow Rate & Mass”.  These values were repeated on this sheet to make referencing values for the 
calculations on this sheet simpler.

Constants for performing unit conversions are provided beginning on Row 45.  
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        READ ME FIRST Page 3 of 8



  HARGIS + ASSOCIATES, INC. DESCRIPTION OF SPREADSHEETS 
FOR CALCULATION OF DISSOLUTION TIMEFRAMES

INPUT PARAMETERS, SUMMARY TABLE

Parameter (units) Calculation Inputs
UBA Kh (ft/day) 15 DNAPL = Dense non-aqueous phase liquid
Width of DNAPL-impacted zone (ft) 400 ft = foot
UBA thickness (ft) 40 ft2 = square feet
Footprint of entire DNAPL-impacted zone (ft2) 162,000 ft/day = feet per day
UBA horizontal gradient (ft/ft) 0.0025 ft/ft = feet per foot
MCB concentration DNAPL zone (ug/l) 410,000 ISGS = In-situ groundwater standard
Aquitard layer thickness (ft) 11 lbs = pounds
Aquitard Kv (ft/day) 0.0049 Kh = horizontal hydraulic conductivity
Aquitard head differential (ft) 0.3 Kv = vertical hydraulic conductivity

Aquitard vertical gradient (ft/ft) [calculated] 0.027 MCB = Chlorobenzene
Concentration goal (ug/l) 70 UBA = upper Bellflower aquitard
DNAPL Thickness Parameters (varied concurrently): ug/l = micrograms per liter
Cross-Sectional Area, DNAPL-impacted zone (ft2) 1,314
Starting MCB Mass (lbs), Entire Area 398,100
Total MCB Mass in Focused Treatment Area 60%
Mobile MCB Mass in Focused Treatment Area 28%

RESULTS

Γ =  0.6 Γ =  1.0 Γ =  1.2
Treatment of Entire DNAPL-Impacted Area

Containment Only 1,920 4,880 7,150
1,320 4,160 6,370
1,000 3,620 5,670
750 3,080 4,870

Focused Treatment
1,790 4,740 7,010
1,740 4,680 6,950
1,710 4,650 6,920
1,600 4,530 6,790
1,470 4,370 6,610
1,400 4,270 6,50054%

25%

17%

Thermal

DNAPL Remedy

Hydraulic Displacement

Thermal

48%
36%

80%

22%

90%

Note: for the case when gamma is 
shown as equal to one, the equation 
uses a value of 0.9999. 

Time to reach ISGS after remedy (years)Chlorobenzene Mass 
Reduction, Entire Area

60%
0%

These columns pull 
values from the 

'Timeframe' sheets
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  HARGIS + ASSOCIATES, INC. DESCRIPTION OF SPREADSHEETS 
FOR CALCULATION OF DISSOLUTION TIMEFRAMES

CALCULATION OF TIME TO REACH ISGS

Treatment Area: Entire DNAPL-Impacted Area

INPUT CALCULATIONS

Γ =  0.6 Γ =  1.0 Γ =  1.2 [input] (Empirical constant, >0)
Containment-Only 0% 180,575 3.60E-05 3.60E-05 3.60E-05 Equations (5) and (6) from Attachment A

60% 72,230 2.08E-05 1.44E-05 1.20E-05 Equations (5) and (6) from Attachment A
80% 36,115 1.37E-05 7.19E-06 5.21E-06 Equations (5) and (6) from Attachment A
90% 18,058 9.03E-06 3.60E-06 2.27E-06 Equations (5) and (6) from Attachment A

RESULTS

Γ =  0.6 Γ =  1.0 Γ =  1.2

Containment-Only 0% 1,924 4,879 7,154 Equation (7) from Attachment A
60% 1,324 4,163 6,368 Equation (7) from Attachment A
80% 996 3,621 5,669 Equation (7) from Attachment A
90% 748 3,079 4,867 Equation (7) from Attachment A

Unit Conversions/Interim Calculations
M0 = 180,575 kg [calc] Initial MCB DNAPL Mass from 'Flow Rate & Mass', converted to kg
Vd*A = 6,422,909 l/yr [calc] Initial Groundwater Flow Rate from 'Flow Rate & Mass', converted to l/yr
C0 = 3.60E-05 kg/l Initial avgerage MCB conc., combined vertical & horizontal, from 'Flow Rate & Mass'
Goal Concentration = 7.00E-08 kg/l [calc] ISGS concentration for MCB, converted to kg/l

Conversions
1 kg = 2.20 lbs kg = kilograms MCB = Chlorobenzene Vd = Darcy velocity
1 ft3 = 28.32 liters l/yr = liters per year kg/l = Kilograms per liter A = cross-sectional area
1 kg = 1.00E+09 ug lbs = pounds M0 = initial mass > = greater than

ug = micrograms C0 = initial concentration
ft3 = cubic feet ISGS = In-situ groundwater standard

MCB Mass 
Reduction

Thermal

Mt, MCB Mass 
After Remedy 

(kg)

DNAPL Remedy
MCB Mass 
Reduction

Time to reach ISGS after remedy (years)

Ct, MCB Concentration After Remedy (kg/L)

Thermal

DNAPL Remedy
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  HARGIS + ASSOCIATES, INC. DESCRIPTION OF SPREADSHEETS 
FOR CALCULATION OF DISSOLUTION TIMEFRAMES

CALCULATION OF TIME TO REACH ISGS

Treatment Area: Focused Treatment Area

INPUT CALCULATIONS

Γ =  0.6 Γ =  1.0 Γ =  1.2 [input] (Empirical constant, >0)
17% 150,239 3.22E-05 2.99E-05 2.88E-05 Equations (5) and (6) from Attachment A
22% 140,126 3.09E-05 2.79E-05 2.65E-05 Equations (5) and (6) from Attachment A
25% 135,070 3.02E-05 2.69E-05 2.54E-05 Equations (5) and (6) from Attachment A
36% 115,568 2.75E-05 2.30E-05 2.10E-05 Equations (5) and (6) from Attachment A
48% 93,899 2.43E-05 1.87E-05 1.64E-05 Equations (5) and (6) from Attachment A
54% 83,065 2.26E-05 1.65E-05 1.42E-05 Equations (5) and (6) from Attachment A

RESULTS

Γ =  0.6 Γ =  1.0 Γ =  1.2

17% 1,786 4,735 7,007 Equation (7) from Attachment A
22% 1,736 4,681 6,950 Equation (7) from Attachment A
25% 1,710 4,652 6,920 Equation (7) from Attachment A
36% 1,605 4,530 6,789 Equation (7) from Attachment A
48% 1,474 4,368 6,608 Equation (7) from Attachment A
54% 1,402 4,272 6,497 Equation (7) from Attachment A

Unit Conversions/Interim Calculations
M0 = 180,575 kg [calc] Initial MCB DNAPL Mass from 'Flow Rate & Mass', converted to kg
Vd*A = 6,422,909 l/yr [calc] Initial Groundwater Flow Rate from 'Flow Rate & Mass', converted to l/yr
C0 = 3.60E-05 kg/l Initial avgerage MCB conc., combined vertical & horizontal, from 'Flow Rate & Mass'
Goal Concentration = 7.00E-08 kg/l [calc] ISGS concentration for MCB, converted to kg/l

Conversions kg = kilograms MCB = Chlorobenzene Vd = Darcy velocity
1 kg = 2.20 lbs l/yr = liters per year kg/l = Kilograms per liter A = cross-sectional area
1 ft3 = 28.32 liters lbs = pounds M0 = initial mass > = greater than
1 kg = 1.00E+09 ug ug = micrograms C0 = initial concentration ERH = Electrical resistance heating

ft3 = cubic feet ISGS = In-situ groundwater standard

DNAPL Remedy
MCB Mass 
Reduction

Hydraulic Displacement

Thermal

Mt, MCB Mass 
After Remedy 

(kg)

DNAPL Remedy
MCB Mass 
Reduction

Time to reach ISGS after remedy (years)

Ct, MCB Concentration After Remedy (kg/L)

Hydraulic Displacement

Thermal
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  HARGIS + ASSOCIATES, INC. DESCRIPTION OF SPREADSHEETS 
FOR CALCULATION OF DISSOLUTION TIMEFRAMES

CALCULATION OF GROUNDWATER FLOWRATE AND MASS LOADING VALUES

1.  Chlorobenzene mass
Total Chlorobenzene mass Mass of MCB (lbs) 398,100 (assume 50% of total DNAPL mass)

2. HORIZONTAL TRANSPORT ONLY

Calculate cross-sectional areas Non-DNAPL zone (ft2) 14,686 (total UBA thickness*width of DNAPL impacted area) - area of DNAPL zone
DNAPL zone (ft2) 1314 (cumulative cross-sectional area impacted with DNAPL, per Surfer)

Calculate GW flow rate Non-DNAPL zone (ft3/day) 550.73 Q=KAi
DNAPL zone (ft3/day) 49.28 Q=KAi

Calculate mass loading Convert MCB conc to lbs/ft3 0.026 [=ug/l*l/ft 3 *lbs/kg*kg/ug]
Mass loading of MCB (lbs/yr) 459 (MCB concentration *GW flow rate through DNAPL zone), converted to lbs/yr

Calculate aggregate GW concentration Total GW flow rate (ft3/day) 600 (DNAPL zone + non-DNAPL zone GW flow rate)
Concentration (ug/l) 33,671 (mass floading/GW flow rate), converted to ug/l

3. VERTICAL TRANSPORT ONLY

Cross-sectional area DNAPL-impacted zone (ft2) 162,000 area within estimated extent of confirmed DNAPL

Calculate GW flow rate through aquitard DNAPL-impacted zone (ft3/day) 21.43 Q=KAi

Calculate mass loading MCB concentration (ug/l) 100,000 (MCB concentration going through the aquitard)
Convert MCB conc to lbs/ft3 0.006 [=ug/l*l/ft 3 *lbs/kg*kg/ug]
Mass loading of MCB (lbs/yr) 48.7 (MCB concentration*GW flow rate), converted to ug/l

4. HORIZONTAL + VERTICAL TRANSPORT

TOTAL GW FLOW RATE (ft 3/day) 621
TOTAL MCB MASS LOADING (lbs/yr) 508.2

AVERAGE INITIAL MCB CONCENTRATION (kg/l) 3.60E-05
(average, initial MCB concentration out of both the vertical & horizontal 
planes, converted to kg/l)
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  HARGIS + ASSOCIATES, INC. DESCRIPTION OF SPREADSHEETS 
FOR CALCULATION OF DISSOLUTION TIMEFRAMES

CALCULATION OF GROUNDWATER FLOWRATE AND MASS LOADING VALUES

Calculation Inputs (Values from 'Input-Output' sheet.  Do not change values here.)
UBA Kh (ft/day) 15 UBA horizontal gradient (ft/ft) 0.0025

Cross-Sectional Area,
DNAPL-impacted zone (ft2) 1314 MCB concentration in DNAPL zone (ug/l) 410,000
Width of DNAPL-impacted zone (ft) 400 Aquitard Kv (ft/day) 0.0049

UBA thickness (ft) 40 Aquitard vertical gradient, i (ft/ft) [calculated] 0.027
Footprint of DNAPL-impacted zone (ft2) 162,000 Starting Chlorobenzene Mass (lbs) 398,100

Constants & Conversions
1 ft3 = 28.32 Liters
1 kg = 2.20 lbs
1 kg = 1.00E+09 ug

Abbreviations & Acronyms:
A = cross-sectional area Kv = vertical hydraulic conductivity ug/l = micrograms per liter
ft = foot lbs = pounds ug = micrograms
ft/day = feet per day lbs/ft3 = pounds per cubic foot kg/l = kilograms per liter
ft/ft = feet per foot lbs/yr = pounds per year
ft2 = square feet MCB = Chlorobenzene
ft3 = cubic feet UBA = upper Bellflower aquitard
ft3/day = cubic feet per day ug/l = micrograms per liter
i = gradient Q = flow
kg = kilograms l/ft3 = liters per cubic feet
K = hydraulic conductivity lbs/kg = pounds per kilogram
Kh = horizontal hydraulic conductivity kg/ug = kilograms per micrograms
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Table H-1
Carbon Footprint Analysis - Carbon Dioxide Emissions Summary

Montrose Superfund Site

Carbon Dioxide Emissions from Natural Gas and Electricity Usage (metric tons)
O&M Year 1 O&M Year 2 O&M Year 3 O&M Year 4 O&M Year 5

Remedial Alternative Heating Response Action Natural Gas         
(metric tons)

Electricity                
(metric tons)

Both                  
(metric tons)

Natural Gas         
(metric tons)

Electricity                
(metric tons)

Both                  
(metric tons)

Natural Gas         
(metric tons)

Electricity                
(metric tons)

Both                  
(metric tons)

Natural Gas         
(metric tons)

Electricity                
(metric tons)

Both                  
(metric tons)

Natural Gas         
(metric tons)

Electricity                
(metric tons)

Both                  
(metric tons) Metric Tons lbs

1 - No Action, Hydraulic Containment Only NA Hydraulic Containment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 - Institutional Controls NA Institutional Controls 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 - Stand Alone SVE NA Stand Alone SVE 0 661 661 0 661 661 0 661 661 0 661 661 0 0 0 2,645 5,830,339

Stand Alone SVE 0 661 661 0 661 661 0 661 661 0 661 661 0 0 0
Hydraulic Displacement without GW Treatment 0 487 487 0 487 487 0 487 487 0 487 487 0 487 487

Totals 0 1,148 1,148 0 1,148 1,148 0 1,148 1,148 0 1,148 1,148 0 487 487
Stand Alone SVE 0 661 661 0 661 661 0 661 661 0 661 661 0 0 0
Hydraulic Displacement with GW Treatment 0 1,837 1,837 0 1,837 1,837 0 1,837 1,837 0 1,837 1,837 0 1,837 1,837

Totals 0 2,499 2,499 0 2,499 2,499 0 2,499 2,499 0 2,499 2,499 0 1,837 1,837
SVE in the Unsaturated Zone 412 273 685 0 637 637 0 637 637 0 637 637 0 0 0
Steam Injection over Focused Treatment Area 14,965 5,770 20,735 0 0 0 0 0 0 0 0 0 0 0 0

Totals 15,377 6,043 21,420 0 637 637 0 637 637 0 637 637 0 0 0
SVE in the Unsaturated Zone 412 273 685 412 273 685 0 637 637 0 637 637 0 0 0
Steam Injection over Focused Treatment Area 16,941 5,712 22,652 16,941 5,712 22,652 0 0 0 0 0 0 0 0 0

Totals 17,353 5,984 23,337 17,353 5,984 23,337 0 637 637 0 637 637 0 0 0
SVE in the Unsaturated Zone 304 273 577 304 273 577 0 273 273 0 273 273 0 0 0
Steam Injection over Entire DNAPL-Impacted Area 29,925 12,000 41,925 29,925 12,000 41,925 0 0 0 0 0 0 0 0 0

Totals 30,229 12,273 42,502 30,229 12,273 42,502 0 273 273 0 273 273 0 0 0
SVE in the Unsaturated Zone 304 273 577 304 273 577 304 273 577 304 273 577 0 0 0
Steam Injection over Entire DNAPL-Impacted Area 34,505 11,653 46,158 34,505 11,653 46,158 34,505 11,653 46,158 34,505 11,653 46,158 0 0 0

Totals 34,809 11,926 46,734 34,809 11,926 46,734 34,809 11,926 46,734 34,809 11,926 46,734 0 0 0
SVE in the Unsaturated Zone 412 273 685 0 637 637 0 637 637 0 637 637 0 0 0
ERH over Focused Treatment Area 285 12,159 12,444 0 0 0 0 0 0 0 0 0 0 0 0

Totals 697 12,432 13,129 0 637 637 0 637 637 0 637 637 0 0 0
SVE in the Unsaturated Zone 412 273 685 412 273 685 0 637 637 0 637 637 0 0 0
ERH over Focused Treatment Area 285 12,159 12,444 285 12,159 12,444 0 0 0 0 0 0 0 0 0

Totals 697 12,432 13,129 697 12,432 13,129 0 637 637 0 637 637 0 0 0
SVE in the Unsaturated Zone 304 273 577 304 273 577 0 273 273 0 273 273 0 0 0
ERH over Entire DNAPL-Impacted Area 759 30,911 31,670 759 30,911 31,670 0 0 0 0 0 0 0 0 0

Totals 1,063 31,184 32,247 1,063 31,184 32,247 0 273 273 0 273 273 0 0 0
SVE in the Unsaturated Zone 304 273 577 304 273 577 304 273 577 304 273 577 0 0 0
ERH over Entire DNAPL-Impacted Area 759 24,395 25,155 759 24,395 25,155 759 24,395 25,155 759 24,395 25,155 0 0 0

Totals 1,063 24,668 25,731 1,063 24,668 25,731 1,063 24,668 25,731 1,063 24,668 25,731 0 0 0

Notes:
Numerical values in bold indicate annual carbon dioxide emissions exceeding the EPA mandatory reporting requirement of 25,000 metric tons per year.

DNAPL = Dense non-aqueous phase liquid
EPA = Environmental Protection Agency
ERH = Electrical resistance heating
GW = Groundwater
lbs = Pounds
NA = Not applicable
O&M = Operations and maintenance
SVE = Soil vapor extraction
UBA = Upper Bellflower Aquitard

6b - ERH over Entire DNAPL-Impacted Area

200 kW-hrs/cubic yard of Soil
(No Hot Floor)

400 kW-hrs/cubic yard of Soil
(No Hot Floor)

5b - Steam Injection over Entire DNAPL-Impacted Area

2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes

6 UBA Pore Volumes and 7 Hot Floor Pore Volumes

6a - ERH over Focused Treatment Area

200 kW-hrs/cubic yard of Soil
(No Hot Floor)

400 kW-hrs/cubic yard of Soil
(No Hot Floor)

4a - Hydraulic Displacement without GW Treatment NA

4b - Hydraulic Displacement with GW treatment NA

5a - Steam Injection over Focused Treatment Area 

2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes

6 UBA Pore Volumes and 7 Hot Floor Pore Volumes

Total Carbon Dioxide 
Emissions

5,079 11,196,461

11,832 26,084,835

23,331 51,435,421

47,948 105,708,249

85,549 188,603,761

186,936 412,124,391

102,925 226,910,622

15,039 33,155,640

27,531 60,696,086

65,039 143,386,012



Table H-2
Carbon Footprint Analysis - Annual Carbon Dioxide Emissions from On-Site Natural Gas Usage

EPA Emissions Calculation Methodology (40 CFR Section 98.33)
Montrose Superfund Site

Annual Amounts
Fuel Usage3 CO2 Emissions4

Remedial Alternative1 Heating Response Action Duration2

(Years)
(therms) (scf)  (metric tons)

1 - No Action, Hydraulic Containment Only NA Hydraulic Containment NA 0 0 0
2 - Institutional Controls NA Institutional Controls NA 0 0 0
3 - Stand Alone SVE NA Stand Alone SVE 4 0 0 0

Stand Alone SVE 4 0 0 0
Hydraulic Displacement without GW Treatment 5 0 0 0

Totals 0 0 0
Stand Alone SVE 4 0 0 0
Hydraulic Displacement with GW Treatment 5 0 0 0

Totals 0 0 0
SVE in the Unsaturated Zone 77,740 7,562,287 412
Steam Injection over Focused Treatment Area 2,822,505 274,563,841 14,965

Totals 2,900,245 282,126,129 15,377
SVE in the Unsaturated Zone 77,740 7,562,287 412
Steam Injection over Focused Treatment Area 3,195,174 310,815,835 16,941

Totals 3,272,914 318,378,122 17,353
SVE in the Unsaturated Zone 57,282 5,572,201 304
Steam Injection over Entire DNAPL-Impacted Area 5,644,080 549,037,216 29,925

Totals 5,701,362 554,609,417 30,229
SVE in the Unsaturated Zone 57,282 5,572,201 304
Steam Injection over Entire DNAPL-Impacted Area 6,507,864 633,063,233 34,505

Totals 6,565,146 638,635,434 34,809
SVE in the Unsaturated Zone 77,740 7,562,287 412
ERH over Focused Treatment Area 53,702 5,223,951 285

Totals 131,442 12,786,238 697
SVE in the Unsaturated Zone 77,740 7,562,287 412
ERH over Focused Treatment Area 53,702 5,223,951 285

Totals 131,442 12,786,238 697
SVE in the Unsaturated Zone 57,282 5,572,201 304
ERH over Entire DNAPL-Impacted Area 143,206 13,930,600 759

Totals 200,488 19,502,802 1,063
SVE in the Unsaturated Zone 57,282 5,572,201 304
ERH over Entire DNAPL-Impacted Area 143,206 13,930,600 759

Totals 200,488 19,502,802 1,063

Notes:

2.  For remedial alternatives 5a through 6b, the soil vapor extraction duration requiring natural gas matches the duration of the associated thermal response action.

4.  Annual emissions are calculated using equation C-1 from 40 CFR Section 98.33:
Equation C-1:        CO2 = 1x10-3 x Fuel x HHV x EF
Where:                  CO2 = Annual CO2 mass emissions for natural gas in metric tons
                              Fuel = Volume of natural gas combusted per year in scf
                              HHV = Default high heat value of natural gas, from Table C-1 of 40 CFR, Part 98, Subpart C (1.028x10-3 mmBtu/scf)
                              EF = Default CO2 emission factor for natural gas, from Table C-1 of 40 CFR, Part 98, Subpart C (53.02 kg CO2/mmBtu)

CFR = Code of Federal Regulations ERH = Electrical resistance heating lbs = Pounds SVE = Soil vapor extraction
CO2 = Carbon dioxide GW = Groundwater mmBTU = Million british thermal units UBA = Upper Bellflower Aquitard
DNAPL = Dense non-aqueous phase liquid Kg = Kilograms NA = Not applicable
EPA = Environmental Protection Agency kW-hrs = Kilowatt-hours scf = standard cubic feet

2

4

1

2

2

4

1

2

3.  Annual fuel usage is the amount of natural gas combusted per year in therms and scf.  The amount of natural gas in therms was determined during development of the remedial alternative cost tables (Appendix J).  To convert from therms to 
scf, the value in therms is divided by the default high heat value of natrual gas from Table C-1 of 40 CFR, Part 98, Subpart C (1.028x10-3 mmBtu/scf) and multiplied by an energy conversion constant of 0.1000004 mmBtu/therm.  For example, 
77,740 therms/(1.028x10-3 mmBtu/scf)x(0.1000004 mmBtu/therm) = 7,562,287 scf.      

400 kW-hrs/cubic yard of Soil
(No Hot Floor)

2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes

2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes

5b - Steam Injection over Entire DNAPL-Impacted Area

6 UBA Pore Volumes and 7 Hot Floor Pore Volumes

6 UBA Pore Volumes and 7 Hot Floor Pore Volumes

6b - ERH over Entire DNAPL-Impacted Area

200 kW-hrs/cubic yard of Soil
(No Hot Floor)

1.  Remedial alternatives 2 through 6b include institutional controls and hydraulic containment.  Remedial alternative 1, no action, consists of hydraulic containment only with no institutional controls.  Emissions for institutional controls and 
hydraulic containment are not included in this evaluation and are assumed be negligibly small.

4a - Hydraulic Displacement without GW Treatment NA

4b - Hydraulic Displacement with GW treatment4b - Hydraulic Displacement with GW treatment NA

6a - ERH over Focused Treatment Area

200 kW-hrs/cubic yard of Soil
(No Hot Floor)

400 kW-hrs/cubic yard of Soil
(No Hot Floor)

5a - Steam Injection over Focused Treatment Area 



Table H-3
Carbon Footprint Analysis - Annual Carbon Dioxide Emissions from Electricity Usage for Primary Response Actions

Los Angeles Department of Water and Power 2007 PUP Report Emissons Factor
Montrose Superfund Site

Annual Amounts

CO2 Emissions3

(lbs) (metric tons)

1 - No Action, Hydraulic Containment Only Hydraulic Containment NA 0 0 0
2 - Institutional Controls Institutional Conrols NA 0 0 0
3 - Stand Alone SVE Stand Alone SVE 4 1,186,958 1,457,584 661
4a - Hydraulic Displacement without GW Treatment Hydraulic Displacement without GW Treatment 5 873,961 1,073,224 487
4b - Hydraulic Displacement with GW treatment Hydraulic Displacement with GW Treatment 5 3,298,777 4,050,898 1,837

2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes 1 10,359,571 12,721,553 5,770
6 UBA Pore Volumes and 7 Hot Floor Pore Volumes 2 10,253,861 12,591,741 5,712
2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes 2 21,543,679 26,455,638 12,000
6 UBA Pore Volumes and 7 Hot Floor Pore Volumes 4 20,919,991 25,689,748 11,653
200 kW-hrs/cubic yard of Soil
(No Hot Floor) 1 21,829,145 26,806,190 12,159

400 kW-hrs/cubic yard of Soil
(No Hot Floor) 2 21,829,145 26,806,190 12,159

200 kW-hrs/cubic yard of Soil
(No Hot Floor) 2 55,493,679 68,146,238 30,911

400 kW-hrs/cubic yard of Soil
(No Hot Floor) 4 43,796,840 53,782,519 24,395

Notes:

3.  Carbon dioxide emissions are calculated using a factor 1.228 lbs CO2 emitted per kW-hr of electricy delivered as reported in the LADWP PUP Report for 2007. 

CO2 = Carbon dioxide LADWP = Los Angeles Department of Water and Power UBA = Upper Bellflower Aquitard
DNAPL = Dense non-aqueous phase liquid lbs = Pounds
ERH = Electrical resistance heating NA = Not applicable
GW = Groundwater PUP = Power/Utility Reporting Protocol
kW-hrs = Kilowatt-hours SVE = Soil vapor extraction

6b - ERH over Entire DNAPL-Impacted Area

1.  Remedial alternatives 2 through 6b include institutional controls and hydraulic containment.  Remedial alternative 1, no action, consists of hydraulic containment only with no institutional 
controls.  Emissions for institutional controls and hydraulic containment are not included in this evaluation and are assumed be negligibly small.
2.  Presented in this table are carbon dioxide emissions from electricity usage for only primary response actions for the remedial alternatives.  Carbon dioxide emissions from electricty 
usage for soil vapor extraction associated with remedial alternatives 4a through 6b are not presented in this table; they are presented in Table H-4.    

Remedial Alternative1 Primary Response Action2
Electricity 

Usage
(kW-hrs)

5a - Steam Injection over Focused Treatment Area 

5b - Steam Injection over Entire DNAPL-Impacted Area

6a - ERH over Focused Treatment Area

Duration
(Years)



Table H-4
Carbon Footprint Analysis - Carbon Dioxide Emissions from Electricity Usage for Soil Vapor Extraction

Los Angeles Department of Water and Power 2007 PUP Report Emissions Factor
Montrose Superfund Site

SVE O&M Year 1 SVE O&M Year 2 SVE O&M Year 3 SVE O&M Year 4
Electricty 

Usage CO2 Emissions3
Electricty 

Usage CO2 Emissions3
Electricty 

Usage CO2 Emissions3
Electricty 

Usage CO2 Emissions3

Remedial Alternative1 Primary Reponse Action2 Duration
(Years) (kW-hrs) (lbs) (metric tons) (kW-hrs) (lbs) (metric tons) (kW-hrs) (lbs) (metric tons) (kW-hrs) (lbs) (metric tons)

1 - No Action, Hydraulic Containment Only Hydraulic Containment NA 0 0 0 0 0 0 0 0 0 0 0 0

2 - Institutional Controls Institutional Controls NA 0 0 0 0 0 0 0 0 0 0 0 0

3 - Stand Alone SVE Stand Alone SVE 4 1,186,958 1,457,584 661 1,186,958 1,457,584 661 1,186,958 1,457,584 661 1,186,958 1,457,584 661
4a - Hydraulic Displacement without GW Treatment Hydraulic Displacement without GW Treatment 5 1,186,958 1,457,584 661 1,186,958 1,457,584 661 1,186,958 1,457,584 661 1,186,958 1,457,584 661
4b - Hydraulic Displacement with GW treatment Hydraulic Displacement with GW treatment 5 1,186,958 1,457,584 661 1,186,958 1,457,584 661 1,186,958 1,457,584 661 1,186,958 1,457,584 661

2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes 1 489,925 601,628 273 1,143,158 1,403,798 637 1,143,158 1,403,798 637 1,143,158 1,403,798 637
6 UBA Pore Volumes and 7 Hot Floor Pore Volumes 2 489,925 601,628 273 489,925 601,628 273 1,143,158 1,403,798 637 1,143,158 1,403,798 637
2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes 2 489,925 601,628 273 489,925 601,628 273 489,925 601,628 273 489,925 601,628 273
6 UBA Pore Volumes and 7 Hot Floor Pore Volumes 4 489,925 601,628 273 489,925 601,628 273 489,925 601,628 273 489,925 601,628 273
200 kW-hrs/cubic yard of Soil
(No Hot Floor) 1 489,925 601,628 273 1,143,158 1,403,798 637 1,143,158 1,403,798 637 1,143,158 1,403,798 637

400 kW-hrs/cubic yard of Soil
(No Hot Floor) 2 489,925 601,628 273 489,925 601,628 273 1,143,158 1,403,798 637 1,143,158 1,403,798 637

200 kW-hrs/cubic yard of Soil
(No Hot Floor) 2 489,925 601,628 273 489,925 601,628 273 489,925 601,628 273 489,925 601,628 273

400 kW-hrs/cubic yard of Soil
(No Hot Floor) 4 489,925 601,628 273 489,925 601,628 273 489,925 601,628 273 489,925 601,628 273

Notes:

3.  Carbon dioxide emissions are calculated using a factor 1.228 lbs CO2 emitted per kW-hr of electricy delivered as reported in the LADWP PUP Report for 2007. 

CO2 = Carbon dioxide kW-hrs = Kilowatt-hours O&M = Operations and maintenance UBA = Upper Bellflower Aquitard
DNAPL = Dense non-aqueous phase liquid LADWP = Los Angeles Department of Water and Power PRA = Primary response action
ERH = Electrical resistance heating lbs = Pounds PUP = Power/Utility Reporting Protocol
GW = Groundwater NA = Not applicable SVE = Soil vapor extraction

1.  Remedial alternatives 2 through 6b include institutional controls and hydraulic containment.  Remedial alternative 1, no action, consists of hydraulic containment only with no institutional controls.  Emissions for institutional controls and hydraulic containment are not included in this 
evaluation and are assumed be negligibly small.

5a - Steam Injection over Focused Treatment Area 

5b - Steam Injection over Entire DNAPL-Impacted Area

6a - ERH over Focused Treatment Area

6b - ERH over Entire DNAPL-Impacted Area

2.  Presented in this table are carbon dioxide emissions from electricity usage for only soil vapor extraction associated with remedial alternatives 3 through 6b.  Regardless of the duration of the primary response action for a given remedial alternative, the soil vapor extraciton O&M period requiring electricty 
is 4 years.    



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix I   
 
 
 

Technical Memorandum RE: Energy Balance for the Full-Scale Steam 
Injection Remedial Alternative 

 
 
 
 

 
 
 



         MemoMemoMemoMemo 
300 Oceangate T  562.951.2000

Suite 700 F  562.951.2100

Long Beach, CA 90802 www.earthtech.com

 

 

September 24, 2008 

To: Joe Kelly, Karl Lytz, Kelly Richardson, Paul Sundberg, and Mike Palmer 

 

From: Jacob Barnes and Brian Dean, Earth Tech, Inc., Long Beach, CA 

 Dacre Bush, TN & Associates, Inc. 

 

Subject: Energy Balance for the Full-Scale Steam Injection Remedial Alternative, DNAPL 

Feasibility Study, Montrose Superfund Site, Torrance, California 

 

Introduction 

The purpose of this memorandum is to estimate the energy balance for thermal remediation of dense 

non-aqueous phase liquid (DNAPL) at the Montrose Superfund Site (Site).  Steam injection is one 

of the two thermal remedial alternatives being considered by the DNAPL Feasibility Study (FS), 

and Montrose submitted a cost evaluation for a full-scale steam injection remedial alternative to 

EPA on July 21, 2008.  That cost evaluation had assumed sufficient steam to flush the target volume 

within the Upper Bellflower Aquitard (UBA) with 3 pore volumes (PVs, cold water equivalent) and 

the Bellflower Sand (BFS) hot floor with 5 PVs.  EPA commented on the cost evaluation in an 

email dated August 8, 2008, and requested that reduced energy demand assumptions be used to 

estimate steam injection costs, specifically 2 PVs in both the UBA and BFS hot floor.  In a meeting 

on September 11, 2008, EPA additionally requested that Montrose prepare an energy balance for 

the full-scale steam injection remedial alternative to evaluate how much energy is realistically 

required to heat the saturated zone.  This memorandum presents the energy balance estimate 

prepared in response to EPA’s request and recommends a path forward for resolving thermal 

remediation costs in support of the DNAPL FS.       

 

Basic Energy Demand 

The basic energy demand for heating the saturated zone was defined in the Doctoral Thesis A 

Critical Evaluation of In-Situ Thermal Technologies by Jennifer Lake Triplett Kingston using the 

following equation: 
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E = (msoil x Cpsoil x dT) + (mwater x Cpwater x dT) + (mwater x dHwater) 

 

E = Energy demand 

msoil = Soil mass (lbs) 

mwater = Water mass (lbs) 

Cpsoil = Soil heat capacity (J/lb-°C) 

Cpwater = Water heat capacity (J/lb-°C) 

dT = Change in temperature (°C) 

dHwater = Water heat of vaporization (J/lb) 

 

The following thermodynamic constants and assumptions were used to derive the basic energy 

demand for the Montrose Superfund Site: 

• Soil heat capacity = 362.9 J/lb-°C (Engineering ToolBox.com) 

• Water heat capacity = 1,897.8 J/lb-°C (Perry’s Chemical Engineering Handbook) 

• Water heat of vaporization = 1,029,665 J/lb (Engineering ToolBox.com) 

• Temperature rise = 80°C (from 20 to 100°C) 

• Percent of water displaced by steam (rather than heated) = 25% in both UBA and BFS 

• Soil density = 120 lbs/cu ft 

• Soil porosity (effective) = 29% 

• Water density = 8.32 lbs/gal 

Using the above assumptions, the amount of energy required to heat one cubic yard (CY) of 

saturated soil in either the UBA or BFS was estimated to be 498,253 BTUs as shown in Table 1 and 

Attachments 1 and 2.  The required steam mass to meet this energy demand is 511 pounds, which 

is equivalent to 1.05 pore volumes (cold water equivalent).  However, this calculation does not 

account for energy/heat losses in the system.   
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Energy Losses 

Energy/heat losses occur throughout the steam injection remedy including at the boiler, 

aboveground piping losses, in-situ inefficiencies in steam delivery (e.g., preferential permeability), 

heat losses to surrounding formations, and heat removal at the extraction wells.  All of the losses 

contribute to the energy demand required to initially heat the soil to 100°C.  A summary of the 

assumed energy/heat losses is provided as follows: 

• Boiler efficiency (see Attachment 3 for specifications from Nationwide Boiler; 28,800 scfh 

natural gas yields 19,125 lbs/hr of steam at 125 psig) 

• Aboveground line losses, including wellhead (7% loss; estimated by McMillan-McGee) 

• Losses to areas outside the treatment area (23% in UBA and 22% in BFS; based on well 

patterns from July 21 Montrose cost evaluation) 

• Losses to the vadose zone (11%; only applies to UBA) 

• Losses due to heat removal at extraction wells (39% in UBA and 17% in BFS; see 

Attachments 1 and 2 for details) 

• Losses below the hot floor (50%; only applies to BFS) 

• Losses due to groundwater influx (1%; only applies to BFS) 

 

The resulting total energy/heat losses are 134% and 152% of the basic energy demand for the UBA 

and BFS hot floor respectively.  Therefore, to heat the saturated zone by 80°C, the amount of 

energy required is: 

 

UBA = 498,253 BTUs/CY x 2.34 = 1,166,401 BTUs/CY 

BFS = 498,253 BTUs/CY x 2.52 = 1,253,282 BTUs/CY 

 

This is the amount of energy required at the meter to heat one CY by 80°C.  However, the above 

energy demand assumes that the thermal project would be terminated upon reaching temperature.  

Assuming two 29 MM BTUs/hr steam boilers for the full-scale steam remedy, the UBA and BFS 

hot floor would reach target temperature after just 225 and 54 days respectively (including assumed 
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losses).  Note that this is a reduction in the number of boilers since three boilers were assumed for 

the July 21 cost evaluation.  Continued thermal treatment will occur in the UBA after 225 days in 

order to effectively flush/volatilize the DNAPL from the treatment volume, and the BFS hot floor 

must continue to be heated throughout treatment in the overlying UBA.  The energy demand during 

the O&M phase, after reaching target temperature, is estimated in the following section.   

 

Energy Demand During Pressure Cycling 

EPA has concurred with the assumed 2-year duration of the full-scale steam injection scenario but 

indicated that pressure cycling would be employed to reduce the energy demand.  Accordingly, the 

energy demand during the remainder of the O&M phase was estimated using the following 

assumptions: 

 

• Duration = 505 days in the UBA (24 months – 225 days) and 706 days in the BFS hot floor 

(25 months – 54 days) 

• Energy delivery capacity = 82% in the UBA and 18% in the BFS from two 28.8 MM 

BTUs/hr steam boilers (based on ratio of treatment volumes) 

• Energy demand savings due to pressure cycling = 25% 

 

The resulting energy delivery during the remainder of the two year O&M phase is 428,398 MM 

BTUs or 1,606,493 BTUs/CY in the UBA.  This energy demand is equivalent to 1.44 PVs of steam 

flushing (cold water equivalent).  In the BFS hot floor, the energy demand to complete 2 years of 

O&M is 133,129 MM BTUs or 2,246,649 BTUs/CY, which is equivalent to 1.88 PVs.  

 

Total Energy Demand 

Combining the basic energy demand, the assumed energy/heat losses, and the energy demand 

during the remainder of the 2-year O&M phase, the following total energy demand is estimated for 

the full-scale steam injection remedy: 
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Energy Category BTUs/CY MM BTUs PV Equivalent 

UBA 

Basic Energy Demand 498,253 132,867 1.05 

Energy/Heat Losses 668,148 178,173 --- 

Remainder O&M 1,606,493 428,398 1.44 

Total Energy Demand 2,772,894 739,438 2.49 

BFS Hot Floor 

Basic Energy Demand 498,253 29,526 1.05 

Energy/Heat Losses 755,029 44,742 --- 

Remainder O&M 2,246,549 133,129 1.88 

Total Energy Demand 3,499,831 207,397 2.93 

 

Comparison with Existing Cost Estimates 

On July 21, 2008, a Full-Scale Steam Injection Cost Evaluation was submitted to EPA.  That 

evaluation assumed 3 PVs steam flushing in the UBA and 5 PVs in the BFS hot floor.  The energy 

demand in that estimate was 3.91 MM BTUs/CY, excluding the amount of steam required for the 

regenerable carbon system for the combined UBA and BFS hot floor.  EPA had subsequently 

requested that costs be re-estimated assuming less steam flushing.  Accordingly, Earth Tech 

estimated steam injection costs assuming 2 PVs in the UBA and 3 PVs in the BFS hot floor, and the 

resulting energy demand was 2.3 MM BTUs/CY.     

 

The combined energy demand from the energy balance calculations is 2.91 MM BTUs/CY.  The 

existing low cost scenario assumes 21% less energy than this value, and the existing high cost 

scenario assumes 34% more energy than this value.  The assumed energy consumption in the UBA, 

2 to 3 PVs, effectively brackets the target energy balance of 2.49 PVs.  However, the assumed 

energy consumption in the BFS hot floor, 3 to 5 PVs, does not bracket the target energy balance of 

2.93 PVs.   

 

Comparison with Other Steam Injection Sites 

The energy consumed at two completed steam injection projects was evaluated for comparison 

purposes.  For the Port of Ridgefield Site, an energy demand of 2.9 MM BTUs/CY was reported 
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during Phase 1 of the steam injection remedy (Interim/Emergency Action Phase 2 Design Report, 

Port of Ridgefield Lake River Industrial Site Agreed Order 01TCPSR-3119, Steam-Enhanced 

Remediation Project, October 7, 2005, Maul Foster & Alongi [MFA], Inc.).  In a telephone 

interview on September 15, 2008, Mr. Steven Taylor of MFA indicated that the energy demand 

observed during Phase 1 of the steam injection remedy was 1,100 kw-hrs/m3, which is equivalent to 

2.9 MM BTUs/CY.  The energy demand from the Port of Ridgefield Site is nearly identical to the 

estimated energy balance for the Montrose Site (2.9 vs 2.93 MM BTUs/CY). 

 

For the Unocal Guadalupe Site, an energy demand of 4.2 MM BTUs/CY was reported (Final Hot 

Water/Steam Injection Report, Unocal Guadalupe Restoration Project, Guadalupe, California, May 

2004, Haley & Aldrich).  Propane was the source fuel used to generate steam for the Unocal 

Guadalupe Site, and the above energy demand is based on 25% of the total propane usage.  Since 

the target area was treated by a single 5-spot pattern (4 steam injection wells at the corners), only 

25% of the steam would have been delivered inside the target treatment area.  The energy demand 

for the Unocal Guadalupe Site is approximately 7% higher than the higher cost scenario for the 

Montrose Site. 

 

Recommendations 

EPA is proposing to use the energy balance to establish scoping assumptions for the low and high 

cost steam injection scenarios.  The estimated energy balance for the Montrose Site is nearly 

identical to the value determined at the Port of Ridgefield Site, which is similar in size although 

different in contaminant type and lithology.  Therefore, the Montrose Site energy balance is 

considered a reasonable value for purposes of establishing a reasonable range of thermal remedy 

costs.    

 

For the low and high cost scenarios for the Montrose Site, it is recommended that energy demands 

below and above the target energy balance be assumed in order to provide a reasonable range of 

energy costs.  The existing cost estimates already serve to provide such a range, 2.3 to 3.9 MM 
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BTUs/CY treated, relative to the target energy balance of 2.9 MM BTUs/CY.  However, the energy 

consumption assumed for the BFS hot floor in the cost estimates, 3 to 5 PVs, exceeds the target 

energy balance of 2.93 PVs.  Therefore, a small adjustment to the energy demand assumptions for 

the low and high cost scenarios is recommended as follows: 

 

Treatment Unit Low Cost Scenario Target Energy Balance High Cost Scenario 

UBA 2 PVs 2.49 PVs 3 PVs 

BFS Hot Floor 2.5 PVs 2.93 PVs 3.5 PVs 

   

 

Attachments 

Table 1 – Steam Injection Energy Balance Summary 

Attachment 1 – Energy Balance Calculations for the UBA 

Attachment 2 – Energy Balance Calculations for the BFS Hot Floor 

Attachment 3 – Steam Boiler Specification Sheet from Nationwide Boiler 

 



Table 1

Energy Balance Summary for Full-Scale Steam Injection

Montrose Superfund Site

Energy to Reach Target Subsurface Temperature Upper Bellflower Aquitard Hot-Floor (Bellflower Sand)

Basic Unit Rate Energy Demand (Losses Not Included) 498,253 BTUs/CY 498,253 BTUs/CY

Unit Rate Energy Demand Including Losses 1,166,401 BTUs/CY 1,253,282 BTUs/CY

Total Energy Demand 311,040 MMBTUs 74,269 MMBTUs

Pore Volumes of Steam 1.05 PVs 1.05 PVs

Duration 225 Days
1

54 Days
1

Energy for Pressure Cycling

Total Duration 505 Days
2

706 Days
2

Unit Rate Energy Demand 1,606,493 BTUs/CY 2,246,549 BTUs/CY

Total Energy Demand 428,398 MMBTUs 133,129 MMBTUs

Pore Volumes of Steam Delivered 1.44 PVs 1.88 PVs

Total Energy (Reach Subsurface Temp and Conduct Pressure Cycling) 

Unit Rate Energy Demand Including Losses 2,772,894 BTUs/CY 3,499,831 BTUs/CY

Total Energy Demand 739,438 MMBTUs 207,397 MMBTUs

Pore Volumes of Steam 2.49 PVs 2.93 PVs

Notes:

1 = Assumes two 28.8MMBTUs/Hr steam boilers operating continuously

2 = Assumes a total O&M duration of 2 years in the UBA (30 additional days for the Hot-Floor) minus time required to reach target

subsurface temperature.



Attachment 1

Upper Bellflower Aquitard

Energy Demand Equation Constants

E = (msoil X Cp,soil X dT) + (mwater X Cp,water X dT) + (mwater X dHwater) Source:  A Critical Evaluation of In-Situ Thermal Technologies, Jennifer Lake Triplett Kingston

      Soil Heat Capacity (Cp,soil) = 362.9 J/(lb-C) Online source:  EngineeringToolBox.com

Water Heat Capacity (Cp,water) = 1,897.8 J/(lb-C) Perry's Chemical Engineering Handbook, Sixth Edition

Basic Energy Demand for One Cubic Yard of Saturated Soil Heat of Vaporization of Water (dHwater) = 1,029,665 J/lb Online source:  EngineeringToolBox.com

Soil Density = 120 lbs/CF

Fraction of groundwater displaced by injected steam = 0.25 Water/Steam Density (cold water equivalent) = 8.32 lbs/Gal

28.8 MMBTUs/Hr Boiler Performance (Nationwide Boiler)

msoil = 3240 lbs

mwater = 365 lbs Case Condition: 0% Condensate Return

19,125 lbs steam per 28,800 SCF Natural Gas = 

1,588,790 J/lb

E = 525,685 KJ Boiler Efficiency = 46%

498,253 BTU

UBA Treatment Area Parameters

Required Steam Mass = 511 lbs

Required Steam Volume (cold water equivs) = 0.30 CY UBA Groundwater Temp = 20 C

One Pore Volume = 0.29 CY

Required Pore Volumes of Steam (cold water equivs) = 1.05 Assumed UBA Soil Temp = 20 C

Target Subsurface Temp = 100 C

Energy Losses Target Temp Increase (dT) = 80 C

Subsurface Porosity = 0.29

Boiler Efficiency = 46%

Aboveground line losses = 7% McMillan McGee

Losses to surrounding Areas = 23% Earth Tech July 2008 Steam Injection Cost Evaluation Treatment Area  = 160,000 SF

Losses to Vadose Zone Above = 11% UBA Treatment Interval = 45 Feet

Losses due to heat removal at extraction wells = 39% UBA Treatment Volume = 7,200,000 CF

Total Losses  = 134% 266,667 CY

Energy Demand Including Losses Vadose Zone

E = 1,166,401 BTUs/CY Capillary Fringe Interval = 5 Feet

Heated Capillary Fringe Volume = 800,000 CF

Total Energy Demand = 311,040 MMBTUs 29,630 CY

3,110,404 Therms

Natural Gas Unit Cost = 1.14$                     /Therm Extraction Wells

Total Undiscounted Cost = 3,545,860$            

Temperature of extracted water = 80 C

Extraction Rate per Well = 2.5 GPM

Number of Extraction Wells = 53

Total Extraction Rate = 133 GPM

7,950 Gals/Hr

66,113 lbs/Hr

Enthalpy of extracted water = 334.9 KJ/Kg

144 BTU/lb

Total Energy Removal Rate  = 9,519,174 BTUs/Hr

Assumed operating duration to get to temp  = 225 Days

Total Energy Removed during operation = 51,401 MMBTUs

Energy Removed per Cubic Yard of Soil = 192,752 BTUs/CY

2006 Groundwater Monitoring Results Report, Montrose Site, 

Torrance, California, Hargis + Associates, Inc.

Introduction to Chemical Engineering Thermodynamics, Sixth 

Edition, Table F.1:  Saturated Steam



Attachment 2

Hot Floor - Bellflower Sand

Energy Demand Equation Constants

E = (msoil X Cp,soil X dT) + (mwater X Cp,water X dT) + (mwater X dHwater) Source:  A Critical Evaluation of In-Situ Thermal Technologies, Jennifer Lake Triplett Kingston

           Soil Heat Capacity (Cp,soil) = 362.9 J/(lb-C) Online source:  EngineeringToolBox.com

Water Heat Capacity (Cp,water) = 1,897.8 J/(lb-C) Perry's Chemical Engineering Handbook, Sixth Edition

Basic Energy Demand for One Cubic Yard of Saturated Soil Heat of Vaporization of Water (dHwater) = 1,029,665 J/lb Online source:  EngineeringToolBox.com

Soil Density = 120 lbs/CF

Fraction of groundwater displaced by injected steam = 0.25 Water/Steam Density (cold water equivalent) = 8.32 lbs/Gal

28.8 MMBTUs/Hr Boiler Performance (Nationwide Boiler)

msoil = 3240 lbs

mwater = 365 lbs Case Condition:0% Condensate Return

19,125 lbs steam per 28,800 SCF Natural Gas = 

1,588,790 J/lb

E = 525,685 KJ Boiler Efficiency = 46%

498,253 BTU

Hot Floor Parameters (Bellflower Sand [BFS])

Required Steam Mass = 511 lbs

Required Steam Volume (cold water equivs) = 0.30 CY BFS Groundwater Temp = 20 C

One Pore Volume = 0.29 CY

Required Pore Volumes of Steam (cold water equivs) = 1.05 Assumed BFS Soil Temp = 20 C

Target Subsurface Temp = 100 C

Energy Losses Target Temp Increase (dT) = 80 C

Subsurface Porosity = 0.29

Boiler Efficiency = 46%

Aboveground line losses = 7% McMillan McGee

Losses to surrounding Areas = 22% Hot Floor Area  = 160,000 SF

Hot Floor Interval = 10 Feet

Losses Below Hot Floor = 50% Hot Floor Volume = 1,600,000 CF

Losses due to heat removal at extraction wells = 17% 59,259 CY

Losses due to cooling effects of flowing groundwater = 1%

Total Losses = 152% Below Hot-Floor

Energy Demand Including Losses Interval Below Hot Floor = 5 Feet

Heated Volume Below Hot Floor = 800,000 CF

E = 1,253,282 BTUs/CY 29,630 CY

Total Energy Demand = 74,269 MMBTUs Extraction Wells

742,686 Therms

Natural Gas Unit Cost = 1.14$                  /Therm Temperature of extracted water = 80 C

Total Undiscounted Cost = 846,662$             Extraction Rate per Well = 2.5 GPM

Number of Extraction Wells = 22

Total Extraction Rate = 55 GPM

3,300 Gals/Hr

27,443 lbs/Hr

Enthalpy of extracted water = 334.9 KJ/Kg

144 BTU/lb

Total Energy Removal Rate  = 3,951,355 BTUs/Hr

Assumed operating duration to get to temp  = 54 Days

Total Energy Removed during operation = 5,100 MMBTUs

Energy Removed per Cubic Yard of Soil = 86,064 BTUs/CY

Cooling Effects of Flowing Groundwater

Temperature of groundwater entering hot floor = 20 C

Target Groundwater Temp = 100 C

Target Temp Increase (dT) = 80 C

Average BFS hydraulic conductivity = 207 Feet/Day

Average BFS hydraulic gradient = 0.00055

Approximate coss-sectional length of hot floor perpendicular to groundwater gradient = 380 Feet

Velocity of infiltrating groundwater = 0.39 Feet/Day

Volume of groundwater infiltrating hot floor  per day = 433 CF/Day

3,236 Gal/Day

Total Volume of infiltrated groundwater = 174,049 Gals

Volume of infiltrated groundwater per cubic yard of soil = 3 Gals/CY

Volume of infiltrated groundwater to be heated = 2 Gals/CY

Energy Demand for heating = 5,049 KJ/CY

4,786 BTUs/CY

Final Remdial Investigation Report for the Montrose Superfund Site, 

Los Angeles, California, Montrose Chemical Corporation

2006 Groundwater Monitoring Results Report, Montrose Site, 

Torrance, California, Hargis + Associates, Inc.

55 total steam injection wells including 20 outer injection wells.  

Only 50% of steam injected in outer wells is lost to surrounding 

areas. 

2006 Groundwater Monitoring Results Report, 

Montrose Site, Torrance, California, Hargis + 

Introduction to Chemical Engineering 

Thermodynamics, Sixth Edition, Table F.1:  

2006 Groundwater Monitoring Results Report, Montrose Site, 

Torrance, California, Hargis + Associates, Inc.
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Appendix J
Remedial Alternatives Cost Summary 

Final DNAPL Feasibility Study
Montrose Superfund Site, Los Angeles, California

Cost (NPV)

Remedial Alternative (RA) General Response Actions (GRAs)
Cost Summary

Table  DR = 4% DR = 7%
No Action for DNAPL NA $0 $0

Totals $0 $0
Institutional Controls Table 1.0 192,229$           164,849$           

Totals 192,229$           164,849$           
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 2.0 4,630,281$        4,190,923$        

Totals 4,822,510$        4,355,772$        
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 2.0 4,630,281$        4,190,923$        
Hydraulic Displacement with
Untreated Water Injection Table 3.0 7,371,474$        6,680,845$        

Totals 12,193,984$      11,036,617$      
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 2.0 4,630,281$        4,190,923$        
Hydraulic Displacement with
Treated Water Injection Table 4.0 15,315,129$      13,654,212$      

Totals 20,137,639$      18,009,984$      
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 5.0 2,521,673$        2,249,728$        
Steam Injection over Focused Treatment Area Table 6.0 21,294,917$      19,867,002$      

Totals 24,008,819$      22,281,579$      
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 7.0 2,311,104$        2,062,235$        
Steam Injection over Focused Treatment Area Table 8.0 29,925,488$      27,549,373$      

Totals 32,428,821$      29,776,457$      
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 9.0 1,439,564$        1,209,095$        
Steam Injection over Entire Treatment Area Table 10.0 54,694,659$      49,427,633$      

Totals 56,326,452$      50,801,577$      
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 11.0 1,231,679$        1,041,100$        
Steam Injection over Entire Treatment Area Table 12.0 82,563,758$      70,498,499$      

Totals 83,987,666$      71,704,448$      
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 5.0 2,521,673$        2,249,728$        
ERH over Focused Treatment Area Table 13.0 17,376,453$      16,208,318$      

Totals 20,090,355$      18,622,895$      
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 7.0 2,311,104$        2,062,235$        
ERH over Focused Treatment Area Table 14.0 22,489,229$      20,727,582$      

Totals 24,992,562$      22,954,666$      
Institutional Controls Table 1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 9.0 1,439,564$        1,209,095$        
ERH over Entire Treatment Area Table 15.0 50,989,194$      44,802,354$      

Totals 52,620,987$      46,176,298$      
Institutional Controls Table1.0 192,229$           164,849$           
SVE in the Unsaturated Zone Table 11.0 1,231,679$        1,041,100$        
ERH over Entire Treatment Area Table 16.0 68,105,438$      58,485,764$      

Totals 69,529,346$      59,691,713$      

Notes
DR = Discount rate
NPV = Net present value

RA 5b - Steam Injection over Entire Treatment Area 
(2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes - Low Cost)

RA 5b - Steam Injection over Entire Treatment Area
(6 UBA Pore Volumes and 7 Hot Foor Pore Volumes - High Cost)

RA 6a - ERH over Focused Treatment Area
(200 kW-hrs/cubic yard - Low Cost)

RA 6b - ERH over Entire Treatment Area
(400 kW-hrs/cubic yard - High Cost)

RA 1 - No Action

RA 2 - Institutional Controls

RA 3 - SVE in the Unsaturated Zone

RA 4a - Hydraulic Displacement with Untreated Water Injection 
(50-Foot Well Spacing)

RA 6a - ERH over Focused Treatment Area
(400 kW-hrs/cubic yard - High Cost)

RA 6b - ERH over Entire Treatment Area
(200 kW-hrs/cubic yard - Low Cost)

RA 4b - Hydraulic Displacement with Treated Water Injection 
(50-Foot Well Spacing)

RA 5a - Steam Injection over Focused Treatment Area 
(2.5 UBA Pore Volumes and 3 Hot Floor Pore Volumes - Low Cost)

RA 5a - Steam Injection over Focused Treatment Area
(6 UBA Pore Volumes and 7 Hot Foor Pore Volumes - High Cost)



Final DNAPL Feasibility Study
Institutional Controls
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 1.0

Cost Summary
Institutional Controls

Cost (NPV)

Year Activity Cost
(Undiscounted)

DR = 4% DR = 7%

Deed Restriction and Sign Installation - On Property 100,000$                
Deed Restriction - Off Property (Former Boeing Realty Corp. to the North) 15,000$                  

2 5,000$                    4,623$              4,367$              
3 5,000$                    4,445$              4,081$              
4 5,000$                    4,274$              3,814$              
5 5,000$                    4,110$              3,565$              
6 5,000$                    3,952$              3,332$              
7 5,000$                    3,800$              3,114$              
8 5,000$                    3,653$              2,910$              
9 5,000$                    3,513$              2,720$              
10 5,000$                    3,378$              2,542$              
11 5,000$                    3,248$              2,375$              
12 5,000$                    3,123$              2,220$              
13 5,000$                    3,003$              2,075$              
14 5,000$                    2,887$              1,939$              
15 5,000$                    2,776$              1,812$              
16 5,000$                    2,670$              1,694$              
17 5,000$                    2,567$              1,583$              
18 5,000$                    2,468$              1,479$              
19 5,000$                    2,373$              1,383$              
20 5,000$                    2,282$              1,292$              
21 5,000$                    2,194$              1,208$              
22 5,000$                    2,110$              1,129$              
23 5,000$                    2,029$              1,055$              
24 5,000$                    1,951$              986$                 
25 5,000$                    1,876$              921$                 
26 5,000$                    1,803$              861$                 
27 5,000$                    1,734$              805$                 
28 5,000$                    1,667$              752$                 
29 5,000$                    1,603$              703$                 
30 5,000$                   1,542$               657$                  

Net Present Value at 30 Years = 192,229$           164,849$           

Notes
DR = Discount rate
NPV = Net present value

 Deed Restriction Renewal (On and Off Property)
 and Fence/Signage Maintenance 

1  $           110,577  $           107,477 

J-1.0  Cost Summary, Institutional Controls
Page 1 of 1



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.0

Cost Summary
Unsaturated Zone SVE (Not Coupled with Thermal Remedy)

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

DR= 4% DR= 7%

1 Design J-2.1  Design 194,000$                186,538$           181,308$           
J-2.2  Well Construction 365,252$                
J-2.3  Well Field Equipment Installation 239,631$                
J-2.4  Treatment Equipment Installation 695,778$                
J-2.5  Construction Management 149,460$                

3 Operation and Maintenance - Year 1 1,240,343$             1,102,661$        1,012,490$        
4 Operation and Maintenance - Year 2 834,487$                713,323$           636,626$           
5 Operation and Maintenance - Year 3 700,287$                575,585$           499,295$           
6 Operation and Maintenance - Year 4 619,657$                489,724$           412,904$           

J-2.7  Well Abandonment 111,927$                
J-2.8  Demobilization 179,856$               

Totals 5,330,678$             4,630,281$         4,190,923$         

Notes
DR = Discount rate
NPV = Net present value

 $        1,266,593 

 $           181,708 

2  System Construction 

 Verification and Abandonment 7

J-2.6  Annual Operations and Maintenance

 $        1,340,719 

 $           221,731 

J-2.0  Cost Summary Page 1 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.1

Design

Item Consultant Labor Quantity Cost
1 Project Manager 160 150$        /Hour 24,000$          
2 Senior Engineer/Geologist 480 125$        /Hour 60,000$          
3 Mid-Level Engineer/Geologist 600 100$        /Hour 60,000$          
4 Junior/Field Engineer/Geologist 400 75$          /Hour 30,000$          
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 400 50$         /Hour 20,000$         

Consultant Labor 194,000$        

TOTAL DESIGN COST 194,000$        

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)

Unit Cost

J-2.1  Design Cost Page 2 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.2

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 40 150$        /Hour 6,000$          
2 Senior Engineer/Geologist 40 125$        /Hour 5,000$          
3 Mid-Level Engineer/Geologist 130 100$        /Hour 13,000$        
4 Junior/Field Engineer/Geologist 200 75$          /Hour 15,000$        
5 Field Technician 70 75$          /Hour 5,250$          
6 Clerical/Drafting 40 50$          /Hour 2,000$          

Total Consultant Labor Cost 46,250$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 HSA Rig Mobilization 1 1,200$     /Each 1,200$         1

8 Palos Verdes Sands SVE Wells (12" HSA Drilling to 45' bgs)
a Install Well Constructed of 6" LCS Casing w/ 20' of SS Screen 1 8,500$     /Each 8,500$          1
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
c Drill Crew per Diem 0.5 450$        /Night 225$             1
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
f Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 9,300$          
Number of Wells (2 Wells Installed per Day) 7

Subtotal - PVS Wells 65,100$        

J-2.2  Well Construction Cost Page 3 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.2

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

9 UBA SVE Wells (12" HSA Drilling to 60 bgs)
a Install Well Constructed of 6" LCS Casing w/ 15' of SS Screen 1 9,700$     /Each 9,700$          1
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
c Drill Crew per Diem 0.5 450$        /Night 225$             1
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
f Installation Permit 1 201$        /Each 201$             
g Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 10,701$        
Number of Wells (2 Wells Installed per Day) 16

Subtotal - UBA Wells 171,216$      

10 Lab Analytical (Three PVS Borinngs and Four UBA Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 22 90$          /Sample 1,980$          2
b Soil Analysis - VOCs (EPA Method 8260B) 22 95$          /Sample 2,090$          2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 22 80$          /Sample 1,760$          2
d Water Analysis - Pesticides (EPA Method 8081A) 4 90$          /Sample 360$             2
e Water Analysis - VOCs (EPA Method 8260B) 4 95$          /Sample 380$             2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 4 80$          /Sample 320$             2

Total Lab Analytical (Extraction Wells) 6,890$          

J-2.2  Well Construction Cost Page 4 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.2

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

11 Waste Management
a Waste Tank Rental 42 38$          /Day 1,577$          3
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             3
c Waste Bin Rental 90 15$          /Day 1,350$          3
d Waste Bin Rental Delivery -  Mob and Demob 3 500$        /Each 1,500$          3
e Transport of Hazardous Soil Cuttings 3 1,100$     /Each 3,300$          3
f Disposal of Hazardous Soil Cuttings 60 550$        /Ton 33,029$        3
g Transport of Hazardous Water 1 1,100$     /Each 1,100$          3
h Disposal of Hazardous Water 2300 0.8$         /Gal 1,840$          3
i Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 45,596$        
Total Subcontractor Cost w/10% Markup 319,002$      

TOTAL WELL CONSTRUCTION COST 365,252$      

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Test America
3 Verbal Quote from NRC Environmental

J-2.2  Well Construction Cost Page 5 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.3

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 1 50,000$        LS 50,000$         

2  Extraction Well Assemblies
a Static Pressure Gage 23 48$               /Each 1,104$           1
b Temperature Indicator 23 127$             /Each 2,921$           1
c Flow Sensor 23 121$             /Each 2,783$           2
d Differential Pressure Gage 23 315$            /Each 7,245$          2

Total Extraction Well Assemblies 14,053$         

3  SVE Piping
a 8-Inch Carbon Steel Pipe and Fittings 760 94.71$          LF 71,980$         3
b 6-Inch Carbon Steel Pipe and Fittings 760 67.65$         LF 51,414$        3

Total SVE Piping 123,394$       

4  Pipe Supports 152 200$             LF 30,400$         
DIRECT COSTS w/10% MARKUP 239,631$        
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 239,631$        

Cost Source Reference
1 Grainger Catalog Price
2 Dwyer Instruments, Inc. Catalog Price
3 Cost in 2008 dollars based on 2006 RS Means and an assumed inflation rate if 3% per year

Unit CostItem

J-2.3  Well Field Equipment Installation Page 6 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J

Item Direct Costs Quantity Cost Cost
Ref.

1 Mini RAE 3000 PID (Hand Held) 1 3,825$        /Each 3,825$           1
2 10,000-lb Vapor-Phase Carbon Vessel 4 32,000$      /Each 128,000$       2
3 Initial Carbon Fill (Virgin Coconut) 40,000 1.07$          /lb 42,800$         2
4 Oriface Plate and Transmitter 2 10,000$      /Each 20,000$         
5 Moister Separator 2 4,000$        /Each 8,000$           3
6 Transfer Pump (50 gpm) 2 536$           /Each 1,072$           4
7 1000 SCFM Positive Displacement Blower (for PVS) 1 30,000$      /Each 30,000$         5
8 1000 SCFM Liquid Ring Blower (Hi Vac for UBA) 1 80,000$      /Each 80,000$         5
9 Inline Stack PID 1 3,775$        /Each 3,775$           1
10 Static Pressure Gage 14 48$             /Each 672$              4
11 Temperature Indicator 9 127$           /Each 1,143$           4
12 Interconnecting Piping (10% of Carbon Vessel Cost) 1 12,800$      LS 12,800$         
13 Electrical Allowance (20% of elec components) 1 20,969$      LS 20,969$         
14 Control System Allowance (20% of elec components) 1 26,969$      LS 26,969$         
15 Treatment Plant Pad and Building 1 152,500$    LS 152,500$       6
16 Subcontractor Installation Cost 1 100,000$   LS 100,000$      

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 695,778$       

Cost Source Reference
1 Verbal Quote from RAE Systems
2 Based on July 1 2008 BakerCorp Quote
3 Verbal Quote from Enviro Supply and Services
4 Grainger Catalog Price
5 Yardley Pump and Vacuum Quote Dated July 18, 2008
6 Based on Building/Lab Site Improvements Cost for 350 gpm LGAC Adsorber System in 1998 Joint Groundwater Feasibility Study for the Montrose and Del Amo Sites

Unit Cost

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Table 2.4

Treatment Equipment Installation

J-2.4  Treatment Equipment Installation Cost Page 7 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.5

Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 48 150$                /Hour 7,200$           
2 Senior Engineer/Geologist 150 125$                /Hour 18,750$         
3 Mid-Level Engineer/Geologist 300 100$                /Hour 30,000$         
4 Junior/Field Engineer/Geologist 600 75$                  /Hour 45,000$         
5 Field Technician 600 75$                  /Hour 45,000$         
6 Clerical/Drafting 70 50$                 /Hour 3,510$          

TOTAL CONSTRUCTION MANAGEMENT COST 149,460$       

Unit Cost

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)

J-2.5  Construction Management Cost Page 8 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.6

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 52 150$         /Hour 7,800$                
2 Senior Engineer/Geologist 52 125$         /Hour 6,500$                
3 Mid-Level Engineer/Geologist 208 100$         /Hour 20,800$              
4 Junior/Field Engineer/Geologist 520 75$           /Hour 39,000$              
5 Field Technician (20 Hours a week) 1,040 75$           /Hour 78,000$              
6 Clerical/Drafting 0 50$          /Hour -$                       

Consultant Labor Cost for Operations 152,100$            

Item Consultant Labor (Reporting, H&S, and Data Mngt) Quantity Cost Cost
Ref.

7 Project Manager 40 150$         /Hour 6,000$                
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$              
9 Mid-Level Engineer/Geologist 160 100$         /Hour 16,000$              

10 Junior/Field Engineer/Geologist 160 75$           /Hour 12,000$              
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 160 50$          /Hour 8,000$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 52,000$              

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Turnkey VGAC Change-Out Service (incl. fresh VGAC and T&D of spent VGAC as Haz)
a Year 1 480,000 1.53$        /lb VGAC 732,000$           1
b Year 2 240,000 1.53$        /lb VGAC 366,000$           1
c Year 3 160,000 1.53$        /lb VGAC 244,000$           1
d Year 4 100,000 1.53$        /lb VGAC 152,500$           1

14 Final Spent VGAC (40,000 lbs) Transportation and Disposal (Year 4) 40,000 0.46$       /lb VGAC 18,200$             
Total VGAC (Year 1) 732,000$           
Total VGAC (Year 2) 366,000$           
Total VGAC (Year 3) 244,000$           
Total VGAC (Year 4) 170,700$           

15 Lab Analytical and Monitoring
a Summa Can Rental 116 40$           /Each 4,640$                2
b Vapor VOCs Analysis (EPA TO-15) 116 200$         /Each 23,200$              2
c Tedlar Bags 23 10$          /Each 230$                  

Total Lab Analytical and Monitoring 28,070$              

Annual Operations and Maintenance

Unit Cost

Unit Cost

Unit Cost

J-2.6  Annual Operations and Maintenance Cost Page 9 of 14



Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.6

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

16 Miscellaneous - Year 1
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$                3
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              3
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        3
d Temporary Storage Trailer 12 149$         /Month 1,784$                4
e Portable Toilet Delivery 1 22$           /Each 22$                     5
f Portable Toilet Rental 12 76$           /Month 908$                   5
g Miscellaneous Parts 12 1,000$      /Month 12,000$              
h Fed Ex and Deliveries 12 100$         /Month 1,200$                
i Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
j Operator Truck Usage (One Truck per Operator) 260 100$        /Day/Truck 26,000$             

Total Miscellaneous - Year 1 69,208$              

17 Miscellaneous - Years 2 through 4
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        3
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              3
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        3
d Temporary Storage Trailer 12 149$         /Month 1,784$                4
e Portable Toilet Delivery 0 22$           /Each -$                        5
f Portable Toilet Rental 12 76$           /Month 908$                   5
g Miscellaneous Parts 12 1,000$      /Month 12,000$              
h Fed Ex and Deliveries 12 100$         /Month 1,200$                
i Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
j Operator Truck Usage (One Truck per Operator) 260 100$        /Day/Truck 26,000$             

Total Miscellaneous - Years 2 through 4 66,248$              
Total Subcontractor Cost - Year 1 829,278$           
Total Subcontractor Cost - Year 2 460,318$           
Total Subcontractor Cost - Year 3 338,318$           
Total Subcontractor Cost - Year 4 265,018$           

Item Utilities Quantity Cost Cost
Ref.

18 Electricity Usage

Vacuum Blowers and Controls 1,186,958 0.1045$   /kWh 124,037$           6
Total Utilities 124,037$            

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.6

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Annual Operations and Maintenance

CONSULTANT LABOR COST 204,100$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 1 912,206$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 2 506,350$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 3 372,150$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 4 291,520$            
UTILITIES COST (NO MARKUP) 124,037$            

TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 1 1,240,343$         
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 2 834,487$           
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 3 700,287$           
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 4 619,657$           

Cost Source Reference
1 Based on carbon costs associated with the Montrose Henderson SVE System
2 Verbal Quote from Calscience
3 Mobile Mini, Inc. Quote Dated October 11, 2007
4 Verbal Quote from Mobile Mini, Inc.
5 Verbal Quote from A-1 Coast Port-A-Toilet
6 Shedule A-3 LADWP Rate (Second Quarter 2008)
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (No Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.7

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 20 150$       /Hour 3,000$            
2 Senior Engineer/Geologist 40 125$       /Hour 5,000$            
3 Mid-Level Engineer/Geologist 40 100$       /Hour 4,000$            
4 Junior/Field Engineer/Geologist 180 75$         /Hour 13,500$          
5 Field Technician 40 75$         /Hour 3,000$            
6 Clerical/Drafting 40 50$        /Hour 2,000$           

Total Consultant Labor Cost 30,500$          

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

7 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$           1

8 Abandon PVS SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 45 30$         /Foot 1,350$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,225$            
Number of Wells (2 Wells Abandoned per Day) 7

Total for Extraction Well Adandonment 15,575
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Unsaturated Zone SVE (No Thermal)
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Montrose Superfund Site
Los Angeles, California

Appendix J
Table 2.7

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

9 Abandon UBA SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,675$            
Number of Wells (2 Wells Abandoned per Day) 16

Total for Injection Well Abandonment 42,800

10 Waste Management
a Waste Tank Rental 42 38$         /Day 1,577$            2
b Waste Tank Rental Delivery -  Mob and Demob 1 900$       /Each 900$               2
c Waste Bin Rental 42 15$         /Day 623$               2
d Waste Bin Rental Delivery -  Mob and Demob 1 500$       /Each 500$               2
e Transport and Disposal/Recycling of Steel 1 1,100$    /Load 1,100$            
f Transport of Hazardous Soil Cuttings 1 1,100$    /Each 1,100$            2
g Disposal of Hazardous Soil Cuttings 7.11 550$       /Ton 3,910$            2
h Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
i Disposal of Hazardous Water 2300 0.8$        /Gal 1,840$            2
j Waste Characterization/Profiling 2 500$      /Each 1,000$           

Total Waste Management 13,650$          
Total Subcontractor Cost w/10% Markup 81,427$          

TOTAL WELL ABANDONMENT COST 111,927$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Appendix J
Table 2.8

Detailed Cost, Unsaturated Zone SVE (Not Coupled with Thermal Remedy)
Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 12 150$            /Hour 1,755$            
2 Senior Engineer/Geologist 30 125$            /Hour 3,750$            
3 Mid-Level Engineer/Geologist 80 100$            /Hour 8,000$            
4 Junior/Field Engineer/Geologist 235 75$              /Hour 17,625$          
5 Field Technician 105 75$              /Hour 7,898$            
6 Clerical/Drafting 35 50$              /Hour 1,755$            

Consultant Labor Cost 40,783$          

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 90,000$       /LS 90,000$         
8 Demob Office Trailer 1 1,746$         LS 1,746$           

9 Close-Out Borings
a Drilling and backfilling (6-Inch Sonic to 45 feet bgs at $65/foot) 3 2,925$         /Boring 8,775$            1
b Drilling and backfilling (6-Inch Sonic to 60 feet bgs at $65/foot) 4 3,900$         /Boring 15,600$          1
c Disposal of Hazardous Soil Cuttings 4.4 550$            /Ton 2,429$            2
d Transportation of Hazardous Soil Cuttings 1 1,100$         /Each 1,100$            2
e Waste Bin Rental Delivery - Mob and Demob 1 500$            /Each 500$               2
f Waste Bin Rental 30 15$              /Day 450$               2
g Soil Pesticides (EPA Method 8081A) 22 90$              /Sample 1,980$            3
h Soil VOCs (EPA Method 8260B) 22 95$              /Sample 2,090$            3
i Soil pCBSA (Modified EPA Method 314.0) 22 80$              /Sample 1,760$            3

Total for Close-Out Borings 34,684$          

Total Subcontractor Cost w/10% Markup 139,073$        

TOTAL DEMOBILIZATION COST 179,856$        

Cost Source Reference
1 Water Development Corporation Quote Dated 10/09/08
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Appendix J
Table 3.0

Cost Summary
Hydraulic Displacement with Untreated Water Injection

50-Foot Well Spacing

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted) DR= 4% DR= 7%

1 Design J-3.1  Design  $              539,125 518,389$           503,855$           
J-3.2  Well Construction  $            2,212,654 
J-3.3  Well Field Equipment Installation  $              721,977 
J-3.4  DNAPL Collection Equipment Installation  $              455,511 
J-3.5  Construction Management  $              223,625 

3 Operation and Maintenance - Year 1  $              778,247 691,858$           635,281$           
4 Operation and Maintenance - Year 2  $              730,529 624,459$           557,317$           
5 Operation and Maintenance - Year 3  $              706,711 580,865$           503,875$           
6 Operation and Maintenance - Year 4  $              699,984 553,207$           466,429$           
7 Operation and Maintenance - Year 5  $              694,504 527,766$           432,502$           

J-3.7  Well Abandonment  $              450,965 
J-3.8  Demobilization  $              279,573 

Totals 8,493,406$            7,371,474$        6,680,845$        

Notes
DR = Discount rate
NPV = Net present value

 $        3,156,405 

 $           425,180 

System Construction2

J-3.6  Annual Operations and Maintenance

 Verification and Abandonment 8

 $        3,341,132 

 $           533,797 

J-3.0 Cost Summary
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Appendix J
Table 3.1

Design

Item Consultant Labor Quantity Cost
1 Project Manager 530 150$        /Hour 79,500$          
2 Senior Engineer/Geologist 970 125$        /Hour 121,250$        
3 Mid-Level Engineer/Geologist 2,080 100$        /Hour 208,000$        
4 Junior/Field Engineer/Geologist 1,045 75$          /Hour 78,375$          
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 1,040 50$          /Hour 52,000$          

Consultant Labor 539,125$        

TOTAL DESIGN COST 539,125$        

Detailed Cost, Hydraulic Displacement with Untreated Water Injection

Unit Cost
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Appendix J
Table 3.2

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 370 150$        /Hour 55,500$        
2 Senior Engineer/Geologist 370 125$        /Hour 46,250$        
3 Mid-Level Engineer/Geologist 1,300 100$        /Hour 130,000$      
4 Junior/Field Engineer/Geologist 2,010 75$          /Hour 150,750$      
5 Field Technician 635 75$          /Hour 47,625$        
6 Clerical/Drafting 370 50$          /Hour 18,500$        

Total Consultant Labor Cost 448,625$      

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Extraction Wells (12" HSA Drilling to 105' bgs)
a Install Well Constructed of 6" LCS Casing w/ 40' of SS Screen and 5-foot Sump 1 12,000$   /Each 12,000$        1
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             1
c Drill Crew per Diem 1 450$        /Night 450$             1
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Installation Permit 1 201$        /Each 201$             
g Other Direct Costs 1 300$        /Day 300$             

Cost per Well 13,801$        
Number of Wells (1 Well Installed per Day) 23

Subtotal - Extraction Wells 317,423$      

8 Lab Analytical (Seven Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 42 90$          /Sample 3,780$          2
b Soil Analysis - VOCs (EPA Method 8260B) 42 95$          /Sample 3,990$          2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 42 80$          /Sample 3,360$          2
d Water Analysis - Pesticides (EPA Method 8081A) 12 90$          /Sample 1,080$          2
e Water Analysis - VOCs (EPA Method 8260B) 12 95$          /Sample 1,140$          2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 12 80$          /Sample 960$             2

Total Lab Analytical (Extraction Wells) 14,310$        
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Appendix J
Table 3.2

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

9 Injection Wells (12" HSA Drilling to 100.5' bgs)
a HSA Drilling 100.5 30$          /Foot 3,015$          3
b Install 4-Inch Stainless Steel Wire Wrap Screen 40 80$          /Foot 3,200$          3
c Install 4-Inch LCS Casing 60 20$          /Foot 1,200$          3
d Bore hole materials (Cement, bentonite, sand, and concrete) 100.5 12$          /Foot 1,206$          3
e Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             1
f Drill Crew per Diem 1 450$        /Night 450$             1
g Vehicle Usage 1 100$        /Day 100$             
h Equipment Rental and Supplies 1 500$        /Day 500$             
i Installation Permit 1 201$        /Each 201$             
j Other Direct Costs 1 300$        /Day 300$             

Cost per Well 10,422$        
Number of Wells (1 Well Installed per Day) 46

Subtotal - Injecton Wells 479,412$      

10 Develop Extraction and Injection Wells
a Development Rig 1 2,000$     /Day 2,000$          1
b Development Crew per Diem 1 200$        /Night 200$             4
c Vehicle Usage 1 100$        /Day 100$             
d Equipment Rental and Supplies 1 500$        /Day 500$             
e Other Direct Costs 1 300$        /Day 300$             

Cost per Well 3,100$          
Number of Wells (1 Well Developed per Day) 69

Subtotal - Develop Extraction and Injection Wells 213,900$      

11 BFS Monitoring Well Installation (4 Days per Well for Installation and Development) 2 54,000$   /Well 108,000$      5
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Appendix J
Table 3.2

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Waste Management
a Waste Tank Rental 311 38$          /Day 11,818$        6
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             6
c Waste Bin Rental (30 days per bin) 990 15$          /Day 14,850$        6
d Waste Bin Rental Delivery -  Mob and Demob 33 500$        /Each 16,500$        6
e Transport of Hazardous Soil Cuttings (20 tons per load) 33 1,100$     /Each 36,300$        6
f Disposal of Hazardous Soil Cuttings 653 550$        /Ton 359,150$      6
g Transport of Hazardous Water (4,500 gals per load) 7 1,100$     /Each 7,700$          6
h Disposal of Hazardous Water 28000 0.8$         /Gal 22,400$        6
i Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 470,618$      
Total Subcontractor Cost w/10% Markup 1,764,029$    

TOTAL WELL CONSTRUCTION COST 2,212,654$    

Cost Source Reference
1 Verbal Quote from Cascade Drilling
2 Verbal Quote from Test America
3 Water Development Corporation Quote Dated 10/09/08
4 Cascade Drilling Quote Dated July 15, 2008
5 Verbal Quote from Water Development Corporation
6 Verbal Quote from NRC Environmental
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Appendix J
Table 3.3

Detailed Cost, Hydrualic Displacement with Untreated Water Injection
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 1 50,000$        LS 50,000$          

2  Extraction Well Assemblies
 a Well Head Assemblies 23 500$             Each 11,500$          
 b Groundwater Extraction Pump (Electric Submersible) 23 597.54$        Each 13,743$          1

c Armored Electrical Cable 2300 4.89$            Foot 11,247$          2
d Teflon Discharge Tubing (5/8" OD) 4100 7.85$            Foot 32,185$          2
e DNAPL Extraction Pump (Pneumatic) 18 2,448.85$     Each 44,079$          3

 f Downwell Air Supply Hose (3/8" OD Teflon) 1800 3.76$            LF 6,768$            2
 g Downwell Air Exhaust Hose (1/2" OD Teflon) 1800 5.43$            LF 9,774$            2

h Static Pressure Gage 46 48$               /Each 2,208$            4
i Temperature Indicator 23 127$             /Each 2,921$            4
j Flow Sensor 23 121$             /Each 2,783$            5
k Differential Pressure Gage 23 315$             /Each 7,245$            5

Total Extraction Well Assemblies 144,454$        

3  Injection Well Assemblies
a Well Head Assemblies 46 300$             Each 13,800$          
b Static Pressure Gage 46 48$               /Each 2,208$            4
c Temperature Indicator 46 127$             /Each 5,842$            4
d Flow Sensor 46 121$             /Each 5,566$            5
e Differential Pressure Gage 46 315$             /Each 14,490$          5

Total Injection Well Assemblies 41,906$          

4 Field Technician - Extraction and Injection Well Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 555 75$               Hour 41,625$          

Item Unit Cost
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Appendix J
Table 3.3

Detailed Cost, Hydrualic Displacement with Untreated Water Injection
Well Field Equipment Installation

Direct Costs Quantity Cost Cost 
Ref.

5  Groundwater and DNAPL Extraction Piping and Electrical (Installed)
a 4-Inch Carbon Steel Pipe and Fittings 281 51.45$          LF 14,464$          6
b 2-Inch Carbon Steel Pipe and Fittings 3064 23.87$          LF 73,141$          6
c 1.5-Inch Carbon Steel Pipe and Fittings 767 18.51$          LF 14,193$          6
d 3.5-Inch Galvanized Steel Pipe 141 33.42$          LF 4,697$            6
e 3-Inch Galvanized Steel Pipe 1532 27.05$          LF 41,447$          6
f 2.5-Inch Galvanized Steel Pipe 290 22.28$          LF 6,461$            6
g Electrical Wire 1963 5.46$            LF 10,723$          6

Total Groundwater and DNAPL Extraction Piping and Electrical 165,126$        

6  Injection Piping (Installed)
 a 4-Inch Carbon Steel Pipe and Fittings 220 51.45$          LF 11,320$          6
 b 2-Inch Carbon Steel Pipe and Fittings 2468 23.87$          LF 58,912$          6
  c 1.5-Inch Carbon Steel Pipe and Fittings 946 18.51$          LF 17,519$          6

Total Injection Piping 87,751$          

7  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) (Installed) 1609 23.87$          LF 38,407$          6
 

8  Pipe Supports 454 200$             LF 90,858$          
CONSULTANT LABOR COST 41,625$          
DIRECT COSTS w/10% MARKUP 680,352$        
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 721,977$        

Cost Source Reference
1 Shaw Pump and Supply, Inc. Quote Dated September 24, 2008
2 McMaster-Carr Catalog Price
3 QED Environmental Systems, Inc. Quote Dated September 25, 2008  
4 Grainger Catalog Price
5 Dwyer Instruments, Inc. Catalog Price
6 Cost in 2008 dollars based on 2006 RS Means and an assumed inflation rate if 3% per year

Item Unit Cost
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Appendix J
Table 3.4

DNAPL Collection Equipment Installation

Item Direct Costs Quantity Cost Cost
Ref.

1 240 Gallon Decanter 1 3,344$        /Each 3,344$           1
2 200 GPM DNAPL/Water Separator 1 124,365$    /Each 124,365$       2
3 Groundwater Holding Tank 1 50,000$      /Each 50,000$         
4 Dual Filter Bag System 1 13,000$      /Each 13,000$         3
5 Air Compressor (563 CFM Rotary Screw) 1 36,185$      /Each 36,185$         4
6 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           5
7 Transfer Pump (50 gpm) 3 536$           /Each 1,607$           6
8 Transfer Pump (200 gpm) 1 1,773$        /Each 1,773$           6
9 Collection Plant Pad and Building 1 106,750$    /LS 106,750$       7
10 Subcontractor Installation Cost 1 75,000$      /LS 75,000$         

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 455,511$       

Cost Source Reference
1 Highland Tank and Manufacturing Co. Quote Dated September 26, 2008
2 Pan America Environmental Quote Dated July 18, 2008
3 Verbal Quote from BakerCorp
4 Ingersoll Rand Quote Dated September 25, 2008
5 Harrington Plastic Catalog Price
6 Grainger Catalog Price
7 Assumed to be 30% less than treatment plant pad and building for groundwater treatment

Unit Cost

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
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Appendix J
Table 3.5

Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 205 150$              /Hour 30,750$                 
2 Senior Engineer/Geologist 205 125$              /Hour 25,625$                 
3 Mid-Level Engineer/Geologist 405 100$              /Hour 40,500$                 
4 Junior/Field Engineer/Geologist 810 75$                /Hour 60,750$                 
5 Field Technician 810 75$                /Hour 60,750$                 
6 Clerical/Drafting 105 50$                /Hour 5,250$                   

TOTAL CONSTRUCTION MANAGEMENT COST 223,625$               

Unit Cost

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
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Appendix J
Table 3.6

Detailed Cost, Hydraulic Displacement with Untreated Water Injection

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 156 150$         /Hour 23,400$              
2 Senior Engineer/Geologist 156 125$         /Hour 19,500$              
3 Mid-Level Engineer/Geologist 208 100$         /Hour 20,800$              
4 Junior/Field Engineer/Geologist 1,040 75$           /Hour 78,000$              
5 Field Technician (1 Full Time Equivalent) 2,080 75$           /Hour 156,000$            
6 Clerical/Drafting 0 50$           /Hour -$                        

Consultant Labor Cost for Operations 297,700$            

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance)Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$                
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$              
9 Mid-Level Engineer/Geologist 130 100$         /Hour 13,000$              

10 Junior/Field Engineer/Geologist 520 75$           /Hour 39,000$              
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 240 50$           /Hour 12,000$              

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 77,000$              

Annual Operations and Maintenance

Unit Cost

Unit Cost
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Appendix J
Table 3.6

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Waste Management
a Filtration Generated Waste Disposal (Listed Waste for Incineration) 78,600 0.25$        /lb 19,650$              1
b Filtration Generated Waste Transportation 4 2,800$      /Load 11,200$              1

DNAPL T&D - Year 1
Tank Loads

c Transportation 4 3,650$      /Load 14,600$              1
d Disposal 126,746 0.50$        /lb 63,373$              1

DNAPL T&D - Year 2
Tank Loads

e Transportation 4 3,650$      /Load 14,600$              1
f Disposal 45,908 0.50$        /lb 22,954$              1

DNAPL T&D - Year 3
55-Gallon Drums

g Transportation and Disposal 26 612$         /drum 15,901$              2
DNAPL T&D - Year 4

55-Gallon Drums
h Transportation and Disposal 16 612$         /drum 9,785$                2

DNAPL T&D - Year 5
55-Gallon Drums

i Transportation and Disposal 5 612$         /drum 3,058$                2
Total Waste Management - Year 1 108,823$            
Total Waste Management - Year 2 68,404$              
Total Waste Management - Year 3 46,751$              
Total Waste Management - Year 4 40,635$              
Total Waste Management - Year 5 33,908$              

Unit Cost
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Appendix J
Table 3.6

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

14 Lab Analytical and Monitoring
c Water Analysis - Pesticides (EPA Method 8081A) 116 90$           /Each 10,440$              3
d Water Analysis - VOCs (EPA Method 8260B) 116 95$           /Each 11,020$              3
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 116 80$           /Each 9,280$                3

Total Lab Analytical and Monitoring 30,740$              

15 Miscellaneous - Year 1
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$                4
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              4
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        4
d Temporary Storage Trailer 12 149$         /Month 1,784$                5
e Portable Toilet Delivery 1 22$           /Each 22$                     6
f Portable Toilet Rental 12 76$           /Month 908$                   6
g Well and Pump Maintenance Parts 12 5,000$      /Month 60,000$              
h Fed Ex and Deliveries 52 100$         /Week 5,200$                
i Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
j Operator Truck Usage (One Truck per Operator) 260 100$         /Day/Truck 26,000$              

Total Miscellaneous - Year 1 121,208$            

Unit Cost
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Final DNAPL Feasibility Study
Hydraulic Displacement
50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 3.6

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

16 Miscellaneous - Years 2 through 4
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        4
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              4
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        4
d Temporary Storage Trailer 12 149$         /Month 1,784$                5
e Portable Toilet Delivery 0 22$           /Each -$                        6
f Portable Toilet Rental 12 76$           /Month 908$                   6
g Well and Pump Maintenance Parts 12 5,000$      /Month 60,000$              
h Fed Ex and Deliveries 52 100$         /Week 5,200$                
i Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
j Operator Truck Usage (One Truck per Operator) 260 100$         /Day/Truck 26,000$              

Total Miscellaneous - Years 2 through 4 118,248$            

17 Miscellaneous - Year 5
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        4
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              4
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$                4
d Temporary Storage Trailer 12 149$         /Month 1,784$                5
e Portable Toilet Delivery 0 22$           /Each -$                        6
f Portable Toilet Rental 12 76$           /Month 908$                   6
g Well and Pump Maintenance Parts 12 5,000$      /Month 60,000$              
h Fed Ex and Deliveries 52 100$         /Week 5,200$                
i Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
j Operator Truck Usage (One Truck per Operator) 260 100$         /Day/Truck 26,000$              

Total Miscellaneous - Year 5 119,994$            

Unit Cost
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Final DNAPL Feasibility Study
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50-Foot Well Spacing
June 2013

Montrose Superfund Site
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Appendix J
Table 3.6

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Annual Operations and Maintenance

Total Subcontractor Cost - Year 1 260,771$            
Total Subcontractor Cost - Year 2 217,392$            
Total Subcontractor Cost - Year 3 195,739$            
Total Subcontractor Cost - Year 4 189,623$            
Total Subcontractor Cost - Year 5 184,642$            

Item Utilities Quantity Cost Cost
Ref.

18 Electricity Usage
a HiPOx Sytem 0 0.1045$    /kWh -$                        7
b Air Compressor and Pumps 1,116,728 0.1045$    /kWh 116,698$            7

Total Utilities 116,698$            

CONSULTANT LABOR COST 374,700$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 1 286,848$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 2 239,131$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 3 215,313$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 4 208,586$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 5 203,106$            
UTILITIES COST (NO MARKUP) 116,698$            

Unit Cost
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Final DNAPL Feasibility Study
Hydraulic Displacement
50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 3.6

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Annual Operations and Maintenance

TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 1 778,247$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 2 730,529$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 3 706,711$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 4 699,984$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 5 694,504$            

Cost Source Reference
1 Clean Harbors Quote Dated October 10, 2007
2 Verbal Quote from Clean Harbors
3 Verbal Quote from Test America
4 Mobile Mini, Inc. Quote Dated October 11, 2007
5 Verbal Quote from Mobile Mini, Inc.
6 Verbal Quote from A-1 Coast Port-A-Toilet
7 Shedule A-3 LADWP Rate (Second Quarter 2008)
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Appendix J
Table 3.7

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 40 150$       /Hour 6,000$            
2 Senior Engineer/Geologist 150 125$       /Hour 18,750$          
3 Mid-Level Engineer/Geologist 150 100$       /Hour 15,000$          
4 Junior/Field Engineer/Geologist 550 75$         /Hour 41,250$          
5 Field Technician 150 75$         /Hour 11,250$          
6 Clerical/Drafting 150 50$         /Hour 7,500$            

Total Consultant Labor Cost 99,750$          

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$            1

2 Abandon Extraction Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 4,025$            
Number of Wells (2 Wells Abandoned per Day) 23

Total for Extraction Well Adandonment 92,575
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Appendix J
Table 3.7

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

3 Abandon Injection Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 100.5 30$         /Foot 3,015$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 3,890$            
Number of Wells (2 Wells Abandoned per Day) 46

Total for Injection Well Abandonment 178,940

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

4 Waste Management
a Waste Tank Rental 65 38$         /Day 2,451$            2
b Waste Tank Rental Delivery -  Mob and Demob 1 900$       /Each 900$               2
c Waste Bin Rental 65 15$         /Day 968$               2
d Waste Bin Rental Delivery -  Mob and Demob 1 500$       /Each 500$               2
e Transport and Disposal/Recycling of Steel 1 1,100$    /Load 1,100$            
f Transport of Hazardous Soil Cuttings 1 1,100$    /Each 1,100$            2
g Disposal of Hazardous Soil Cuttings 41 550$       /Ton 22,770$          2
h Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
i Disposal of Hazardous Water 17354 0.8$        /Gal 13,883$          2
j Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 45,772$          
Total Subcontractor Cost w/10% Markup 351,215$        

TOTAL WELL ABANDONMENT COST 450,965$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Appendix J
Table 3.8

Detailed Cost, Hydraulic Displacement with Untreated Water Injection
Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 25 150$            /Hour 3,750$            
2 Senior Engineer/Geologist 50 125$            /Hour 6,250$            
3 Mid-Level Engineer/Geologist 130 100$            /Hour 13,000$          
4 Junior/Field Engineer/Geologist 375 75$              /Hour 28,125$          
5 Field Technician 150 75$              /Hour 11,250$          
6 Clerical/Drafting 50 50$              /Hour 2,500$            

Consultant Labor Cost 64,875$          

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 118,250$     /LS 118,250$        

8 Close-Out Borings
a Drilling and backfilling (6-Inch Sonic to 105 feet bgs at $65/foot) 8 6,825$         /Boring 54,600$          1
b Disposal of Hazardous Soil Cuttings 9.9 550$            /Ton 5,440$            2
c Transportation of Hazardous Soil Cuttings 1 1,100$         /Each 1,100$            2
d Waste Bin Rental Delivery - Mob and Demob 1 500$            /Each 500$               2
e Waste Bin Rental 30 15$              /Day 450$               2
f Soil Pesticides (EPA Method 8081A) 48 90$              /Sample 4,320$            3
g Soil VOCs (EPA Method 8260B) 48 95$              /Sample 4,560$            3
h Soil pCBSA (Modified EPA Method 314.0) 48 80$              /Sample 3,840$            3
i Liquid Pesticides (EPA Method 8081A) 8 90$              /Sample 720$               3
j Liquid VOCs (EPA Method 8260B) 8 95$              /Sample 760$               3
k Liquid pCBSA (Modified EPA Method 314.0) 8 80$              /Sample 640$               3

Total for Close-Out Borings 76,930$          

Total Subcontractor Cost w/10% Markup 214,698$        

TOTAL DEMOBILIZATION COST 279,573$        

Cost Source Reference
1 Water Development Corporation Quote Dated 10/09/08
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Appendix J
Table 4.0

Cost Summary
Hydraulic Displacement with Treated Water Injection

50-Foot Well Spacing

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted) DR= 4% DR= 7%

1 Design J-4.1  Design  $              676,000 650,000$           631,776$           
J-4.2  Well Construction  $            2,059,094 
J-4.3  Well Field Equipment Installation  $              638,758 
J-4.4  Treatment Equipment Installation  $            1,351,749 
J-4.5  Construction Management  $              353,594 

3 Operation and Maintenance - Year 1  $            2,454,585 2,182,117$        2,003,672$        
4 Operation and Maintenance - Year 2  $            2,438,348 2,084,310$        1,860,204$        
5 Operation and Maintenance - Year 3  $            2,426,106 1,994,082$        1,729,780$        
6 Operation and Maintenance - Year 4  $            2,413,997 1,907,817$        1,608,548$        
7 Operation and Maintenance - Year 5  $            2,411,881 1,832,831$        1,501,998$        

J-4.7  Well Abandonment  $              425,760 
J-4.8  Demobilization  $              385,761 

Totals 18,035,632$          15,315,129$      13,654,212$      

Notes
DR = Discount rate
NPV = Net present value

 $        3,845,921 

 $           472,313 

System Construction2

J-4.6  Annual Operations and Maintenance

 Verification and Abandonment 8

 $        4,071,001 

 $           592,970 

J-4.0 Cost Summary
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Appendix J
Table 4.1

Design

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 645 150$        /Hour 96,750$          
2 Senior Engineer/Geologist 1,285 125$        /Hour 160,625$        
3 Mid-Level Engineer/Geologist 2,580 100$        /Hour 258,000$        
4 Junior/Field Engineer/Geologist 1,285 75$          /Hour 96,375$          
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 1,285 50$          /Hour 64,250$          

Consultant Labor 676,000$        

TOTAL DESIGN COST 676,000$        

Detailed Cost, Hydraulic Displacement with Treated Water Injection

Unit Cost
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Appendix J
Table 4.2

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 350 150$        /Hour 52,500$        
2 Senior Engineer/Geologist 350 125$        /Hour 43,750$        
3 Mid-Level Engineer/Geologist 1,230 100$        /Hour 123,000$      
4 Junior/Field Engineer/Geologist 1,900 75$          /Hour 142,500$      
5 Field Technician 600 75$          /Hour 45,000$        
6 Clerical/Drafting 350 50$          /Hour 17,500$        

Total Consultant Labor Cost 424,250$      

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Extraction Wells (12" HSA Drilling to 105' bgs)
a Install Well Constructed of 6" LCS Casing w/ 40' of SS Screen and 5-foot Sump 1 12,000$   /Each 12,000$        1
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             1
c Drill Crew per Diem 1 450$        /Night 450$             1
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Installation Permit 1 201$        /Each 201$             
g Other Direct Costs 1 300$        /Day 300$             

Cost per Well 13,801$        
Number of Wells (1 Well Installed per Day) 18

Subtotal - Extraction Wells 248,418$      

8 Lab Analytical (Seven Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 42 90$          /Sample 3,780$          2
b Soil Analysis - VOCs (EPA Method 8260B) 42 95$          /Sample 3,990$          2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 42 80$          /Sample 3,360$          2
d Water Analysis - Pesticides (EPA Method 8081A) 12 90$          /Sample 1,080$          2
e Water Analysis - VOCs (EPA Method 8260B) 12 95$          /Sample 1,140$          2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 12 80$          /Sample 960$             2

Total Lab Analytical (Extraction Wells) 14,310$        
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Appendix J
Table 4.2

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

9 Injection Wells (12" HSA Drilling to 100.5' bgs)
a HSA Drilling 100.5 30$          /Foot 3,015$          3
b Install 4-Inch Stainless Steel Wire Wrap Screen 40 80$          /Foot 3,200$          3
c Install 4-Inch LCS Casing 60 20$          /Foot 1,200$          3
d Bore hole materials (Cement, bentonite, sand, and concrete) 100.5 12$          /Foot 1,206$          3
e Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             1
f Drill Crew per Diem 1 450$        /Night 450$             1
g Vehicle Usage 1 100$        /Day 100$             
h Equipment Rental and Supplies 1 500$        /Day 500$             
i Installation Permit 1 201$        /Each 201$             
j Other Direct Costs 1 300$        /Day 300$             

Cost per Well 10,422$        
Number of Wells (1 Well Installed per Day) 46

Subtotal - Injection Wells 479,412$      

10 Develop Extraction and Injection Wells
a Development Rig 1 2,000$     /Day 2,000$          1
b Development Crew per Diem 1 200$        /Night 200$             4
c Vehicle Usage 1 100$        /Day 100$             
d Equipment Rental and Supplies 1 500$        /Day 500$             
e Other Direct Costs 1 300$        /Day 300$             

Cost per Well 3,100$          
Number of Wells (1 Well Developed per Day) 64

Subtotal - Develop Extraction and Injection Wells 198,400$      

11 BFS Monitoring Well Installation (4 Days per Well for Installation and Development) 2 54,000$   /Well 108,000$      5

J-4.2  Well Construction Cost Page 4 of 17



Final DNAPL Feasibility Study
Hydraulic Displacement
50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 4.2

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Waste Management
a Waste Tank Rental 289 38$          /Day 10,982$        6
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             6
c Waste Bin Rental (30 days per bin) 930 15$          /Day 13,950$        6
d Waste Bin Rental Delivery -  Mob and Demob 31 500$        /Each 15,500$        6
e Transport of Hazardous Soil Cuttings (20 tons per load) 31 1,100$     /Each 34,100$        6
f Disposal of Hazardous Soil Cuttings 607 550$        /Ton 333,850$      6
g Transport of Hazardous Water (4,500 gallons per load) 6 1,100$     /Each 6,600$          6
h Disposal of Hazardous Water 26000 0.8$         /Gal 20,800$        6
i Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 437,682$      
Total Subcontractor Cost w/10% Markup 1,634,844$    

TOTAL WELL CONSTRUCTION COST 2,059,094$    

Cost Source Reference
1 Verbal Quote from Cascade Drilling
2 Verbal Quote from Test America
3 Water Development Corporation Quote Dated 10/09/08
4 Cascade Drilling Quote Dated July 15, 2008
5 Verbal Quote from Water Development Corporation
6 Verbal Quote from NRC Environmental
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Appendix J
Table 4.3

Detailed Cost, Hydrualic Displacement with Treated Water Injection
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 1 50,000$        LS 50,000$          

2  Extraction Well Assemblies
 a Well Head Assemblies 18 500$             Each 9,000$           
 b Groundwater Extraction Pump (Electric Submersible) 18 597.54$        Each 10,756$          1

c Armored Electrical Cable 1800 4.89$            Foot 8,802$           2
d Teflon Discharge Tubing (5/8" OD) 3600 7.85$            Foot 28,260$          2
e DNAPL Extraction Pump (Pneumatic) 18 2,448.85$     Each 44,079$          3

 f Downwell Air Supply Hose (3/8" OD Teflon) 1800 3.76$            LF 6,768$           2
 g Downwell Air Exhaust Hose (1/2" OD Teflon) 1800 5.43$            LF 9,774$           2

h Static Pressure Gage 36 48$               /Each 1,728$           4
i Temperature Indicator 18 127$             /Each 2,286$           4
j Flow Sensor 18 121$             /Each 2,178$           5
k Differential Pressure Gage 18 315$             /Each 5,670$           5

Total Extraction Well Assemblies 129,301$        

3  Injection Well Assemblies
a Well Head Assemblies 46 300$             Each 13,800$          
b Static Pressure Gage 46 48$               /Each 2,208$           4
c Temperature Indicator 46 127$             /Each 5,842$           4
d Flow Sensor 46 121$             /Each 5,566$           5
e Differential Pressure Gage 46 315$             /Each 14,490$          5

Total Injection Well Assemblies 41,906$          

4 Field Technician - Extraction and Injection Well Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 435 75$               Hour 32,625$          

Item Unit Cost
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Appendix J
Table 4.3

Detailed Cost, Hydrualic Displacement with Treated Water Injection
Well Field Equipment Installation

Direct Costs Quantity Cost Cost 
Ref.

5  Groundwater and DNAPL Extraction Piping and Electrical (Installed)
a 4-Inch Carbon Steel Pipe and Fittings 220 51.45$          LF 11,320$          6
b 2-Inch Carbon Steel Pipe and Fittings 2398 23.87$          LF 57,241$          6
c 1.5-Inch Carbon Steel Pipe and Fittings 600 18.51$          LF 11,108$          6
d 3.5-Inch Galvanized Steel Pipe 110 33.42$          LF 3,676$           6
e 3-Inch Galvanized Steel Pipe 1199 27.05$          LF 32,436$          6
f 2.5-Inch Galvanized Steel Pipe 290 22.28$          LF 6,461$           6
g Electrical Wire 1599 5.46$            LF 8,736$           6

Total Groundwater and DNAPL Extraction Piping and Electrical 130,978$        

6  Injection Piping (Installed)
 a 4-Inch Carbon Steel Pipe and Fittings 220 51.45$          LF 11,320$          6
 b 2-Inch Carbon Steel Pipe and Fittings 2468 23.87$          LF 58,912$          6

  c 1.5-Inch Carbon Steel Pipe and Fittings 946 18.51$          LF 17,519$          6
Total Injection Piping 87,751$          

7  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) (Installed) 1,609 23.87$          LF 38,407$          6
 

8  Pipe Supports 363 200$             LF 72,687$          
CONSULTANT LABOR COST 32,625$          
DIRECT COSTS w/10% MARKUP 606,133$        
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 638,758$        

Cost Source Reference
1 Shaw Pump and Supply, Inc. Quote Dated September 24, 2008
2 McMaster-Carr Catalog Price
3 QED Environmental Systems, Inc. Quote Dated September 25, 2008  
4 Grainger Catalog Price
5 Dwyer Instruments, Inc. Catalog Price
6 Cost in 2008 dollars based on 2006 RS Means and an assumed inflation rate if 3% per year

Item Unit Cost
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Appendix J

Item Direct Costs Quantity Cost Cost
Ref.

1 240 Gallon Decanter 1 3,344$        /Each 3,344$           1
2 200 GPM DNAPL/Water Separator 1 124,365$    /Each 124,365$       2
3 Groundwater Holding Tank 1 50,000$      /Each 50,000$         
4 Dual Filter Bag System 2 13,000$      /Each 26,000$         3
5 Two 6000-lb LGAC Vessels with Initial Fill 1 117,465$    /Each 117,465$       4
6 200 GPM HiPOx System 1 610,000$    /Each 610,000$       5
7 Air Compressor (563 CFM Rotary Screw) 1 36,185$      /Each 36,185$         6
8 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           7
9 Transfer Pump (50 gpm) 3 536$           /Each 1,607$           8
10 Transfer Pump (200 gpm) 3 1,773$        /Each 5,319$           8
11 Treatment Plant Pad and Building 1 152,500$    /LS 152,500$       9
12 Subcontractor Installation Cost 1 100,000$    /LS 100,000$       

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 1,351,749$    

Cost Source Reference
1 Highland Tank and Manufacturing Co. Quote Dated September 26, 2008
2 Pan America Environmental Quote Dated July 18, 2008
3 Verbal Quote from BakerCorp
4 BakerCorp Quote Dated July 2, 2008
5 Applied Process Technologies Quote Dated June 6, 2006
6 Ingersoll Rand Quote Dated September 25, 2008
7 Harrington Plastic Catalog Price
8 Grainger Catalog Price
9 Based on Building/Lab Site Improvements Cost for 350 gpm LGAC Adsorber System in 1998 Joint Groundwater Feasibility Study for the Montrose and Del Amo Sites 

Table 4.4
Detailed Cost, Hydraulic Displacement with Treated Water Injection

Treatment Equipment Installation

Unit Cost
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Appendix J
Table 4.5

Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 275 150$                /Hour 41,220$         
2 Senior Engineer/Geologist 275 125$                /Hour 34,350$         
3 Mid-Level Engineer/Geologist 550 100$                /Hour 54,959$         
4 Junior/Field Engineer/Geologist 1,100 75$                  /Hour 82,500$         
5 Field Technician 1,100 75$                  /Hour 82,500$         
6 Clerical/Drafting 130 50$                  /Hour 6,500$           

TOTAL CONSTRUCTION MANAGEMENT COST 353,594$       

Detailed Cost, Hydraulic Displacement with Treated Water Injection 

Unit Cost
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Appendix J
Table 4.6

Detailed Cost, Hydraulic Displacement with Treated Water Injection

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 208 150$         /Hour 31,200$             
2 Senior Engineer/Geologist 208 125$         /Hour 26,000$             
3 Mid-Level Engineer/Geologist 260 100$         /Hour 26,000$             
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$           
5 Field Technician (1.5 Full Time Equivalents) 3,120 75$           /Hour 234,000$           
6 Clerical/Drafting 0 50$           /Hour -$                       

Consultant Labor Cost for Operations 473,200$           

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$               
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$             
9 Mid-Level Engineer/Geologist 260 100$         /Hour 26,000$             

10 Junior/Field Engineer/Geologist 1,040 75$           /Hour 78,000$             
11 Field Technician 0 75$           /Hour -$                       
12 Clerical/Drafting 480 50$           /Hour 24,000$             

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 141,000$           

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Consumables (Excluding Utilities)
a Hydrogen Peroxide for HiPOx 62,975 3.00$        /Gal 188,924$           
b Oxygen for HiPOx 506,645 0.35$        /100 SCF 177,326$           
c Liquid-Phase Carbon Change-Outs Including T&D as Hazardous Waste (24,000 lbs/month) 288,000 2.25$        /Lb 648,000$           1

Total Consumables 1,014,250$         

Annual Operations and Maintenance

Unit Cost

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study 
Hydraulic Displacement
50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 4.6

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

14 Waste Management
a Filtration Generated Waste Disposal (Listed Waste for Incineration) 78,600 0.25$        /lb 19,650$             2
b Filtration Generated Waste Transportation 4 2,800$      /Load 11,200$             2

DNAPL T&D - Year 1
Tank Loads

c Transportation 4 3,650$      /Load 14,600$             2
d Disposal 50,908 0.50$        /lb 25,454$             2

DNAPL T&D - Year 2
Tank Loads

e Transportation 3 3,650$      /Load 10,950$             2
f Disposal 22,376 0.50$        /lb 11,188$             2

55-Gallon Drums
g Transportation and Disposal 10 612$         /drum 6,116$               3

DNAPL T&D - Year 3
55-Gallon Drums

h Transportation and Disposal 28 612$         /drum 17,124$             3
DNAPL T&D - Year 4

55-Gallon Drums
i Transportation and Disposal 10 612$         /drum 6,116$               3

DNAPL T&D - Year 5
55-Gallon Drums

j Transportation and Disposal 4 612$         /drum 2,446$               3

Total Waste Management - Year 1 70,904$             
Total Waste Management - Year 2 59,104$             
Total Waste Management - Year 3 47,974$             
Total Waste Management - Year 4 36,966$             
Total Waste Management - Year 5 33,296$             

15 Lab Analytical and Monitoring
c Water Analysis - Pesticides (EPA Method 8081A) 152 90$           /Each 13,680$             4
d Water Analysis - VOCs (EPA Method 8260B) 152 95$           /Each 14,440$             4
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 152 80$           /Each 12,160$             4

Total Lab Analytical and Monitoring 40,280$             

Unit Cost
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Final DNAPL Feasibility Study 
Hydraulic Displacement
50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 4.6

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

16 Miscellaneous - Year 1
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$               5
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             5
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                       5
d Temporary Storage Trailer 12 149$         /Month 1,784$               6
e Portable Toilet Delivery 1 22$           /Each 22$                    7
f Portable Toilet Rental 12 76$           /Month 908$                  7
g Well and Pump Maintenance Parts 12 5,000$      /Month 60,000$             
h Fed Ex and Deliveries 52 100$         /Week 5,200$               
i Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             
j Operator Truck Usage (One Truck per Operator) 520 100$         /Day/Truck 52,000$             

Total Miscellaneous - Year 1 147,208$           

17 Miscellaneous - Years 2 through 4
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                       5
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             5
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                       5
d Temporary Storage Trailer 12 149$         /Month 1,784$               6
e Portable Toilet Delivery 0 22$           /Each -$                       7
f Portable Toilet Rental 12 76$           /Month 908$                  7
g Well and Pump Maintenance Parts 12 5,000$      /Month 60,000$             
h Fed Ex and Deliveries 52 100$         /Week 5,200$               
i Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             
j Operator Truck Usage (One Truck per Operator) 520 100$         /Day/Truck 52,000$             

Total Miscellaneous - Years 2 through 4 144,248$           

Unit Cost

J-4.6  Annual Operations and Maintenance Page 12 of 17



Final DNAPL Feasibility Study 
Hydraulic Displacement
50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 4.6

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Miscellaneous - Year 5
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                       5
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             5
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$               5
d Temporary Storage Trailer 12 149$         /Month 1,784$               6
e Portable Toilet Delivery 0 22$           /Each -$                       7
f Portable Toilet Rental 12 76$           /Month 908$                  7
g Well and Pump Maintenance Parts 12 5,000$      /Month 60,000$             
h Fed Ex and Deliveries 52 100$         /Week 5,200$               
i Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             
j Operator Truck Usage (One Truck per Operator) 520 100$         /Day/Truck 52,000$             

Total Miscellaneous - Year 5 145,994$           

Total Subcontractor Cost - Year 1 1,272,642$         
Total Subcontractor Cost - Year 2 1,257,882$         
Total Subcontractor Cost - Year 3 1,246,752$         
Total Subcontractor Cost - Year 4 1,235,744$         
Total Subcontractor Cost - Year 5 1,233,821$         

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage
HiPOx Sytem 3,098,376 0.1045$    /kWh 323,780$           8
Air Compressor and Pumps 1,116,728 0.1045$    /kWh 116,698$           8

Total Utilities 440,478$           

Unit Cost

Unit Cost

J-4.6  Annual Operations and Maintenance Page 13 of 17



Final DNAPL Feasibility Study 
Hydraulic Displacement
50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 4.6

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Annual Operations and Maintenance

CONSULTANT LABOR COST 614,200$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 1 1,399,907$         
SUBCONTRACTOR COST w/10% MARKUP - YEAR 2 1,383,670$         
SUBCONTRACTOR COST w/10% MARKUP - YEAR 3 1,371,427$         
SUBCONTRACTOR COST w/10% MARKUP - YEAR 4 1,359,318$         
SUBCONTRACTOR COST w/10% MARKUP - YEAR 5 1,357,203$         
UTILITIES COST (NO MARKUP) 440,478$           

TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 1 2,454,585$         
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 2 2,438,348$         
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 3 2,426,106$         
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 4 2,413,997$         
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 5 2,411,881$         

Cost Source Reference
1 BakerCorp Quote July 23, 2008
2 Clean Harbors Quote Dated October 10, 2007
3 Verbal Quote from Clean Harbors
4 Verbal Quote from Test America
5 Mobile Mini, Inc. Quote Dated October 11, 2007
6 Verbal Quote from Mobile Mini, Inc.
7 Verbal Quote from A-1 Coast Port-A-Toilet
8 Shedule A-3 LADWP Rate (Second Quarter 2008)
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Final DNAPL Feasibility Study
Hydraulic Displacement
50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 4.7

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 40 150$       /Hour 6,000$            
2 Senior Engineer/Geologist 150 125$       /Hour 18,750$          
3 Mid-Level Engineer/Geologist 150 100$       /Hour 15,000$          
4 Junior/Field Engineer/Geologist 550 75$         /Hour 41,250$          
5 Field Technician 150 75$         /Hour 11,250$          
6 Clerical/Drafting 150 50$         /Hour 7,500$            

Total Consultant Labor Cost 99,750$          

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$            1

2 Abandon Extraction Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 4,025$            
Number of Wells (2 Wells Abandoned per Day) 18

Total for Extraction Well Adandonment 72,450
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Final DNAPL Feasibility Study
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50-Foot Well Spacing
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 4.7

Detailed Cost, Hydraulic Displacement with Treated Water Injection
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

3 Abandon Injection Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 100.5 30$         /Foot 3,015$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 3,890$            
Number of Wells (2 Wells Abandoned per Day) 46

Total for Injection Well Abandonment 178,940

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

4 Waste Management
a Waste Tank Rental 62 38$         /Day 2,356$            2
b Waste Tank Rental Delivery -  Mob and Demob 1 900$       /Each 900$               2
c Waste Bin Rental 62 15$         /Day 930$               2
d Waste Bin Rental Delivery -  Mob and Demob 1 500$       /Each 500$               2
e Transport and Disposal/Recycling of Steel 1 1,100$    /Load 1,100$            
f Transport of Hazardous Soil Cuttings 1 1,100$    /Each 1,100$            2
g Disposal of Hazardous Soil Cuttings 38 550$       /Ton 21,120$          2
h Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
i Disposal of Hazardous Water 16096 0.8$        /Gal 12,877$          2
j Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 42,983$          
Total Subcontractor Cost w/10% Markup 326,010$        

TOTAL WELL ABANDONMENT COST 425,760$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Appendix J
Table 4.8

Detailed Cost, Hydraulic Displacement with with Treated Water Injection
Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 40 150$            /Hour 6,000$            
2 Senior Engineer/Geologist 60 125$            /Hour 7,500$            
3 Mid-Level Engineer/Geologist 180 100$            /Hour 18,000$          
4 Junior/Field Engineer/Geologist 510 75$              /Hour 38,250$          
5 Field Technician 195 75$              /Hour 14,625$          
6 Clerical/Drafting 60 50$              /Hour 3,000$            

Consultant Labor Cost 87,375$          

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 175,610$     /LS 175,610$        

8 Close-Out Borings
a Drilling and backfilling (6-Inch Sonic to 105 feet bgs at $65/foot) 10 6,825$         /Boring 68,250$          1
b Disposal of Hazardous Soil Cuttings 12.4 550$            /Ton 6,800$            2
c Transportation of Hazardous Soil Cuttings 1 1,100$         /Each 1,100$            2
d Waste Bin Rental Delivery - Mob and Demob 1 500$            /Each 500$               2
e Waste Bin Rental 30 15$              /Day 450$               2
f Soil Pesticides (EPA Method 8081A) 60 90$              /Sample 5,400$            3
g Soil VOCs (EPA Method 8260B) 60 95$              /Sample 5,700$            3
h Soil pCBSA (Modified EPA Method 314.0) 60 80$              /Sample 4,800$            3
i Liquid Pesticides (EPA Method 8081A) 10 90$              /Sample 900$               3
j Liquid VOCs (EPA Method 8260B) 10 95$              /Sample 950$               3
k Liquid pCBSA (Modified EPA Method 314.0) 10 80$              /Sample 800$               3

Total for Close-Out Borings 95,650$          

Total Subcontractor Cost w/10% Markup 298,386$        

TOTAL DEMOBILIZATION COST 385,761$        

Cost Source Reference
1 Water Development Corporation Quote Dated 10/09/08
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Appendix J
Table 5.0

Cost Summary
Unsaturated Zone SVE 

Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

DR= 4% DR= 7%

1 Design J-5.1  Design 94,359$                 90,729$            88,186$            
J-5.2  Well Construction 188,329$               
J-5.3  Well Field Equipment Installation 60,013$                 
J-5.4  Treatment Equipment Installation 189,831$               
J-5.5  Construction Management 45,538$                 

3 Operation and Maintenance - Year 1 J-5.6  Annual O&M - Carbon Regen for Vapor Treatment 449,164$               399,305$          366,651$          
4 Operation and Maintenance - Year 2 653,591$               558,692$          498,621$          
5 Operation and Maintenance - Year 3 586,491$               482,053$          418,160$          
6 Operation and Maintenance - Year 4 539,411$               426,304$          359,432$          

J-5.8  Well Abandonment 60,764$                 
J-5.9  Demobilization 93,690$                

Totals 2,961,178$            2,521,673$        2,249,728$        

Notes
DR = Discount rate
NPV = Net present value

 $           422,492 

 $            96,186 

2  System Construction 

 Verification and Abandonment 7

J-5.7  Annual O&M - Disposable Carbon for Vapor Treatment

 $           447,218 

 $           117,372 

J-5.0  Cost Summary
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 5.1

Coupled with Focused Treatment Area Thermal
(2.5 UBA PVs or 200 kW-hrs/cubic yard) 

Design

Item Consultant Labor Quantity Cost
1 Project Manager 90 150$        /Hour 13,467$          
2 Senior Engineer/Geologist 180 125$        /Hour 22,446$          
3 Mid-Level Engineer/Geologist 360 100$        /Hour 36,000$          
4 Junior/Field Engineer/Geologist 180 75$          /Hour 13,467$          
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 180 50$         /Hour 8,978$           

Consultant Labor 94,359$          

TOTAL DESIGN COST 94,359$          

Detailed Cost, Unsatured Zone SVE

Unit Cost

Appendix J
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J

Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 24 150$        /Hour 3,600$          
2 Senior Engineer/Geologist 24 125$        /Hour 3,000$          
3 Mid-Level Engineer/Geologist 52 100$        /Hour 5,200$          
4 Junior/Field Engineer/Geologist 120 75$          /Hour 9,000$          
5 Field Technician 42 75$          /Hour 3,150$          
6 Clerical/Drafting 24 50$          /Hour 1,200$          

Total Consultant Labor Cost 25,150$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 HSA Rig Mobilization 1 1,200$     /Each 1,200$         1

8 Palos Verdes Sands SVE Wells (12" HSA Drilling to 45' bgs)
a Install Well Constructed of 6" LCS Casing w/ 20' of SS Screen 1 8,500$     /Each 8,500$          1
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
c Drill Crew per Diem 0.5 450$        /Night 225$             1
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
f Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 9,300$          
Number of Wells (2 Wells Installed per Day) 7

Subtotal - PVS Wells 65,100$        

Well Construction

Detailed Cost, Unsaturated Zone SVE
Table 5.2
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J

Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Well Construction

Detailed Cost, Unsaturated Zone SVE
Table 5.2

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

9 UBA SVE Wells (12" HSA Drilling to 60 bgs)
a Install Well Constructed of 6" LCS Casing w/ 15' of SS Screen 1 9,700$     /Each 9,700$          1
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
c Drill Crew per Diem 0.5 450$        /Night 225$             1
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
f Installation Permit 1 201$        /Each 201$             
g Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 10,701$        
Number of Wells (2 Wells Installed per Day) 5

Subtotal - UBA Wells 53,505$        

10 Lab Analytical (Three PVS Borinngs and Four UBA Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 10 90$          /Sample 900$             2
b Soil Analysis - VOCs (EPA Method 8260B) 10 95$          /Sample 950$             2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 10 80$          /Sample 800$             2
d Water Analysis - Pesticides (EPA Method 8081A) 2 90$          /Sample 180$             2
e Water Analysis - VOCs (EPA Method 8260B) 2 95$          /Sample 190$             2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 2 80$          /Sample 160$             2

Total Lab Analytical (Extraction Wells) 3,180$          
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J

Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Well Construction

Detailed Cost, Unsaturated Zone SVE
Table 5.2

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

11 Waste Management
a Waste Tank Rental 36 38$          /Day 1,368$          3
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             3
c Waste Bin Rental 60 15$          /Day 900$             3
d Waste Bin Rental Delivery -  Mob and Demob 2 500$        /Each 1,000$          3
e Transport of Hazardous Soil Cuttings 2 1,100$     /Each 2,200$          3
f Disposal of Hazardous Soil Cuttings 29 550$        /Ton 15,932$        3
g Transport of Hazardous Water 1 1,100$     /Each 1,100$          3
h Disposal of Hazardous Water 1200 0.8$         /Gal 960$             3
i Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 25,360$        
Total Subcontractor Cost w/10% Markup 163,179$      

TOTAL WELL CONSTRUCTION COST 188,329$      

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Test America
3 Verbal Quote from NRC Environmental
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Appendix J
Table 5.3

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1  Extraction Well Assemblies
a Static Pressure Gage 12 48$               /Each 576$              1
b Temperature Indicator 12 127$             /Each 1,524$           1
c Flow Sensor 12 121$             /Each 1,452$           2
d Differential Pressure Gage 12 315$            /Each 3,780$          2

Total Extraction Well Assemblies 7,332$           

3  SVE Piping
a 8-Inch Carbon Steel Pipe and Fittings 320 94.71$          LF 30,307$         3
b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 120 67.65$         LF 8,118$          3

Total SVE Piping 38,425$        

4  Pipe Supports 44 200$             LF 8,800$           
DIRECT COSTS w/10% MARKUP 60,013$         
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 60,013$         

Cost Source Reference
1 Grainger Catalog Price
2 Dwyer Instruments, Inc. Catalog Price
3 Cost in 2008 dollars based on 2006 RS Means and an assumed inflation rate if 3% per year

Unit CostItem
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Unsaturated Zone SVE (with Thermal)
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Appendix J

Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Item Direct Costs Quantity Cost Cost
Ref.

Carbon Regen System Upgrade (from 5000-lb to vessels to 10000-lb vessels) 1 46,000$      /LS 46,000$         1
Polishing Carbon Vessel Upgrade (from 5000-lb to 10000-lb) 2 16,000$      /Each 32,000$         2
Additional Initial Carbon Fill (Virgin Coconut) 10,000 1.07$          /lb 10,700$         2
Oriface Plate and Transmitter 1 10,000$      /Each 10,000$         
Moister Separator 1 4,000$        /Each 4,000$           3
Transfer Pump (50 gpm) 1 536$           /Each 536$              4
1000 SCFM Positive Displacement Blower (for PVS) 1 30,000$      /Each 30,000$         5
300 SCFM Liquid Ring Blower (Hi Vac for UBA) 0 45,980$      /Each -$                   5
Inline Stack PID 0 3,775$        /Each -$                   6
Static Pressure Gage 3 48$             /Each 144$              4
Temperature Indicator 3 127$           /Each 381$              4
Interconnecting Piping (10% of Blower, KO Tank, and Regen and Polishing Carbon Vessel Upgrade) 1 12,598$      LS 12,598$         
Electrical Allowance (20% of elec components) 1 8,107$        LS 8,107$           
Control System Allowance (20% of elec components) 1 8,107$        LS 8,107$           
Treatment Plant Pad and Building 0 -$                LS -$                   7
Subcontractor Installation Cost 1 10,000$     LS 10,000$        

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 189,831$       

Cost Source Reference
1 Based on MEGTEC Systems, Inc. Quote Dated April 20, 2008
2 Based on July 1 2008 BakerCorp Quote
3 Verbal Quote from Enviro Supply and Services
4 Grainger Catalog Price
5 Yardley Pump and Vacuum Quote Dated July 16, 2008
6 Verbal Quote from RAE Systems
7 Based on Building/Lab Site Improvements Cost for 350 gpm LGAC Adsorber System in 1998 Joint Groundwater Feasibility Study for the Montrose and Del Amo Sites

Unit Cost

Detailed Cost, Unsaturated Zone SVE
Table 5.4

Treatment Equipment Installation
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Appendix J
Table 5.5

Coupled with Focused Treatment Area Thermal
(2.5 UBA PVs or 200 kW-hrs/cubic yard) 

Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 20 150$                /Hour 3,000$           
2 Senior Engineer/Geologist 45 125$                /Hour 5,625$           
3 Mid-Level Engineer/Geologist 90 100$                /Hour 8,978$           
4 Junior/Field Engineer/Geologist 180 75$                  /Hour 13,467$         
5 Field Technician 180 75$                  /Hour 13,467$         
6 Clerical/Drafting 20 50$                 /Hour 1,000$          

TOTAL CONSTRUCTION MANAGEMENT COST 45,538$         

Unit Cost

Detailed Cost, Unsaturated Zone SVE
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Appendix J
Table 5.6

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 65 150$         /Hour 9,750$                
2 Senior Engineer/Geologist 65 125$         /Hour 8,125$                
3 Mid-Level Engineer/Geologist 130 100$         /Hour 13,000$              
4 Junior/Field Engineer/Geologist 260 75$           /Hour 19,500$              
5 Field Technician 0 75$           /Hour -$                        
6 Clerical/Drafting 0 50$          /Hour -$                       

Consultant Labor Cost for Operations 50,375$              

Item Consultant Labor (Reporting, H&S, and Data Mngt) Quantity Cost Cost
Ref.

7 Project Manager 40 150$         /Hour 6,000$                
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$              
9 Mid-Level Engineer/Geologist 160 100$         /Hour 16,000$              

10 Junior/Field Engineer/Geologist 160 75$           /Hour 12,000$              
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 160 50$          /Hour 8,000$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 52,000$              

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Waste Management

a Additional Polishing VGAC and regen system VGAC change-outs 45,000 1.53$        /lb 68,625$              1

b Additional Carbon Regen System Solvent
i Transportation 4 3,650$      /load 14,600$              2
ii Disposal (Listed Waste for Incineration) 159,870 0.5$          /lb 79,935$              2

c Additional Boiler Water Pre-Treatment Brine and Blowdown
i Transportation 7 950$         /10,000 gals 6,650$                3
ii Disposal (non-Haz) 63,009 0.14$        /gal 8,821$                3

Total Waste Management 178,631$            

Annual Operations and Maintenance (Year 1)

Unit Cost

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 5.6

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Annual Operations and Maintenance (Year 1)

Item Subcontractor Cost Quantity Cost Cost
Ref.

14 Lab Analytical and Monitoring
a Summa Can Rental 48 40$           /Each 1,920$                4
b Vapor VOCs Analysis (EPA TO-15) 48 200$         /Each 9,600$                4
c Tedlar Bags 12 10$          /Each 120$                  

Total Lab Analytical and Monitoring 11,640$              

15 Miscellaneous - Year 1
a Miscellaneous Parts 12 1,000$      /Month 12,000$              
b Fed Ex and Deliveries 12 100$        /Month 1,200$               

Total Miscellaneous - Year 1 13,200$              

Item Direct Cost Quantity Cost Cost
Ref.

16 Utilities
a Natural Gas (additional Steam for Carbon Regen Unit) 77,740 1.14$        /therm 88,624$              5
b Municipal Water (additional steam for Carbon Regen Unit) 750,528 0.0029$    /gal 2,177$                
c Electricity - PD Vacuum Blower 489,925 0.1045$   /kWh 51,197$             6

Total Utilities 141,997$            

CONSULTANT LABOR COST 102,375$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 1 204,791$            
UTILITIES COST (NO MARKUP) 141,997$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 1 449,164$            

Cost Source Reference
1 Based on carbon costs associated with the Montrose Henderson SVE System
2 Clean Harbors Quote Dated October 10, 2007
3 NRC Environmental Services, Inc. Email Quote Dated June 30, 2008
4 Verbal Quote from Calscience
5 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)
6 Shedule A-3 LADWP Rate (Second Quarter 2008)

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 5.7

Detailed Cost, Unsaturated Zone SVE 
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 52 150$            /Hour 7,800$                
2 Senior Engineer/Geologist 52 125$            /Hour 6,500$                
3 Mid-Level Engineer/Geologist 208 100$            /Hour 20,800$              
4 Junior/Field Engineer/Geologist 520 75$              /Hour 39,000$              
5 Field Technician 1,040 75$              /Hour 78,000$              
6 Clerical/Drafting 0 50$             /Hour -$                       

Consultant Labor Cost for Operations 152,100$            

Item Consultant Labor (Reporting, H&S, and Data Mngt) Quantity Cost Cost
Ref.

7 Project Manager 40 150$            /Hour 6,000$                
8 Senior Engineer/Geologist 80 125$            /Hour 10,000$              
9 Mid-Level Engineer/Geologist 160 100$            /Hour 16,000$              

10 Junior/Field Engineer/Geologist 160 75$              /Hour 12,000$              
11 Field Technician 0 75$              /Hour -$                        
12 Clerical/Drafting 160 50$             /Hour 8,000$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 52,000$              

Annual Operations and Maintenance (Years 2 through 4)

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 5.7

Detailed Cost, Unsaturated Zone SVE 
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Annual Operations and Maintenance (Years 2 through 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Turnkey VGAC Change-Out Service (incl. fresh VGAC and T&D of spent VGAC as Haz)
a Year 2 140,000 1.53$           /lb VGAC 213,500$            1
b Year 3 100,000 1.53$           /lb VGAC 152,500$            1
c Year 4 60,000 1.53$           /lb VGAC 91,500$              1

14 Final Spent VGAC (40,000 lbs) Transportation and Disposal 40,000 0.46$          /lb VGAC 18,200$             1
Total VGAC (Year 2) 213,500$           
Total VGAC (Year 3) 152,500$           
Total VGAC (Year 4) 109,700$           

15 Lab Analytical and Monitoring
a Summa Can Rental 84 40$              /Each 3,360$                2
b Vapor VOCs Analysis (EPA TO-15) 84 200$            /Each 16,800$              2
c Tedlar Bags 12 10$             /Each 120$                  

Total Lab Analytical and Monitoring 20,280$              

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 5.7

Detailed Cost, Unsaturated Zone SVE 
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Annual Operations and Maintenance (Years 2 through 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

16 Miscellaneous - Years 2 through 4
a Temporary Office 24'x60' Rental 12 1,030$         /Month 12,356$              3
b Temporary Storage Trailer 12 149$            /Month 1,784$                4
c Portable Toilet Rental 12 76$              /Month 908$                   5
d Miscellaneous Parts 12 1,000$         /Month 12,000$              
e Fed Ex and Deliveries 12 100$            /Month 1,200$                
f Temporary office comm. (internet, telephone, fax) 12 1,000$         /Month 12,000$              
g Operator Truck Usage (One Truck per Operator) 260 100$           /Day/Truck 26,000$             

Total Miscellaneous - Years 2 through 4 66,248$              
Total Subcontractor Cost - Year 2 300,028$           
Total Subcontractor Cost - Year 3 239,028$           
Total Subcontractor Cost - Year 4 196,228$           

Item Utilities Quantity Cost Cost
Ref.

17 Utilities
Electricity - PD and Liquid Ring Vacuum Blowers 1,143,158 0.1045$      /kWh 119,460$           6

Total Utilities 119,460$            

CONSULTANT LABOR COST 204,100$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 2 330,031$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 3 262,931$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 4 215,851$            
UTILITIES COST (NO MARKUP) 119,460$            

TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 2 653,591$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 3 586,491$           
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 4 539,411$           

Cost Source Reference
1 Based on carbon costs associated with the Montrose Henderson SVE System
2 Verbal Quote from Calscience
3 Mobile Mini, Inc. Quote Dated October 11, 2007
4 Verbal Quote from Mobile Mini, Inc.
5 Verbal Quote from A-1 Coast Port-A-Toilet
6 Shedule A-3 LADWP Rate (Second Quarter 2008)

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 5.8

Detailed Cost, Unsatuared Zone SVE
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 10 150$       /Hour 1,500$            
2 Senior Engineer/Geologist 20 125$       /Hour 2,500$            
3 Mid-Level Engineer/Geologist 20 100$       /Hour 2,000$            
4 Junior/Field Engineer/Geologist 80 75$         /Hour 6,000$            
5 Field Technician 20 75$         /Hour 1,500$            
6 Clerical/Drafting 20 50$        /Hour 1,000$           

Total Consultant Labor Cost 14,500$          

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

7 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$            1

8 Abandon PVS SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 45 30$         /Foot 1,350$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,225$            
Number of Wells (2 Wells Abandoned per Day) 7

Total for Extraction Well Adandonment 15,575
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Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 5.8

Detailed Cost, Unsatuared Zone SVE
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

9 Abandon UBA SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,675$            
Number of Wells (2 Wells Abandoned per Day) 5

Total for Injection Well Abandonment 13,375

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

10 Waste Management
a Waste Tank Rental 36 38$         /Day 1,368$            2
b Waste Tank Rental Delivery -  Mob and Demob 1 900$       /Each 900$               2
c Waste Bin Rental 36 15$         /Day 540$               2
d Waste Bin Rental Delivery -  Mob and Demob 2 500$       /Each 1,000$            2
e Transport and Disposal/Recycling of Steel 1 1,100$    /Load 1,100$            
f Transport of Hazardous Soil Cuttings 1 1,100$    /Each 1,100$            2
g Disposal of Hazardous Soil Cuttings 3.71 550$       /Ton 2,040$            2
h Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
i Disposal of Hazardous Water 1200 0.8$        /Gal 960$               2
j Waste Characterization/Profiling 2 500$      /Each 1,000$           

Total Waste Management 11,108$          
Total Subcontractor Cost w/10% Markup 46,264$          

TOTAL WELL ABANDONMENT COST 60,764$          

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Appendix J
Table 5.9

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 8 150$            /Hour 1,200$            
2 Senior Engineer/Geologist 20 125$            /Hour 2,500$            
3 Mid-Level Engineer/Geologist 40 100$            /Hour 4,000$            
4 Junior/Field Engineer/Geologist 120 75$              /Hour 9,000$            
5 Field Technician 50 75$              /Hour 3,750$            
6 Clerical/Drafting 20 50$              /Hour 1,000$            

Consultant Labor Cost 21,450$          

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 41,000 /LS 41,000$          

8 Demob Office Trailer 1 1,746$         LS 1,746$            1

9 Close-Out Borings
a Drilling and backfilling (6-Inch Sonic to 45 feet bgs at $65/foot) 3 2,925$         /Boring 8,775$            2
b Drilling and backfilling (6-Inch Sonic to 60 feet bgs at $65/foot) 2 3,900$         /Boring 7,800$            2
c Disposal of Hazardous Soil Cuttings 3.0 550$            /Ton 1,651$            3
d Transportation of Hazardous Soil Cuttings 1 1,100$         /Each 1,100$            3
e Waste Bin Rental Delivery - Mob and Demob 1 500$            /Each 500$               3
f Waste Bin Rental 30 15$              /Day 450$               3
g Soil Pesticides (EPA Method 8081A) 10 90$              /Sample 900$               4
h Soil VOCs (EPA Method 8260B) 10 95$              /Sample 950$               4
i Soil pCBSA (Modified EPA Method 314.0) 10 80$              /Sample 800$               4

Total for Close-Out Borings 22,926$          

Total Subcontractor Cost w/10% Markup 72,240$          

TOTAL DEMOBILIZATION COST 93,690$          

Cost Source Reference
1 Mobile Mini, Inc. Quote Dated October 11, 2007
2 Water Development Corporation Quote Dated 10/09/08
3 Verbal Quote from NRC Environmental Services
4 Verbal Quote from Test America
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Focused Treatmant Area
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Appendix J
Table 6.0

Cost Summary
Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Focused Treatment Area 

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

DR= 4% DR= 7%

1 Focused Treatment Design J-6.1  Design and Permitting 1,293,125$            1,243,389$        1,208,528$        
J-6.2  Well Construction 5,374,953$            
J-6.3  Well Field Equipment Installation 1,736,164$            
J-6.4  Instrumentation and Controls Installation 271,275$               
J-6.5  Treatment Equipment Installation 3,431,854$            
J-6.6  Construction Management 327,250$               
J-6.7  Hot Floor Pre-Heat 512,834$               

3 Focused Treatment Operation and Maintenance J-6.8  Operations and Maintenance 8,742,791$            7,772,309$        7,136,721$        
J-6.9  Well Abandonment 1,021,037$            
J-6.10  Demobilization 738,590$              

Totals 23,449,871$          21,294,917$      19,867,002$      

Notes
DR = Discount rate
NPV = Net present value

 $      10,179,343 

 $        1,342,410 

2  Focused Treatment Build 

 Verification and Abandonment 4

 $      10,775,083 

 $        1,504,136 

J-6.0  Cost Summary
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Final DNAPL Feasibility Study 
Steam Injection (2.5 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 6.1

Design and Permitting

Item Consultant Labor Quantity Cost
1 Project Manager 890 150$        /Hour 133,500$        
2 Senior Engineer/Geologist 1,320 125$        /Hour 165,000$        
3 Mid-Level Engineer/Geologist 5,200 100$        /Hour 520,000$        
4 Junior/Field Engineer/Geologist 3,735 75$          /Hour 280,125$        
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 1,250 50$         /Hour 62,500$         

Consultant Labor 1,161,125$     

Item Subcontractor Cost Quantity Cost
7 Outside Thermal Expert 1 120,000$ /LS 120,000$       

132,000$        

TOTAL DESIGN AND PERMITTING COST 1,293,125$     

Subcontractor Cost w/10% Markup

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Steam Injection (2.5 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 6.2

Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 560 150$         /Hour 84,000$         
2 Senior Engineer/Geologist 560 125$         /Hour 70,000$         
3 Mid-Level Engineer/Geologist 2,234 100$         /Hour 223,400$       
4 Junior/Field Engineer/Geologist 3,432 75$           /Hour 257,400$       
5 Field Technician 540 75$           /Hour 40,500$         
6 Clerical/Drafting 560 50$          /Hour 28,000$        

Total Consultant Labor Cost 703,300$       

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Abandon Existing Site Wells Prior to Thermal Treatment
a Drill out well materials 90 65$           /Foot 5,850$           1
b Grout resulting boring 90 30$           /Foot 2,700$           1
c Forklift and mini-hopper 1 500$         /Day 500$              1
d Excavate and remove well box 1 2,000$      /LS 2,000$           1
e Abandonment Crew per Diem 1 200$         /Night 200$              
f Vehicle Usage 1 100$         /Day 100$              
g Equipment Rental and Supplies 1 150$         /Day 150$              
h Other Direct Costs 1 150$         /Day 150$              

Cost per Well 11,650$         
Number of Wells 5

Total for Existing Site Well Abandonment 58,250$         

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
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Final DNAPL Feasibility Study
Steam Injection (2.5 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 6.2

Well Construction
Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$    /Each 12,000$         2
b Forklift and Hopper Rental for Waste Handling 1 250$         /Day 250$              2
c Drill Crew per Diem 1 450$         /Night 450$              2
d Vehicle Usage 1 100$         /Day 100$              
e Equipment Rental and Supplies 1 500$         /Day 500$              
f Other Direct Costs 1 300$         /Day 300$              

Cost per Well 13,600$         
Number of Wells (1 Well Installed per Day) 27

Subtotal - UBA Multi-Phase Extraction Wells 367,200$       

9 Lab Analytical (Sixteen UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 54 90$           /Sample 4,860$           3
b Soil Analysis - VOCs (EPA Method 8260B) 54 95$           /Sample 5,130$           3
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 54 80$           /Sample 4,320$           3
d Water Analysis - Pesticides (EPA Method 8081A) 9 90$           /Sample 810$              3
e Water Analysis - VOCs (EPA Method 8260B) 9 95$           /Sample 855$              3
f Water Analysis - pCBSA (Modified EPA Method 314.0) 9 80$          /Sample 720$             3

Total Lab Analytical (UBA Extraction Wells) 16,695$         
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Final DNAPL Feasibility Study
Steam Injection (2.5 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 6.2

Well Construction
Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Triple-Nested UBA Steam Injecton Wells (12" HSA Drilling to 105' bgs)
a

Install and Well Constructed of Three 2" LCS Casings each w/ 5' of 
SS Screen, Type II Cement Grout, and Sand Pack.  Total casing depths are 75, 90, and 105' bgs 1 7,000$      /Each 7,000$           2

b Forklift and Hopper Rental for Waste Handling 1 250$         /Day 250$              2
c Drill Crew per Diem 1 450$         /Night 450$              2
d Vehicle Usage 1 100$         /Day 100$              
e Equipment Rental and Supplies 1 500$         /Day 500$              
f Other Direct Costs 1 300$         /Day 300$              

Cost per Well 8,600$           
Number of Wells (1 Well Installed per Day) 14

Subtotal - Triple-Nested UBA Steam Injecton Wells 120,400$       

11 Develop UBA Multi-Phase Extraction Wells and Triple-Nested UBA Steam Injection Wells
a Development Rig 1 2,000$      /Day 2,000$           2
b Development Crew per Diem 1 200$         /Night 200$              2

Cost per Well 2,200$           
Number of Wells (1 Well Developed per Day) 41

Subtotal - Develop UBA Wells 90,200$         

J-6.2  Well Construction Cost Page 5 of 22



Final DNAPL Feasibility Study
Steam Injection (2.5 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 6.2

Well Construction
Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Mobilization/Demobilization of  Mud Rotary Drill Rig 2 12,000$    /Each 24,000$        4

13 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 1 2,000$      /Each 2,000$           4
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 220$         /Foot 24,200$         4
c Mud Change-Out and Pit Decon 1 2,000$      /Each 2,000$           4
d 12" Boring Under Conductor 8.5 80$           /Foot 680$              4
e Install 6" Low Carbon Steel Sched. 40 Casing 110.5 88$           /Foot 9,724$           4
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 8 175$         /Foot 1,400$           4
g Type II Cement Grout and Sand Pack 118.5 30$           /Foot 3,555$           4
h Forklift and Hopper Rental for Waste Handling 4 400$         /Day 1,600$           4
i Standby for Cement Curing 6 550$         /Hour 3,300$           4
j Well Development 10 165$         /Hour 1,650$           4
k Vehicle Usage 4 100$         /Day 400$              
l Equipment Rental and Supplies 4 500$         /Day 2,000$           

m Other Direct Costs 4 300$         /Day 1,200$           
Cost per Well 53,709$         

Number of Wells (4 Days per Well for Installation and Development) 10
Subtotal - Hot Floor Multi-Phase Extraction Wells 537,090$       
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Final DNAPL Feasibility Study
Steam Injection (2.5 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 6.2

Well Construction
Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

14 Hot Floor Steam Injecton Wells
a Move Between Well Locations 1 2,000$      /Each 2,000$           4
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$         /Foot 19,800$         4
c Mud Change-Out 1 1,500$      /Each 1,500$           4
d 9" Boring Under Conductor 5.5 75$           /Foot 413$              4
e Install 2" Low Carbon Steel Sched. 40 Casing 110.5 45$           /Foot 4,973$           4
f Install 2" Type 304 Stainless Steel Screen 5 90$           /Foot 450$              4
g Type II Cement Grout and Sand Pack 115.5 20$           /Foot 2,310$           4
h Forklift and Hopper Rental for Waste Handling 4 400$         /Day 1,600$           4
i Standby for Cement Curing 5 550$         /Hour 2,750$           4
j Well Development 6 165$         /Hour 990$              4
k Vehicle Usage 4 100$         /Day 400$              
l Equipment Rental and Supplies 4 500$         /Day 2,000$           

m Other Direct Costs 4 300$         /Day 1,200$           
Cost per Well 40,385$         

Number of Wells (4 Days per Well for Installation and Development) 26
Subtotal - Hot Floor Steam Injecton Wells 1,050,010$    

15 Temperature Monitoring Points
a Move Between Well Locations 1 2,000$      /Each 2,000$           4
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$         /Foot 19,800$         4
c Mud Change-Out 1 1,500$      /Each 1,500$           4
d 8" Boring Under Conductor 5 75$           /Foot 375$              4
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 115 40$           /Foot 4,600$           4
f Type II Cement Grout 115 20$           /Foot 2,300$           4
g Forklift and Hopper Rental for Waste Handling 5 400$         /Day 2,000$           4
h Standby for Cement Curing 5 550$         /Hour 2,750$           4
i Vehicle Usage 5 100$         /Day 500$              4
j Equipment Rental and Supplies 5 500$         /Day 2,500$           
k Other Direct Costs 5 300$         /Day 1,500$           

Subtotal 39,825$         
Number of Wells (3 Days per Point - no Development Needed) 14

Subtotal - Temperature Monitoring Points 557,550$       
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Final DNAPL Feasibility Study
Steam Injection (2.5 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 6.2

Well Construction
Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

16 BFS Monitoring Well Installation (4 Days per Well for Installation and Development) 2 54,000$    /Well 108,000$      1

17 Waste Management
a Waste Tank Rental 2920 38$           /Day 110,960$       5
b Waste Tank Rental Delivery -  Mob and Demob 8 900$         /Each 7,200$           5
c Waste Bin Rental 1710 15$           /Day 25,650$         5
d Waste Bin Rental Delivery -  Mob and Demob 57 500$         /Each 28,500$         5
e Transport of Hazardous Soil Cuttings 57 1,100$      /Each 62,700$         5
f Disposal of Hazardous Soil Cuttings 1134 550$         /Ton 623,700$       5
g Transport of Hazardous Mud 87 500$         /Each 43,500$         5
h Disposal of Hazardous Mud 322717 1.1$          /Gal 354,989$       5
i Transport of Hazardous Water 15 1,100$      /Each 16,500$         5
j Disposal of Hazardous Water 52954 0.8$          /Gal 42,363$         5
k Waste Characterization/Profiling 3 500$        /Each 1,500$          

Subtotal - Waste Management 1,317,562$    
Total Subcontractor Cost w/10% Markup 4,671,653$    

TOTAL WELL CONSTRUCTION COST 5,374,953$    

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Cascade Drilling, Inc. Quote Dated 7/15/08
3 Verbal Quote from Test America
4 Water Development Corporation Quote Dated 4/25/08
5 Verbal Quote from NRC Environmental
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Final DNAPL Feasibility Study
Steam Injeciton (2.5 UBA PVs)
Focused Treatment Area
Final 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 6.3

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 1 50,000$        LS 50,000$         

2 Natural Gas Pipeline 1 200,000$      LS 200,000$        

3  Groundwater Extraction Assemblies
 a Well Head Assemblies 37 1,000$          Each 37,000$         
 b Extraction Pump (High Temperature Hammerhead Pro) 37 3,070$          Each 113,590$        1
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 3700 11$               LF 40,700$         1
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 3700 16$               LF 59,200$         1
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 3700 22$              LF 81,400$        1

Total Groundwater Extraction Assemblies 331,890$        

4  Steam Injection Well Head Assemblies 46 7,000$          Each 322,000$        

5 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 990 75$               Hour 74,250$         

6  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 570 67.65$          LF 38,561$         2
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1140 43.45$          LF 49,533$         2

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1190 34.10$         LF 40,579$        2
Total Steam Injection Piping 128,673$        

7  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 570 94.71$          LF 53,985$         3
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1140 67.65$          LF 77,121$         2
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1120 43.45$         LF 48,664$        2

Total Vapor Extraction Piping 179,770$        

Unit CostItem
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Steam Injeciton (2.5 UBA PVs)
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Appendix J
Table 6.3

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

8  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 560 43.45$          LF 24,332$         2
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1140 34.10$          LF 38,874$         2
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1120 31.45$          LF 35,224$         2
 d Total Piping Length 2820 LF
 e Piping Heat Trace, VLBTV Wire 2820 15.75$          LF 44,415$         4
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 42,853.50$  LS 42,854$        

Total Groundwater Extraction Piping 185,699$        

9  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 2820 20.00$          LF 56,400$         2

10  Pipe Supports 282 200$             LF 56,400$         

CONSULTANT LABOR COST 74,250$         
DIRECT COSTS w/10% MARKUP 1,661,914$     
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 1,736,164$     

Cost Source Reference
1 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
2 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
3 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
4 2006 Raychem quote obtained by CH2MHILL

Item Unit Cost
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Appendix J
Table 6.4

 Instrumentation and Controls Installation

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells
a Pressure Gage (0-300 PSI) 68 48$            /Each 3,264$     1
b Temperature Indicator 68 127$          /Each 8,636$     1
c Orifice Plate and Transmitter 10 10,000$     /Each 100,000$

Total Steam Injection Wells and Piping I&Cs 111,900$ 

2 Groundwater Exraction Pressure Gage (0-300 PSI) 37 48$            /Each 1,776$    1

3 Vapor Extraction Vacuum Gage (30 in Hg) 37 50$            /Each 1,865$    1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,305 0.75$         /Foot 979$        2
b Analog Decoder 1 500$          /Each 500$        

Cost per Temp Monitoring Point 1,479$     
Number of Temperature Monitoring Points 14

Total Thermocouple String 20,703

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 220 75$            /Hour 16,500$   

6 Electrical Allowance (20% of Instrumentation and Controls cost) 1 40,873$      /LS 40,873$  

7 Control System Allowance (30% of Instrumentation and Controls cost) 1 54,497$      /LS 54,497$  

CONSULTANT LABOR COST 16,500$  
DIRECT COSTS w/10% MARKUP 254,775$

271,275$ 

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL INSTRUMENTATION AND CONTROLS INSTALLATION COST

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
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Appendix J
Table 6.5

Treatment Equipment Installation

Item Subcontractor Cost Quantity Cost Cost
Ref.

1 Vapor Treatment
a 12,000-gallon Brine Holding Tank 1 18,538$      /Each 18,538$         1
b Fin-Fan Heat Exchanger 1 14,306$      /Each 14,306$         2
c Steam-Regenerable Carbon System

(incl. two 5,000-lb GAC vessels, condenser, separator, and inline stack PID) 1 750,000$    /LS 750,000$       3
d Interconnecting Piping (20% of Steam-Regen Carbon System cost) 1 150,000$    /LS 150,000$       
e 5000-lb Polishing Vapor-Phase GAC Vessel 2 16,000$      /Each 32,000$         4
f Orifice Plate and Transmitter 2 10,000$      /Each 20,000$         
g 1000 SCFM Liquid Ring Vacuum Blower (standard cast iron construction) 2 80,000$      /Each 160,000$       5
h Moisture Separator 1 4,000$        /Each 4,000$           6
i 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           1
j Transfer Pump (50 gpm) 9 536$           /Each 4,820$           7

Total for Vapor Treatment 1,155,742$    

2 Groundwater Exraction and Treatment
a Shell and Tube Heat Exchanger 1 22,112$      /Each 22,112$         8
b DNAPL/Water Separator 2 56,450$      /Each 112,900$       9
c Groundwater Holding Tank 1 50,000$      /Each 50,000$         
d Two 3,000-lb Liquid-Phase GAC Vessels Each w/Initial Virgin Coconut Shell GAC Fill 1 16,830$      LS 16,830$         10
e Air Compressor 1 20,000$      /Each 20,000$         11
f 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           1
g Cooling Tower (540 gpm Recirculation Rate) 1 37,713$      /Each 37,713$         12
h Transfer Pump (50 gpm) 8 536$           /Each 4,284$           7
i Transfer Pump (540 gpm) 2 2,756$        /Each 5,513$           13
j Transfer Pump (145 gpm) 2 1,348$        /Each 2,696$           7
k HiPOx System (100 gpm) 1 1,025,000$ /Each 1,025,000$    14

Total for Groundwater Exraction and Treatment Equipment 1,299,126$    

3 Equipment Pads and Containment 1 150,000$    /LS 150,000$       11
4 80' X 110' Treatment Plant Building 1 150,000$    /LS 150,000$       
5 Subcontractor Installation Cost 1 365,000$    /LS 365,000$       15

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 3,431,854$    

Cost Source Reference
1 Harrington Plastic Catalog Price
2 Heat Exchanger Sales and Engineering Company, LLC Quote Dated July 17, 2008
3 MEGTEC Systems, Inc. Quote Dated April 20, 2008
4 BakerCorp Quote Dated July 1, 2008
5 Yardley Pump and Vacuum Quote Dated July 18, 2008
6 Verbal Qoute from Enviro Supply and Services
7 Grainger Catalog Price
8 SEC Heat Exchanger Quote Dated July 1, 2008
9 Pan America Environmental Quote Dated July 28, 2008 
10 BakerCorp Quoted Dated July 23, 2008
11 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 34
12 Cooling Tower Systems Quote Dated July 2, 2008
13 McMaster-Carr Catalog Price
14 Unit Price scaled down to a 100 gpm system from $2,050,000 quote from Applied Process Technologies (June 6, 2006) for a 200 gpm system.
15 Verbal Quote from J.C. Palomar Construction, Inc.

Unit Cost

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
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Appendix J
Table 6.6

Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 165 150$ /Hour 24,750$   
2 Senior Engineer/Geologist 320 125$ /Hour 40,000$   
3 Mid-Level Engineer/Geologist 880 100$ /Hour 88,000$   
4 Junior/Field Engineer/Geologist 1,120 75$   /Hour 84,000$   
5 Field Technician 1,120 75$   /Hour 84,000$   
6 Clerical/Drafting 130 50$   /Hour 6,500$    

TOTAL CONSTRUCTION MANAGEMENT COST 327,250$ 

Unit Cost

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
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Appendix J
Table 6.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 40 150$         /Hour 6,000$                
2 Senior Engineer/Geologist 40 125$         /Hour 5,000$                
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 160 100$         /Hour 16,000$              
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 160 75$           /Hour 12,000$              
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 480 75$           /Hour 36,000$              
6 Clerical/Drafting 40 50$           /Hour 2,000$                

Consultant Labor Cost for Operations 77,000$              

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 8 150$         /Hour 1,200$                
8 Senior Engineer/Geologist 8 125$         /Hour 1,000$                
9 Mid-Level Engineer/Geologist 62 100$         /Hour 6,240$                

10 Junior/Field Engineer/Geologist 160 75$           /Hour 12,000$              
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 20 50$           /Hour 1,000$                

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 21,440$              

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 29-million BTUs/hr Low NOx Steam Generator (incl. water softening package) 1 70,000$    /Month 70,000$              1
b 12-million BTUs/hr Low NOx Steam Generator (incl. water softening package) 0 18,500$    /Month -$                        2

Total Equipment Rentals 70,000$              

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 4 580$         /Week 2,320$                
b Virgin Coconut Shell Vapor-Phase Carbon 0 1.07$        /lb -$                        3
c Vapor-Phase Carbon Change-Out Service 0 1,850$      /Change-Out -$                        3
d Hydrogen Peroxide for HiPOx 3,472 3.00$        /Gal 10,416$              
e Oxygen for HiPOx 24,273 0.35$        /100 SCF 8,496$                
f 3000-lb Liquid-Phase Carbon Change-Out (Includes T&D as Hazardous Waste) 1 6,746$      /Each 6,746$                4

Total Consumables 27,977$              

Hot Floor Pre-Heat

Unit Cost

Unit Cost

Unit Cost
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Appendix J
Table 6.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Hot Floor Pre-Heat

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 0 0.71$        /lb -$                        5
b Vapor-Phase GAC Transportation 0 4,286$      /Load -$                        5
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 0 0.50$        /lb -$                        6
d Carbon Regen System Solvent Waste Transportation 0 3,650$      /Load -$                        6
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 901 0.25$        /lb 225$                   6
f Filtration Generated Waste Transportation

(filtration waste generated during hot floor pre-heat will be transported during O&M) 0 2,800$      /Load -$                        6
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz) 86,475 0.14$        /Gal 12,106$              7
h Boiler Water Pre-Treatment Brine and Blowdown Transportation 9 950$         /10,000 Gals 8,550$                7

r 20,882$              

16 Lab Analytical and Monitoring
a Summa Can Rental 13 40$           /Each 520$                   8
b Vapor Analysis - VOCs (EPA Method TO-15) 13 200$         /Each 2,600$                8
c Water Analysis - Pesticides (EPA Method 8081A) 13 90$           /Each 1,170$                9
d Water Analysis - VOCs (EPA Method 8260B) 13 95$           /Each 1,235$                9
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 2 80$           /Each 160$                   9
f Tedlar Bags 20 10$           /Each 200$                   

g TVA-1000B PID/FID Rental 1 1,200$      /Month 1,200$                10
Total Lab Analytical and Monitoring 7,085$                

17 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$                11
b Temporary Office 24'x60' Rental 1 1,030$      /Month 1,030$                11
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        11
d Temporary Storage Trailer 1 149$         /Month 149$                   12
e Portable Toilet Delivery 1 22$           /Each 22$                     13
f Portable Toilet Rental 1 76$           /Month 76$                     13
g Standby Generator (800 kW) 1 8,775$      /Month 8,775$                14
h Maintenance Parts 1 1,000$      /Month 1,000$                
i Fed Ex and Deliveries 20 150$         /Day 3,000$                
j Temporary office comm. (internet, telephone, fax) 1 1,000$      /Month 1,000$                

k Operator Truck Usage (One Truck per Operator) 20 100$         /Day/Truck 2,000$                
Total Miscellaneous 19,989$              

Unit Cost
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Appendix J
Table 6.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Hot Floor Pre-Heat

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Steam License for Hot Floor 0 0.50$        /CY Treated -$                       15
Total Subcontractor Cost 145,933$            

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage 211,420 0.1045$    /kWh 22,093$              16
20 Natural Gas for Steam Generation 199,901 1.14$        /Therm 227,888$            17
21 Municipal Water for Cooling Tower Water Makeup (5 GPM) 219,000 0.0029$    /Gal 635$                   
22 Municipal Water for Steam Generation 1,121,152 0.0029$    /Gal 3,251$                

Total Utilities 253,867$            

CONSULTANT LABOR COST 98,440$             
SUBCONTRACTOR COST w/10% MARKUP 160,526$            
UTILITIES COST (NO MARKUP) 253,867$            
TOTAL COST FOR HOT FLOOR PRE-HEAT 512,834$            

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 Nationwide Boiler Quote Dated July 30, 2008 
3 BakerCorp Quote Dated June 30, 2008
4 BakerCorp Quote July 23, 2008
5 NRC Environmental Services, Inc. Quote Dated June 30, 2008
6 Clean Harbors Quote Dated October 10, 2007
7 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
8 Verbal Quote from Calscience Environmental Laboratories, Inc.
9 Verbal Quote from Test America

10 Verbal Quote from Ashtead Technology Rentals
11 Mobile Mini, Inc. Quote Dated October 11, 2007
12 Verbal Quote from Mobile Mini, Inc.
13 Verbal Quote from A-1 Coast Port-A-Toilet
14 Kohler Rental Quote Dated June 30, 2008
15  McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patents has expired.
16 Shedule A-3 LADWP Rate (Second Quarter 2008)
17 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost

Unit Cost
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Appendix J
Table 6.8

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$          /Hour 78,000$              
2 Senior Engineer/Geologist 520 125$          /Hour 65,000$              
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$          /Hour 208,000$            
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$            /Hour 156,000$            
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$            /Hour 468,000$            
6 Clerical/Drafting 520 50$           /Hour 26,000$             

Consultant Labor Cost for Operations 1,001,000$         

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$          /Hour 3,000$                
8 Senior Engineer/Geologist 80 125$          /Hour 10,000$              
9 Mid-Level Engineer/Geologist 1,300 100$          /Hour 130,000$            

10 Junior/Field Engineer/Geologist 2,080 75$            /Hour 156,000$            
11 Field Technician 0 75$            /Hour -$                        
12 Clerical/Drafting 180 50$           /Hour 9,000$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 308,000$            

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 29-million BTUs/hr Low NOx Steam Generator (incl. water softening package) 12 70,000$     /Month 840,000$            1
b 12-million BTUs/hr Low NOx Steam Generator (incl. water softening package) 0 18,500$    /Month -$                       2

Total Equipment Rentals 840,000$            

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 49 580$          /Week 28,130$              
b Virgin Coconut Shell Vapor-Phase Carbon (7,000-lbs of polishing GAC per month plus 10,000 lbs of 

regen system carbon changed-out after six months) 94,000 1.07$         /lb 100,580$            3
c Vapor-Phase Carbon Change-Out Service 10 1,739$       /Change-Out 17,390$              3
d Hydrogen Peroxide for HiPOx 166,650 3.00$         /Gal 499,950$            
e Oxygen for HiPOx 1,165,100 0.35$         /100 SCF 407,785$            
f 3000-lb Liquid-Phase Carbon Change-Out (Includes T&D as Hazardous Waste) 48 6,746$      /Each 323,808$           4

Total Consumables 1,377,643$         

Operations and Maintenance

Unit Cost

Unit Cost

Unit Cost
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Appendix J
Table 6.8

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration)

(incl. 10,000 lbs of regen system carbon at year end) 80,000 0.71$         /lb 56,800$              5
b Vapor-Phase GAC Transportation 5 4,286$       /Load 21,430$              5
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 169,500 0.50$         /lb 84,750$              6
d Carbon Regen System Solvent Waste Transportation 5 3,650$       /Load 18,250$              6
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 39,300 0.25$         /lb 9,825$                6
f Filtration Generated Waste Transportation 4 2,800$       /Load 11,200$              6
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz) 1,148,918 0.14$         /Gal 160,849$            7
h Boile Water Pre-Treatment Brine and Blowdown Transportation 116 950$         /10,000 Gals 109,725$           7

Total Waste Management 472,829$            

16 Lab Analytical and Monitoring
a Summa Can Rental 176 40$            /Each 7,040$                8
b Vapor VOCs Analysis (EPA Method TO-15) 176 200$          /Each 35,200$              8
c Liquid Pesticides (EPA Method 8260B) 176 90$            /Each 15,840$              9
d Liquid VOC Analysis (EPA Method 8081A) 176 95$            /Each 16,720$              9
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$            /Each 1,920$                9
f Tedlar Bags 240 10$            /Each 2,400$                
g TVA-1000B PID/FID Rental 12 1,200$      /Month 14,400$             10

Total Lab Analytical and Monitoring 93,520$              

17 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 0 2,939$       /Each -$                        11
b Temporary Office 24'x60' Rental 12 1,030$       /Month 12,356$              11
c Temporary Office 24'x60' Demobilization 1 1,746$       /Each 1,746$                11
d Temporary Storage Trailer 12 149$          /Month 1,784$                12
e Portable Toilet Delivery 0 22$            /Each -$                        13
f Portable Toilet Rental 12 76$            /Month 908$                   13
g Standby Generator (800 kW) 12 8,775$       /Month 105,300$            14
h Maintenance Parts 12 1,000$       /Month 12,000$              
i Fed Ex and Deliveries 260 150$          /Day 39,000$              
j Temporary office comm. (internet, telephone, fax) 12 1,000$       /Month 12,000$              

k Operator Truck Usage (One Truck per Operator) 520 100$         /Day/Truck 52,000$             
Total Miscellaneous 237,094$            

Unit Cost
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Appendix J
Table 6.8

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Steam License for UBA 0 0.50$        /CY Treated -$                       15
Total Subcontractor Cost (O&M Year 1) 3,021,086$         

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage 10,148,151 0.1045$     /kWh 1,060,482$         16
20 Natural Gas for Steam Generation 2,622,604 1.14$         /Therm 2,989,769$         17
21 Municipal Water for Cooling Water Tower Makeup (5 GPM) 2,628,000 0.0029$     /Gal 7,621$                
22 Municipal Water for Steam Generation 18,180,972 0.0029$    /Gal 52,725$             

Total Utilities 4,110,596$         

FULL SCALE CONSULTANT LABOR COST 1,309,000$        
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP 3,323,194$         
UTILITIES COST (NO MARKUP) 4,110,596$         
TOTAL OPERATIONS AND MAINTENANCE COST 8,742,791$         

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 Nationwide Boiler Quote Dated July 30, 2008 
3 BakerCorp Quote Dated June 30, 2008.  Unit price for carbon change-out services is scaled down for a 9,400-lb change-out from BakerCorp quote of $1,850 per change-out for 10,000 lbs.
4 BakerCorp Quote July 23, 2008
5 NRC Environmental Services, Inc. Quote Dated June 30, 2008
6 Clean Harbors Quote Dated October 10, 2007
7 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
8 Verbal Quote from Calscience Environmental Laboratories, Inc.
9 Verbal Quote from Test America

10 Verbal Quote from Ashtead Technology Rentals
11 Mobile Mini, Inc. Quote Dated October 11, 2007
12 Verbal Quote from Mobile Mini, Inc.
13 Verbal Quote from A-1 Coast Port-A-Toilet
14 Kohler Rental Quote Dated June 30, 2008
15  McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired.
16 Shedule A-3 LADWP Rate (Second Quarter 2008)
17 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost

Unit Cost
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Appendix J
Table 6.9

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 50 150$       /Hour 7,500$            
2 Senior Engineer/Geologist 232 125$       /Hour 29,000$          
3 Mid-Level Engineer/Geologist 125 100$       /Hour 12,500$          
4 Junior/Field Engineer/Geologist 1,184 75$         /Hour 88,800$          
5 Field Technician 50 75$         /Hour 3,750$            
6 Clerical/Drafting 50 50$        /Hour 2,500$           

Total Consultant Labor Cost 144,050$        

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$            1

2 Abandon UBA Multi-Phase Extraction Wells
a Drill out well materials 105 65$         /Foot 6,825$            1
b Grout resulting boring 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1
d Abandonment Crew per Diem 1 200$       /Night 200$               
e Vehicle Usage 1 100$       /Day 100$               
f Equipment Rental and Supplies 1 150$       /Day 150$               
g Other Direct Costs 1 150$       /Day 150$               

Cost per Well 11,075$          
Number of Wells 27

Total for UBA Multi-Phase Extraction Well Adandonment 299,025

3 Abandon Triple-Nested UBA Steam Injecton Wells
a Drill out well materials 60 65$         /Foot 3,900$            1
b Grout resulting boring 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1
d Abandonment Crew per Diem 1 200$       /Night 200$               
e Vehicle Usage 1 100$       /Day 100$               
f Equipment Rental and Supplies 1 150$       /Day 150$               
g Other Direct Costs 1 150$       /Day 150$               

Cost per Well 6,800$            
Number of Wells 14

Total for UBA Triple-Nested Steam Injection Well Abandonment 95,200

4 Abandon Hot Floor Multi-Phase Extraction Wells
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 10

Total for Hot Floor Multi-Phase Extraction Well Abandonment 42,500$          

5 Abandon Hot Floor Steam Injection Wells
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 26

Total for Hot Floor Steam Injection Well Abandonment 110,500$        
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Table 6.9

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

6 Abandon Temperature Monitoring Points
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 14

Total for Temperature Monitoring Point Abandonment 59,500$          

7 Waste Management
a Waste Tank Rental 0 38$         /Day -$                   
b Waste Tank Rental Delivery -  Mob and Demob 0 900$       /Each -$                   
c Waste Bin Rental 540 15$         /Day 8,100$            2
d Waste Bin Rental Delivery -  Mob and Demob 18 500$       /Each 9,000$            2
e Transport of Hazardous Soil Cuttings 18 1,100$    /Each 19,800$          2
f Disposal of Hazardous Soil Cuttings 269 550$       /Ton 147,950$        2
g Transport of Hazardous Mud 0 500$       /Each -$                   
h Disposal of Hazardous Mud 0 1.1$        /Gal -$                   
i Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
j Disposal of Hazardous Water 1982 0.8$        /Gal 1,586$            2
k Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 188,536$        
Total Subcontractor Cost w/10% Markup 876,987$        

TOTAL WELL ABANDONMENT COST 1,021,037$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Appendix J
Table 6.10

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 60 150$           /Hour 9,000$            
2 Senior Engineer/Geologist 200 125$           /Hour 25,000$          
3 Mid-Level Engineer/Geologist 654 100$           /Hour 65,400$          
4 Junior/Field Engineer/Geologist 800 75$             /Hour 60,000$          
5 Field Technician 425 75$             /Hour 31,875$          
6 Clerical/Drafting 140 50$            /Hour 7,000$           

Consultant Labor Cost 198,275$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 317,000$     /LS 317,000$        

8 Close-Out Borings
a Drilling 9 12,000$      /Boring 108,000$        1
b Waste Disposal 9 5,500$        /Boring 49,500$          2
c Soil Pesticides (EPA Method 8081A) 54 90$             /Sample 4,860$            3
d Soil VOCs (EPA Method 8260B) 54 95$             /Sample 5,130$            3
e Soil pCBSA (Modified EPA Method 314.0) 54 80$             /Sample 4,320$            3
f Liquid Pesticides (EPA Method 8081A) 9 90$             /Sample 810$               3
g Liquid VOCs (EPA Method 8260B) 9 95$             /Sample 855$               3
h Liquid pCBSA (Modified EPA Method 314.0) 9 80$            /Sample 720$              3

Total for Close-Out Borings 174,195$        

Total Subcontractor Cost w/10% Markup 540,315$        

TOTAL DEMOBILIZATION COST 738,590$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Table 7.0

Cost Summary
Unsaturated Zone SVE 

Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

DR= 4% DR= 7%

1 Design J-7.1  Design 94,359$                 90,729$            88,186$            
J-7.2  Well Construction 188,329$               
J-7.3  Well Field Equipment Installation 60,013$                 
J-7.4  Treatment Equipment Installation 189,831$               
J-7.5  Construction Management 45,538$                 

3 Operation and Maintenance - Year 1 J-7.6  Annual O&M - Carbon Regen for Vapor Treatment 468,191$               416,220$          382,183$          
4 Operation and Maintenance - Year 2 J-7.6  Annual O&M - Carbon Regen for Vapor Treatment 387,467$               331,209$          295,597$          
5 Operation and Maintenance - Year 3 J-7.7  Annual O&M - Disposable Carbon for Vapor Treatment 586,491$               482,053$          418,160$          
6 Operation and Maintenance - Year 4 J-7.7  Annual O&M - Disposable Carbon for Vapor Treatment 539,411$               426,304$          359,432$          

J-7.8  Well Abandonment 60,764$                 
J-7.9  Demobilization 93,690$                

Totals 2,714,082$            2,311,104$        2,062,235$        

Notes
DR = Discount rate
NPV = Net present value

 $           422,492 

 $            96,186 

2  System Construction 

 Verification and Abandonment 7

 $           447,218 

 $           117,372 

J-7.0  Cost Summary
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Table 7.1

Coupled with Focused Treatment Area Thermal
(6 UBA PVs or 400 kW-hrs/cubic yard)

Design

Item Consultant Labor Quantity Cost
1 Project Manager 90 150$        /Hour 13,467$          
2 Senior Engineer/Geologist 180 125$        /Hour 22,446$          
3 Mid-Level Engineer/Geologist 360 100$        /Hour 36,000$          
4 Junior/Field Engineer/Geologist 180 75$          /Hour 13,467$          
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 180 50$         /Hour 8,978$           

Consultant Labor 94,359$          

TOTAL DESIGN COST 94,359$          

Detailed Cost, Unsatured Zone SVE

Unit Cost

Appendix J
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Appendix J

Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 24 150$        /Hour 3,600$          
2 Senior Engineer/Geologist 24 125$        /Hour 3,000$          
3 Mid-Level Engineer/Geologist 52 100$        /Hour 5,200$          
4 Junior/Field Engineer/Geologist 120 75$          /Hour 9,000$          
5 Field Technician 42 75$          /Hour 3,150$          
6 Clerical/Drafting 24 50$          /Hour 1,200$          

Total Consultant Labor Cost 25,150$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 HSA Rig Mobilization 1 1,200$     /Each 1,200$         1

8 Palos Verdes Sands SVE Wells (12" HSA Drilling to 45' bgs)
a Install Well Constructed of 6" LCS Casing w/ 20' of SS Screen 1 8,500$     /Each 8,500$          1
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
c Drill Crew per Diem 0.5 450$        /Night 225$             1
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
f Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 9,300$          
Number of Wells (2 Wells Installed per Day) 7

Subtotal - PVS Wells 65,100$        

Well Construction

Detailed Cost, Unsaturated Zone SVE
Table 7.2
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J

Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Construction

Detailed Cost, Unsaturated Zone SVE
Table 7.2

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

9 UBA SVE Wells (12" HSA Drilling to 60 bgs)
a Install Well Constructed of 6" LCS Casing w/ 15' of SS Screen 1 9,700$     /Each 9,700$          1
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
c Drill Crew per Diem 0.5 450$        /Night 225$             1
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
f Installation Permit 1 201$        /Each 201$             
g Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 10,701$        
Number of Wells (2 Wells Installed per Day) 5

Subtotal - UBA Wells 53,505$        

10 Lab Analytical (Three PVS Borinngs and Four UBA Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 10 90$          /Sample 900$             2
b Soil Analysis - VOCs (EPA Method 8260B) 10 95$          /Sample 950$             2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 10 80$          /Sample 800$             2
d Water Analysis - Pesticides (EPA Method 8081A) 2 90$          /Sample 180$             2
e Water Analysis - VOCs (EPA Method 8260B) 2 95$          /Sample 190$             2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 2 80$          /Sample 160$             2

Total Lab Analytical (Extraction Wells) 3,180$          
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J

Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Construction

Detailed Cost, Unsaturated Zone SVE
Table 7.2

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

11 Waste Management
a Waste Tank Rental 36 38$          /Day 1,368$          3
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             3
c Waste Bin Rental 60 15$          /Day 900$             3
d Waste Bin Rental Delivery -  Mob and Demob 2 500$        /Each 1,000$          3
e Transport of Hazardous Soil Cuttings 2 1,100$     /Each 2,200$          3
f Disposal of Hazardous Soil Cuttings 29 550$        /Ton 15,932$        3
g Transport of Hazardous Water 1 1,100$     /Each 1,100$          3
h Disposal of Hazardous Water 1200 0.8$         /Gal 960$             3
i Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 25,360$        
Total Subcontractor Cost w/10% Markup 163,179$      

TOTAL WELL CONSTRUCTION COST 188,329$      

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Test America
3 Verbal Quote from NRC Environmental
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Appendix J
Table 7.3

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1  Extraction Well Assemblies
a Static Pressure Gage 12 48$               /Each 576$              1
b Temperature Indicator 12 127$             /Each 1,524$           1
c Flow Sensor 12 121$             /Each 1,452$           2
d Differential Pressure Gage 12 315$            /Each 3,780$          2

Total Extraction Well Assemblies 7,332$           

3  SVE Piping
a 8-Inch Carbon Steel Pipe and Fittings 320 94.71$          LF 30,307$         3
b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 120 67.65$         LF 8,118$          3

Total SVE Piping 38,425$        

4  Pipe Supports 44 200$             LF 8,800$           
DIRECT COSTS w/10% MARKUP 60,013$         
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 60,013$         

Cost Source Reference
1 Grainger Catalog Price
2 Dwyer Instruments, Inc. Catalog Price
3 Cost in 2008 dollars based on 2006 RS Means and an assumed inflation rate if 3% per year

Unit CostItem
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Appendix J

Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Item Direct Costs Quantity Cost Cost
Ref.

Carbon Regen System Upgrade (from 5000-lb to vessels to 10000-lb vessels) 1 46,000$      /LS 46,000$         1
Polishing Carbon Vessel Upgrade (from 5000-lb to 10000-lb) 2 16,000$      /Each 32,000$         2
Additional Initial Carbon Fill (Virgin Coconut) 10,000 1.07$          /lb 10,700$         2
Oriface Plate and Transmitter 1 10,000$      /Each 10,000$         
Moister Separator 1 4,000$        /Each 4,000$           3
Transfer Pump (50 gpm) 1 536$           /Each 536$              4
1000 SCFM Positive Displacement Blower (for PVS) 1 30,000$      /Each 30,000$         5
300 SCFM Liquid Ring Blower (Hi Vac for UBA) 0 45,980$      /Each -$                   5
Inline Stack PID 0 3,775$        /Each -$                   6
Static Pressure Gage 3 48$             /Each 144$              4
Temperature Indicator 3 127$           /Each 381$              4
Interconnecting Piping (10% of Blower, KO Tank, and Regen and Polishing Carbon Vessel Upgrade) 1 12,598$      LS 12,598$         
Electrical Allowance (20% of elec components) 1 8,107$        LS 8,107$           
Control System Allowance (20% of elec components) 1 8,107$        LS 8,107$           
Treatment Plant Pad and Building 0 -$                LS -$                   7
Subcontractor Installation Cost 1 10,000$     LS 10,000$        

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 189,831$       

Cost Source Reference
1 Based on MEGTEC Systems, Inc. Quote Dated April 20, 2008
2 Based on July 1 2008 BakerCorp Quote
3 Verbal Quote from Enviro Supply and Services
4 Grainger Catalog Price
5 Yardley Pump and Vacuum Quote Dated July 16, 2008
6 Verbal Quote from RAE Systems
7 Based on Building/Lab Site Improvements Cost for 350 gpm LGAC Adsorber System in 1998 Joint Groundwater Feasibility Study for the Montrose and Del Amo Sites

Unit Cost

Detailed Cost, Unsaturated Zone SVE
Table 7.4

Treatment Equipment Installation
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Appendix J
Table 7.5

Coupled with Focused Treatment Area Thermal 
(6 UBA PVs or 400 kW-hrs/cubic yard)

Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 20 150$                /Hour 3,000$           
2 Senior Engineer/Geologist 45 125$                /Hour 5,625$           
3 Mid-Level Engineer/Geologist 90 100$                /Hour 8,978$           
4 Junior/Field Engineer/Geologist 180 75$                  /Hour 13,467$         
5 Field Technician 180 75$                  /Hour 13,467$         
6 Clerical/Drafting 20 50$                 /Hour 1,000$          

TOTAL CONSTRUCTION MANAGEMENT COST 45,538$         

Unit Cost

Detailed Cost, Unsaturated Zone SVE

J-7.5  Construction Management Cost Page 8 of 16



Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 7.6

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 65 150$         /Hour 9,750$               
2 Senior Engineer/Geologist 65 125$         /Hour 8,125$               
3 Mid-Level Engineer/Geologist 130 100$         /Hour 13,000$             
4 Junior/Field Engineer/Geologist 260 75$           /Hour 19,500$             
5 Field Technician 0 75$           /Hour -$                       
6 Clerical/Drafting 0 50$           /Hour -$                       

Consultant Labor Cost for Operations 50,375$             

Item Consultant Labor (Reporting, H&S, and Data Mngt) Quantity Cost Cost
Ref.

7 Project Manager 40 150$         /Hour 6,000$               
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$             
9 Mid-Level Engineer/Geologist 160 100$         /Hour 16,000$             

10 Junior/Field Engineer/Geologist 160 75$           /Hour 12,000$             
11 Field Technician 0 75$           /Hour -$                       
12 Clerical/Drafting 160 50$           /Hour 8,000$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 52,000$             

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Waste Management

a Additional Polishing VGAC and regen system VGAC change-outs
Year 1 45,000 1.53$        /lb 68,625$             1
Year 2 45,000 1.53$        /lb 68,625$             

b Additional Carbon Regen System Solvent
Year 1

i Transportation 4 3,650$      /load 14,600$             2
ii Disposal (Listed Waste for Incineration) 159,870 0.5$          /lb 79,935$             2

Year 2
Transportation 1 3,650$      /load 3,650$               
Disposal (Listed Waste for Incineration) 35,000 0.5$          /lb 17,500$             

c Additional Boiler Water Pre-Treatment Brine and Blowdown
i Transportation 7 950$         /10,000 gals 6,650$               3
ii Disposal (non-Haz) 63,009 0.14$        /gal 8,821$               3

Total Waste Management - Year 1 178,631$           
Total Waste Management - Year 2 105,246$           

Annual Operations and Maintenance (Years 1 through 2)

Unit Cost

Unit Cost

Unit Cost
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Appendix J
Table 7.6

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Annual Operations and Maintenance (Years 1 through 2)

Item Subcontractor Cost Quantity Cost Cost
Ref.

14 Lab Analytical and Monitoring
a Summa Can Rental 48 40$           /Each 1,920$               4
b Vapor VOCs Analysis (EPA TO-15) 48 200$         /Each 9,600$               4
c Tedlar Bags 12 10$           /Each 120$                  

Total Lab Analytical and Monitoring 11,640$             

15 Miscellaneous - Years 1 and 2
a Miscellaneous Parts 12 1,000$      /Month 12,000$             
b Fed Ex and Deliveries 12 100$         /Month 1,200$               

Total Miscellaneous - Years 1 and 2 13,200$             

Item Direct Cost Quantity Cost Cost
Ref.

16 Utilities
a Natural Gas (additional Steam for Carbon Regen Unit) 77,740 1.14$        /therm 88,624$             5
b Municipal Water (additional steam for Carbon Regen Unit) 750,528 0.0029$    /gal 2,177$               
c Electricity - PD Vacuum Blower 489,925 0.1045$    /kWh 51,197$             6

Total Utilities 141,997$           

CONSULTANT LABOR COST 102,375$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 1 223,818$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 2 143,095$           
UTILITIES COST (NO MARKUP) 141,997$           
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 1 468,191$           
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 2 387,467$           

Cost Source Reference
1 Based on carbon costs associated with the Montrose Henderson SVE System
2 Clean Harbors Quote Dated October 10, 2007
3 NRC Environmental Services, Inc. Email Quote Dated June 30, 2008
4 Verbal Quote from Calscience
5 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)
6 Shedule A-3 LADWP Rate (Second Quarter 2008)

Unit Cost

Unit Cost
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Appendix J
Table 7.7

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 52 150$            /Hour 7,800$                
2 Senior Engineer/Geologist 52 125$            /Hour 6,500$                
3 Mid-Level Engineer/Geologist 208 100$            /Hour 20,800$              
4 Junior/Field Engineer/Geologist 520 75$              /Hour 39,000$              
5 Field Technician 1,040 75$              /Hour 78,000$              
6 Clerical/Drafting 0 50$             /Hour -$                       

Consultant Labor Cost for Operations 152,100$            

Item Consultant Labor (Reporting, H&S, and Data Mngt) Quantity Cost Cost
Ref.

7 Project Manager 40 150$            /Hour 6,000$                
8 Senior Engineer/Geologist 80 125$            /Hour 10,000$              
9 Mid-Level Engineer/Geologist 160 100$            /Hour 16,000$              

10 Junior/Field Engineer/Geologist 160 75$              /Hour 12,000$              
11 Field Technician 0 75$              /Hour -$                        
12 Clerical/Drafting 160 50$             /Hour 8,000$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 52,000$              

Annual Operations and Maintenance (Years 3 through 4)

Unit Cost

Unit Cost
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Appendix J
Table 7.7

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Annual Operations and Maintenance (Years 3 through 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Turnkey VGAC Change-Out Service (incl. fresh VGAC and T&D of spent VGAC as Haz)

b Year 3 100,000 1.53$           /lb VGAC 152,500$            1
c Year 4 60,000 1.53$           /lb VGAC 91,500$              1

14 Final Spent VGAC (40,000 lbs) Transportation and Disposal 40,000 0.46$          /lb VGAC 18,200$             1

Total VGAC (Year 3) 152,500$           
Total VGAC (Year 4) 109,700$           

15 Lab Analytical and Monitoring
a Summa Can Rental 84 40$              /Each 3,360$                2
b Vapor VOCs Analysis (EPA TO-15) 84 200$            /Each 16,800$              2
c Tedlar Bags 12 10$             /Each 120$                  

Total Lab Analytical and Monitoring 20,280$              

Unit Cost
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Appendix J
Table 7.7

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Annual Operations and Maintenance (Years 3 through 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

16 Miscellaneous - Years 3 through 4
a Temporary Office 24'x60' Rental 12 1,030$         /Month 12,356$              3
b Temporary Storage Trailer 12 149$            /Month 1,784$                4
c Portable Toilet Rental 12 76$              /Month 908$                   5
d Miscellaneous Parts 12 1,000$         /Month 12,000$              
e Fed Ex and Deliveries 12 100$            /Month 1,200$                
f Temporary office comm. (internet, telephone, fax) 12 1,000$         /Month 12,000$              
g Operator Truck Usage (One Truck per Operator) 260 100$           /Day/Truck 26,000$             

Total Miscellaneous - Years 2 through 4 66,248$              

Total Subcontractor Cost - Year 3 239,028$           
Total Subcontractor Cost - Year 4 196,228$           

Item Utilities Quantity Cost Cost
Ref.

17 Utilities
Electricity - PD and Liquid Ring Vacuum Blowers 1,143,158 0.1045$      /kWh 119,460$           6

Total Utilities 119,460$            

CONSULTANT LABOR COST 204,100$           

SUBCONTRACTOR COST w/10% MARKUP - YEAR 3 262,931$            
SUBCONTRACTOR COST w/10% MARKUP - YEAR 4 215,851$            
UTILITIES COST (NO MARKUP) 119,460$            

TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 3 586,491$           
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 4 539,411$           

Cost Source Reference
1 Based on carbon costs associated with the Montrose Henderson SVE System
2 Verbal Quote from Calscience
3 Mobile Mini, Inc. Quote Dated October 11, 2007
4 Verbal Quote from Mobile Mini, Inc.
5 Verbal Quote from A-1 Coast Port-A-Toilet
6 Shedule A-3 LADWP Rate (Second Quarter 2008)

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 7.8

Detailed Cost, Unsatuared Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 10 150$       /Hour 1,500$            
2 Senior Engineer/Geologist 20 125$       /Hour 2,500$            
3 Mid-Level Engineer/Geologist 20 100$       /Hour 2,000$            
4 Junior/Field Engineer/Geologist 80 75$         /Hour 6,000$            
5 Field Technician 20 75$         /Hour 1,500$            
6 Clerical/Drafting 20 50$        /Hour 1,000$           

Total Consultant Labor Cost 14,500$          

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

7 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$            1

8 Abandon PVS SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 45 30$         /Foot 1,350$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,225$            
Number of Wells (2 Wells Abandoned per Day) 7

Total for Extraction Well Adandonment 15,575

J-7.8  Well Abandonment Cost Page 14 of 16



Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 7.8

Detailed Cost, Unsatuared Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

9 Abandon UBA SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,675$            
Number of Wells (2 Wells Abandoned per Day) 5

Total for Injection Well Abandonment 13,375

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

10 Waste Management
a Waste Tank Rental 36 38$         /Day 1,368$            2
b Waste Tank Rental Delivery -  Mob and Demob 1 900$       /Each 900$               2
c Waste Bin Rental 36 15$         /Day 540$               2
d Waste Bin Rental Delivery -  Mob and Demob 2 500$       /Each 1,000$            2
e Transport and Disposal/Recycling of Steel 1 1,100$    /Load 1,100$            
f Transport of Hazardous Soil Cuttings 1 1,100$    /Each 1,100$            2
g Disposal of Hazardous Soil Cuttings 3.71 550$       /Ton 2,040$            2
h Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
i Disposal of Hazardous Water 1200 0.8$        /Gal 960$               2
j Waste Characterization/Profiling 2 500$      /Each 1,000$           

Total Waste Management 11,108$          
Total Subcontractor Cost w/10% Markup 46,264$          

TOTAL WELL ABANDONMENT COST 60,764$          

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (Coupled with Thermal Remedy)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 7.9

Detailed Cost, Unsaturated Zone SVE
Coupled with Focused Treatment Area Thermal - 6 UBA PVs or 400 kW-hrs/cubic yard

Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 8 150$            /Hour 1,200$            
2 Senior Engineer/Geologist 20 125$            /Hour 2,500$            
3 Mid-Level Engineer/Geologist 40 100$            /Hour 4,000$            
4 Junior/Field Engineer/Geologist 120 75$              /Hour 9,000$            
5 Field Technician 50 75$              /Hour 3,750$            
6 Clerical/Drafting 20 50$              /Hour 1,000$            

Consultant Labor Cost 21,450$          

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 41,000 /LS 41,000$          

8 Demob Office Trailer 1 1,746$         LS 1,746$            1

9 Close-Out Borings
a Drilling and backfilling (6-Inch Sonic to 45 feet bgs at $65/foot) 3 2,925$         /Boring 8,775$            2
b Drilling and backfilling (6-Inch Sonic to 60 feet bgs at $65/foot) 2 3,900$         /Boring 7,800$            2
c Disposal of Hazardous Soil Cuttings 3.0 550$            /Ton 1,651$            3
d Transportation of Hazardous Soil Cuttings 1 1,100$         /Each 1,100$            3
e Waste Bin Rental Delivery - Mob and Demob 1 500$            /Each 500$               3
f Waste Bin Rental 30 15$              /Day 450$               3
g Soil Pesticides (EPA Method 8081A) 10 90$              /Sample 900$               4
h Soil VOCs (EPA Method 8260B) 10 95$              /Sample 950$               4
i Soil pCBSA (Modified EPA Method 314.0) 10 80$              /Sample 800$               4

Total for Close-Out Borings 22,926$          

Total Subcontractor Cost w/10% Markup 72,240$          

TOTAL DEMOBILIZATION COST 93,690$          

Cost Source Reference
1 Mobile Mini, Inc. Quote Dated October 11, 2007
2 Water Development Corporation Quote Dated 10/09/08
3 Verbal Quote from NRC Environmental Services
4 Verbal Quote from Test America
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.0

Cost Summary
 Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Focused Treatment Area 

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

Gas Cost
(Undiscounted)

DR= 4% DR= 7%

1 Focused Treatment Design J-8.1  Design and Permitting 1,293,125$            1,243,389$       1,208,528$       
J-8.2  Well Construction 5,374,953$            
J-8.3  Well Field Equipment Installation 1,736,164$            
J-8.4  Instrumentation and Controls Installation 271,275$               
J-8.5  Treatment Equipment Installation 3,426,553$            
J-8.6  Construction Management 327,250$               
J-8.7  Hot Floor Pre-Heat 511,734$               227,888$               

3 Focused Treatment Operation and Maintenance J-8.8  Operations and Maintenance (Year 1) 9,453,302$            3,528,554$            8,403,951$       7,716,710$       
4 Focused Treatment Operation and Maintenance J-8.8  Operations and Maintenance (Year 2) 9,432,218$            3,528,554$            8,062,699$       7,195,794$       

J-8.9  Well Abandonment 1,021,037$            
J-8.10  Demobilization 738,590$              

Totals 33,586,199$          7,284,996$            29,925,488$      27,549,373$      

Notes
DR = Discount rate
NPV = Net present value

 $      10,173,751 

 $        1,254,589 

2  Focused Treatment Build 

 Verification and Abandonment 5

 $      10,769,164 

 $        1,446,284 

J-8.0  Cost Summary
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs) 
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.1

Design and Permitting

Item Consultant Labor Quantity Cost
1 Project Manager 890 150$        /Hour 133,500$        
2 Senior Engineer/Geologist 1,320 125$        /Hour 165,000$        
3 Mid-Level Engineer/Geologist 5,200 100$        /Hour 520,000$        
4 Junior/Field Engineer/Geologist 3,735 75$          /Hour 280,125$        
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 1,250 50$         /Hour 62,500$         

Consultant Labor 1,161,125$     

Item Subcontractor Cost Quantity Cost
7 Outside Thermal Expert 1 120,000$ /LS 120,000$       

132,000$        

TOTAL DESIGN AND PERMITTING COST 1,293,125$     

Subcontractor Cost w/10% Markup

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Unit Cost

Unit Cost

J-8.1  Design and Permitting Cost Page 2 of 24



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.2

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 560 150$         /Hour 84,000$         
2 Senior Engineer/Geologist 560 125$         /Hour 70,000$         
3 Mid-Level Engineer/Geologist 2,234 100$         /Hour 223,400$       
4 Junior/Field Engineer/Geologist 3,432 75$           /Hour 257,400$       
5 Field Technician 540 75$           /Hour 40,500$         
6 Clerical/Drafting 560 50$          /Hour 28,000$        

Total Consultant Labor Cost 703,300$       

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Abandon Existing Site Wells Prior to Thermal Treatment
a Drill out well materials 90 65$           /Foot 5,850$           1
b Grout resulting boring 90 30$           /Foot 2,700$           1
c Forklift and mini-hopper 1 500$         /Day 500$              1
d Excavate and remove well box 1 2,000$      /LS 2,000$           1
e Abandonment Crew per Diem 1 200$         /Night 200$              
f Vehicle Usage 1 100$         /Day 100$              
g Equipment Rental and Supplies 1 150$         /Day 150$              
h Other Direct Costs 1 150$         /Day 150$              

Cost per Well 11,650$         
Number of Wells 5

Total for Existing Site Well Abandonment 58,250$         

J-8.2  Well Construction Cost Page 3 of 24



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.2

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$    /Each 12,000$         2
b Forklift and Hopper Rental for Waste Handling 1 250$         /Day 250$              2
c Drill Crew per Diem 1 450$         /Night 450$              2
d Vehicle Usage 1 100$         /Day 100$              
e Equipment Rental and Supplies 1 500$         /Day 500$              
f Other Direct Costs 1 300$         /Day 300$              

Cost per Well 13,600$         
Number of Wells (1 Well Installed per Day) 27

Subtotal - UBA Multi-Phase Extraction Wells 367,200$       

9 Lab Analytical (Sixteen UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 54 90$           /Sample 4,860$           3
b Soil Analysis - VOCs (EPA Method 8260B) 54 95$           /Sample 5,130$           3
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 54 80$           /Sample 4,320$           3
d Water Analysis - Pesticides (EPA Method 8081A) 9 90$           /Sample 810$              3
e Water Analysis - VOCs (EPA Method 8260B) 9 95$           /Sample 855$              3
f Water Analysis - pCBSA (Modified EPA Method 314.0) 9 80$          /Sample 720$             3

Total Lab Analytical (UBA Extraction Wells) 16,695$         

J-8.2  Well Construction Cost Page 4 of 24



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.2

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Triple-Nested UBA Steam Injecton Wells (12" HSA Drilling to 105' bgs)
a

Install and Well Constructed of Three 2" LCS Casings each w/ 5' of 
SS Screen, Type II Cement Grout, and Sand Pack.  Total casing depths are 75, 90, and 105' bgs 1 7,000$      /Each 7,000$           2

b Forklift and Hopper Rental for Waste Handling 1 250$         /Day 250$              2
c Drill Crew per Diem 1 450$         /Night 450$              2
d Vehicle Usage 1 100$         /Day 100$              
e Equipment Rental and Supplies 1 500$         /Day 500$              
f Other Direct Costs 1 300$         /Day 300$              

Cost per Well 8,600$           
Number of Wells (1 Well Installed per Day) 14

Subtotal - Triple-Nested UBA Steam Injecton Wells 120,400$       

11 Develop UBA Multi-Phase Extraction Wells and Triple-Nested UBA Steam Injection Wells
a Development Rig 1 2,000$      /Day 2,000$           2
b Development Crew per Diem 1 200$         /Night 200$              2

Cost per Well 2,200$           
Number of Wells (1 Well Developed per Day) 41

Subtotal - Develop UBA Wells 90,200$         

J-8.2  Well Construction Cost Page 5 of 24



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.2

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Mobilization/Demobilization of  Mud Rotary Drill Rig 2 12,000$    /Each 24,000$        4

13 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 1 2,000$      /Each 2,000$           4
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 220$         /Foot 24,200$         4
c Mud Change-Out and Pit Decon 1 2,000$      /Each 2,000$           4
d 12" Boring Under Conductor 8.5 80$           /Foot 680$              4
e Install 6" Low Carbon Steel Sched. 40 Casing 110.5 88$           /Foot 9,724$           4
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 8 175$         /Foot 1,400$           4
g Type II Cement Grout and Sand Pack 118.5 30$           /Foot 3,555$           4
h Forklift and Hopper Rental for Waste Handling 4 400$         /Day 1,600$           4
i Standby for Cement Curing 6 550$         /Hour 3,300$           4
j Well Development 10 165$         /Hour 1,650$           4
k Vehicle Usage 4 100$         /Day 400$              
l Equipment Rental and Supplies 4 500$         /Day 2,000$           

m Other Direct Costs 4 300$         /Day 1,200$           
Cost per Well 53,709$         

Number of Wells (4 Days per Well for Installation and Development) 10
Subtotal - Hot Floor Multi-Phase Extraction Wells 537,090$       

J-8.2  Well Construction Cost Page 6 of 24



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.2

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

14 Hot Floor Steam Injecton Wells
a Move Between Well Locations 1 2,000$      /Each 2,000$           4
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$         /Foot 19,800$         4
c Mud Change-Out 1 1,500$      /Each 1,500$           4
d 9" Boring Under Conductor 5.5 75$           /Foot 413$              4
e Install 2" Low Carbon Steel Sched. 40 Casing 110.5 45$           /Foot 4,973$           4
f Install 2" Type 304 Stainless Steel Screen 5 90$           /Foot 450$              4
g Type II Cement Grout and Sand Pack 115.5 20$           /Foot 2,310$           4
h Forklift and Hopper Rental for Waste Handling 4 400$         /Day 1,600$           4
i Standby for Cement Curing 5 550$         /Hour 2,750$           4
j Well Development 6 165$         /Hour 990$              4
k Vehicle Usage 4 100$         /Day 400$              
l Equipment Rental and Supplies 4 500$         /Day 2,000$           

m Other Direct Costs 4 300$         /Day 1,200$           
Cost per Well 40,385$         

Number of Wells (4 Days per Well for Installation and Development) 26
Subtotal - Hot Floor Steam Injecton Wells 1,050,010$    

15 Temperature Monitoring Points
a Move Between Well Locations 1 2,000$      /Each 2,000$           4
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$         /Foot 19,800$         4
c Mud Change-Out 1 1,500$      /Each 1,500$           4
d 8" Boring Under Conductor 5 75$           /Foot 375$              4
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 115 40$           /Foot 4,600$           4
f Type II Cement Grout 115 20$           /Foot 2,300$           4
g Forklift and Hopper Rental for Waste Handling 5 400$         /Day 2,000$           4
h Standby for Cement Curing 5 550$         /Hour 2,750$           4
i Vehicle Usage 5 100$         /Day 500$              4
j Equipment Rental and Supplies 5 500$         /Day 2,500$           
k Other Direct Costs 5 300$         /Day 1,500$           

Subtotal 39,825$         
Number of Wells (3 Days per Point - no Development Needed) 14

Subtotal - Temperature Monitoring Points 557,550$       

J-8.2  Well Construction Cost Page 7 of 24



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.2

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

16 BFS Monitoring Well Installation (4 Days per Well for Installation and Development) 2 54,000$    /Well 108,000$      1

17 Waste Management
a Waste Tank Rental 2920 38$           /Day 110,960$       5
b Waste Tank Rental Delivery -  Mob and Demob 8 900$         /Each 7,200$           5
c Waste Bin Rental 1710 15$           /Day 25,650$         5
d Waste Bin Rental Delivery -  Mob and Demob 57 500$         /Each 28,500$         5
e Transport of Hazardous Soil Cuttings 57 1,100$      /Each 62,700$         5
f Disposal of Hazardous Soil Cuttings 1134 550$         /Ton 623,700$       5
g Transport of Hazardous Mud 87 500$         /Each 43,500$         5
h Disposal of Hazardous Mud 322717 1.1$          /Gal 354,989$       5
i Transport of Hazardous Water 15 1,100$      /Each 16,500$         5
j Disposal of Hazardous Water 52954 0.8$          /Gal 42,363$         5
k Waste Characterization/Profiling 3 500$        /Each 1,500$          

Subtotal - Waste Management 1,317,562$    
Total Subcontractor Cost w/10% Markup 4,671,653$    

TOTAL WELL CONSTRUCTION COST 5,374,953$    

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Cascade Drilling, Inc. Quote Dated 7/15/08
3 Verbal Quote from Test America
4 Water Development Corporation Quote Dated 4/25/08
5 Verbal Quote from NRC Environmental
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.3

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 1 50,000$        LS 50,000$         

2 Natural Gas Pipeline 1 200,000$      LS 200,000$        

3  Groundwater Extraction Assemblies
 a Well Head Assemblies 37 1,000$          Each 37,000$         
 b Extraction Pump (High Temperature Hammerhead Pro) 37 3,070$          Each 113,590$        1
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 3700 11$               LF 40,700$         1
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 3700 16$               LF 59,200$         1
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 3700 22$              LF 81,400$        1

Total Groundwater Extraction Assemblies 331,890$        

4  Steam Injection Well Head Assemblies 46 7,000$          Each 322,000$        

5 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 990 75$               Hour 74,250$         

6  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 570 67.65$          LF 38,561$         2
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1140 43.45$          LF 49,533$         2

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1190 34.10$         LF 40,579$        2
Total Steam Injection Piping 128,673$        

7  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 570 94.71$          LF 53,985$         3
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1140 67.65$          LF 77,121$         2
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1120 43.45$         LF 48,664$        2

Total Vapor Extraction Piping 179,770$        

Unit CostItem
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.3

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

8  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 560 43.45$          LF 24,332$         2
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1140 34.10$          LF 38,874$         2
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1120 31.45$          LF 35,224$         2
 d Total Piping Length 2820 LF
 e Piping Heat Trace, VLBTV Wire 2820 15.75$          LF 44,415$         4
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 42,853.50$  LS 42,854$        

Total Groundwater Extraction Piping 185,699$        

9  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 2820 20.00$          LF 56,400$         2

10  Pipe Supports 282 200$             LF 56,400$         

CONSULTANT LABOR COST 74,250$         
DIRECT COSTS w/10% MARKUP 1,661,914$     
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 1,736,164$     

Cost Source Reference
1 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
2 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
3 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
4 2006 Raychem quote obtained by CH2MHILL

Item Unit Cost
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.4

 Instrumentation and Controls Installation

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells
a Pressure Gage (0-300 PSI) 68 48$            /Each 3,264$     1
b Temperature Indicator 68 127$          /Each 8,636$     1
c Orifice Plate and Transmitter 10 10,000$     /Each 100,000$

Total Steam Injection Wells and Piping I&Cs 111,900$ 

2 Groundwater Exraction Pressure Gage (0-300 PSI) 37 48$            /Each 1,776$    1

3 Vapor Extraction Vacuum Gage (30 in Hg) 37 50$            /Each 1,865$    1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,305 0.75$         /Foot 979$        2
b Analog Decoder 1 500$          /Each 500$        

Cost per Temp Monitoring Point 1,479$     
Number of Temperature Monitoring Points 14

Total Thermocouple String 20,703

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 220 75$            /Hour 16,500$   

6 Electrical Allowance (20% of Instrumentation and Controls cost) 1 40,873$      /LS 40,873$  

7 Control System Allowance (30% of Instrumentation and Controls cost) 1 54,497$      /LS 54,497$  

CONSULTANT LABOR COST 16,500$  
DIRECT COSTS w/10% MARKUP 254,775$

271,275$ 

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL INSTRUMENTATION AND CONTROLS INSTALLATION COST

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

J-8.4  Instrumentation and Controls Installation Cost Page 11 of 24



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
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Appendix J
Table 8.5

Treatment Equipment Installation

Item Subcontractor Cost Quantity Cost Cost
Ref.

1 Vapor Treatment
12,000-gallon Brine Holding Tank 1 18,538$      /Each 18,538$         1
Fin-Fan Heat Exchanger 1 14,306$      /Each 14,306$         2
Steam-Regenerable Carbon System
(incl. two 5,000-lb GAC vessels, condenser, separator, and inline stack PID) 1 750,000$    /LS 750,000$       3
Interconnecting Piping (20% of Steam-Regen Carbon System cost) 1 150,000$    /LS 150,000$       
5000-lb Polishing Vapor-Phase GAC Vessel 2 16,000$      /Each 32,000$         4
Orifice Plate and Transmitter 2 10,000$      /Each 20,000$         
1000 SCFM Liquid Ring Vacuum Blower (standard cast iron construction) 2 80,000$      /Each 160,000$       5
Moisture Separator 1 4,000$        /Each 4,000$           6
500-Gallon Collection Tank 1 2,078$        /Each 2,078$           1
Transfer Pump (50 gpm) 9 536$           /Each 4,820$           7

Total for Vapor Treatment 1,150,922$    

2 Groundwater Exraction and Treatment
a Shell and Tube Heat Exchanger 1 22,112$      /Each 22,112$         8
b DNAPL/Water Separator 2 56,450$      /Each 112,900$       9
c Groundwater Holding Tank 1 50,000$      /Each 50,000$         
d Two 3,000-lb Liquid-Phase GAC Vessels Each w/Initial Virgin Coconut Shell GAC Fill 1 16,830$      LS 16,830$         10
e Air Compressor 1 20,000$      /Each 20,000$         11
f 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           1
g Cooling Tower (540 gpm Recirculation Rate) 1 37,713$      /Each 37,713$         12
h Transfer Pump (50 gpm) 8 536$           /Each 4,284$           7
i Transfer Pump (540 gpm) 2 2,756$        /Each 5,513$           13
j Transfer Pump (145 gpm) 2 1,348$        /Each 2,696$           7
k HiPOx System (100 gpm) 1 1,025,000$ /Each 1,025,000$    14

Total for Groundwater Exraction and Treatment Equipment 1,299,126$    

3 Equipment Pads and Containment 1 150,000$    /LS 150,000$       11
4 80' X 110' Treatment Plant Building 1 150,000$    /LS 150,000$       
5 Subcontractor Installation Cost 1 365,000$    /LS 365,000$       15

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 3,426,553$    

Cost Source Reference
1 Harrington Plastic Catalog Price
2 Heat Exchanger Sales and Engineering Company, LLC Quote Dated July 17, 2008
3 MEGTEC Systems, Inc. Quote Dated April 20, 2008
4 BakerCorp Quote Dated July 1, 2008
5 Yardley Pump and Vacuum Quote Dated July 18, 2008
6 Verbal Qoute from Enviro Supply and Services
7 Grainger Catalog Price
8 SEC Heat Exchanger Quote Dated July 1, 2008
9 Pan America Environmental Quote Dated July 28, 2008 
10 BakerCorp Quoted Dated July 23, 2008
11 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 34
12 Cooling Tower Systems Quote Dated July 2, 2008
13 McMaster-Carr Catalog Price
14 Unit Price scaled down to a 100 gpm system from $2,050,000 quote from Applied Process Technologies (June 6, 2006) for a 200 gpm system.
15 Verbal Quote from J.C. Palomar Construction, Inc.

Unit Cost

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
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Appendix J
Table 8.6

Detailed Cost, Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 165 150$ /Hour 24,750$   
2 Senior Engineer/Geologist 320 125$ /Hour 40,000$   
3 Mid-Level Engineer/Geologist 880 100$ /Hour 88,000$   
4 Junior/Field Engineer/Geologist 1,120 75$   /Hour 84,000$   
5 Field Technician 1,120 75$   /Hour 84,000$   
6 Clerical/Drafting 130 50$   /Hour 6,500$    

TOTAL CONSTRUCTION MANAGEMENT COST 327,250$ 

Unit Cost
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Appendix J
Table 8.7

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 40 150$         /Hour 6,000$                
2 Senior Engineer/Geologist 40 125$         /Hour 5,000$                
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 160 100$         /Hour 16,000$              
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 160 75$           /Hour 12,000$              
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 480 75$           /Hour 36,000$              
6 Clerical/Drafting 40 50$           /Hour 2,000$                

Consultant Labor Cost for Operations 77,000$              

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 8 150$         /Hour 1,200$                
8 Senior Engineer/Geologist 8 125$         /Hour 1,000$                
9 Mid-Level Engineer/Geologist 62 100$         /Hour 6,240$                

10 Junior/Field Engineer/Geologist 160 75$           /Hour 12,000$              
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 20 50$           /Hour 1,000$                

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 21,440$              

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 29-million BTUs/hr Low NOx Steam Generator (incl. water softening package) 1 70,000$    /Month 70,000$              1
b 8-million BTUs/hr Low Nox Steam Generator (incl. water softening package) 0 15,000$    /Month -$                        2

Total Equipment Rentals 70,000$              

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 4 330$         /Week 1,320$                
b Virgin Coconut Shell Vapor-Phase Carbon 0 1.07$        /lb -$                        3
c Vapor-Phase Carbon Change-Out Service 0 1,850$      /Change-Out -$                        3
d Hydrogen Peroxide for HiPOx 3,472 3.00$        /Gal 10,416$              
e Oxygen for HiPOx 24,273 0.35$        /100 SCF 8,496$                
f 3000-lb Liquid-Phase Carbon Change-Out (Includes T&D as Hazardous Waste) 1 6,746$      /Each 6,746$                4

Total Consumables 26,977$              

Hot Floor Pre-Heat

Unit Cost

Unit Cost

Unit Cost
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Appendix J
Table 8.7

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Hot Floor Pre-Heat

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 0 0.71$        /lb -$                        5
b Vapor-Phase GAC Transportation 0 4,286$      /Load -$                        5
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 0 0.50$        /lb -$                        6
d Carbon Regen System Solvent Waste Transportation 0 3,650$      /Load -$                        6
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 901 0.25$        /lb 225$                   6
f Filtration Generated Waste Transportation

(filtration waste generated during hot floor pre-heat will be transported during O&M) 0 2,800$      /Load -$                        6
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz) 86,475 0.14$        /Gal 12,106$              7
h Boiler Water Pre-Treatment Brine and Blowdown Transportation 9 950$         /10,000 Gals 8,550$                7

Total Waste Management 20,882$              

16 Lab Analytical and Monitoring
a Summa Can Rental 13 40$           /Each 520$                   8
b Vapor Analysis - VOCs (EPA Method TO-15) 13 200$         /Each 2,600$                8
c Water Analysis - Pesticides (EPA Method 8081A) 13 90$           /Each 1,170$                9
d Water Analysis - VOCs (EPA Method 8260B) 13 95$           /Each 1,235$                9
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 2 80$           /Each 160$                   9
f Tedlar Bags 20 10$           /Each 200$                   

g TVA-1000B PID/FID Rental 1 1,200$      /Month 1,200$                10
Total Lab Analytical and Monitoring 7,085$                

17 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$                11
b Temporary Office 24'x60' Rental 1 1,030$      /Month 1,030$                11
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        11
d Temporary Storage Trailer 1 149$         /Month 149$                   12
e Portable Toilet Delivery 1 22$           /Each 22$                     13
f Portable Toilet Rental 1 76$           /Month 76$                     13
g Standby Generator (800 kW) 1 8,775$      /Month 8,775$                14
h Maintenance Parts 1 1,000$      /Month 1,000$                
i Fed Ex and Deliveries 20 150$         /Day 3,000$                
j Temporary office comm. (internet, telephone, fax) 1 1,000$      /Month 1,000$                

k Operator Truck Usage (One Truck per Operator) 20 100$         /Day/Truck 2,000$                
Total Miscellaneous 19,989$              

Unit Cost
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Appendix J
Table 8.7

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Hot Floor Pre-Heat

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Steam License for Hot Floor 0.50$        /CY Treated -$                       15
Total Subcontractor Cost 144,933$            

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage 211,420 0.1045$    /kWh 22,093$              16
20 Natural Gas for Steam Generation 199,901 1.14$        /Therm 227,888$            17
21 Municipal Water for Cooling Tower Makeup 219,000 0.0029$    /Gal 635$                   
22 Municipal Water for Steam Generation 1,121,152 0.0029$    /Gal 3,251$                

Total Utilities 253,867$            

CONSULTANT LABOR COST 98,440$             
SUBCONTRACTOR COST w/10% MARKUP 159,426$            
UTILITIES COST (NO MARKUP) 253,867$            
TOTAL COST FOR HOT FLOOR PRE-HEAT 511,734$            

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 Nationwide Boiler Quote Dated July 30, 2008 
3 BakerCorp Quote Dated June 30, 2008
4 BakerCorp Quote July 23, 2008
5 NRC Environmental Services, Inc. Quote Dated June 30, 2008
6 Clean Harbors Quote Dated October 10, 2007
7 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
8 Verbal Quote from Calscience Environmental Laboratories, Inc.
9 Verbal Quote from Test America

10 Verbal Quote from Ashtead Technology Rentals
11 Mobile Mini, Inc. Quote Dated October 11, 2007
12 Verbal Quote from Mobile Mini, Inc.
13 Verbal Quote from A-1 Coast Port-A-Toilet
14 Kohler Rental Quote Dated June 30, 2008
15  McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired. 
16 Shedule A-3 LADWP Rate (Second Quarter 2008)
17 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost

Unit Cost
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Appendix J
Table 8.8

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$         /Hour 78,000$              
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$              
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$         /Hour 208,000$            
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$            
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$           /Hour 468,000$            
6 Clerical/Drafting 520 50$           /Hour 26,000$              

Consultant Labor Cost for Operations 1,001,000$         

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$                
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$              
9 Mid-Level Engineer/Geologist 1,300 100$         /Hour 130,000$            

10 Junior/Field Engineer/Geologist 2,080 75$           /Hour 156,000$            
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 180 50$           /Hour 9,000$                

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 308,000$            

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 29-million BTUs/hr Low NOx Steam Generator (incl. water softening package) 12 70,000$    /Month 840,000$            1
b 8-million BTUs/hr Low Nox Steam Generator (incl. water softening package) 12 15,000$    /Month 180,000$            2

Total Equipment Rentals 1,020,000$         

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 51 425$         /Week 21,616$              
b Virgin Coconut Shell Vapor-Phase Carbon (7,000-lbs of polishing GAC per month plus 10,000 lbs of 

regen system carbon changed-out after six months) 94,000 1.07$        /lb 100,580$            3
c Vapor-Phase Carbon Change-Out Service 10 1,739$      /Change-Out 17,390$              3
d Hydrogen Peroxide for HiPOx 166,650 3.00$        /Gal 499,950$            
e Oxygen for HiPOx 1,165,100 0.35$        /100 SCF 407,785$            
f 3000-lb Liquid-Phase Carbon Change-Out (Includes T&D as Hazardous Waste) 48 6,746$      /Each 323,808$            4

Total Consumables 1,371,129$         

Operations and Maintenance

Unit Cost

Unit Cost

Unit Cost
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Appendix J
Table 8.8

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) - Year 1 70,000 0.71$        /lb 49,700$              5
b Vapor-Phase GAC Transportation - Year 1 4 4,286$      /Load 17,144$              5

Vapor-Phase GAC Disposal (Listed Waste for Incineration) - Year 2
(incl. 10,000 lbs of regen system carbon at year end) 80,000 0.71$        /lb 56,800$              
Vapor-Phase GAC Transportation - Year 2 5 4,286$      /Load 21,430$              

c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 84,500 0.50$        /lb 42,250$              6
d Carbon Regen System Solvent Waste Transportation 3 3,650$      /Load 10,950$              6
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 39,300 0.25$        /lb 9,825$                6
f Filtration Generated Waste Transportation 4 2,800$      /Load 11,200$              6

g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz) 1,371,164 0.14$        /Gal 191,963$            7
h Boiler Water Pre-Treatment Brine and Blowdown Transportation 138 950$         /10,000 Gals 131,100$            7

Total Waste Management - Year 1 464,132$            
Total Waste Management - Year 2 475,518$           

16 Lab Analytical and Monitoring - Year 1
a Summa Can Rental 176 40$           /Each 7,040$                8
b Vapor VOCs Analysis (EPA Method TO-15) 176 200$         /Each 35,200$              8
c Liquid Pesticides (EPA Method 8260B) 176 90$           /Each 15,840$              9
d Liquid VOC Analysis (EPA Method 8081A) 176 95$           /Each 16,720$              9
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$                9
f Tedlar Bags 240 10$           /Each 2,400$                

g TVA-1000B PID/FID Rental 12 1,200$      /Month 14,400$              10
Total Lab Analytical and Monitoring - Year 1 93,520$              

Lab Analytical and Monitoring - Year 2
Summa Can Rental 100 40$           /Each 4,000$                
Vapor VOCs Analysis (EPA Method TO-15) 100 200$         /Each 20,000$              
Liquid Pesticides (EPA Method 8260B) 100 90$           /Each 9,000$                
Liquid VOC Analysis (EPA Method 8081A) 100 95$           /Each 9,500$                
Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$                
Tedlar Bags 240 10$           /Each 2,400$                
TVA-1000B PID/FID Rental 12 1,200$      /Month 14,400$              

Total Lab Analytical and Monitoring - Year 2 61,220$              

Unit Cost
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Appendix J
Table 8.8

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

17 Miscellaneous - Year 1
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        11
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              11
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        11
d Temporary Storage Trailer 12 149$         /Month 1,784$                12
e Portable Toilet Delivery 0 22$           /Each -$                        13
f Portable Toilet Rental 12 76$           /Month 908$                   13

g Standby Generator (800 kW) 12 8,775$      /Month 105,300$            14
h Maintenance Parts 12 1,000$      /Month 12,000$              
i Fed Ex and Deliveries 260 150$         /Day 39,000$              
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              

k Operator Truck Usage (One Truck per Operator) 520 100$         /Day/Truck 52,000$              
Total Miscellaneous - Year 1 235,348$            

Miscellaneous - Year 2
Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        
Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              
Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$                
Temporary Storage Trailer 12 149$         /Month 1,784$                
Portable Toilet Delivery 0 22$           /Each -$                        
Portable Toilet Rental 12 76$           /Month 908$                   
Standby Generator (800 kW) 12 8,775$      /Month 105,300$            
Maintenance Parts 12 1,000$      /Month 12,000$              
Fed Ex and Deliveries 260 150$         /Day 39,000$              
Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
Operator Truck Usage (One Truck per Operator) 520 100$         /Day/Truck 52,000$              

Total Miscellaneous - Year 2 237,094$            

18 Steam License for UBA - Year 1 Only 0.50$        /CY Treated -$                       15
Total Subcontractor Cost (O&M Year 1) 3,184,129$         
Total Subcontractor Cost (O&M Year 2) 3,164,961$         

Unit Cost
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Appendix J
Table 8.8

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Operations and Maintenance

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage 10,148,151 0.1045$    /kWh 1,060,482$         16
20 Natural Gas for Steam Generation 3,095,223 1.14$        /Therm 3,528,554$         17
21 Municipal Water for Cooling Tower Makeup 2,628,000 0.0029$    /Gal
22 Municipal Water for Steam Generation 18,180,972 0.0029$    /Gal 52,725$              

Total Utilities 4,641,761$         

FULL SCALE CONSULTANT LABOR COST 1,309,000$        
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (Year 1) 3,502,541$         
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (Year 2) 3,481,457$         
UTILITIES COST (NO MARKUP) 4,641,761$         
TOTAL OPERATIONS AND MAINTENANCE COST (Year 1) 9,453,302$         
TOTAL OPERATIONS AND MAINTENANCE COST (Year 2) 9,432,218$         

Unit Cost

J-8.8  Operations and Maintenance Cost Page 20 of 24



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.8

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Operations and Maintenance

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 Nationwide Boiler Quote Dated July 30, 2008 
3 BakerCorp Quote Dated June 30, 2008.  Unit price for carbon change-out services is scaled down for a 9,400-lb change-out from BakerCorp quote of $1,850 per change-out for 10,000 lbs.
4 BakerCorp Quote July 23, 2008
5 NRC Environmental Services, Inc. Quote Dated June 30, 2008
6 Clean Harbors Quote Dated October 10, 2007
7 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
8 Verbal Quote from Calscience Environmental Laboratories, Inc.
9 Verbal Quote from Test America

10 Verbal Quote from Ashtead Technology Rentals
11 Mobile Mini, Inc. Quote Dated October 11, 2007
12 Verbal Quote from Mobile Mini, Inc.
13 Verbal Quote from A-1 Coast Port-A-Toilet
14 Kohler Rental Quote Dated June 30, 2008
15  McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired. 
16 Shedule A-3 LADWP Rate (Second Quarter 2008)
17 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)
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Table 8.9

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 50 150$       /Hour 7,500$            
2 Senior Engineer/Geologist 232 125$       /Hour 29,000$          
3 Mid-Level Engineer/Geologist 125 100$       /Hour 12,500$          
4 Junior/Field Engineer/Geologist 1,184 75$         /Hour 88,800$          
5 Field Technician 50 75$         /Hour 3,750$            
6 Clerical/Drafting 50 50$        /Hour 2,500$           

Total Consultant Labor Cost 144,050$        

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$            1

2 Abandon UBA Multi-Phase Extraction Wells
a Drill out well materials 105 65$         /Foot 6,825$            1
b Grout resulting boring 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1
d Abandonment Crew per Diem 1 200$       /Night 200$               
e Vehicle Usage 1 100$       /Day 100$               
f Equipment Rental and Supplies 1 150$       /Day 150$               
g Other Direct Costs 1 150$       /Day 150$               

Cost per Well 11,075$          
Number of Wells 27

Total for UBA Multi-Phase Extraction Well Adandonment 299,025

3 Abandon Triple-Nested UBA Steam Injecton Wells
a Drill out well materials 60 65$         /Foot 3,900$            1
b Grout resulting boring 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1
d Abandonment Crew per Diem 1 200$       /Night 200$               
e Vehicle Usage 1 100$       /Day 100$               
f Equipment Rental and Supplies 1 150$       /Day 150$               
g Other Direct Costs 1 150$       /Day 150$               

Cost per Well 6,800$            
Number of Wells 14

Total for UBA Triple-Nested Steam Injection Well Abandonment 95,200

4 Abandon Hot Floor Multi-Phase Extraction Wells
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 10

Total for Hot Floor Multi-Phase Extraction Well Abandonment 42,500$          

5 Abandon Hot Floor Steam Injection Wells
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 26

Total for Hot Floor Steam Injection Well Abandonment 110,500$        
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Table 8.9

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

6 Abandon Temperature Monitoring Points
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 14

Total for Temperature Monitoring Point Abandonment 59,500$          

7 Waste Management
a Waste Tank Rental 0 38$         /Day -$                   
b Waste Tank Rental Delivery -  Mob and Demob 0 900$       /Each -$                   
c Waste Bin Rental 540 15$         /Day 8,100$            2
d Waste Bin Rental Delivery -  Mob and Demob 18 500$       /Each 9,000$            2
e Transport of Hazardous Soil Cuttings 18 1,100$    /Each 19,800$          2
f Disposal of Hazardous Soil Cuttings 269 550$       /Ton 147,950$        2
g Transport of Hazardous Mud 0 500$       /Each -$                   
h Disposal of Hazardous Mud 0 1.1$        /Gal -$                   
i Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
j Disposal of Hazardous Water 1982 0.8$        /Gal 1,586$            2
k Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 188,536$        
Total Subcontractor Cost w/10% Markup 876,987$        

TOTAL WELL ABANDONMENT COST 1,021,037$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Focused Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 8.10

Detailed Cost,  Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 60 150$           /Hour 9,000$            
2 Senior Engineer/Geologist 200 125$           /Hour 25,000$          
3 Mid-Level Engineer/Geologist 654 100$           /Hour 65,400$          
4 Junior/Field Engineer/Geologist 800 75$             /Hour 60,000$          
5 Field Technician 425 75$             /Hour 31,875$          
6 Clerical/Drafting 140 50$            /Hour 7,000$           

Consultant Labor Cost 198,275$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 317,000$     /LS 317,000$        

8 Close-Out Borings
a Drilling 9 12,000$      /Boring 108,000$        1
b Waste Disposal 9 5,500$        /Boring 49,500$          2
c Soil Pesticides (EPA Method 8081A) 54 90$             /Sample 4,860$            3
d Soil VOCs (EPA Method 8260B) 54 95$             /Sample 5,130$            3
e Soil pCBSA (Modified EPA Method 314.0) 54 80$             /Sample 4,320$            3
f Liquid Pesticides (EPA Method 8081A) 9 90$             /Sample 810$               3
g Liquid VOCs (EPA Method 8260B) 9 95$             /Sample 855$               3
h Liquid pCBSA (Modified EPA Method 314.0) 9 80$            /Sample 720$              3

Total for Close-Out Borings 174,195$        

Total Subcontractor Cost w/10% Markup 540,315$        

TOTAL DEMOBILIZATION COST 738,590$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 9.0

Cost Summary
Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Montrose Superfund Site, Torrance, California

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

DR = 4% DR = 7%

31 Design J-9.1 Design 90,000$                 80,010$            73,467$            
J-9.2 Well Construction 110,097$               
J-9.3 Well Field Equipment Installation 12,054$                 
J-9.4 Treatment Equipment Installation 85,131$                 
J-9.5 Construction Management 43,000$                 

5 Operation and Maintenance - Year 1 297,522$               244,541$           212,129$           
6 Operation and Maintenance - Year 2 272,903$               215,679$           181,847$           
7 Operation and Maintenance - Year 3 395,915$               300,863$           246,556$           
8 Operation and Maintenance - Year 4 395,915$               289,291$           230,426$           

J-9.8 Well Abandonment 38,510$                 
J-9.9 Demobilization 97,045$                

Totals 1,838,090$            1,439,564$        1,209,095$        

Notes
1Design begins in Year 3 so that the first year of SVE O&M coincides with the first year of thermal O&M.
DR = Discount rate
NPV = Net present value

 $           190,939 

 $             73,733 

4  System Construction 

 Verification and Abandonment 9

J-9.6 Annual Operations and Maintenance - Carbon Regen System

J-9.7 Annual Operations and Maintenance - Disposable Carbon

 $           213,942 

 $             95,239 

9.0  Cost Summary
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal) 
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J 
Table 9.1

Coupled with Entire Treatment Area Thermal Remedy
(2.5 UBA PVs or 200 kW-hrs/cubic yard) 

Design

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 90 150$        /Hour 13,500$          
2 Senior Engineer/Geologist 170 125$        /Hour 21,250$          
3 Mid-Level Engineer/Geologist 340 100$        /Hour 34,000$          
4 Junior/Field Engineer/Geologist 170 75$          /Hour 12,750$          
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 170 50$         /Hour 8,500$           

Consultant Labor 90,000$          

TOTAL DESIGN COST 90,000$          

Detailed Cost, Unsaturated Zone SVE

Unit Cost

9.1  Design Page 2 of 22



Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 9.2

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 20 150$        /Hour 3,000$          
2 Senior Engineer/Geologist 20 125$        /Hour 2,500$          
3 Mid-Level Engineer/Geologist 32 100$        /Hour 3,200$          
4 Junior/Field Engineer/Geologist 90 75$          /Hour 6,750$          
5 Field Technician 32 75$          /Hour 2,400$          
6 Clerical/Drafting 20 50$          /Hour 1,000$          

Total Consultant Labor Cost 18,850$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

HSA Rig Mobilization 1 1,200$     /Each 1,200$         1

7 Palos Verdes Sands SVE Wells (12" HSA Drilling to 45' bgs)
a Install Well Constructed of 6" LCS Casing w/ 20' of SS Screen 1 8,500$     /Each 8,500$          1
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
c Drill Crew per Diem 0.5 450$        /Night 225$             1
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
g Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 9,300$          
Number of Wells (2 Wells Installed per Day) 7

Subtotal - PVS Wells 65,100$        

Detailed Cost, Unsaturated Zone SVE
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.2

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Well Construction

Detailed Cost, Unsaturated Zone SVE

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

9 UBA SVE Wells (12" HSA Drilling to 60 bgs)
a Install Well Constructed of 6" LCS Casing w/ 15' of SS Screen 1 9,700$     /Each 9,700$          1
e Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
f Drill Crew per Diem 0.5 450$        /Night 225$             1
g Vehicle Usage 0.5 100$        /Day 50$               
h Equipment Rental and Supplies 0.5 500$        /Day 250$             
i Installation Permit 1 201$        /Each 201$             
j Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 10,701$        
Number of Wells (2 Wells Installed per Day) 0

Subtotal - UBA Wells -$                  

8 Lab Analytical (Three PVS Borinngs and Four UBA Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 6 90$          /Sample 540$             2
b Soil Analysis - VOCs (EPA Method 8260B) 6 95$          /Sample 570$             2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 6 80$          /Sample 480$             2
d Water Analysis - Pesticides (EPA Method 8081A) 0 90$          /Sample -$                  2
e Water Analysis - VOCs (EPA Method 8260B) 0 95$          /Sample -$                  2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 0 80$          /Sample -$                  2

Total Lab Analytical (Extraction Wells) 1,590$          
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.2

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Well Construction

Detailed Cost, Unsaturated Zone SVE

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Waste Management
a Waste Tank Rental 34 38$          /Day 1,292$          5
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             5
c Waste Bin Rental 30 15$          /Day 450$             5
d Waste Bin Rental Delivery -  Mob and Demob 1 500$        /Each 500$             5
e Transport of Hazardous Soil Cuttings 1 1,100$     /Each 1,100$          5
f Disposal of Hazardous Soil Cuttings 15 550$        /Ton 8,160$          5
g Transport of Hazardous Water 1 1,100$     /Each 1,100$          5
h Disposal of Hazardous Water 700 0.8$         /Gal 560$             5
i Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 15,062$        
Total Subcontractor Cost w/10% Markup 91,247$        

TOTAL WELL CONSTRUCTION COST 110,097$      

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Test America
3 Water Development Corporation Quote Dated 10/09/08
4 Verbal Quote from Water Development Corporation
5 Verbal Quote from NRC Environmental
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 9.3

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 0 50,000$        LS -$                   

2  Extraction Well Assemblies
 Well Head Assemblies 0 500$             Each -$                   
 Groundwater Extraction Pump (Electric Submersible) 0 597.54$        Each -$                   

Armored Electrical Cable 0 4.89$            Foot -$                   
Teflon Discharge Tubing (5/8" OD) 0 7.85$            Foot -$                   
DNAPL Extraction Pump (Pneumatic) 0 2,448.85$     Each -$                   

 Downwell Air Supply Hose (3/8" OD Teflon) 0 3.76$            LF -$                   
 Downwell Air Exhaust Hose (1/2" OD Teflon) 0 5.43$            LF -$                   

Static Pressure Gage 7 48$               /Each 336$              1
Temperature Indicator 7 127$             /Each 889$              1
Flow Sensor 7 121$             /Each 847$              2
Differential Pressure Gage 7 315$            /Each 2,205$          2

Total Extraction Well Assemblies 4,277$           

3  Injection Well Assemblies
Well Head Assemblies 0 300$             Each -$                   
Static Pressure Gage 0 48$               /Each -$                   
Temperature Indicator 0 127$             /Each -$                   
Flow Sensor 0 121$             /Each -$                   
Differential Pressure Gage 0 315$            /Each -$                  

Total Injection Well Assemblies -$                  

4 Field Technician - Extraction and Injection Well Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 8 75$               Hour 600$              

Unit CostItem

Detailed Cost, Unsaturated Zone SVE
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.3

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Well Field Equipment Installation

Detailed Cost, Unsaturated Zone SVE

Direct Costs Quantity Cost Cost 
Ref.

5  SVE Piping
a 8-Inch Carbon Steel Pipe and Fittings 0 94.71$          LF -$                   3
b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 70 67.65$          LF 4,736$           3
c 0 18.51$          LF -$                   3
d 0 33.42$          LF -$                   3
e 0 27.05$          LF -$                   3
f 0 22.28$          LF -$                   3
g 0 5.46$           LF -$                  3

Total SVE Piping 4,736$          
6  Pipe Supports 7 200$             LF 1,400$           

CONSULTANT LABOR COST 600$              
DIRECT COSTS w/10% MARKUP 11,454$         
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 12,054$         

Cost Source Reference
1 Grainger Catalog Price
2 Dwyer Instruments, Inc. Catalog Price
3 Cost in 2008 dollars based on 2006 RS Means and an assumed inflation rate if 3% per year

Item Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Item Direct Costs Quantity Cost Cost
Ref.

5000-lb Vapor-Phase Carbon Vessel 0 16,000$      /Each -$                   1
Initial Carbon Fill (Virgin Coconut) 0 1.07$          /lb -$                   1
Oriface Plate and Transmitter 1 10,000$      /Each 10,000$         
Moister Separator 1 4,000$        /Each 4,000$           2
Transfer Pump (50 gpm) 1 536$           /Each 536$              3
1000 SCFM Positive Displacement Blower (for PVS) 1 30,000$      /Each 30,000$         4
1000 SCFM Liquid Ring Blower (Hi Vac for UBA) 0 80,000$      /Each -$                   4
Inline Stack PID 0 3,775$        /Each -$                   5
Static Pressure Gage 3 48$             /Each 144$              3
Temperature Indicator 3 127$           /Each 381$              3
Interconnecting Piping (20% of Blower and KO Tank) 1 6,800$        LS 6,800$           
Electrical Allowance (20% of elec components) 1 8,212$        LS 8,212$           
Control System Allowance (30% of elec components) 1 12,318$      LS 12,318$         
Treatment Plant Pad and Building 0 -$                LS -$                   6
Subcontractor Installation Cost 1 5,000$        LS 5,000$           

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 85,131$         

Cost Source Reference
1 July 1 2008 BakerCorp Quote
2 Verbal Quote from Enviro Supply and Services
3 Grainger Catalog Price
4 Yardley Pump and Vacuum Quote Dated July 18, 2008
5 Verbal Quote from RAE Systems
6 Based on Building/Lab Site Improvements Cost for 350 gpm LGAC Adsorber System in 1998 Joint Groundwater Feasibility Study for the Montrose and Del Amo Sites

Unit Cost

Detailed Cost, Unsaturated Zone SVE
Table 9.4

Treatment Equipment Installation
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Final DNAPL Feasibility Study
Unsatuarted Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 9.5

Detailed Cost, Unsaturated Zone SVE
Coupled with Entire Treatment Area Thermal Remedy

(2.5 UBA PVs or 200 kW-hrs/cubic yard) 
Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 20 150$                /Hour 3,000$           
2 Senior Engineer/Geologist 40 125$                /Hour 5,000$           
3 Mid-Level Engineer/Geologist 85 100$                /Hour 8,500$           
4 Junior/Field Engineer/Geologist 170 75$                  /Hour 12,750$         
5 Field Technician 170 75$                  /Hour 12,750$         
6 Clerical/Drafting 20 50$                 /Hour 1,000$          

TOTAL CONSTRUCTION MANAGEMENT COST 43,000$         

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 9.6

Detailed Cost, Unsaturated Zone SVE
Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 65 150$         /Hour 9,750$                
2 Senior Engineer/Geologist 65 125$         /Hour 8,125$                
3 Mid-Level Engineer/Geologist 130 100$         /Hour 13,000$              
4 Junior/Field Engineer/Geologist 260 75$           /Hour 19,500$              
5 Field Technician 0 75$           /Hour -$                        
6 Clerical/Drafting 0 50$          /Hour -$                       

Consultant Labor Cost for Operations 50,375$              

Item Consultant Labor (Reporting, H&S, and Data Mngt) Quantity Cost Cost
Ref.

7 Project Manager 33 150$         /Hour 4,875$                
8 Senior Engineer/Geologist 65 125$         /Hour 8,125$                
9 Mid-Level Engineer/Geologist 130 100$         /Hour 13,000$              

10 Junior/Field Engineer/Geologist 260 75$           /Hour 19,500$              
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 130 50$          /Hour 6,500$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 52,000$              

Annual Operations and Maintenance (Years 1 and 2)

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.6
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Annual Operations and Maintenance (Years 1 and 2)

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Waste Management

Additional Regen System Solvent - Year 1
Transport 2 3,650$      /load 7,300$                
Disposal - Haz 74,922 0.5$          /lb 37,461$              

44,761$             
Additional Regen System Solvent - Year 2
Transport 1 3,650$      /load 3,650$                
Disposal - Haz 37,461 0.5$          /lb 18,731$              

22,381$             

14 Lab Analytical and Monitoring
Summa Can Rental 40 40$           /Each 1,600$                1
Vapor VOCs Analysis (EPA TO-15) 40 200$         /Each 8,000$                1
Tedlar Bags 240 10$          /Each 2,400$               

Total Lab Analytical and Monitoring 12,000$              

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.6
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Annual Operations and Maintenance (Years 1 and 2)

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Miscellaneous - Years 1 and 2
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        2
b Temporary Office 24'x60' Rental 0 1,030$      /Month -$                        2
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        2
d Temporary Storage Trailer 0 149$         /Month -$                        3
e Portable Toilet Delivery 0 22$           /Each -$                        4
f Portable Toilet Rental 0 76$           /Month -$                        4
g Miscellaneous Parts 12 1,000$      /Month 12,000$              
h Fed Ex and Deliveries 12 100$         /Month 1,200$                
i Temporary office comm. (internet, telephone, fax) 0 1,000$      /Month -$                        
j Operator Truck Usage (One Truck per Operator) 0 100$        /Day/Truck -$                       

Total Miscellaneous - Year 1 13,200$              

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.6
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Annual Operations and Maintenance (Years 1 and 2)

Item Subcontractor Cost Quantity Cost Cost
Ref.

Total Subcontractor Cost - Year 1 69,961$              
Total Subcontractor Cost - Year 2 47,581$             

Item Utilities Quantity Cost Cost
Ref.

16 Utilities

Natural Gas (additional Steam for Carbon Regen Unit) 57,282 1.14$        /therm 65,302$              
Municipal Water (additional steam for Carbon Regen Unit) 583,041 0.0029$    /gal 1,691$                
Elec - PD Vacuum Blower 489,925 0.1045$   /kWh 51,197$             5

Total Utilities 118,190$            

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.6
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Annual Operations and Maintenance (Years 1 and 2)

CONSULTANT LABOR COST 102,375$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 1 76,957$              
SUBCONTRACTOR COST w/10% MARKUP - YEAR 2 52,339$              

UTILITIES COST (NO MARKUP) 118,190$            

TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 1 297,522$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 2 272,903$           

Cost Source Reference
1 Verbal Quote from Calscience
2 Mobile Mini, Inc. Quote Dated October 11, 2007
3 Verbal Quote from Mobile Mini, Inc.
4 Verbal Quote from A-1 Coast Port-A-Toilet
5 Shedule A-3 LADWP Rate (Second Quarter 2008)
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 9.7

Detailed Cost, Unsaturated Zone SVE
Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 130 150$           /Hour 19,500$              
2 Senior Engineer/Geologist 130 125$           /Hour 16,250$              
3 Mid-Level Engineer/Geologist 260 100$           /Hour 26,000$              
4 Junior/Field Engineer/Geologist 520 75$             /Hour 39,000$              
5 Field Technician 1,040 75$             /Hour 78,000$              
6 Clerical/Drafting 0 50$            /Hour -$                       

Consultant Labor Cost for Operations 178,750$            

Item Consultant Labor (Reporting, H&S, and Data Mngt) Quantity Cost Cost
Ref.

7 Project Manager 65 150$           /Hour 9,750$                
8 Senior Engineer/Geologist 130 125$           /Hour 16,250$              
9 Mid-Level Engineer/Geologist 260 100$           /Hour 26,000$              

10 Junior/Field Engineer/Geologist 520 75$             /Hour 39,000$              
11 Field Technician 0 75$             /Hour -$                        
12 Clerical/Drafting 260 50$            /Hour 13,000$             

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 104,000$            

Item Subcontractor Cost Quantity Cost Cost
Ref.

5000-lb Vapor Phase Carbon Vessel 2 16,000.00$ /each 32,000$              

Annual Operations and Maintenance (Years 3 and 4)

Unit Cost

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.7
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Annual Operations and Maintenance (Years 3 and 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

VGAC - Year 3 4 1,850.0$     /10,000-lb Change-Out 7,400$                

VGAC - Year 4 2 1,850$        /10,000-lb Change-Out 3,700$                

15 Lab Analytical and Monitoring
Summa Can Rental 52 40$             /Each 2,080$                1
Vapor VOCs Analysis (EPA TO-15) 52 200$           /Each 10,400$              1
Tedlar Bags 240 10$            /Each 2,400$               

Total Lab Analytical and Monitoring 14,880$              

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.7
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Annual Operations and Maintenance (Years 3 and 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

16 Miscellaneous - Years 3 and 4
a Temporary Office 24'x60' Delivery and Setup 0 2,939$        /Each -$                        2
b Temporary Office 24'x60' Rental 1 1,030$        /Month 1,030$                2
c Temporary Office 24'x60' Demobilization 0 1,746$        /Each -$                        2
d Temporary Storage Trailer 1 149$           /Month 149$                   3
e Portable Toilet Delivery 0 22$             /Each -$                        4
f Portable Toilet Rental 1 76$             /Month 76$                     4
g Miscellaneous Parts 12 1,000$        /Month 12,000$              
h Fed Ex and Deliveries 12 100$           /Month 1,200$                
i Temporary office comm. (internet, telephone, fax) 1 1,000$        /Month 1,000$                
j Operator Truck Usage (One Truck per Operator) 260 100$          /Day/Truck 26,000$             

Total Miscellaneous - Year 1 41,454$              

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.7
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Annual Operations and Maintenance (Years 3 and 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

Total Subcontractor Cost - Year 3 56,334$              
Total Subcontractor Cost - Year 4 56,334$             

Item Utilities Quantity Cost Cost
Ref.

19 Utilities

Natural Gas (additional Steam for Carbon Regen Unit) 0 1.14$          /therm -$                        
Municipal Water (additional steam for Carbon Regen Unit) 0 0.0029$      /gal -$                        
Elec - PD Vacuum Blower 489,925 0.1045$     /kWh 51,197$             5

Total Utilities 51,197$              

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Table 9.7
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Annual Operations and Maintenance (Years 3 and 4)

CONSULTANT LABOR COST 282,750$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 3 61,967$              
SUBCONTRACTOR COST w/10% MARKUP - YEAR 4 61,967$              

UTILITIES COST (NO MARKUP) 51,197$              

TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 3 395,915$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 4 395,915$           

Cost Source Reference
1 Verbal Quote from Calscience
2 Mobile Mini, Inc. Quote Dated October 11, 2007
3 Verbal Quote from Mobile Mini, Inc.
4 Verbal Quote from A-1 Coast Port-A-Toilet
5 Shedule A-3 LADWP Rate (Second Quarter 2008)
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Appendix J
Table 9.8

Detailed Cost, Unsaturated Zone SVE
Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 8 150$       /Hour 1,200$            
2 Senior Engineer/Geologist 10 125$       /Hour 1,250$            
3 Mid-Level Engineer/Geologist 10 100$       /Hour 1,000$            
4 Junior/Field Engineer/Geologist 50 75$         /Hour 3,750$            
5 Field Technician 10 75$         /Hour 750$               
6 Clerical/Drafting 10 50$        /Hour 500$              

Total Consultant Labor Cost 8,450$            

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$           1

2 Abandon PVS SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 45 30$         /Foot 1,350$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,225$            
Number of Wells (2 Wells Abandoned per Day) 7

Total for Extraction Well Adandonment 15,575

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

3 Abandon UBA SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,675$            
Number of Wells (2 Wells Abandoned per Day) 0

Total for Injection Well Abandonment 0
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Table 9.8
Detailed Cost, Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

8 Waste Management
a Waste Tank Rental 34 38$         /Day 1,292$            2
b Waste Tank Rental Delivery -  Mob and Demob 1 900$       /Each 900$               2
c Waste Bin Rental 34 15$         /Day 510$               2
d Waste Bin Rental Delivery -  Mob and Demob 2 500$       /Each 1,000$            2
e Transport and Disposal/Recycling of Steel 1 1,100$    /Load 1,100$            
f Transport of Hazardous Soil Cuttings 1 1,100$    /Each 1,100$            2
g Disposal of Hazardous Soil Cuttings 2.16 550$       /Ton 1,190$            2
h Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
i Disposal of Hazardous Water 700 0.8$        /Gal 560$               2
j Waste Characterization/Profiling 2 500$      /Each 1,000$           

Total Waste Management 9,752$            
Total Subcontractor Cost w/10% Markup 30,060$          

TOTAL WELL ABANDONMENT COST 38,510$          

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Appendix J
Table 9.9

Detailed Cost, Unsaturated Zone SVE
Coupled with Entire Treatment Area Thermal Remedy - 2.5 UBA PVs or 200 kW-hrs/cubic yard 

Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 12 150$            /Hour 1,800$            
2 Senior Engineer/Geologist 30 125$            /Hour 3,750$            
3 Mid-Level Engineer/Geologist 70 100$            /Hour 7,000$            
4 Junior/Field Engineer/Geologist 210 75$              /Hour 15,776$          
5 Field Technician 100 75$              /Hour 7,500$            
6 Clerical/Drafting 30 50$             /Hour 1,500$           

Consultant Labor Cost 37,326$          

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 41,000 /LS 41,000$          
8 Demob Office Trailer 0 1,746$         LS -$                    

9 Close-Out Borings
a Drilling and backfilling (6-Inch Sonic to 45 feet bgs at $65/foot) 3 2,925$         /Boring 8,775$            1

Drilling and backfilling (6-Inch Sonic to 60 feet bgs at $65/foot) 0 3,900$         /Boring -$                    
b Disposal of Hazardous Soil Cuttings 1.6 550$            /Ton 874$               2
c Transportation of Hazardous Soil Cuttings 1 1,100$         /Each 1,100$            2
d Waste Bin Rental Delivery - Mob and Demob 1 500$            /Each 500$               2
e Waste Bin Rental 30 15$              /Day 450$               2
f Soil Pesticides (EPA Method 8081A) 6 90$              /Sample 540$               3
g Soil VOCs (EPA Method 8260B) 6 95$              /Sample 570$               3
h Soil pCBSA (Modified EPA Method 314.0) 6 80$              /Sample 480$               3
i Liquid Pesticides (EPA Method 8081A) 0 90$              /Sample -$                    3
j Liquid VOCs (EPA Method 8260B) 0 95$              /Sample -$                    3
k Liquid pCBSA (Modified EPA Method 314.0) 0 80$             /Sample -$                   3

Total for Close-Out Borings 13,289$          

Total Subcontractor Cost w/10% Markup 59,718$          

TOTAL DEMOBILIZATION COST 97,045$          

Cost Source Reference
1 Water Development Corporation Quote Dated 10/09/08
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America

9.9  Demobilization Page 22 of 22



Final DNAPL Feasibility Study
Steam Injection (2.5 UBA PVs)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 10.0

Cost Summary
Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Entire Treatment Area

Cost (NPV)

Year Activity Cost Sheet Cost
(Undiscounted)

DR= 4% DR= 7%

10.1  Pre-Design 132,950$                
10.2  Pilot Test Well Construction 1,573,561$             
10.3  Pilot Test Well Field Equipment Installation 568,002$                
10.4  Pilot Test Instrumentation and Controls Installation 69,079$                  

2 Pilot Test Implementation, Data Evaluation, and Reporting 10.5  Pilot Test Implementation 3,004,945$             2,778,241$        2,624,635$        
3 Full-Scale Design and Permitting 10.6  Full Scale Design HAZOP Prep, and Permitting 1,320,143$             1,173,602$        1,077,630$        

10.7  Full Scale Well Construction 12,961,465$           
10.8  Full Scale Well Field Equipment Installation 3,174,746$             
10.9  Full Scale Instrumentation and Controls Installation 687,626$                
10.10  Full Scale Treatment Equipment Installation 4,646,745$             
10.11  Construction Management 522,600$                
10.12  Hot Floor Pre-Heat 627,157$                

5 Full-Scale O&M 10.13  Annual Operations and Maintenance (Year 1) 16,316,435$           13,410,921$      11,633,393$      
6 Full-Scale O&M 10.13  Annual Operations and Maintenance (Year 2) 16,248,231$           12,841,213$      10,826,883$      

10.14  Well Abandonment 2,814,924$             
10.15  Demobilization and Project Close Out 1,002,948$            

Totals 65,671,557$           54,694,659$       49,427,633$       

Notes
DR = Discount rate
NPV = Net present value

 $        2,253,454 

 $      19,335,960 

 $        2,901,269 

 $        2,190,273 

 $      17,256,948 

 $        3,817,872 

1  Pilot Test Design and Build 

7  Verification and Abandonment 

4  Full-Scale Build and Hot Floor Pre-Heat 
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Appendix J
Table 10.1

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor Quantity Cost
1 Project Manager 40 150$   /Hour 6,000$        
2 Senior Engineer/Geologist 78 125$   /Hour 9,750$        
3 Mid-Level Engineer/Geologist 492 100$   /Hour 49,200$      
4 Junior/Field Engineer/Geologist 792 75$     /Hour 59,400$      
5 Field Technician 80 75$     /Hour 6,000$        
6 Clerical/Drafting 52 50$     /Hour 2,600$       

TOTAL PRE-DESIGN COST 132,950$    

Pre-Design

Unit Cost
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Appendix J
Table 10.2

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Pilot Test Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 100 150$         /Hour 15,000$       
2 Senior Engineer/Geologist 100 125$         /Hour 12,500$       
3 Mid-Level Engineer/Geologist 200 100$         /Hour 20,000$       
4 Junior/Field Engineer/Geologist 1,056 75$           /Hour 79,200$       
5 Field Technician 360 75$           /Hour 27,000$       
6 Clerical/Drafting 100 50$           /Hour 5,000$         

Total Consultant Labor Cost 158,700$     

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$    /Each 12,000$       1
b Forklift and Hopper Rental for Waste Handling 1 250$         /Day 250$            1
c Drill Crew per Diem 1 450$         /Night 450$            1
d Vehicle Usage 1 100$         /Day 100$            
e Equipment Rental and Supplies 1 500$         /Day 500$            
f Other Direct Costs 1 300$         /Day 300$            

Cost per Well 13,600$       
Number of Wells (1 Well Installed per Day) 8

Subtotal - UBA Multi-Phase Extraction Wells 108,800$     

8 Lab Analytical (Six UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 36 90$           /Sample 3,240$         2
b Soil Analysis - VOCs (EPA Method 8260B) 36 95$           /Sample 3,420$         2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 36 80$           /Sample 2,880$         2
d Water Analysis - Pesticides (EPA Method 8081A) 6 90$           /Sample 540$            2
e Water Analysis - VOCs (EPA Method 8260B) 6 95$           /Sample 570$            2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 6 80$           /Sample 480$            2

Total Lab Analytical (UBA Extraction Wells) 11,130$       

9 Triple-Nested UBA Steam Injecton Wells (12" HSA Drilling to 105' bgs)
a Install and Well Constructed of Three 2" LCS Casings each w/ 5' of 

SS Screen, Type II Cement Grout, and Sand Pack.  Total casing depths are 75, 90, and 
105' bgs 1 7,000$      /Each 7,000$         1

b Forklift and Hopper Rental for Waste Handling 1 250$         /Day 250$            1
c Drill Crew per Diem 1 450$         /Night 450$            1
d Vehicle Usage 1 100$         /Day 100$            
e Equipment Rental and Supplies 1 500$         /Day 500$            
f Other Direct Costs 1 300$         /Day 300$            

Cost per Well 8,600$         
Number of Wells (1 Well Installed per Day) 3

Subtotal - Triple-Nested UBA Steam Injecton Wells 25,800$       

10 Shallow UBA Steam Injection Wells (8" HSA Drilling to 60' bgs)
a Install and Well Constructed of 2" LCS Casing w/ 5' of 

SS Screen, Type II Cement Grout, and Sand Pack 1 2,000$      /Each 2,000$         1
b Forklift and Hopper Rental for Waste Handling 0.5 250$         /Day 125$            1
c Drill Crew per Diem 0.5 450$         /Night 225$            1
d Vehicle Usage 0.5 100$         /Day 50$              
e Equipment Rental and Supplies 0.5 500$         /Day 250$            
f Other Direct Costs 0.5 300$         /Day 150$            

Cost per Well 2,800$         
Number of Wells (2 Wells Installed per Day) 0

Subtotal - Shallow UBA Steam Injection Wells -$                 

11 Develop UBA Multi-Phase Extraction Wells and UBA Steam Injection Wells
a Development Rig 1 2,000$      /Day 2,000$         1
b Development Crew per Diem 1 200$         /Night 200$            1

Cost per Well 2,200$         
Number of Wells (1 Well Developed per Day) 11

Subtotal - Develop UBA Wells 24,200$       

12 Mobilization/Demobilization of  Mud Rotary Drill Rig 1 12,000$    LS 12,000$       3
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Appendix J
Table 10.2

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

13 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 1 2,000$      /Each 2,000$         3
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 220$         /Foot 24,200$       3
c Mud Change-Out and Pit Decon 1 2,000$      /Each 2,000$         3
d 12" Boring Under Conductor 8.5 80$           /Foot 680$            3
e Install 6" Low Carbon Steel Sched. 40 Casing 110.5 88$           /Foot 9,724$         3
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 8 175$         /Foot 1,400$         3
g Type II Cement Grout and Sand Pack 118.5 30$           /Foot 3,555$         3
h Forklift and Hopper Rental for Waste Handling 7 400$         /Day 2,800$         3
i Standby for Cement Curing 6 550$         /Hour 3,300$         3
j Well Development 10 165$         /Hour 1,650$         3
k Vehicle Usage 7 100$         /Day 700$            
l Equipment Rental and Supplies 7 500$         /Day 3,500$         

m Other Direct Costs 7 300$         /Day 2,100$         
Cost per Well 57,609$       

Number of Wells (4 Days per Well for Installation and Development) 3
Subtotal - Hot Floor Multi-Phase Extraction Wells 172,827$     

14 Hot Floor Steam Injection Wells
a Move Between Well Locations 1 2,000$      /Each 2,000$         3
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$         /Foot 19,800$       3
c Mud Change-Out 1 1,500$      /Each 1,500$         3
d 9" Boring Under Conductor 5.5 75$           /Foot 413$            3
e Install 2" Low Carbon Steel Sched. 40 Casing 110.5 45$           /Foot 4,973$         3
f Install 2" Type 304 Stainless Steel Screen 5 90$           /Foot 450$            3
g Type II Cement Grout and Sand Pack 115.5 20$           /Foot 2,310$         3
h Forklift and Hopper Rental for Waste Handling 5 400$         /Day 2,000$         3
i Standby for Cement Curing 5 550$         /Hour 2,750$         3
j Well Development 6 165$         /Hour 990$            3
k Vehicle Usage 5 100$         /Day 500$            
l Equipment Rental and Supplies 5 500$         /Day 2,500$         

m Other Direct Costs 5 300$         /Day 1,500$         
Cost per Well 41,685$       

Number of Wells (4 Days per Well for Installation and Development) 8
Subtotal - Hot Floor Steam Injecton Wells 333,480$     

15 Temperature Monitoring Points
a Move Between Well Locations 1 2,000$      /Each 2,000$         3
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$         /Foot 19,800$       3
c Mud Change-Out 1 1,500$      /Each 1,500$         3
d 8" Boring Under Conductor 5 75$           /Foot 375$            3
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 115 40$           /Foot 4,600$         3
f Type II Cement Grout 115 20$           /Foot 2,300$         3
g Forklift and Hopper Rental for Waste Handling 5 400$         /Day 2,000$         3
h Standby for Cement Curing 5 550$         /Hour 2,750$         3
i Vehicle Usage 5 100$         /Day 500$            3
j Equipment Rental and Supplies 5 500$         /Day 2,500$         
k Other Direct Costs 5 300$         /Day 1,500$         

Subtotal 39,825$       
Number of Wells (3 Days per Point - no Development Needed) 6

Subtotal - Temperature Monitoring Points 238,950$     
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Appendix J
Table 10.2

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

16 Waste Management
a Waste Tank Rental 500 38$           /Day 19,000$       4
b Waste Tank Rental Delivery -  Mob and Demob 3 900$         /Each 2,700$         4
c Waste Bin Rental 510 15$           /Day 7,650$         4
d Waste Bin Rental Delivery -  Mob and Demob 17 500$         /Each 8,500$         4
e Transport of Hazardous Soil Cuttings 17 1,100$      /Each 18,700$       4
f Disposal of Hazardous Soil Cuttings 336 550$         /Ton 184,800$     4
g Transport of Hazardous Mud 20 500$         /Each 10,000$       4
h Disposal of Hazardous Mud 77000 1.1$          /Gal 84,700$       4
i Transport of Hazardous Water 5 1,100$      /Each 5,500$         4
j Disposal of Hazardous Water 20000 0.8$          /Gal 16,000$       4
k Waste Characterization/Profiling 3 500$         /Each 1,500$         

Subtotal - Waste Management 359,050$     
Total Subcontractor Cost w/10% Markup 1,414,861$  

TOTAL PILOT TEST WELL CONSTRUCTION COST 1,573,561$  

Cost Source Reference
1 Cascade Drilling, Inc. Quote Dated 7/15/08
2 Verbal Quote from Test America
3 Water Development Corporation Quote Dated 4/25/08
4 Verbal Quote from NRC Environmental
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Table 10.3

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1  Electrical Service Upgrade 1 50,000$        LS 50,000$      

2  Natural Gas Pipeline 1 200,000$      LS 200,000$    

3  Groundwater Extraction Assemblies
 a Well Head Assemblies 11 1,000$          Each 11,000$      
 b Extraction Pump (High Temperature Hammerhead Pro) 11 3,070$          Each 33,770$      1
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 1100 11$               LF 12,100$      1
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 1100 16$               LF 17,600$      1
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 1100 22$              LF 24,200$     1

Total Groundwater Extraction Assemblies 98,670$      

4  Steam Injection Well Head Assemblies 11 7,000$          Each 77,000$      

5 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 200 75$               Hour 15,000$      

6  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 32 67.65$          LF 2,165$        2
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 218 43.45$          LF 9,472$        2

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 33.5 34.10$         LF 1,142$       2
Total Steam Injection Piping 12,779$      

7  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 32 94.71$          LF 3,031$        3
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 218 67.65$          LF 14,748$      2
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 137.5 43.45$         LF 5,974$       2

Total Vapor Extraction Piping 23,753$      

8  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 32 43.45$          LF 1,390$        2
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 218 34.10$          LF 7,434$        2
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 137.5 31.45$          LF 4,324$        2
 d Total Piping Length 387.5 LF
 e Piping Heat Trace, VLBTV Wire 387.5 15.75$          LF 6,103$        4
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 5,775.51$    LS 5,776$       

Total Groundwater Extraction Piping 25,027$      

9  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 387.5 20.00$          LF 7,750$        2

10  Pipe Supports 38.75 200$             LF 7,750$        

CONSULTANT LABOR COST 15,000$      
DIRECT COSTS w/10% MARKUP 553,002$   
TOTAL PILOT TEST WELL FIELD EQUIPMENT INSTALLATION COST 568,002$    

Cost Source Reference
1 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
2 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
3 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
4 2006 Raychem quote obtained by CH2MHILL

Unit CostItem

Pilot Test Well Field Equipment Installation
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Table 10.4

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells and Piping
a Pressure Gage (0-300 PSI) 17 48.00$             /Each 816$        1
b Temperature Indicator 17 127.00$           /Each 2,159$     1
c Orifice Plate and Transmitter 2 10,000.00$     /Each 20,000$  

Total Steam Injection Wells and Piping I&Cs 22,975$   

2 Groundwater Exraction Pressure Gage (0-300 PSI) 11 48.00$             /Each 528$       1

3 Vapor Extraction Vacuum Gage (30 in Hg) 11 50.40$             /Each 554$       1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,305 0.75$               /Foot 979$        2
b Analog Decoder 1 500$                /Each 500$        

Cost per Temp Monitoring Point 1,479$     
Number of Temperature Monitoring Points 6

Total Thermocouple String 8,873

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 100 75$                  /Hour 7,500$     

6 Electrical Allowance (30% of Instrumentation and Controls cost) 1 9,879$             /LS 9,879$    

7 Control System Allowance (40% of Instrumentation and Controls cost) 1 13,172$           /LS 13,172$  

CONSULTANT LABOR COST 7,500$    
DIRECT COSTS w/10% MARKUP 61,579$  

69,079$   

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL PILOT TEST INSTRUMENTATION AND CONTROLS INSTALLATION COST

Pilot Test Instrumentation and Controls Installation
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Table 10.5

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor (Conduct Pilot Test) Quantity Cost Cost
Ref.

1 Project Manager 260 150$         /Hour 39,000$         
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$         
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer - 40 Hours per Week for Six Months) 1,040 100$         /Hour 104,000$       
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer - 40 Hours per Week for Six Months) 1,040 75$           /Hour 78,000$         
5 Field Technician (Two Full Time Operators - 40 Hours per Week Each for Six Months) 2,080 75$           /Hour 156,000$       
6 Clerical/Drafting 260 50$           /Hour 13,000$         

Consultant Labor Cost to Conduct Pilot Test 455,000$       

Item Consultant Labor (Data Evaluation and Reporting) Quantity Cost Cost
Ref.

7 Project Manager 300 150$         /Hour 45,000$         
8 Senior Engineer/Geologist 300 125$         /Hour 37,500$         
9 Mid-Level Engineer/Geologist 200 100$         /Hour 20,000$         
10 Junior/Field Engineer/Geologist 200 75$           /Hour 15,000$         
11 Field Technician (Two Full Time Operators - 40 Hours per Week Each) 0 75$           /Hour -$                   
12 Clerical/Drafting 300 50$           /Hour 15,000$         

Consult Labor Cost for Data Evaluation And Reporting 132,500$       

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Purchases (To Be Used During Full-Scale Treatment as Well)
a 8-million BTUs/hr Steam Generator 1 5,000$      /Each 5,000$           
b Inline Stack PID (will serve as spare during full-scale treatment) 1 3,775$      /Each 3,775$           1
c Vapor - Phase Heat Exchanger 1 14,306$    /Each 14,306$         2
d Clarifier 1 12,000$    /Each 12,000$         3
e 500-Gallon Collection Tank 3 2,078$      /Each 6,234$           4
f Liquid - Phase Heat Exchanger 1 22,112$    /Each 22,112$         5
g Cooling Tower 1 37,713$    /Each 37,713$         6
h DNAPL/Water Separator 1 124,365$  /Each 124,365$       7
i 50 GPM Transfer Pump 12 638.50$    /Each 7,662$           8

Total Equipment Purchases 233,167$       

14 Equipment Rentals
a Rental - 500 SCFM Blower Skid (incl. Knock-Out Tank) 6 3,500$      /Month 21,000$         9
b Rental - Four 5,000-lb Vapor-Phase GAC Vessels 6 1,800$      /Month 10,800$         9
c Mobilization and Initial Fill of Two 2,000-lb Liquid-Phase GAC Vessels

(4000 lbs Virgin Coconut Shell) 1 4,660$      /Each 4,660$           10
d Rental - Two 2,000-lb Liquid-Phase GAC Vessels 6 600$         /Month 3,600$           10
e Air Compressor Rental 6 1,000$      /Month 6,000$           
f HiPOx Sytem Rental 6 7,000$      /Month 42,000$         

Total Equipment Rentals 88,060$         

15 Consumables (Excludes Utilities)
a Sequestering Agent for Steam Generator Feed Water 6 100$         /Month 600$              
b Virgin Coconut Shell Vapor-Phase Carbon

(40,000-lbs per Month for Six Months; Spent Carbon T&D Not Included) 240,000 1.07$        /lb 256,800$       9
c Vapor-Phase Carbon Change-Out Service (Spent Carbon T&D Not Included) 24 1,850.00$ /Change-Out 44,400$         9
d Hydrogen Peroxide for HiPOx 45,829 3$             /Gal 137,486$       
e Oxygen for HiPOx 320,403 0.35$        /100 SCF 112,141$       

Total Consumables 551,427$       

16 Waste Management
a Liquid-Phase GAC Change-Outs

(Assumes Two 2000-lb Change-Outs per Month for 6 Months; T&D Included) 24,000 1.61$        /lb 38,640$         10
b Vapor-Phase GAC Disposal (Listed Waste for Incineration) 240,000 0.71$        /lb 170,000$       11
c Vapor-Phase GAC Transportation 14 4,286$      /Load 60,000$         11
d Filtration Generated Waste Disposal (Listed Waste for Incineration) 3,930 0.25$        /lb 983$              12
e Filtration Generated Waste Transportation 1 2,800$      /Load 2,800$           12
f Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (Non-Haz) 189,295 0.14$        /Gal 26,501$         13
g Boiler Water Pre-Treatment Brine and Blowdown Transportation 19 950$         /10,000 Gals 17,983$         13

Total Waste Management 316,906$       

17 Lab Analytical and Monitoring
a Summa Can Rental 114 40$           /Each 4,560$           14
b Vapor Phase VOC Analysis (EPA Method TO-15) 114 200$         /Each 22,800$         14
c Liquid Phase VOC Analysis (EPA Method 8260B) 114 95$           /Each 10,830$         15
d Liquid Phase pCBSA Analysis (Modifed EPA Method 314.0) 114 80$           /Each 9,120$           15
e Tedlar Bags 312 10$           /Each 3,120$           
f TVA-1000B PID/FID Rental 6 1,200$      /Month 7,200$           16

Total Lab Analytical and Monitoring 57,630$         

Pilot Test Implementation

Unit Cost

Unit Cost

Unit Cost

10.5  Pilot Test Implementation Page 8 of 25



Final DNAPL Feasibility Study
Steam Injection (2.5 UBA PVs)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 10.5

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Pilot Test Implementation

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$           17
b Temporary Office 24'x60' Rental 6 1,030$      /Month 6,178$           17
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$           17
d Temporary Storage Trailer 6 149$         /Month 892$              18
e Portable Toilet Delivery 1 22$           /Each 22$                19
f Portable Toilet Rental 6 76$           /Month 454$              19
g Standby Generator (800 kW) 6 3,000$      /Month 18,000$         20
h Maintenance Parts 6 1,000$      /Month 6,000$           
i Fed Ex and Deliveries 130 150$         /Day 19,500$         
j Temporary office comm. (internet, telephone, fax) 6 1,000$      /Month 6,000$           
k Steam License 0 0.50$        /CY Treated -$                   20
l Operator Truck Usage (One Truck per Operator) 260 100$         /Day/Truck 26,000$         

Total Miscellaneous 87,731$         

Steam License for UBA and Hot Floor 0 0.50$        /CY Treated -$                   
Total Subcontractor Cost 1,334,921$    

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage 2,029,630 0.1045$    /kWh 212,096$       21
20 Natural Gas for Steam Generation 636,552 1.14$        /Therm 725,669$       22

Municipal Water for Cooling Tower Makeup 236,520 0.0029$    /Gal 686$              
21 Municipal Water for Steam Generation 3,648,350 0.0029$    /Gal 10,580$         

Total Utilities 949,032$       

PILOT TEST CONSULTANT LABOR COST 587,500$       
PILOT TEST SUBCONTRACTOR COST w/10% MARKUP 1,468,413$    
UTILITIES COST (NO MARKUP) 949,032$       

TOTAL PILOT TEST IMPLEMENTATION COST 3,004,945$    

Cost Source Reference
1 Verbal Quote from RAE Systems
2 Heat Exchanger Sales and Engineering Company, LLC Quoted Dated July 17, 2008
3 Verbal Quote from Geotech Environmental Equipment, Inc.
4 Harrington Plastics Catalog Price
5 SEC Heat Exchanger Quote Dated July 1, 2008
6 Cooling Tower Systems, Inc. Quote Dated July 2, 2008
7 Pan America Environmental Quote Dated July 18, 2008
8 Grainger Catalog Price
9 BakerCorp Quote Dated July 1, 2008

10 BakerCorp Quote Dated April 30, 2008
11 NRC Environmental Services, Inc. Quote Dated June 30, 2008
12 Clean Harbors Quote Dated October 10, 2007
13 NRC Environmental Services, Inc. Quote Dated July 18, 2008
14 Verbal Quote from Calscience Environmental Laboratories, Inc.
15 Verbal Quote from Test America, Inc.
16 Verbal Quote from Ashtead Technology Rentals
17 Mobile Mini, Inc. Quote Dated October 11, 2007
18 Verbal Quote from Mobile Mini, Inc.
19 Verbal Quote from A-1 Coast Port-A-Toilet
20 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired.
21 Shedule A-3 LADWP Rate (Second Quarter 2008)
22 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost

Unit Cost
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Appendix J
Table 10.6

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 800 150$        /Hour 120,000$        
2 Senior Engineer/Geologist 1,200 125$        /Hour 150,000$        
3 Mid-Level Engineer/Geologist 4,692 100$        /Hour 469,200$        
4 Junior/Field Engineer/Geologist 3,360 75$          /Hour 252,000$        
5 Field Technician 0 75$          /Hour -$                   
6 Clerical/Drafting 1,120 50$         /Hour 56,000$        

Consultant Labor 1,047,200$     

Item Subcontractor Cost Quantity Cost Cost 
Ref.

1 Outside Thermal Expert 1 150,000$ /LS 150,000$       

2 UBA Post-Pilot Test DNAPL Recon Borings
a Drilling 6 12,000$   /Boring 72,000$         1
b Waste Disposal 6 2,500$     /Boring 15,000$         2
c Soil Analysis - Pesticides (EPA Method 8081A) 36 90$          /Sample 3,240$           3
d Soil Analysis - VOCs (EPA Method 8260B) 36 95$          /Sample 3,420$           3
e Soil Analysis - pCBSA (Modified EPA Method 314.0) 36 80$          /Sample 2,880$           3
f Water Analysis - Pesticides (EPA Method 8081A) 6 90$          /Sample 540$              3
g Water Analysis - VOCs (EPA Method 8260B) 6 95$          /Sample 570$              3
h Water Analysis - pCBSA (Modified EPA Method 314.0) 6 80$         /Sample 480$             3

Total UBA Post-Pilot Test DNAPL Recon Borings 98,130$         

272,943$        

TOTAL FULL-SCALE DESIGN, HAZOP PREP, AND PERMITTING COST 1,320,143$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Clean Harbors
3 Verbal Quote from Test America

Full-Scale Design, HAZOP Prep, and Permitting

Unit Cost

Unit Cost

Subcontractor Cost w/10% Markup
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Table 10.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Full Scale Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 462 150$        /Hour 69,300$        
2 Senior Engineer/Geologist 462 125$        /Hour 57,750$        
3 Mid-Level Engineer/Geologist 1,848 100$        /Hour 184,800$      
4 Junior/Field Engineer/Geologist 9,012 75$          /Hour 675,900$      
5 Field Technician 1,040 75$          /Hour 78,000$        
6 Clerical/Drafting 462 50$          /Hour 23,100$        

Total Consultant Labor Cost 1,088,850$   

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Abandon Existing Site Wells Prior to Thermal Treatment
a Drill out well materials 90 65$          /Foot 5,850$          1
b Grout resulting boring 90 30$          /Foot 2,700$          1
c Forklift and mini-hopper 1 500$        /Day 500$             1
d Excavate and remove well box 1 2,000$     /LS 2,000$          1

Abandonment Crew per Diem 1 200$        /night 200$             
Vehicle Usage 1 100$        /day 100$             
Equipment Rental and Supplies 1 150$        /day 150$             
Other Direct Costs 1 150$        /day 150$             

Cost per Well 11,650$        
Number of Wells 25

Total for Existing Site Well Abandonment 291,250$      

8 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$   /Each 12,000$        2
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             2
c Drill Crew per Diem 1 450$        /Night 450$             2
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Other Direct Costs 1 300$        /Day 300$             

Cost per Well 13,600$        
Number of Wells (1 Well Installed per Day) 45

Subtotal - UBA Multi-Phase Extraction Wells 612,000$      

9 Lab Analytical (Sixteen UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 96 90$          /Sample 8,640$          3
b Soil Analysis - VOCs (EPA Method 8260B) 96 95$          /Sample 9,120$          3
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 96 80$          /Sample 7,680$          3
d Water Analysis - Pesticides (EPA Method 8081A) 16 90$          /Sample 1,440$          3
e Water Analysis - VOCs (EPA Method 8260B) 16 95$          /Sample 1,520$          3
f Water Analysis - pCBSA (Modified EPA Method 314.0) 16 80$          /Sample 1,280$          3

Total Lab Analytical (UBA Extraction Wells) 29,680$        

10 Triple-Nested UBA Steam Injecton Wells (12" HSA Drilling to 105' bgs)
a Install and Well Constructed of Three 2" LCS Casings each w/ 5' of 

SS Screen, Type II Cement Grout, and Sand Pack.  Total casing depths are 75, 90, and 
105' bgs 1 7,000$     /Each 7,000$          2

b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             2
c Drill Crew per Diem 1 450$        /Night 450$             2
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Other Direct Costs 1 300$        /Day 300$             

Cost per Well 8,600$          
Number of Wells (1 Well Installed per Day) 58

Subtotal - Triple-Nested UBA Steam Injecton Wells 498,800$      

11 Shallow UBA Steam Injection Wells (8" HSA Drilling to 60' bgs)
a Install and Well Constructed of 2" LCS Casing w/ 5' of 

SS Screen, Type II Cement Grout, and Sand Pack 1 2,000$     /Each 2,000$          2
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             2
c Drill Crew per Diem 0.5 450$        /Night 225$             2
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
f Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 2,800$          
Number of Wells (2 Wells Installed per Day)

Subtotal - Shallow UBA Steam Injection Wells -$                  
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Table 10.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Develop UBA Multi-Phase Extraction Wells and UBA Steam Injection Wells
a Development Rig 1 2,000$     /Day 2,000$          2
b Development Crew per Diem 1 200$        /Night 200$             2

Cost per Well 2,200$          
Number of Wells (1 Well Developed per Day) 103

Subtotal - Develop UBA Wells 226,600$      

13 Mobilization/Demobilization of  Mud Rotary Drill Rig 2 12,000$   /Each 24,000$        4

14 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 1 2,000$     /Each 2,000$          4
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 220$        /Foot 24,200$        4
c Mud Change-Out and Pit Decon 1 2,000$     /Each 2,000$          4
d 12" Boring Under Conductor 8.5 80$          /Foot 680$             4
e Install 6" Low Carbon Steel Sched. 40 Casing 110.5 88$          /Foot 9,724$          4
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 8 175$        /Foot 1,400$          4
g Type II Cement Grout and Sand Pack 118.5 30$          /Foot 3,555$          4
h Forklift and Hopper Rental for Waste Handling 4 400$        /Day 1,600$          4
i Standby for Cement Curing 6 550$        /Hour 3,300$          4
j Well Development 10 165$        /Hour 1,650$          4
k Vehicle Usage 4 100$        /Day 400$             
l Equipment Rental and Supplies 4 500$        /Day 2,000$          

m Other Direct Costs 4 300$        /Day 1,200$          
Cost per Well 53,709$        

Number of Wells (4 Days per Well for Installation and Development) 19
Subtotal - Hot Floor Multi-Phase Extraction Wells 1,020,471$   

15 Hot Floor Steam Injecton Wells
a Move Between Well Locations 1 2,000$     /Each 2,000$          4
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$        /Foot 19,800$        4
c Mud Change-Out 1 1,500$     /Each 1,500$          4
d 9" Boring Under Conductor 5.5 75$          /Foot 413$             4
e Install 2" Low Carbon Steel Sched. 40 Casing 110.5 45$          /Foot 4,973$          4
f Install 2" Type 304 Stainless Steel Screen 5 90$          /Foot 450$             4
g Type II Cement Grout and Sand Pack 115.5 20$          /Foot 2,310$          4
h Forklift and Hopper Rental for Waste Handling 4 400$        /Day 1,600$          4
i Standby for Cement Curing 5 550$        /Hour 2,750$          4
j Well Development 6 165$        /Hour 990$             4
k Vehicle Usage 4 100$        /Day 400$             
l Equipment Rental and Supplies 4 500$        /Day 2,000$          

m Other Direct Costs 4 300$        /Day 1,200$          
Cost per Well 40,385$        

Number of Wells (4 Days per Well for Installation and Development) 47
Subtotal - Hot Floor Steam Injecton Wells 1,898,095$   

16 Temperature Monitoring Points
a Move Between Well Locations 1 2,000$     /Each 2,000$          4
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$        /Foot 19,800$        4
c Mud Change-Out 1 1,500$     /Each 1,500$          4
d 8" Boring Under Conductor 5 75$          /Foot 375$             4
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 115 40$          /Foot 4,600$          4
f Type II Cement Grout 115 20$          /Foot 2,300$          4
g Forklift and Hopper Rental for Waste Handling 5 400$        /Day 2,000$          4
h Standby for Cement Curing 5 550$        /Hour 2,750$          4
i Vehicle Usage 5 100$        /Day 500$             4
j Equipment Rental and Supplies 5 500$        /Day 2,500$          
k Other Direct Costs 5 300$        /Day 1,500$          

Subtotal 39,825$        
Number of Wells (3 Days per Point - no Development Needed) 64

Subtotal - Temperature Monitoring Points 2,548,800$   

17 BFS Monitoring Well Installation (4 Days per Well for Installation and Development) 4 54,000$   /Well 216,000$      1
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Appendix J
Table 10.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

18 Waste Management
a Waste Tank Rental 6205 38$          /Day 235,790$      5
b Waste Tank Rental Delivery -  Mob and Demob 17 900$        /Each 15,300$        5
c Waste Bin Rental 4530 15$          /Day 67,950$        5
d Waste Bin Rental Delivery -  Mob and Demob 157 500$        /Each 78,500$        5
e Transport of Hazardous Soil Cuttings 157 1,100$     /Each 172,700$      5
f Disposal of Hazardous Soil Cuttings 3127 550$        /Ton 1,719,850$   5
g Transport of Hazardous Mud 215 500$        /Each 107,500$      5
h Disposal of Hazardous Mud 810000 1.1$         /Gal 891,000$      5
i Transport of Hazardous Water 29 1,100$     /Each 31,900$        5
j Disposal of Hazardous Water 132000 0.8$         /Gal 105,600$      5
k Waste Characterization/Profiling 3 500$        /Each 1,500$          

Subtotal - Waste Management 3,427,590$   
Total Subcontractor Cost w/10% Markup 11,872,615$ 

TOTAL FULL SCALE WELL CONSTRUCTION COST 12,961,465$ 

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Cascade Drilling, Inc. Quote Dated 7/15/08
3 Verbal Quote from Test America
4 Water Development Corporation Quote Dated 4/25/08
5 Verbal Quote from NRC Environmental
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Table 10.8

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1  Groundwater Extraction Assemblies
 a Well Head Assemblies 64 1,000$          Each 64,000$          
 b Extraction Pump (High Temperature Hammerhead Pro) 64 3,070$          Each 196,480$        1
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 6200 11$               LF 68,200$          1
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 6200 16$               LF 99,200$          1
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 6200 22$              LF 136,400$       1

Total Groundwater Extraction Assemblies 564,280$        

2  Steam Injection Well Head Assemblies 105 7,000$          Each 735,000$        

3 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 1,800 75$               Hour 135,000$        

4  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 608 67.65$          LF 41,131$          2
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 4142 43.45$          LF 179,970$        2
  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket 636.5 34.10$         LF 21,705$         2

Total Steam Injection Piping 242,806$        

5  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 608 94.71$          LF 57,584$          3
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 4142 67.65$          LF 280,206$        2
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket 2612.5 43.45$         LF 113,513$       2

Total Vapor Extraction Piping 451,303$        

6  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 608 43.45$          LF 26,418$          2
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 4142 34.10$          LF 141,242$        2
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 2612.5 31.45$          LF 82,163$          2
 d Total Piping Length 7362.5 LF
 e Piping Heat Trace, VLBTV Wire 7362.5 15.75$          LF 115,959$        4
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 109,734.69$ LS 109,735$       

Total Groundwater Extraction Piping 475,517$        

7  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 7362.5 20.00$          LF 147,250$        2

8  Pipe Supports 736.25 200$             LF 147,250$        

CONSULTANT LABOR COST 135,000$        
DIRECT COSTS w/10% MARKUP 3,039,746$     
TOTAL FULL SCALE WELL FIELD EQUIPMENT INSTALLTION COST 3,174,746$     

Cost Source Reference
1 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
2 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
3 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
4 2006 Raychem quote obtained by CH2MHILL

Unit CostItem

Full Scale Well Field Equipment Installation
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Appendix J
Table 10.9

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells and Piping
a Pressure Gage (0-300 PSI) 221 48$             /Each 10,608$    1
b Temperature Indicator 221 127$           /Each 28,067$    1
c Orifice Plate and Transmitter 19 10,000$     /Each 190,000$ 

Total Steam Injection Wells and Piping I&Cs 228,675$  

2 Groundwater Exraction Pressure Gage (0-300 PSI) 64 48$             /Each 3,072$     1

3 Vapor Extraction Vacuum Gage (30 in Hg) 64 50$             /Each 3,226$     1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,305 0.75$          /Foot 979$         2
b Analog Decoder 1 500$           /Each 500$         

Cost per Temp Monitoring Point 1,479$      
Number of Temperature Monitoring Points 64

Total Thermocouple String 94,640

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 950

75$             /Hour 71,250$    

6 Electrical Allowance (20% of Instrumentation and Controls cost) 1 98,884$      /LS 98,884$   

7 Control System Allowance (30% of Instrumentation and Controls cost) 1 131,845$    /LS 131,845$ 

CONSULTANT LABOR COST 71,250$   
DIRECT COSTS w/10% MARKUP 616,376$ 

687,626$  

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL INSTRUMENTATION AND CONTROLS INSTALLATION COST w/10% SUBCONTRACTOR MARKUP

Full Scale Instrumentation and Controls Installation
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Table 10.10

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Subcontractor Cost Quantity Cost Cost
Ref.

1 Vapor Treatment
a Steam-Regenerable Carbon System

(incl. two 10,000-lb GAC vessels, condenser, separator, and inline stack PID) 1 796,000$     /LS 796,000$       1
b Interconnecting Piping (20% of Steam-Regen Carbon System cost) 1 159,200$     /LS 159,200$       
c 5000-lb Polishing Vapor-Phase GAC Vessel 2 16,000$       /Each 32,000$         2
d Orifice Plate and Transmitter 1 10,000$       /Each 10,000$         
e 1000 SCFM Liquid Ring Vacuum Blower (standard cast iron construction) 3 80,000$       /Each 240,000$       3
f Moisture Separator 1 4,000$         /Each 4,000$            4

Transfer Pump (50 gpm) 3 536$           /Each 1,607$           5
Total for Vapor Treatment 1,242,807$    

2 Groundwater Exraction and Treatment
a DNAPL/Water Separator 1 124,365$     /Each 124,365$       6
b Groundwater Holding Tank 1 50,000$       /Each 50,000$         
c Liquid-Phase GAC Vessel (6,000 lb) 2 25,000$       /Each 50,000$         
d Air Compressor 2 20,000$       /Each 40,000$         7
e Transfer Pump (50 gpm) 4 536$            /Each 2,142$            5
f HiPOx System 1 2,050,000$ /Each 2,050,000$   8

Total for Groundwater Exraction and Treatment Equipment 2,316,507$    

3 Equipment Pads and Containment 1 150,000$     /LS 150,000$      7
4 80' X 110' Treatment Plant Building 1 150,000$     /LS 150,000$      
5 Subcontractor Installation Cost 1 365,000$     /LS 365,000$      9

TOTAL FULL-SCALE TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 4,646,745$    

Cost Source Reference
1 MEGTEC Systems, Inc. Quote Dated April 20, 2008 and Email from MEGTEC Dated May 16, 2008
2 BakerCorp Quote Dated July 1, 2008
3 Yardley Pump and Vacuum Quote Dated July 18, 2008
4 Verbal Qoute from Enviro Supply and Services
5 Grainger Catalog Price
6 Pan America Environmental Quote Dated July 18, 2008
7 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 34
8 Based on Applied Process Technology, Inc. Quote Dated June 6, 2005
9 Verbal Quote from J.C. Palomar Construction, Inc.

Unit Cost

Full-Scale Treatment Equipment Installation
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Appendix J
Table 10.11

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor Quantity Cost
1 Project Manager 260 150$ /Hour 39,000$   
2 Senior Engineer/Geologist 520 125$ /Hour 65,000$   
3 Mid-Level Engineer/Geologist 1,401 100$ /Hour 140,100$ 
4 Junior/Field Engineer/Geologist 1,790 75$   /Hour 134,250$ 
5 Field Technician 1,790 75$   /Hour 134,250$ 
6 Clerical/Drafting 200 50$   /Hour 10,000$  

TOTAL CONSTRUCTION MANAGEMENT COST 522,600$ 

Unit Cost

Construction Management
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Appendix J
Table 10.12

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 40 150$         /Hour 6,000$               
2 Senior Engineer/Geologist 40 125$         /Hour 5,000$               
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 160 100$         /Hour 16,000$             
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 160 75$           /Hour 12,000$             
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 480 75$           /Hour 36,000$             
6 Clerical/Drafting 40 50$           /Hour 2,000$               

Consultant Labor Cost for Operations 77,000$             

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 8 150$         /Hour 1,200$               
8 Senior Engineer/Geologist 8 125$         /Hour 1,000$               
9 Mid-Level Engineer/Geologist 62 100$         /Hour 6,240$               

10 Junior/Field Engineer/Geologist 160 75$           /Hour 12,000$             
11 Field Technician 0 75$           /Hour -$                       
12 Clerical/Drafting 10 50$           /Hour 500$                  

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 20,940$             

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
Steam Generator (three total, 28.8-million BTUs/hr each, Low NOx)

a Monthly Rental - Steam Generator #1 (incl. feed water treatment package) 0 70,000$    /Month -$                       1
b Monthly Rental - Steam Generator #2 (incl. feed water treatment package) 0 70,000$    /Month -$                       1
c Monthly Rental - Steam Generator #3 (incl. feed water treatment package) 1 70,000$    /Month 70,000$             1

Total Equipment Rentals 70,000$             

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 4 333$         /Week 1,333$               
b Virgin Coconut Shell Vapor-Phase Carbon 10,000 1.07$        /lb 10,700$             2
c Vapor-Phase Carbon Change-Out Service 1 1,850.00$ /Change-Out 1,850$               2
d Hydrogen Peroxide for HiPOx 7,638 3.00$        /Gal 22,914$             
e Oxygen for HiPOx 53,400 0.35$        /100 SCF 18,690$             
f Liquid-Phase Carbon Change-Outs (Includes T&D) 6,600 1.61$        /lb 10,639$             3

Total Consumables 66,127$             

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 10,000 0.71$        /lb 7,100$               4
b Vapor-Phase GAC Transportation 1 4,286$      /Load 4,286$               4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 10,833 0.50$        /lb 5,417$               5
d Carbon Regen System Solvent Waste Transportation 1 3,650$      /Load 3,650$               5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 1,801 0.25$        /lb 450$                  5
f Filtration Generated Waste Transportation 1 2,800$      /Load 2,800$               5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz 92,520 0.14$        /Gal 12,953$             6
h Boile Water Pre-Treatment Brine and Blowdown Transportation 9 950$         /10,000 Gals 8,789$               6

Total Waste Management 45,445$             

16 Lab Analytical and Monitoring
a Summa Can Rental 24 40$           /Each 960$                  7
b Vapor Analysis - VOCs (EPA Method TO-15) 24 200$         /Each 4,800$               7
c Water Analysis - Pesticides (EPA Method 8081A) 24 90$           /Each 2,160$               8
d Water Analysis - VOCs (EPA Method 8260B) 24 95$           /Each 2,280$               8
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 2 80$           /Each 160$                  8
f Tedlar Bags 20 10$           /Each 200$                  
g TVA-1000B PID/FID Rental 1 1,200$      /Month 1,200$               9

Total Lab Analytical and Monitoring 11,760$             

17 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$               10
b Temporary Office 24'x60' Rental 1 1,030$      /Month 1,030$               10
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                       10
d Temporary Storage Trailer 1 149$         /Month 149$                  11
e Portable Toilet Delivery 1 22$           /Each 22$                    12
f Portable Toilet Rental 1 76$           /Month 76$                    12
g Standby Generator (800 kW) 1 8,775$      /Month 8,775$               13
h Maintenance Parts 1 1,000$      /Month 1,000$               
i Fed Ex and Deliveries 20 150$         /Day 3,000$               
j Temporary office comm. (internet, telephone, fax) 1 1,000$      /Month 1,000$               

k Operator Truck Usage (One Truck per Operator) 60 100$         /Day/Truck 6,000$               
Total Miscellaneous 23,989$             

18 Steam License for Hot Floor 0 0.50$        /CY Treated -$                       14
Total Subcontractor Cost 217,322$           

Hot Floor Pre-Heat

Unit Cost

Unit Cost

Unit Cost
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Appendix J
Table 10.12

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Hot Floor Pre-Heat

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage 465,124 0.1045$    /kWh 48,605$             15
20 Natural Gas for Steam Generation 207,360 1.14$        /Therm 236,390$           16

Municipal Water for Cooling Tower Makeup 584,000 0.0029$    /Gal 1,694$               
21 Municipal Water for Steam Generation 1,198,030 0.0029$    /Gal 3,474$               

Total Utilities 290,164$           

CONSULTANT LABOR COST 97,940$             
SUBCONTRACTOR COST w/10% MARKUP 239,054$           
UTILITIES COST (NO MARKUP) 290,164$           
TOTAL OPERATIONS AND MAINTENANCE COST FOR HOT FLOOR PRE-HEAT 627,157$           

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 BakerCorp Quote Dated June 30, 2008
3 BakerCorp Quote April 30, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14  McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired.
15 Shedule A-3 LADWP Rate (Second Quarter 2008)
16 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost
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Table 10.13

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$         /Hour 78,000$              
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$              
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$         /Hour 208,000$            
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$            
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$           /Hour 468,000$            
6 Clerical/Drafting 520 50$          /Hour 26,000$             

Consultant Labor Cost for Operations 1,001,000$         

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$                
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$              
9 Mid-Level Engineer/Geologist 1,096 100$         /Hour 109,600$            

10 Junior/Field Engineer/Geologist 2,800 75$           /Hour 210,000$            
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 161 50$          /Hour 8,050$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 340,650$            

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
Steam Generator (three total, 28.8-million BTUs/hr each, Low NOx)

a Monthly Rental - Steam Generator #1 (incl. feed water treatment package) 12 70,000$    /Month 840,000$            1
b Monthly Rental - Steam Generator #2 (incl. feed water treatment package) 12 70,000$    /Month 840,000$            1
c Monthly Rental - Steam Generator #3 (incl. feed water treatment package) 12 70,000$   /Month 840,000$           1

Total Equipment Rentals 2,520,000$         

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 52 841$         /Week 43,732$              
b Virgin Coconut Shell Vapor-Phase Carbon 160,000 1.07$        /lb 171,200$            2
c Vapor-Phase Carbon Change-Out Service 16 1,850.00$ /Change-Out 29,600$              2
d Hydrogen Peroxide for HiPOx 333,300 3.00$        /Gal 999,900$            
e Oxygen for HiPOx 2,330,200 0.35$        /100 SCF 815,570$            
f Liquid-Phase Carbon Change-Outs (Includes T&D) 288,000 1.61$       /lb 464,256$           3

Total Consumables 2,524,258$         

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 160,000 0.71$        /lb 113,600$            4
b Vapor-Phase GAC Transportation 12 4,286$      /Load 51,432$              4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 130,000 0.50$        /lb 65,000$              5
d Carbon Regen System Solvent Waste Transportation 3 3,650$      /Load 10,950$              5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 78,600 0.25$        /lb 19,650$              5
f Filtration Generated Waste Transportation 3 2,800$      /Load 8,400$                5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz 1,892,943 0.14$        /Gal 265,012$            6
h Boile Water Pre-Treatment Brine and Blowdown Transportation 189 950$        /10,000 Gals 179,830$           6

Total Waste Management 713,873$            

16 Lab Analytical and Monitoring (O&M Year 1)
a Summa Can Rental 324 40$           /Each 12,960$              7
b Vapor VOCs Analysis (EPA Method TO-15) 324 200$         /Each 64,800$              7
c Liquid Pesticides (EPA Method 8260B) 324 90$           /Each 29,160$              8
d Liquid VOC Analysis (EPA Method 8081A) 324 95$           /Each 30,780$              8
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$                8
f Tedlar Bags 240 10$           /Each 2,400$                
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$             9

Total O&M Year 1 Lab Analytical and Monitoring 156,420$            

17 Lab Analytical and Monitoring (O&M Year 2)
a Summa Can Rental 174 40$           /Each 6,960$                7
b Vapor Analysis - VOCs (EPA Method TO-15) 174 200$         /Each 34,800$              7
c Water Analysis - Pesticides (EPA Method 8081A) 174 90$           /Each 15,660$              8
d Water Analysis - VOCs (EPA Method 8260B) 174 95$           /Each 16,530$              8
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 24 80$           /Each 1,920$                8
f Tedlar Bags 240 10$           /Each 2,400$                
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$             9

Total O&M Year 2 Lab Analytical and Monitoring 92,670$              

Annual Operations and Maintenance

Unit Cost

Unit Cost

Unit Cost
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Table 10.13

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Miscellaneous (O&M Year 1)
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              10
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        10
d Temporary Storage Trailer 12 149$         /Month 1,784$                11
e Portable Toilet Delivery 0 22$           /Each -$                        12
f Portable Toilet Rental 12 76$           /Month 908$                   12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$            13
h Maintenance Parts 12 1,000$      /Month 12,000$              
i Fed Ex and Deliveries 260 150$         /Day 39,000$              
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$             

Total O&M Year 1 Miscellaneous 261,348$            

19 Miscellaneous (O&M Year 2)
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              10
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$                10
d Temporary Storage Trailer 12 149$         /Month 1,784$                11
e Portable Toilet Delivery 0 22$           /Each -$                        12
f Portable Toilet Rental 12 76$           /Month 908$                   12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$            13
h Maintenance Parts 12 1,000$      /Month 12,000$              
i Fed Ex and Deliveries 260 150$         /Day 39,000$              
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$             

Total O&M Year 2 Miscellaneous 263,094$            

20 Steam License for UBA (O&M Year 1 Only) 0 0.50$       /CY Treated -$                       14
Total Subcontractor Cost (O&M Year 1) 6,175,899$         
Total Subcontractor Cost (O&M Year 2) 6,113,896$        

Item Utilities Quantity Cost Cost
Ref.

21 Electricity Usage 20,296,302 0.1045$    /kWh 2,120,964$         15
22 Natural Gas for Steam Generation 5,222,124 1.14$        /Therm 5,953,221$         16

Municipal Water for Cooling Tower Makeup 7,008,000 0.0029$    /Gal 20,323$              
23 Municipal Water for Steam Generation 29,926,865 0.0029$   /Gal 86,788$             

Total Utilities 8,181,296$         

FULL SCALE CONSULTANT LABOR COST 1,341,650$         
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 1) 6,793,489$         
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 2) 6,725,285$         
UTILITIES COST (NO MARKUP) 8,181,296$         

TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 1) 16,316,435$       
TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 2) 16,248,231$       

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 BakerCorp Quote Dated June 30, 2008
3 BakerCorp Quote April 30, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14  McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired.
15 Shedule A-3 LADWP Rate (Second Quarter 2008)
16 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost

Unit Cost
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Table 10.14

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 65 150$       /Hour 9,750$            
2 Senior Engineer/Geologist 585 125$       /Hour 73,125$          
3 Mid-Level Engineer/Geologist 250 100$       /Hour 25,000$          
4 Junior/Field Engineer/Geologist 3,160 75$         /Hour 237,000$        
5 Field Technician 125 75$         /Hour 9,375$            
6 Clerical/Drafting 60 50$        /Hour 3,000$            

Total Consultant Labor Cost 357,250$        

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$            1

2 Abandon UBA Multi-Phase Extraction Wells
a Drill out well materials 105 65$         /Foot 6,825$            1
b Grout resulting boring 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 11,075$          
Number of Wells 53

Total for UBA Mult-Phase Extraction Well Adandonment 586,975

3 Abandon Triple-Nested UBA Steam Injecton Wells
a Drill out well materials 60 65$         /Foot 3,900$            1
b Grout resulting boring 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 6,800$            
Number of Wells 61

Total for UBA Triple-Nested Steam Injection Well Abandonment 414,800

4 Shallow UBA Steam Injection Wells
a Drill out well materials 105 65$         /Foot 6,825$            1
b Grout resulting boring 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Cost per Well 10,475$          
Number of Wells 0

Total for UBA Shallow Steam Injection Well Abandonment 0

5 Abandon Hot Floor Multi-Phase Extraction Wells
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 22

Total for Hot Floor Multi-Phase Extraction Well Abandonment 93,500$          
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Table 10.14

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Well Abandonment

6 Abandon Hot Floor Steam Injection Wells
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 55

Total for Hot Floor Steam Injection Well Abandonment 233,750$        

7 Abandon Temperature Monitoring Points
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 70

Total for Temperature Monitoring Point Abandonment 297,500$        
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Table 10.14

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

8 Waste Management
a Waste Tank Rental 0 38$         /Day -$                   
b Waste Tank Rental Delivery -  Mob and Demob 0 900$       /Each -$                   
c Waste Bin Rental 1389 15$         /Day 20,835$          2
d Waste Bin Rental Delivery -  Mob and Demob 46 500$       /Each 23,000$          2
e Transport of Hazardous Soil Cuttings 46 1,100$    /Each 50,600$          2
f Disposal of Hazardous Soil Cuttings 914 550$       /Ton 502,700$        2
g Transport of Hazardous Mud 0 500$       /Each -$                   
h Disposal of Hazardous Mud 0 1.1$        /Gal -$                   
i Transport of Hazardous Water 2 1,100$    /Each 2,200$            2
j Disposal of Hazardous Water 6736 0.8$        /Gal 5,389$            2
k Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 605,724$        
Total Subcontractor Cost w/10% Markup 2,457,674$     

TOTAL WELL ABANDONMENT COST 2,814,924$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Table 10.15

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Demobilization and Project Close-Out

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 75 150$            /Hour 11,250$          
2 Senior Engineer/Geologist 220 125$            /Hour 27,500$          
3 Mid-Level Engineer/Geologist 720 100$            /Hour 72,000$          
4 Junior/Field Engineer/Geologist 900 75$              /Hour 67,500$          
5 Field Technician 480 75$              /Hour 36,000$          
6 Clerical/Drafting 161 50$             /Hour 8,050$           

Consultant Labor Cost 222,300$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 400,000$     /LS 400,000$       

8 Close-Out Borings
a Drilling 16 12,000$       /Boring 192,000$        1
b Waste Disposal 16 5,500$         /Boring 88,000$          2
c Soil Pesticides (EPA Method 8081A) 96 90$              /Sample 8,640$            3
d Soil VOCs (EPA Method 8260B) 96 95$              /Sample 9,120$            3
e Soil pCBSA (Modified EPA Method 314.0) 96 80$              /Sample 7,680$            3
f Liquid Pesticides (EPA Method 8081A) 16 90$              /Sample 1,440$            3
g Liquid VOCs (EPA Method 8260B) 16 95$              /Sample 1,520$            3
h Liquid pCBSA (Modified EPA Method 314.0) 16 80$             /Sample 1,280$           3

Total for Close-Out Borings 309,680$        

Total Subcontractor Cost w/10% Markup 780,648$        

TOTAL DEMOBILIZATION AND PROJECT CLOSE-OUT COST 1,002,948$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Table 11.0

Cost Summary
Unsaturated Zone SVE

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Montrose Superfund Site, Torrance, California

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

DR= 4% DR= 7%

31 Design J-11.1  Design 90,000$                 80,010$            73,467$            
J-11.2  Well Construction 110,097$               
J-11.3  Well Field Equipment Installation 12,054$                 
J-11.4  Treatment Equipment Installation 85,131$                 
J-11.5  Construction Management 43,000$                 

5 Operation and Maintenance - Year 1 297,522$               244,541$           212,129$           
6 Operation and Maintenance - Year 2 272,903$               215,679$           181,847$           
7 Operation and Maintenance - Year 3 257,800$               195,906$           160,545$           
8 Operation and Maintenance - Year 4 255,050$               186,362$           148,441$           

J-11.7  Well Abandonment 38,510$                 
J-11.8  Demobilization 97,045$                

Totals 1,559,110$            1,231,679$        1,041,100$        

Notes
1Design begins in Year 3 so that the first year of SVE O&M coincides with the first year of thermal O&M.
DR = Discount rate
NPV = Net present value

 $           190,939 

 $             73,733 

4  System Construction 

 Verification and Abandonment 9

J-11.6  Annual Operations and Maintenance - Carbon Regen System

 $           213,942 

 $             95,239 

11.0  Cost Summary
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.1

Coupled with Entire Treatment Area Thermal Remedy
(6 UBA PVs or 400 kW-hrs/cubic yard)

Design

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 90 150$        /Hour 13,500$          
2 Senior Engineer/Geologist 170 125$        /Hour 21,250$          
3 Mid-Level Engineer/Geologist 340 100$        /Hour 34,000$          
4 Junior/Field Engineer/Geologist 170 75$          /Hour 12,750$          
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 170 50$         /Hour 8,500$           

Consultant Labor 90,000$          

TOTAL DESIGN COST 90,000$          

Detailed Cost, Unsaturated Zone SVE

Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.2

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 20 150$        /Hour 3,000$          
2 Senior Engineer/Geologist 20 125$        /Hour 2,500$          
3 Mid-Level Engineer/Geologist 32 100$        /Hour 3,200$          
4 Junior/Field Engineer/Geologist 90 75$          /Hour 6,750$          
5 Field Technician 32 75$          /Hour 2,400$          
6 Clerical/Drafting 20 50$          /Hour 1,000$          

Total Consultant Labor Cost 18,850$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

HSA Rig Mobilization 1 1,200$     /Each 1,200$         1

7 Palos Verdes Sands SVE Wells (12" HSA Drilling to 45' bgs)
a Install Well Constructed of 6" LCS Casing w/ 20' of SS Screen 1 8,500$     /Each 8,500$          1
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
c Drill Crew per Diem 0.5 450$        /Night 225$             1
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
g Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 9,300$          
Number of Wells (2 Wells Installed per Day) 7

Subtotal - PVS Wells 65,100$        

Detailed Cost, Unsaturated Zone SVE
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.2

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Construction

Detailed Cost, Unsaturated Zone SVE

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 UBA SVE Wells (12" HSA Drilling to 60 bgs)
a Install Well Constructed of 6" LCS Casing w/ 15' of SS Screen 1 9,700$     /Each 9,700$          1
e Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             1
f Drill Crew per Diem 0.5 450$        /Night 225$             1
g Vehicle Usage 0.5 100$        /Day 50$               
h Equipment Rental and Supplies 0.5 500$        /Day 250$             
i Installation Permit 1 201$        /Each 201$             
j Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 10,701$        
Number of Wells (2 Wells Installed per Day) 0

Subtotal - UBA Wells -$                  

9 Lab Analytical (Three PVS Borinngs and Four UBA Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 6 90$          /Sample 540$             2
b Soil Analysis - VOCs (EPA Method 8260B) 6 95$          /Sample 570$             2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 6 80$          /Sample 480$             2
d Water Analysis - Pesticides (EPA Method 8081A) 0 90$          /Sample -$                  2
e Water Analysis - VOCs (EPA Method 8260B) 0 95$          /Sample -$                  2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 0 80$          /Sample -$                  2

Total Lab Analytical (Extraction Wells) 1,590$          
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.2

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Construction

Detailed Cost, Unsaturated Zone SVE

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Waste Management
a Waste Tank Rental 34 38$          /Day 1,292$          3
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             3
c Waste Bin Rental 30 15$          /Day 450$             3
d Waste Bin Rental Delivery -  Mob and Demob 1 500$        /Each 500$             3
e Transport of Hazardous Soil Cuttings 1 1,100$     /Each 1,100$          3
f Disposal of Hazardous Soil Cuttings 15 550$        /Ton 8,160$          3
g Transport of Hazardous Water 1 1,100$     /Each 1,100$          3
h Disposal of Hazardous Water 700 0.8$         /Gal 560$             3
i Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 15,062$        
Total Subcontractor Cost w/10% Markup 91,247$        

TOTAL WELL CONSTRUCTION COST 110,097$      

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Test America
3 Verbal Quote from NRC Environmental
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.3

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 0 50,000$        LS -$                   

2  Extraction Well Assemblies
 Well Head Assemblies 0 500$             Each -$                   
 Groundwater Extraction Pump (Electric Submersible) 0 597.54$        Each -$                   

Armored Electrical Cable 0 4.89$            Foot -$                   
Teflon Discharge Tubing (5/8" OD) 0 7.85$            Foot -$                   
DNAPL Extraction Pump (Pneumatic) 0 2,448.85$     Each -$                   

 Downwell Air Supply Hose (3/8" OD Teflon) 0 3.76$            LF -$                   
 Downwell Air Exhaust Hose (1/2" OD Teflon) 0 5.43$            LF -$                   

Static Pressure Gage 7 48$               /Each 336$              1
Temperature Indicator 7 127$             /Each 889$              1
Flow Sensor 7 121$             /Each 847$              2
Differential Pressure Gage 7 315$            /Each 2,205$          2

Total Extraction Well Assemblies 4,277$           

3  Injection Well Assemblies
Well Head Assemblies 0 300$             Each -$                   
Static Pressure Gage 0 48$               /Each -$                   
Temperature Indicator 0 127$             /Each -$                   
Flow Sensor 0 121$             /Each -$                   
Differential Pressure Gage 0 315$            /Each -$                  

Total Injection Well Assemblies -$                  

4 Field Technician - Extraction and Injection Well Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 8 75$               Hour 600$              

Unit CostItem

Detailed Cost, Unsaturated Zone SVE
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.3

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Field Equipment Installation

Detailed Cost, Unsaturated Zone SVE

Direct Costs Quantity Cost Cost 
Ref.

5  SVE Piping
a 8-Inch Carbon Steel Pipe and Fittings 0 94.71$          LF -$                   3
b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 70 67.65$          LF 4,736$           3
c 0 18.51$          LF -$                   3
d 0 33.42$          LF -$                   3
e 0 27.05$          LF -$                   3
f 0 22.28$          LF -$                   3
g 0 5.46$           LF -$                  3

Total SVE Piping 4,736$          
6  Pipe Supports 7 200$             LF 1,400$           

CONSULTANT LABOR COST 600$              
DIRECT COSTS w/10% MARKUP 11,454$         
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 12,054$         

Cost Source Reference
1 Grainger Catalog Price
2 Dwyer Instruments, Inc. Catalog Price
3 Cost in 2008 dollars based on 2006 RS Means and an assumed inflation rate if 3% per year

Item Unit Cost
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.4

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard

Item Direct Costs Quantity Cost Cost
Ref.

5000-lb Vapor-Phase Carbon Vessel 0 16,000$      /Each -$                   1
Initial Carbon Fill (Virgin Coconut) 0 1.07$          /lb -$                   1
Oriface Plate and Transmitter 1 10,000$      /Each 10,000$         
Moister Separator 1 4,000$        /Each 4,000$           2
Transfer Pump (50 gpm) 1 536$           /Each 536$              3
1000 SCFM Positive Displacement Blower (for PVS) 1 30,000$      /Each 30,000$         4
1000 SCFM Liquid Ring Blower (Hi Vac for UBA) 0 80,000$      /Each -$                   4
Inline Stack PID 0 3,775$        /Each -$                   5
Static Pressure Gage 3 48$             /Each 144$              3
Temperature Indicator 3 127$           /Each 381$              3
Interconnecting Piping (20% of Blower and KO Tank) 1 6,800$        LS 6,800$           
Electrical Allowance (20% of elec components) 1 8,212$        LS 8,212$           
Control System Allowance (30% of elec components) 1 12,318$      LS 12,318$         
Treatment Plant Pad and Building 0 -$                LS -$                   6
Subcontractor Installation Cost 1 5,000$        LS 5,000$           

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 85,131$         

Cost Source Reference
1 July 1 2008 BakerCorp Quote
2 Verbal Quote from Enviro Supply and Services
3 Grainger Catalog Price
4 Yardley Pump and Vacuum Quote Dated July 18, 2008
5 Verbal Quote from RAE Systems
6 Based on Building/Lab Site Improvements Cost for 350 gpm LGAC Adsorber System in 1998 Joint Groundwater Feasibility Study for the Montrose and Del Amo Sites

Unit Cost

Detailed Cost, Unsaturated Zone SVE

Treatment Equipment Installation
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.5

Detailed Cost, Unsaturated Zone SVE
Coupled with Entire Treatment Area Thermal Remedy 

(6 UBA PVs or 400 kW-hrs/cubic yard)
Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 20 150$                /Hour 3,000$           
2 Senior Engineer/Geologist 40 125$                /Hour 5,000$           
3 Mid-Level Engineer/Geologist 85 100$                /Hour 8,500$           
4 Junior/Field Engineer/Geologist 170 75$                  /Hour 12,750$         
5 Field Technician 170 75$                  /Hour 12,750$         
6 Clerical/Drafting 20 50$                 /Hour 1,000$          

TOTAL CONSTRUCTION MANAGEMENT COST 43,000$         

Unit Cost
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Final DNAPL Feasibility Study
Unsatuated Zone SVE (with thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.6

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 65 150$         /Hour 9,750$                
2 Senior Engineer/Geologist 65 125$         /Hour 8,125$                
3 Mid-Level Engineer/Geologist 130 100$         /Hour 13,000$              
4 Junior/Field Engineer/Geologist 260 75$           /Hour 19,500$              
5 Field Technician 0 75$           /Hour -$                        
6 Clerical/Drafting 0 50$          /Hour -$                       

Consultant Labor Cost for Operations 50,375$              

Item Consultant Labor (Reporting, H&S, and Data Mngt) Quantity Cost Cost
Ref.

7 Project Manager 33 150$         /Hour 4,875$                
8 Senior Engineer/Geologist 65 125$         /Hour 8,125$                
9 Mid-Level Engineer/Geologist 130 100$         /Hour 13,000$              

10 Junior/Field Engineer/Geologist 260 75$           /Hour 19,500$              
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 130 50$          /Hour 6,500$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 52,000$              

Item Subcontractor Cost Quantity Cost Cost
Ref.

Detailed Cost, Unsaturated Zone SVE

Annual Operations and Maintenance (Years 1 through 4)

Unit Cost

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsatuated Zone SVE (with thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.6

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Detailed Cost, Unsaturated Zone SVE

Annual Operations and Maintenance (Years 1 through 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Waste Management

Additional Regen System Solvent - Year 1
Transport 2 3,650$      /load 7,300$                
Disposal - Haz 74,922 0.5$          /lb 37,461$              

44,761$             
Additional Regen System Solvent - Year 2
Transport 1 3,650$      /load 3,650$                
Disposal - Haz 37,461 0.5$          /lb 18,731$              

22,381$             
Additional Regen System Solvent - Year 3
Transport 1 3,650$      /load 3,650$                
Disposal - Haz 10,000 0.5$          /lb 5,000$                

8,650$               

Additional Regen System Solvent - Year 4
Transport 1 3,650$      /load 3,650$                
Disposal - Haz 5,000 0.5$          /lb 2,500$                

6,150$               

14 Lab Analytical and Monitoring
Summa Can Rental 40 40$           /Each 1,600$                1
Vapor VOCs Analysis (EPA TO-15) 40 200$         /Each 8,000$                1
Tedlar Bags 240 10$          /Each 2,400$               

Total Lab Analytical and Monitoring 12,000$              

Unit Cost
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Final DNAPL Feasibility Study
Unsatuated Zone SVE (with thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.6

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Detailed Cost, Unsaturated Zone SVE

Annual Operations and Maintenance (Years 1 through 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Miscellaneous - Years 1 through 4
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        2
b Temporary Office 24'x60' Rental 0 1,030$      /Month -$                        2
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        2
d Temporary Storage Trailer 0 149$         /Month -$                        3
e Portable Toilet Delivery 0 22$           /Each -$                        4
f Portable Toilet Rental 0 76$           /Month -$                        4
g Miscellaneous Parts 12 1,000$      /Month 12,000$              
h Fed Ex and Deliveries 12 100$         /Month 1,200$                
i Temporary office comm. (internet, telephone, fax) 0 1,000$      /Month -$                        
j Operator Truck Usage (One Truck per Operator) 0 100$        /Day/Truck -$                       

Total Miscellaneous - Years 1 through 4 13,200$              

Unit Cost
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Final DNAPL Feasibility Study
Unsatuated Zone SVE (with thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.6

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Detailed Cost, Unsaturated Zone SVE

Annual Operations and Maintenance (Years 1 through 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

Total Subcontractor Cost - Year 1 69,961$              
Total Subcontractor Cost - Year 2 47,581$             
Total Subcontractor Cost - Year 3 33,850$             
Total Subcontractor Cost - Year 4 31,350$             

Item Utilities Quantity Cost Cost
Ref.

16 Utilities

Natural Gas (additional Steam for Carbon Regen Unit) 57,282 1.14$        /therm 65,302$              
Municipal Water (additional steam for Carbon Regen Unit) 583,041 0.0029$    /gal 1,691$                
Elec - PD Vacuum Blower 489,925 0.1045$   /kWh 51,197$             5

Total Utilities 118,190$            

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
Unsatuated Zone SVE (with thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.6

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Detailed Cost, Unsaturated Zone SVE

Annual Operations and Maintenance (Years 1 through 4)

CONSULTANT LABOR COST 102,375$           
SUBCONTRACTOR COST w/10% MARKUP - YEAR 1 76,957$              
SUBCONTRACTOR COST w/10% MARKUP - YEAR 2 52,339$              
SUBCONTRACTOR COST w/10% MARKUP - YEAR 3 37,235$              
SUBCONTRACTOR COST w/10% MARKUP - YEAR 4 34,485$              
UTILITIES COST (NO MARKUP) 118,190$            

TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 1 297,522$            
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 2 272,903$           
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 3 257,800$           
TOTAL OPERATIONS AND MAINTENANCE COST - YEAR 4 255,050$           

Cost Source Reference
1 Verbal Quote from Calscience\
2 Mobile Mini, Inc. Quote Dated October 11, 2007
3 Verbal Quote from Mobile Mini, Inc.
4 Verbal Quote from A-1 Coast Port-A-Toilet
5 Shedule A-3 LADWP Rate (Second Quarter 2008)
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.7

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 8 150$       /Hour 1,200$            
2 Senior Engineer/Geologist 10 125$       /Hour 1,250$            
3 Mid-Level Engineer/Geologist 10 100$       /Hour 1,000$            
4 Junior/Field Engineer/Geologist 50 75$         /Hour 3,750$            
5 Field Technician 10 75$         /Hour 750$               
6 Clerical/Drafting 10 50$        /Hour 500$              

Total Consultant Labor Cost 8,450$            

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$           1

2 Abandon PVS SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 45 30$         /Foot 1,350$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,225$            
Number of Wells (2 Wells Abandoned per Day) 7

Total for Extraction Well Adandonment 15,575

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

3 Abandon UBA SVE Wells
a Drill out well materials 5 65$         /Foot 325$               1
b Pressure grout well 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 0.5 500$       /Day 250$               1
d Abandonment Crew per Diem 0.5 200$       /Night 100$               1
e Vehicle Usage 0.5 100$       /Day 50$                 
f Equipment Rental and Supplies 0.5 150$       /Day 75$                 
g Other Direct Costs 0.5 150$       /Day 75$                 

Cost per Well 2,675$            
Number of Wells (2 Wells Abandoned per Day) 0

Total for Injection Well Abandonment 0

Detailed Cost, Unsaturated Zone SVE
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Final DNAPL Feasibility Study
Unsaturated Zone SVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.7

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Well Abandonment

Detailed Cost, Unsaturated Zone SVE

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

8 Waste Management
a Waste Tank Rental 34 38$         /Day 1,292$            2
b Waste Tank Rental Delivery -  Mob and Demob 1 900$       /Each 900$               2
c Waste Bin Rental 34 15$         /Day 510$               2
d Waste Bin Rental Delivery -  Mob and Demob 2 500$       /Each 1,000$            2
e Transport and Disposal/Recycling of Steel 1 1,100$    /Load 1,100$            
f Transport of Hazardous Soil Cuttings 1 1,100$    /Each 1,100$            2
g Disposal of Hazardous Soil Cuttings 2.16 550$       /Ton 1,190$            2
h Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
i Disposal of Hazardous Water 700 0.8$        /Gal 560$               2
j Waste Characterization/Profiling 2 500$      /Each 1,000$           

Total Waste Management 9,752$            
Total Subcontractor Cost w/10% Markup 30,060$          

TOTAL WELL ABANDONMENT COST 38,510$          

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Final DNAPL Feasibility Study
Unsaturated Zone ZVE (with Thermal)
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 11.8

Coupled with Entire Treatment Area Thermal Remedy - 6 UBA PVs or 400 kW-hrs/cubic yard
Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 12 150$            /Hour 1,800$            
2 Senior Engineer/Geologist 30 125$            /Hour 3,750$            
3 Mid-Level Engineer/Geologist 70 100$            /Hour 7,000$            
4 Junior/Field Engineer/Geologist 210 75$              /Hour 15,776$          
5 Field Technician 100 75$              /Hour 7,500$            
6 Clerical/Drafting 30 50$             /Hour 1,500$           

Consultant Labor Cost 37,326$          

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 41,000 /LS 41,000$          
8 Demob Office Trailer 0 1,746$         LS -$                    

9 Close-Out Borings
a Drilling and backfilling (6-Inch Sonic to 45 feet bgs at $65/foot) 3 2,925$         /Boring 8,775$            1

Drilling and backfilling (6-Inch Sonic to 60 feet bgs at $65/foot) 0 3,900$         /Boring -$                    
b Disposal of Hazardous Soil Cuttings 1.6 550$            /Ton 874$               2
c Transportation of Hazardous Soil Cuttings 1 1,100$         /Each 1,100$            2
d Waste Bin Rental Delivery - Mob and Demob 1 500$            /Each 500$               2
e Waste Bin Rental 30 15$              /Day 450$               2
f Soil Pesticides (EPA Method 8081A) 6 90$              /Sample 540$               3
g Soil VOCs (EPA Method 8260B) 6 95$              /Sample 570$               3
h Soil pCBSA (Modified EPA Method 314.0) 6 80$              /Sample 480$               3
i Liquid Pesticides (EPA Method 8081A) 0 90$              /Sample -$                    3
j Liquid VOCs (EPA Method 8260B) 0 95$              /Sample -$                    3
k Liquid pCBSA (Modified EPA Method 314.0) 0 80$             /Sample -$                   3

Total for Close-Out Borings 13,289$          

Total Subcontractor Cost w/10% Markup 59,718$          

TOTAL DEMOBILIZATION COST 97,045$          

Cost Source Reference
1 Water Development Corporation Quote Dated 10/09/08
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America

Detailed Cost, Unsaturated Zone SVE
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.0

Cost Summary
Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Entire Treatment Area

Cost (NPV)

Year Activity Cost Sheet Cost
(Undiscounted)

DR= 4% DR= 7%

12.1  Pre-Design 132,950$                
12.2  Pilot Test Well Construction 1,573,561$             
12.3  Pilot Test Well Field Equipment Installation 568,002$                
12.4  Pilot Test Instrumentation and Controls Installation 69,079$                  

2 Pilot Test Implementation, Data Evaluation, and Reporting 12.5  Pilot Test Implementation 3,153,349$             2,915,448$        2,754,257$        
3 Full-Scale Design and Permitting 12.6  Full Scale Design HAZOP Prep, and Permitting 1,320,143$             1,173,602$        1,077,630$        

12.7  Full Scale Well Construction 12,961,465$           
12.8  Full Scale Well Field Equipment Installation 3,174,746$             
12.9  Full Scale Instrumentation and Controls Installation 687,626$                
12.10  Full Scale Treatment Equipment Installation 4,646,745$             
12.11  Construction Management 522,600$                
12.12  Hot Floor Pre-Heat 627,157$                

5 Full-Scale O&M 12.13  Annual Operations and Maintenance (Year 1) 17,519,848$           14,400,038$      12,491,409$      
6 Full-Scale O&M 12.13  Annual Operations and Maintenance (Year 2) 17,449,723$           13,790,769$      11,627,487$      
7 Full-Scale O&M 12.13  Annual Operations and Maintenance (Year 3) 17,449,723$           13,260,355$      10,866,810$      
8 Full-Scale O&M 12.13  Annual Operations and Maintenance (Year 4) 17,451,644$           12,751,745$      10,157,015$      

12.14  Well Abandonment 2,814,924$             
12.15  Demobilization and Project Close Out 1,002,948$            

Totals 103,126,231$         82,563,758$       70,498,499$       

Notes
DR = Discount rate
NPV = Net present value

 $        2,253,454 

 $      19,335,960 

 $        2,682,386 

 $        2,190,273 

 $      17,256,948 

 $        2,076,669 

1  Pilot Test Design and Build 

9  Verification and Abandonment 

4  Full-Scale Build and Hot Floor Pre-Heat 
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Entire Treatment Area
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Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.1

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor Quantity Cost
1 Project Manager 40 150$   /Hour 6,000$        
2 Senior Engineer/Geologist 78 125$   /Hour 9,750$        
3 Mid-Level Engineer/Geologist 492 100$   /Hour 49,200$      
4 Junior/Field Engineer/Geologist 792 75$     /Hour 59,400$      
5 Field Technician 80 75$     /Hour 6,000$        
6 Clerical/Drafting 52 50$     /Hour 2,600$       

TOTAL PRE-DESIGN COST 132,950$    

Pre-Design

Unit Cost
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Final DNAPL Feasibility Study
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Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.2

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Pilot Test Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 100 150$         /Hour 15,000$       
2 Senior Engineer/Geologist 100 125$         /Hour 12,500$       
3 Mid-Level Engineer/Geologist 200 100$         /Hour 20,000$       
4 Junior/Field Engineer/Geologist 1,056 75$           /Hour 79,200$       
5 Field Technician 360 75$           /Hour 27,000$       
6 Clerical/Drafting 100 50$           /Hour 5,000$         

Total Consultant Labor Cost 158,700$     

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$    /Each 12,000$       1
b Forklift and Hopper Rental for Waste Handling 1 250$         /Day 250$            1
c Drill Crew per Diem 1 450$         /Night 450$            1
d Vehicle Usage 1 100$         /Day 100$            
e Equipment Rental and Supplies 1 500$         /Day 500$            
f Other Direct Costs 1 300$         /Day 300$            

Cost per Well 13,600$       
Number of Wells (1 Well Installed per Day) 8

Subtotal - UBA Multi-Phase Extraction Wells 108,800$     

8 Lab Analytical (Six UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 36 90$           /Sample 3,240$         2
b Soil Analysis - VOCs (EPA Method 8260B) 36 95$           /Sample 3,420$         2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 36 80$           /Sample 2,880$         2
d Water Analysis - Pesticides (EPA Method 8081A) 6 90$           /Sample 540$            2
e Water Analysis - VOCs (EPA Method 8260B) 6 95$           /Sample 570$            2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 6 80$           /Sample 480$            2

Total Lab Analytical (UBA Extraction Wells) 11,130$       

9 Triple-Nested UBA Steam Injecton Wells (12" HSA Drilling to 105' bgs)
a Install and Well Constructed of Three 2" LCS Casings each w/ 5' of 

SS Screen, Type II Cement Grout, and Sand Pack.  Total casing depths are 75, 90, and 
105' bgs 1 7,000$      /Each 7,000$         1

b Forklift and Hopper Rental for Waste Handling 1 250$         /Day 250$            1
c Drill Crew per Diem 1 450$         /Night 450$            1
d Vehicle Usage 1 100$         /Day 100$            
e Equipment Rental and Supplies 1 500$         /Day 500$            
f Other Direct Costs 1 300$         /Day 300$            

Cost per Well 8,600$         
Number of Wells (1 Well Installed per Day) 3

Subtotal - Triple-Nested UBA Steam Injecton Wells 25,800$       

10 Shallow UBA Steam Injection Wells (8" HSA Drilling to 60' bgs)
a Install and Well Constructed of 2" LCS Casing w/ 5' of 

SS Screen, Type II Cement Grout, and Sand Pack 1 2,000$      /Each 2,000$         1
b Forklift and Hopper Rental for Waste Handling 0.5 250$         /Day 125$            1
c Drill Crew per Diem 0.5 450$         /Night 225$            1
d Vehicle Usage 0.5 100$         /Day 50$              
e Equipment Rental and Supplies 0.5 500$         /Day 250$            
f Other Direct Costs 0.5 300$         /Day 150$            

Cost per Well 2,800$         
Number of Wells (2 Wells Installed per Day) 0

Subtotal - Shallow UBA Steam Injection Wells -$                 

11 Develop UBA Multi-Phase Extraction Wells and UBA Steam Injection Wells
a Development Rig 1 2,000$      /Day 2,000$         1
b Development Crew per Diem 1 200$         /Night 200$            1

Cost per Well 2,200$         
Number of Wells (1 Well Developed per Day) 11

Subtotal - Develop UBA Wells 24,200$       

12 Mobilization/Demobilization of  Mud Rotary Drill Rig 1 12,000$    LS 12,000$       3

12.2  Pilot Test Well Construction Cost Page 3 of 25



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.2

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

13 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 1 2,000$      /Each 2,000$         3
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 220$         /Foot 24,200$       3
c Mud Change-Out and Pit Decon 1 2,000$      /Each 2,000$         3
d 12" Boring Under Conductor 8.5 80$           /Foot 680$            3
e Install 6" Low Carbon Steel Sched. 40 Casing 110.5 88$           /Foot 9,724$         3
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 8 175$         /Foot 1,400$         3
g Type II Cement Grout and Sand Pack 118.5 30$           /Foot 3,555$         3
h Forklift and Hopper Rental for Waste Handling 7 400$         /Day 2,800$         3
i Standby for Cement Curing 6 550$         /Hour 3,300$         3
j Well Development 10 165$         /Hour 1,650$         3
k Vehicle Usage 7 100$         /Day 700$            
l Equipment Rental and Supplies 7 500$         /Day 3,500$         

m Other Direct Costs 7 300$         /Day 2,100$         
Cost per Well 57,609$       

Number of Wells (4 Days per Well for Installation and Development) 3
Subtotal - Hot Floor Multi-Phase Extraction Wells 172,827$     

14 Hot Floor Steam Injection Wells
a Move Between Well Locations 1 2,000$      /Each 2,000$         3
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$         /Foot 19,800$       3
c Mud Change-Out 1 1,500$      /Each 1,500$         3
d 9" Boring Under Conductor 5.5 75$           /Foot 413$            3
e Install 2" Low Carbon Steel Sched. 40 Casing 110.5 45$           /Foot 4,973$         3
f Install 2" Type 304 Stainless Steel Screen 5 90$           /Foot 450$            3
g Type II Cement Grout and Sand Pack 115.5 20$           /Foot 2,310$         3
h Forklift and Hopper Rental for Waste Handling 5 400$         /Day 2,000$         3
i Standby for Cement Curing 5 550$         /Hour 2,750$         3
j Well Development 6 165$         /Hour 990$            3
k Vehicle Usage 5 100$         /Day 500$            
l Equipment Rental and Supplies 5 500$         /Day 2,500$         

m Other Direct Costs 5 300$         /Day 1,500$         
Cost per Well 41,685$       

Number of Wells (4 Days per Well for Installation and Development) 8
Subtotal - Hot Floor Steam Injecton Wells 333,480$     

15 Temperature Monitoring Points
a Move Between Well Locations 1 2,000$      /Each 2,000$         3
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$         /Foot 19,800$       3
c Mud Change-Out 1 1,500$      /Each 1,500$         3
d 8" Boring Under Conductor 5 75$           /Foot 375$            3
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 115 40$           /Foot 4,600$         3
f Type II Cement Grout 115 20$           /Foot 2,300$         3
g Forklift and Hopper Rental for Waste Handling 5 400$         /Day 2,000$         3
h Standby for Cement Curing 5 550$         /Hour 2,750$         3
i Vehicle Usage 5 100$         /Day 500$            3
j Equipment Rental and Supplies 5 500$         /Day 2,500$         
k Other Direct Costs 5 300$         /Day 1,500$         

Subtotal 39,825$       
Number of Wells (3 Days per Point - no Development Needed) 6

Subtotal - Temperature Monitoring Points 238,950$     
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.2

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

16 Waste Management
a Waste Tank Rental 500 38$           /Day 19,000$       4
b Waste Tank Rental Delivery -  Mob and Demob 3 900$         /Each 2,700$         4
c Waste Bin Rental 510 15$           /Day 7,650$         4
d Waste Bin Rental Delivery -  Mob and Demob 17 500$         /Each 8,500$         4
e Transport of Hazardous Soil Cuttings 17 1,100$      /Each 18,700$       4
f Disposal of Hazardous Soil Cuttings 336 550$         /Ton 184,800$     4
g Transport of Hazardous Mud 20 500$         /Each 10,000$       4
h Disposal of Hazardous Mud 77000 1.1$          /Gal 84,700$       4
i Transport of Hazardous Water 5 1,100$      /Each 5,500$         4
j Disposal of Hazardous Water 20000 0.8$          /Gal 16,000$       4
k Waste Characterization/Profiling 3 500$         /Each 1,500$         

Subtotal - Waste Management 359,050$     
Total Subcontractor Cost w/10% Markup 1,414,861$  

TOTAL PILOT TEST WELL CONSTRUCTION COST 1,573,561$  

Cost Source Reference
1 Cascade Drilling, Inc. Quote Dated 7/15/08
2 Verbal Quote from Test America
3 Water Development Corporation Quote Dated 4/25/08
4 Verbal Quote from NRC Environmental
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Entire Treatment Area
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Montrose Superfund Site
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Appendix J
Table 12.3

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1  Electrical Service Upgrade 1 50,000$        LS 50,000$      

2  Natural Gas Pipeline 1 200,000$      LS 200,000$    

3  Groundwater Extraction Assemblies
 a Well Head Assemblies 11 1,000$          Each 11,000$      
 b Extraction Pump (High Temperature Hammerhead Pro) 11 3,070$          Each 33,770$      1
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 1100 11$               LF 12,100$      1
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 1100 16$               LF 17,600$      1
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 1100 22$              LF 24,200$     1

Total Groundwater Extraction Assemblies 98,670$      

4  Steam Injection Well Head Assemblies 11 7,000$          Each 77,000$      

5 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 200 75$               Hour 15,000$      

6  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 32 67.65$          LF 2,165$        2
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 218 43.45$          LF 9,472$        2

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 33.5 34.10$         LF 1,142$       2
Total Steam Injection Piping 12,779$      

7  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 32 94.71$          LF 3,031$        3
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 218 67.65$          LF 14,748$      2
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 137.5 43.45$         LF 5,974$       2

Total Vapor Extraction Piping 23,753$      

8  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 32 43.45$          LF 1,390$        2
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 218 34.10$          LF 7,434$        2
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 137.5 31.45$          LF 4,324$        2
 d Total Piping Length 387.5 LF
 e Piping Heat Trace, VLBTV Wire 387.5 15.75$          LF 6,103$        4
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 5,775.51$    LS 5,776$       

Total Groundwater Extraction Piping 25,027$      

9  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 387.5 20.00$          LF 7,750$        2

10  Pipe Supports 38.75 200$             LF 7,750$        

CONSULTANT LABOR COST 15,000$      
DIRECT COSTS w/10% MARKUP 553,002$   
TOTAL PILOT TEST WELL FIELD EQUIPMENT INSTALLATION COST 568,002$    

Cost Source Reference
1 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
2 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
3 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
4 2006 Raychem quote obtained by CH2MHILL

Unit CostItem

Pilot Test Well Field Equipment Installation
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Appendix J
Table 12.4

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells and Piping
a Pressure Gage (0-300 PSI) 17 48.00$             /Each 816$        1
b Temperature Indicator 17 127.00$           /Each 2,159$     1
c Orifice Plate and Transmitter 2 10,000.00$     /Each 20,000$  

Total Steam Injection Wells and Piping I&Cs 22,975$   

2 Groundwater Exraction Pressure Gage (0-300 PSI) 11 48.00$             /Each 528$       1

3 Vapor Extraction Vacuum Gage (30 in Hg) 11 50.40$             /Each 554$       1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,305 0.75$               /Foot 979$        2
b Analog Decoder 1 500$                /Each 500$        

Cost per Temp Monitoring Point 1,479$     
Number of Temperature Monitoring Points 6

Total Thermocouple String 8,873

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 100 75$                  /Hour 7,500$     

6 Electrical Allowance (30% of Instrumentation and Controls cost) 1 9,879$             /LS 9,879$    

7 Control System Allowance (40% of Instrumentation and Controls cost) 1 13,172$           /LS 13,172$  

CONSULTANT LABOR COST 7,500$    
DIRECT COSTS w/10% MARKUP 61,579$  

69,079$   

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL PILOT TEST INSTRUMENTATION AND CONTROLS INSTALLATION COST

Pilot Test Instrumentation and Controls Installation
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Appendix J
Table 12.5

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor (Conduct Pilot Test) Quantity Cost Cost
Ref.

1 Project Manager 260 150$         /Hour 39,000$         
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$         
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer - 40 Hours per Week for Six Months) 1,040 100$         /Hour 104,000$       
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer - 40 Hours per Week for Six Months) 1,040 75$           /Hour 78,000$         
5 Field Technician (Two Full Time Operators - 40 Hours per Week Each for Six Months) 2,080 75$           /Hour 156,000$       
6 Clerical/Drafting 260 50$           /Hour 13,000$         

Consultant Labor Cost to Conduct Pilot Test 455,000$       

Item Consultant Labor (Data Evaluation and Reporting) Quantity Cost Cost
Ref.

7 Project Manager 300 150$         /Hour 45,000$         
8 Senior Engineer/Geologist 300 125$         /Hour 37,500$         
9 Mid-Level Engineer/Geologist 200 100$         /Hour 20,000$         
10 Junior/Field Engineer/Geologist 200 75$           /Hour 15,000$         
11 Field Technician (Two Full Time Operators - 40 Hours per Week Each) 0 75$           /Hour -$                   
12 Clerical/Drafting 300 50$           /Hour 15,000$         

Consult Labor Cost for Data Evaluation And Reporting 132,500$       

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Purchases (To Be Used During Full-Scale Treatment as Well)
a 8-million BTUs/hr Steam Generator 1 5,000$      /Each 5,000$           
b Inline Stack PID (will serve as spare during full-scale treatment) 1 3,775$      /Each 3,775$           1
c Vapor - Phase Heat Exchanger 1 14,306$    /Each 14,306$         2
d Clarifier 1 12,000$    /Each 12,000$         3
e 500-Gallon Collection Tank 3 2,078$      /Each 6,234$           4
f Liquid - Phase Heat Exchanger 1 22,112$    /Each 22,112$         5
g Cooling Tower 1 37,713$    /Each 37,713$         6
h DNAPL/Water Separator 1 124,365$  /Each 124,365$       7
i 50 GPM Transfer Pump 12 638.50$    /Each 7,662$           8

Total Equipment Purchases 233,167$       

14 Equipment Rentals
a Rental - 500 SCFM Blower Skid (incl. Knock-Out Tank) 6 3,500$      /Month 21,000$         9
b Rental - Four 5,000-lb Vapor-Phase GAC Vessels 6 1,800$      /Month 10,800$         9
c Mobilization and Initial Fill of Two 2,000-lb Liquid-Phase GAC Vessels

(4000 lbs Virgin Coconut Shell) 1 4,660$      /Each 4,660$           10
d Rental - Two 2,000-lb Liquid-Phase GAC Vessels 6 600$         /Month 3,600$           10
e Air Compressor Rental 6 1,000$      /Month 6,000$           
f HiPOx Sytem Rental 6 7,000$      /Month 42,000$         

Total Equipment Rentals 88,060$         

15 Consumables (Excludes Utilities)
a Sequestering Agent for Steam Generator Feed Water 6 100$         /Month 600$              
b Virgin Coconut Shell Vapor-Phase Carbon

(40,000-lbs per Month for Six Months; Spent Carbon T&D Not Included) 240,000 1.07$        /lb 256,800$       9
c Vapor-Phase Carbon Change-Out Service (Spent Carbon T&D Not Included) 24 1,850.00$ /Change-Out 44,400$         9
d Hydrogen Peroxide for HiPOx 45,829 3$             /Gal 137,486$       
e Oxygen for HiPOx 320,403 0.35$        /100 SCF 112,141$       

Total Consumables 551,427$       

16 Waste Management
a Liquid-Phase GAC Change-Outs

(Assumes Two 2000-lb Change-Outs per Month for 6 Months; T&D Included) 24,000 1.61$        /lb 38,640$         10
b Vapor-Phase GAC Disposal (Listed Waste for Incineration) 240,000 0.71$        /lb 170,000$       11
c Vapor-Phase GAC Transportation 14 4,286$      /Load 60,000$         11
d Filtration Generated Waste Disposal (Listed Waste for Incineration) 3,930 0.25$        /lb 983$              12
e Filtration Generated Waste Transportation 1 2,800$      /Load 2,800$           12
f Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (Non-Haz) 225,072 0.14$        /Gal 31,510$         13
g Boiler Water Pre-Treatment Brine and Blowdown Transportation 23 950$         /10,000 Gals 21,382$         13

Total Waste Management 325,314$       

17 Lab Analytical and Monitoring
a Summa Can Rental 114 40$           /Each 4,560$           14
b Vapor Phase VOC Analysis (EPA Method TO-15) 114 200$         /Each 22,800$         14
c Liquid Phase VOC Analysis (EPA Method 8260B) 114 95$           /Each 10,830$         15
d Liquid Phase pCBSA Analysis (Modifed EPA Method 314.0) 114 80$           /Each 9,120$           15
e Tedlar Bags 312 10$           /Each 3,120$           
f TVA-1000B PID/FID Rental 6 1,200$      /Month 7,200$           16

Total Lab Analytical and Monitoring 57,630$         

Pilot Test Implementation

Unit Cost

Unit Cost

Unit Cost

12.5  Pilot Test Implementation Page 8 of 25



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
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Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.5

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Pilot Test Implementation

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$           17
b Temporary Office 24'x60' Rental 6 1,030$      /Month 6,178$           17
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$           17
d Temporary Storage Trailer 6 149$         /Month 892$              18
e Portable Toilet Delivery 1 22$           /Each 22$                19
f Portable Toilet Rental 6 76$           /Month 454$              19
g Standby Generator (800 kW) 6 3,000$      /Month 18,000$         20
h Maintenance Parts 6 1,000$      /Month 6,000$           
i Fed Ex and Deliveries 130 150$         /Day 19,500$         
j Temporary office comm. (internet, telephone, fax) 6 1,000$      /Month 6,000$           
k Steam License 0 0.50$        /CY Treated -$                   20
l Operator Truck Usage (One Truck per Operator) 260 100$         /Day/Truck 26,000$         

Total Miscellaneous 87,731$         

Steam License for UBA and Hot Floor 0 0.50$        /CY Treated -$                   
Total Subcontractor Cost 1,343,329$    

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage 2,029,630 0.1045$    /kWh 212,096$       21
20 Natural Gas for Steam Generation 756,864 1.14$        /Therm 862,825$       22

Municipal Water for Cooling Tower Makeup 236,520 0.0029$    /Gal 686$              
21 Municipal Water for Steam Generation 4,337,909 0.0029$    /Gal 12,580$         

Total Utilities 1,088,187$    

PILOT TEST CONSULTANT LABOR COST 587,500$       
PILOT TEST SUBCONTRACTOR COST w/10% MARKUP 1,477,662$    
UTILITIES COST (NO MARKUP) 1,088,187$    

TOTAL PILOT TEST IMPLEMENTATION COST 3,153,349$    

Cost Source Reference
1 Verbal Quote from RAE Systems
2 Heat Exchanger Sales and Engineering Company, LLC Quoted Dated July 17, 2008
3 Verbal Quote from Geotech Environmental Equipment, Inc.
4 Harrington Plastics Catalog Price
5 SEC Heat Exchanger Quote Dated July 1, 2008
6 Cooling Tower Systems, Inc. Quote Dated July 2, 2008
7 Pan America Environmental Quote Dated July 18, 2008
8 Grainger Catalog Price
9 BakerCorp Quote Dated July 1, 2008

10 BakerCorp Quote Dated April 30, 2008
11 NRC Environmental Services, Inc. Quote Dated June 30, 2008
12 Clean Harbors Quote Dated October 10, 2007
13 NRC Environmental Services, Inc. Quote Dated July 18, 2008
14 Verbal Quote from Calscience Environmental Laboratories, Inc.
15 Verbal Quote from Test America, Inc.
16 Verbal Quote from Ashtead Technology Rentals
17 Mobile Mini, Inc. Quote Dated October 11, 2007
18 Verbal Quote from Mobile Mini, Inc.
19 Verbal Quote from A-1 Coast Port-A-Toilet
20 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired.
21 Shedule A-3 LADWP Rate (Second Quarter 2008)
22 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost

Unit Cost
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Appendix J
Table 12.6

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 800 150$        /Hour 120,000$        
2 Senior Engineer/Geologist 1,200 125$        /Hour 150,000$        
3 Mid-Level Engineer/Geologist 4,692 100$        /Hour 469,200$        
4 Junior/Field Engineer/Geologist 3,360 75$          /Hour 252,000$        
5 Field Technician 0 75$          /Hour -$                   
6 Clerical/Drafting 1,120 50$         /Hour 56,000$        

Consultant Labor 1,047,200$     

Item Subcontractor Cost Quantity Cost Cost 
Ref.

1 Outside Thermal Expert 1 150,000$ /LS 150,000$       

2 UBA Post-Pilot Test DNAPL Recon Borings
a Drilling 6 12,000$   /Boring 72,000$         1
b Waste Disposal 6 2,500$     /Boring 15,000$         2
c Soil Analysis - Pesticides (EPA Method 8081A) 36 90$          /Sample 3,240$           3
d Soil Analysis - VOCs (EPA Method 8260B) 36 95$          /Sample 3,420$           3
e Soil Analysis - pCBSA (Modified EPA Method 314.0) 36 80$          /Sample 2,880$           3
f Water Analysis - Pesticides (EPA Method 8081A) 6 90$          /Sample 540$              3
g Water Analysis - VOCs (EPA Method 8260B) 6 95$          /Sample 570$              3
h Water Analysis - pCBSA (Modified EPA Method 314.0) 6 80$         /Sample 480$             3

Total UBA Post-Pilot Test DNAPL Recon Borings 98,130$         

272,943$        

TOTAL FULL-SCALE DESIGN, HAZOP PREP, AND PERMITTING COST 1,320,143$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Clean Harbors
3 Verbal Quote from Test America

Full-Scale Design, HAZOP Prep, and Permitting

Unit Cost

Unit Cost

Subcontractor Cost w/10% Markup
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Appendix J
Table 12.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Full Scale Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 462 150$        /Hour 69,300$        
2 Senior Engineer/Geologist 462 125$        /Hour 57,750$        
3 Mid-Level Engineer/Geologist 1,848 100$        /Hour 184,800$      
4 Junior/Field Engineer/Geologist 9,012 75$          /Hour 675,900$      
5 Field Technician 1,040 75$          /Hour 78,000$        
6 Clerical/Drafting 462 50$          /Hour 23,100$        

Total Consultant Labor Cost 1,088,850$   

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Abandon Existing Site Wells Prior to Thermal Treatment
a Drill out well materials 90 65$          /Foot 5,850$          1
b Grout resulting boring 90 30$          /Foot 2,700$          1
c Forklift and mini-hopper 1 500$        /Day 500$             1
d Excavate and remove well box 1 2,000$     /LS 2,000$          1

Abandonment Crew per Diem 1 200$        /night 200$             
Vehicle Usage 1 100$        /day 100$             
Equipment Rental and Supplies 1 150$        /day 150$             
Other Direct Costs 1 150$        /day 150$             

Cost per Well 11,650$        
Number of Wells 25

Total for Existing Site Well Abandonment 291,250$      

8 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$   /Each 12,000$        2
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             2
c Drill Crew per Diem 1 450$        /Night 450$             2
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Other Direct Costs 1 300$        /Day 300$             

Cost per Well 13,600$        
Number of Wells (1 Well Installed per Day) 45

Subtotal - UBA Multi-Phase Extraction Wells 612,000$      

9 Lab Analytical (Sixteen UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 96 90$          /Sample 8,640$          3
b Soil Analysis - VOCs (EPA Method 8260B) 96 95$          /Sample 9,120$          3
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 96 80$          /Sample 7,680$          3
d Water Analysis - Pesticides (EPA Method 8081A) 16 90$          /Sample 1,440$          3
e Water Analysis - VOCs (EPA Method 8260B) 16 95$          /Sample 1,520$          3
f Water Analysis - pCBSA (Modified EPA Method 314.0) 16 80$          /Sample 1,280$          3

Total Lab Analytical (UBA Extraction Wells) 29,680$        

10 Triple-Nested UBA Steam Injecton Wells (12" HSA Drilling to 105' bgs)
a Install and Well Constructed of Three 2" LCS Casings each w/ 5' of 

SS Screen, Type II Cement Grout, and Sand Pack.  Total casing depths are 75, 90, and 
105' bgs 1 7,000$     /Each 7,000$          2

b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             2
c Drill Crew per Diem 1 450$        /Night 450$             2
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Other Direct Costs 1 300$        /Day 300$             

Cost per Well 8,600$          
Number of Wells (1 Well Installed per Day) 58

Subtotal - Triple-Nested UBA Steam Injecton Wells 498,800$      

11 Shallow UBA Steam Injection Wells (8" HSA Drilling to 60' bgs)
a Install and Well Constructed of 2" LCS Casing w/ 5' of 

SS Screen, Type II Cement Grout, and Sand Pack 1 2,000$     /Each 2,000$          2
b Forklift and Hopper Rental for Waste Handling 0.5 250$        /Day 125$             2
c Drill Crew per Diem 0.5 450$        /Night 225$             2
d Vehicle Usage 0.5 100$        /Day 50$               
e Equipment Rental and Supplies 0.5 500$        /Day 250$             
f Other Direct Costs 0.5 300$        /Day 150$             

Cost per Well 2,800$          
Number of Wells (2 Wells Installed per Day)

Subtotal - Shallow UBA Steam Injection Wells -$                  
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Develop UBA Multi-Phase Extraction Wells and UBA Steam Injection Wells
a Development Rig 1 2,000$     /Day 2,000$          2
b Development Crew per Diem 1 200$        /Night 200$             2

Cost per Well 2,200$          
Number of Wells (1 Well Developed per Day) 103

Subtotal - Develop UBA Wells 226,600$      

13 Mobilization/Demobilization of  Mud Rotary Drill Rig 2 12,000$   /Each 24,000$        4

14 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 1 2,000$     /Each 2,000$          4
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 220$        /Foot 24,200$        4
c Mud Change-Out and Pit Decon 1 2,000$     /Each 2,000$          4
d 12" Boring Under Conductor 8.5 80$          /Foot 680$             4
e Install 6" Low Carbon Steel Sched. 40 Casing 110.5 88$          /Foot 9,724$          4
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 8 175$        /Foot 1,400$          4
g Type II Cement Grout and Sand Pack 118.5 30$          /Foot 3,555$          4
h Forklift and Hopper Rental for Waste Handling 4 400$        /Day 1,600$          4
i Standby for Cement Curing 6 550$        /Hour 3,300$          4
j Well Development 10 165$        /Hour 1,650$          4
k Vehicle Usage 4 100$        /Day 400$             
l Equipment Rental and Supplies 4 500$        /Day 2,000$          

m Other Direct Costs 4 300$        /Day 1,200$          
Cost per Well 53,709$        

Number of Wells (4 Days per Well for Installation and Development) 19
Subtotal - Hot Floor Multi-Phase Extraction Wells 1,020,471$   

15 Hot Floor Steam Injecton Wells
a Move Between Well Locations 1 2,000$     /Each 2,000$          4
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$        /Foot 19,800$        4
c Mud Change-Out 1 1,500$     /Each 1,500$          4
d 9" Boring Under Conductor 5.5 75$          /Foot 413$             4
e Install 2" Low Carbon Steel Sched. 40 Casing 110.5 45$          /Foot 4,973$          4
f Install 2" Type 304 Stainless Steel Screen 5 90$          /Foot 450$             4
g Type II Cement Grout and Sand Pack 115.5 20$          /Foot 2,310$          4
h Forklift and Hopper Rental for Waste Handling 4 400$        /Day 1,600$          4
i Standby for Cement Curing 5 550$        /Hour 2,750$          4
j Well Development 6 165$        /Hour 990$             4
k Vehicle Usage 4 100$        /Day 400$             
l Equipment Rental and Supplies 4 500$        /Day 2,000$          

m Other Direct Costs 4 300$        /Day 1,200$          
Cost per Well 40,385$        

Number of Wells (4 Days per Well for Installation and Development) 47
Subtotal - Hot Floor Steam Injecton Wells 1,898,095$   

16 Temperature Monitoring Points
a Move Between Well Locations 1 2,000$     /Each 2,000$          4
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$        /Foot 19,800$        4
c Mud Change-Out 1 1,500$     /Each 1,500$          4
d 8" Boring Under Conductor 5 75$          /Foot 375$             4
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 115 40$          /Foot 4,600$          4
f Type II Cement Grout 115 20$          /Foot 2,300$          4
g Forklift and Hopper Rental for Waste Handling 5 400$        /Day 2,000$          4
h Standby for Cement Curing 5 550$        /Hour 2,750$          4
i Vehicle Usage 5 100$        /Day 500$             4
j Equipment Rental and Supplies 5 500$        /Day 2,500$          
k Other Direct Costs 5 300$        /Day 1,500$          

Subtotal 39,825$        
Number of Wells (3 Days per Point - no Development Needed) 64

Subtotal - Temperature Monitoring Points 2,548,800$   

17 BFS Monitoring Well Installation (4 Days per Well for Installation and Development) 4 54,000$   /Well 216,000$      1
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.7

Steam Injection (2.5 UBA PVs and 3 Hot Floor PVs)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

18 Waste Management
a Waste Tank Rental 6205 38$          /Day 235,790$      5
b Waste Tank Rental Delivery -  Mob and Demob 17 900$        /Each 15,300$        5
c Waste Bin Rental 4530 15$          /Day 67,950$        5
d Waste Bin Rental Delivery -  Mob and Demob 157 500$        /Each 78,500$        5
e Transport of Hazardous Soil Cuttings 157 1,100$     /Each 172,700$      5
f Disposal of Hazardous Soil Cuttings 3127 550$        /Ton 1,719,850$   5
g Transport of Hazardous Mud 215 500$        /Each 107,500$      5
h Disposal of Hazardous Mud 810000 1.1$         /Gal 891,000$      5
i Transport of Hazardous Water 29 1,100$     /Each 31,900$        5
j Disposal of Hazardous Water 132000 0.8$         /Gal 105,600$      5
k Waste Characterization/Profiling 3 500$        /Each 1,500$          

Subtotal - Waste Management 3,427,590$   
Total Subcontractor Cost w/10% Markup 11,872,615$ 

TOTAL FULL SCALE WELL CONSTRUCTION COST 12,961,465$ 

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Cascade Drilling, Inc. Quote Dated 7/15/08
3 Verbal Quote from Test America
4 Water Development Corporation Quote Dated 4/25/08
5 Verbal Quote from NRC Environmental
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Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Entire Treatment Area
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Appendix J
Table 12.8

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1  Groundwater Extraction Assemblies
 a Well Head Assemblies 64 1,000$          Each 64,000$          
 b Extraction Pump (High Temperature Hammerhead Pro) 64 3,070$          Each 196,480$        1
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 6200 11$               LF 68,200$          1
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 6200 16$               LF 99,200$          1
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 6200 22$              LF 136,400$       1

Total Groundwater Extraction Assemblies 564,280$        

2  Steam Injection Well Head Assemblies 105 7,000$          Each 735,000$        

3 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 1,800 75$               Hour 135,000$        

4  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 608 67.65$          LF 41,131$          2
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 4142 43.45$          LF 179,970$        2
  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket 636.5 34.10$         LF 21,705$         2

Total Steam Injection Piping 242,806$        

5  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 608 94.71$          LF 57,584$          3
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 4142 67.65$          LF 280,206$        2
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket 2612.5 43.45$         LF 113,513$       2

Total Vapor Extraction Piping 451,303$        

6  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 608 43.45$          LF 26,418$          2
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 4142 34.10$          LF 141,242$        2
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 2612.5 31.45$          LF 82,163$          2
 d Total Piping Length 7362.5 LF
 e Piping Heat Trace, VLBTV Wire 7362.5 15.75$          LF 115,959$        4
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 109,734.69$ LS 109,735$       

Total Groundwater Extraction Piping 475,517$        

7  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 7362.5 20.00$          LF 147,250$        2

8  Pipe Supports 736.25 200$             LF 147,250$        

CONSULTANT LABOR COST 135,000$        
DIRECT COSTS w/10% MARKUP 3,039,746$     
TOTAL FULL SCALE WELL FIELD EQUIPMENT INSTALLTION COST 3,174,746$     

Cost Source Reference
1 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
2 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
3 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
4 2006 Raychem quote obtained by CH2MHILL

Unit CostItem

Full Scale Well Field Equipment Installation
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Appendix J
Table 12.9

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells and Piping
a Pressure Gage (0-300 PSI) 221 48$             /Each 10,608$    1
b Temperature Indicator 221 127$           /Each 28,067$    1
c Orifice Plate and Transmitter 19 10,000$     /Each 190,000$ 

Total Steam Injection Wells and Piping I&Cs 228,675$  

2 Groundwater Exraction Pressure Gage (0-300 PSI) 64 48$             /Each 3,072$     1

3 Vapor Extraction Vacuum Gage (30 in Hg) 64 50$             /Each 3,226$     1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,305 0.75$          /Foot 979$         2
b Analog Decoder 1 500$           /Each 500$         

Cost per Temp Monitoring Point 1,479$      
Number of Temperature Monitoring Points 64

Total Thermocouple String 94,640

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 950

75$             /Hour 71,250$    

6 Electrical Allowance (20% of Instrumentation and Controls cost) 1 98,884$      /LS 98,884$   

7 Control System Allowance (30% of Instrumentation and Controls cost) 1 131,845$    /LS 131,845$ 

CONSULTANT LABOR COST 71,250$   
DIRECT COSTS w/10% MARKUP 616,376$ 

687,626$  

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL INSTRUMENTATION AND CONTROLS INSTALLATION COST w/10% SUBCONTRACTOR MARKUP

Full Scale Instrumentation and Controls Installation
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Appendix J
Table 12.10

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Subcontractor Cost Quantity Cost Cost
Ref.

1 Vapor Treatment
a Steam-Regenerable Carbon System

(incl. two 10,000-lb GAC vessels, condenser, separator, and inline stack PID) 1 796,000$     /LS 796,000$       1
b Interconnecting Piping (20% of Steam-Regen Carbon System cost) 1 159,200$     /LS 159,200$       
c 5000-lb Polishing Vapor-Phase GAC Vessel 2 16,000$       /Each 32,000$         2
d Orifice Plate and Transmitter 1 10,000$       /Each 10,000$         
e 1000 SCFM Liquid Ring Vacuum Blower (standard cast iron construction) 3 80,000$       /Each 240,000$       3
f Moisture Separator 1 4,000$         /Each 4,000$            4

Transfer Pump (50 gpm) 3 536$           /Each 1,607$           5
Total for Vapor Treatment 1,242,807$    

2 Groundwater Exraction and Treatment
a DNAPL/Water Separator 1 124,365$     /Each 124,365$       6
b Groundwater Holding Tank 1 50,000$       /Each 50,000$         
c Liquid-Phase GAC Vessel (6,000 lb) 2 25,000$       /Each 50,000$         
d Air Compressor 2 20,000$       /Each 40,000$         7
e Transfer Pump (50 gpm) 4 536$            /Each 2,142$            5
f HiPOx System 1 2,050,000$ /Each 2,050,000$   8

Total for Groundwater Exraction and Treatment Equipment 2,316,507$    

3 Equipment Pads and Containment 1 150,000$     /LS 150,000$      7
4 80' X 110' Treatment Plant Building 1 150,000$     /LS 150,000$      
5 Subcontractor Installation Cost 1 365,000$     /LS 365,000$      9

TOTAL FULL-SCALE TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 4,646,745$    

Cost Source Reference
1 MEGTEC Systems, Inc. Quote Dated April 20, 2008 and Email from MEGTEC Dated May 16, 2008
2 BakerCorp Quote Dated July 1, 2008
3 Yardley Pump and Vacuum Quote Dated July 18, 2008
4 Verbal Qoute from Enviro Supply and Services
5 Grainger Catalog Price
6 Pan America Environmental Quote Dated July 18, 2008
7 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 34
8 Based on Applied Process Technology, Inc. Quote Dated June 6, 2005
9 Verbal Quote from J.C. Palomar Construction, Inc.

Unit Cost

Full-Scale Treatment Equipment Installation
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Appendix J
Table 12.11

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor Quantity Cost
1 Project Manager 260 150$ /Hour 39,000$   
2 Senior Engineer/Geologist 520 125$ /Hour 65,000$   
3 Mid-Level Engineer/Geologist 1,401 100$ /Hour 140,100$ 
4 Junior/Field Engineer/Geologist 1,790 75$   /Hour 134,250$ 
5 Field Technician 1,790 75$   /Hour 134,250$ 
6 Clerical/Drafting 200 50$   /Hour 10,000$  

TOTAL CONSTRUCTION MANAGEMENT COST 522,600$ 

Unit Cost

Construction Management
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Appendix J
Table 12.12

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 40 150$         /Hour 6,000$               
2 Senior Engineer/Geologist 40 125$         /Hour 5,000$               
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 160 100$         /Hour 16,000$             
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 160 75$           /Hour 12,000$             
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 480 75$           /Hour 36,000$             
6 Clerical/Drafting 40 50$           /Hour 2,000$               

Consultant Labor Cost for Operations 77,000$             

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 8 150$         /Hour 1,200$               
8 Senior Engineer/Geologist 8 125$         /Hour 1,000$               
9 Mid-Level Engineer/Geologist 62 100$         /Hour 6,240$               

10 Junior/Field Engineer/Geologist 160 75$           /Hour 12,000$             
11 Field Technician 0 75$           /Hour -$                       
12 Clerical/Drafting 10 50$           /Hour 500$                  

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 20,940$             

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
Steam Generator (three total, 28.8-million BTUs/hr each, Low NOx)

a Monthly Rental - Steam Generator #1 (incl. feed water treatment package) 0 70,000$    /Month -$                       1
b Monthly Rental - Steam Generator #2 (incl. feed water treatment package) 0 70,000$    /Month -$                       1
c Monthly Rental - Steam Generator #3 (incl. feed water treatment package) 1 70,000$    /Month 70,000$             1

Total Equipment Rentals 70,000$             

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 4 333$         /Week 1,333$               
b Virgin Coconut Shell Vapor-Phase Carbon 10,000 1.07$        /lb 10,700$             2
c Vapor-Phase Carbon Change-Out Service 1 1,850.00$ /Change-Out 1,850$               2
d Hydrogen Peroxide for HiPOx 7,638 3.00$        /Gal 22,914$             
e Oxygen for HiPOx 53,400 0.35$        /100 SCF 18,690$             
f Liquid-Phase Carbon Change-Outs (Includes T&D) 6,600 1.61$        /lb 10,639$             3

Total Consumables 66,127$             

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 10,000 0.71$        /lb 7,100$               4
b Vapor-Phase GAC Transportation 1 4,286$      /Load 4,286$               4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 10,833 0.50$        /lb 5,417$               5
d Carbon Regen System Solvent Waste Transportation 1 3,650$      /Load 3,650$               5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 1,801 0.25$        /lb 450$                  5
f Filtration Generated Waste Transportation 1 2,800$      /Load 2,800$               5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz 92,520 0.14$        /Gal 12,953$             6
h Boile Water Pre-Treatment Brine and Blowdown Transportation 9 950$         /10,000 Gals 8,789$               6

Total Waste Management 45,445$             

16 Lab Analytical and Monitoring
a Summa Can Rental 24 40$           /Each 960$                  7
b Vapor Analysis - VOCs (EPA Method TO-15) 24 200$         /Each 4,800$               7
c Water Analysis - Pesticides (EPA Method 8081A) 24 90$           /Each 2,160$               8
d Water Analysis - VOCs (EPA Method 8260B) 24 95$           /Each 2,280$               8
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 2 80$           /Each 160$                  8
f Tedlar Bags 20 10$           /Each 200$                  
g TVA-1000B PID/FID Rental 1 1,200$      /Month 1,200$               9

Total Lab Analytical and Monitoring 11,760$             

17 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$               10
b Temporary Office 24'x60' Rental 1 1,030$      /Month 1,030$               10
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                       10
d Temporary Storage Trailer 1 149$         /Month 149$                  11
e Portable Toilet Delivery 1 22$           /Each 22$                    12
f Portable Toilet Rental 1 76$           /Month 76$                    12
g Standby Generator (800 kW) 1 8,775$      /Month 8,775$               13
h Maintenance Parts 1 1,000$      /Month 1,000$               
i Fed Ex and Deliveries 20 150$         /Day 3,000$               
j Temporary office comm. (internet, telephone, fax) 1 1,000$      /Month 1,000$               

k Operator Truck Usage (One Truck per Operator) 60 100$         /Day/Truck 6,000$               
Total Miscellaneous 23,989$             

18 Steam License for Hot Floor 0 0.50$        /CY Treated -$                       14
Total Subcontractor Cost 217,322$           

Hot Floor Pre-Heat

Unit Cost

Unit Cost

Unit Cost

12.12  Hot Floor Pre-Heat Page 18 of 25



Final DNAPL Feasibility Study
Steam Injection (6 UBA PVs)
Entire Treatmen Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 12.12

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Hot Floor Pre-Heat

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage 465,124 0.1045$    /kWh 48,605$             15
20 Natural Gas for Steam Generation 207,360 1.14$        /Therm 236,390$           16

Municipal Water for Cooling Tower Makeup 584,000 0.0029$    /Gal 1,694$               
21 Municipal Water for Steam Generation 1,198,030 0.0029$    /Gal 3,474$               

Total Utilities 290,164$           

CONSULTANT LABOR COST 97,940$             
SUBCONTRACTOR COST w/10% MARKUP 239,054$           
UTILITIES COST (NO MARKUP) 290,164$           
TOTAL OPERATIONS AND MAINTENANCE COST FOR HOT FLOOR PRE-HEAT 627,157$           

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 BakerCorp Quote Dated June 30, 2008
3 BakerCorp Quote April 30, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14  McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired.
15 Shedule A-3 LADWP Rate (Second Quarter 2008)
16 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost
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Appendix J
Table 12.13

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$         /Hour 78,000$              
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$              
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$         /Hour 208,000$            
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$            
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$           /Hour 468,000$            
6 Clerical/Drafting 520 50$          /Hour 26,000$             

Consultant Labor Cost for Operations 1,001,000$         

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$                
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$              
9 Mid-Level Engineer/Geologist 1,096 100$         /Hour 109,600$            

10 Junior/Field Engineer/Geologist 2,800 75$           /Hour 210,000$            
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 161 50$          /Hour 8,050$               

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 340,650$            

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
Steam Generator (three total, 28.8-million BTUs/hr each, Low NOx)

a Monthly Rental - Steam Generator #1 (incl. feed water treatment package) 12 70,000$    /Month 840,000$            1
b Monthly Rental - Steam Generator #2 (incl. feed water treatment package) 12 70,000$    /Month 840,000$            1
c Monthly Rental - Steam Generator #3 (incl. feed water treatment package) 12 70,000$   /Month 840,000$           1

Total Equipment Rentals 2,520,000$         

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 52 1,000$      /Week 52,000$              
b Virgin Coconut Shell Vapor-Phase Carbon 160,000 1.07$        /lb 171,200$            2
c Vapor-Phase Carbon Change-Out Service 16 1,850.00$ /Change-Out 29,600$              2
d Hydrogen Peroxide for HiPOx 333,300 3.00$        /Gal 999,900$            
e Oxygen for HiPOx 2,330,200 0.35$        /100 SCF 815,570$            
f Liquid-Phase Carbon Change-Outs (Includes T&D) 288,000 1.61$       /lb 464,256$           3

Total Consumables 2,532,526$         

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 160,000 0.71$        /lb 113,600$            4
b Vapor-Phase GAC Transportation 12 4,286$      /Load 51,432$              4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 65,000 0.50$        /lb 32,500$              5
d Carbon Regen System Solvent Waste Transportation 2 3,650$      /Load 7,300$                5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 78,600 0.25$        /lb 19,650$              5
f Filtration Generated Waste Transportation 3 2,800$      /Load 8,400$                5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz 2,250,720 0.14$        /Gal 315,101$            6
h Boile Water Pre-Treatment Brine and Blowdown Transportation 225 950$        /10,000 Gals 213,818$           6

Total Waste Management 761,801$            

16 Lab Analytical and Monitoring (O&M Year 1)
a Summa Can Rental 324 40$           /Each 12,960$              7
b Vapor VOCs Analysis (EPA Method TO-15) 324 200$         /Each 64,800$              7
c Liquid Pesticides (EPA Method 8260B) 324 90$           /Each 29,160$              8
d Liquid VOC Analysis (EPA Method 8081A) 324 95$           /Each 30,780$              8
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$                8
f Tedlar Bags 240 10$           /Each 2,400$                
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$             9

Total O&M Year 1 Lab Analytical and Monitoring 156,420$            

17 Lab Analytical and Monitoring (O&M Years 2 through 4)
a Summa Can Rental 174 40$           /Each 6,960$                7
b Vapor Analysis - VOCs (EPA Method TO-15) 174 200$         /Each 34,800$              7
c Water Analysis - Pesticides (EPA Method 8081A) 174 90$           /Each 15,660$              8
d Water Analysis - VOCs (EPA Method 8260B) 174 95$           /Each 16,530$              8
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 24 80$           /Each 1,920$                8
f Tedlar Bags 240 10$           /Each 2,400$                
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$             9

Total O&M Years 2 through 4 Lab Analytical and Monitoring 92,670$              

 Annual Operations and Maintenance (Years 1 through 4)

Unit Cost

Unit Cost

Unit Cost
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Appendix J
Table 12.13

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
 Annual Operations and Maintenance (Years 1 through 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Miscellaneous (O&M Years 1 through 3)
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              10
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                        10
d Temporary Storage Trailer 12 149$         /Month 1,784$                11
e Portable Toilet Delivery 0 22$           /Each -$                        12
f Portable Toilet Rental 12 76$           /Month 908$                   12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$            13
h Maintenance Parts 12 1,000$      /Month 12,000$              
i Fed Ex and Deliveries 260 150$         /Day 39,000$              
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$             

Total O&M Yeasr 1 through 3 Miscellaneous 261,348$            

19 Miscellaneous (O&M Year 4)
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                        10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              10
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$                10
d Temporary Storage Trailer 12 149$         /Month 1,784$                11
e Portable Toilet Delivery 0 22$           /Each -$                        12
f Portable Toilet Rental 12 76$           /Month 908$                   12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$            13
h Maintenance Parts 12 1,000$      /Month 12,000$              
i Fed Ex and Deliveries 260 150$         /Day 39,000$              
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              
k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$             

Total O&M Year 4 Miscellaneous 263,094$            

20 Steam License for UBA (O&M Year 1 Only) 0 0.50$       /CY Treated -$                       14
Total Subcontractor Cost (O&M Year 1) 6,232,095$         
Total Subcontractor Cost (O&M Year 2) 6,168,345$         
Total Subcontractor Cost (O&M Year 3) 6,168,345$         
Total Subcontractor Cost (O&M Year 4) 6,170,091$         

Item Utilities Quantity Cost Cost
Ref.

21 Electricity Usage 20,296,302 0.1045$    /kWh 2,120,964$         15
22 Natural Gas for Steam Generation 6,209,136 1.14$        /Therm 7,078,415$         16

Municipal Water for Cooling Tower Makeup 7,008,000 0.0029$    /Gal 20,323$              
23 Municipal Water for Steam Generation 35,583,217 0.0029$   /Gal 103,191$           

Total Utilities 9,322,893$         

FULL SCALE CONSULTANT LABOR COST 1,341,650$         
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 1) 6,855,305$         
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 2) 6,785,180$         
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 3) 6,785,180$         
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 4) 6,787,101$         
UTILITIES COST (NO MARKUP) 9,322,893$         

TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 1) 17,519,848$       
TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 2) 17,449,723$       
TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 3) 17,449,723$       
TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 4) 17,451,644$       

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 BakerCorp Quote Dated June 30, 2008
3 BakerCorp Quote April 30, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33.  Fee assumed to be unnecessary as of June 2013 - patent has expired.
15 Shedule A-3 LADWP Rate (Second Quarter 2008)
16 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost

Unit Cost
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Table 12.14

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 65 150$       /Hour 9,750$            
2 Senior Engineer/Geologist 585 125$       /Hour 73,125$          
3 Mid-Level Engineer/Geologist 250 100$       /Hour 25,000$          
4 Junior/Field Engineer/Geologist 3,160 75$         /Hour 237,000$        
5 Field Technician 125 75$         /Hour 9,375$            
6 Clerical/Drafting 60 50$        /Hour 3,000$            

Total Consultant Labor Cost 357,250$        

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$            1

2 Abandon UBA Multi-Phase Extraction Wells
a Drill out well materials 105 65$         /Foot 6,825$            1
b Grout resulting boring 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 11,075$          
Number of Wells 53

Total for UBA Mult-Phase Extraction Well Adandonment 586,975

3 Abandon Triple-Nested UBA Steam Injecton Wells
a Drill out well materials 60 65$         /Foot 3,900$            1
b Grout resulting boring 60 30$         /Foot 1,800$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 6,800$            
Number of Wells 61

Total for UBA Triple-Nested Steam Injection Well Abandonment 414,800

4 Shallow UBA Steam Injection Wells
a Drill out well materials 105 65$         /Foot 6,825$            1
b Grout resulting boring 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Cost per Well 10,475$          
Number of Wells 0

Total for UBA Shallow Steam Injection Well Abandonment 0

5 Abandon Hot Floor Multi-Phase Extraction Wells
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 22

Total for Hot Floor Multi-Phase Extraction Well Abandonment 93,500$          
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Table 12.14

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Abandonment

6 Abandon Hot Floor Steam Injection Wells
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 55

Total for Hot Floor Steam Injection Well Abandonment 233,750$        

7 Abandon Temperature Monitoring Points
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 70

Total for Temperature Monitoring Point Abandonment 297,500$        
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Table 12.14

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

8 Waste Management
a Waste Tank Rental 0 38$         /Day -$                   
b Waste Tank Rental Delivery -  Mob and Demob 0 900$       /Each -$                   
c Waste Bin Rental 1389 15$         /Day 20,835$          2
d Waste Bin Rental Delivery -  Mob and Demob 46 500$       /Each 23,000$          2
e Transport of Hazardous Soil Cuttings 46 1,100$    /Each 50,600$          2
f Disposal of Hazardous Soil Cuttings 914 550$       /Ton 502,700$        2
g Transport of Hazardous Mud 0 500$       /Each -$                   
h Disposal of Hazardous Mud 0 1.1$        /Gal -$                   
i Transport of Hazardous Water 2 1,100$    /Each 2,200$            2
j Disposal of Hazardous Water 6736 0.8$        /Gal 5,389$            2
k Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 605,724$        
Total Subcontractor Cost w/10% Markup 2,457,674$     

TOTAL WELL ABANDONMENT COST 2,814,924$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Table 12.15

Steam Injection (6 UBA PVs and 7 Hot Floor PVs)
Demobilization and Project Close-Out

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 75 150$            /Hour 11,250$          
2 Senior Engineer/Geologist 220 125$            /Hour 27,500$          
3 Mid-Level Engineer/Geologist 720 100$            /Hour 72,000$          
4 Junior/Field Engineer/Geologist 900 75$              /Hour 67,500$          
5 Field Technician 480 75$              /Hour 36,000$          
6 Clerical/Drafting 161 50$             /Hour 8,050$           

Consultant Labor Cost 222,300$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 400,000$     /LS 400,000$       

8 Close-Out Borings
a Drilling 16 12,000$       /Boring 192,000$        1
b Waste Disposal 16 5,500$         /Boring 88,000$          2
c Soil Pesticides (EPA Method 8081A) 96 90$              /Sample 8,640$            3
d Soil VOCs (EPA Method 8260B) 96 95$              /Sample 9,120$            3
e Soil pCBSA (Modified EPA Method 314.0) 96 80$              /Sample 7,680$            3
f Liquid Pesticides (EPA Method 8081A) 16 90$              /Sample 1,440$            3
g Liquid VOCs (EPA Method 8260B) 16 95$              /Sample 1,520$            3
h Liquid pCBSA (Modified EPA Method 314.0) 16 80$             /Sample 1,280$           3

Total for Close-Out Borings 309,680$        

Total Subcontractor Cost w/10% Markup 780,648$        

TOTAL DEMOBILIZATION AND PROJECT CLOSE-OUT COST 1,002,948$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Table 13.0

Cost Summary
ERH (200 kW-hrs/cubic yard)

Focused Treatment Area

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

DR = 4% DR = 7%

1 Focused Treatment Design J-13.1  Design and Permitting Cost 1,160,300$            1,115,673$        1,084,393$        
J-13.2  Well Construction 3,996,515$            
J-13.3  Well Field Equipment Installation 2,170,154$            
J-13.4  Instrumentation and Controls Installation 64,124$                 
J-13.5  Treatment Equipment Installation 3,160,979$            
J-13.6  Construction Management 397,728$               

3 Focused Treatment Operation and Maintenance J-13.7  Operations and Maintenance 6,063,104$            5,390,077$        4,949,299$        
J-13.8  Well Abandonment 1,411,846$            
J-13.9  Demobilization 717,015$              

Totals 19,141,765$          17,376,453$      16,208,318$      

Notes
DR = Discount rate
NPV = Net present value

 $        8,550,529 

 $        1,624,098  Verification and Abandonment 4

2  Focused Treatment Build  $        9,050,943 

 $        1,819,759 
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Table 13.1

Design and Permitting

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 790 150$        /Hour 118,500$        
2 Senior Engineer/Geologist 1,170 125$        /Hour 146,250$        
3 Mid-Level Engineer/Geologist 4,600 100$        /Hour 460,000$        
4 Junior/Field Engineer/Geologist 3,310 75$          /Hour 248,250$        
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 1,106 50$         /Hour 55,300$         

Consultant Labor 1,028,300$     

Item Subcontractor Cost Quantity Cost Cost 
Ref.

1 Outside Thermal Expert 1 120,000$ /LS 120,000$       

132,000$        

TOTAL DESIGN AND PERMITTING COST 1,160,300$     

Subcontractor Cost w/10% Markup

Detailed Cost, ERH (200 kW-hrs/cubic yard)

Unit Cost

Unit Cost
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Table 13.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 507 150$        /Hour 76,050$        
2 Senior Engineer/Geologist 507 125$        /Hour 63,375$        
3 Mid-Level Engineer/Geologist 1,352 100$        /Hour 135,200$      
4 Junior/Field Engineer/Geologist 3,050 75$          /Hour 228,750$      
5 Field Technician 482 75$          /Hour 36,150$        
6 Clerical/Drafting 507 50$          /Hour 25,350$        

Total Consultant Labor Cost 564,875$      

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Abandon Existing Site Wells Prior to Thermal Treatment
a Drill out well materials 90 65$          /Foot 5,850$          1
b Grout resulting boring 90 30$          /Foot 2,700$          1
c Forklift and mini-hopper 1 500$        /Day 500$             1
d Excavate and remove well box 1 2,000$     /LS 2,000$          1
e Abandonment Crew per Diem 1 200$        /Night 200$             
f Vehicle Usage 1 100$        /Day 100$             
g Equipment Rental and Supplies 1 150$        /Day 150$             
h Other Direct Costs 1 150$        /Day 150$             

Cost per Well 11,650$        
Number of Wells 5

Total for Existing Site Well Abandonment 58,250$        
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Table 13.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$   /Each 12,000$        2
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             2
c Drill Crew per Diem 1 450$        /Night 450$             2
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Installation Permit 1 201$        /Well 201$             
g Other Direct Costs 1 300$        /Day 300$             

Cost per Well 13,801$        
Number of Wells (1 Well Installed per Day) 66

Subtotal - UBA Multi-Phase Extraction Wells 910,866$      

9 Lab Analytical (Sixteen UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 54 90$          /Sample 4,860$          3
b Soil Analysis - VOCs (EPA Method 8260B) 54 95$          /Sample 5,130$          3
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 54 80$          /Sample 4,320$          3
d Water Analysis - Pesticides (EPA Method 8081A) 9 90$          /Sample 810$             3
e Water Analysis - VOCs (EPA Method 8260B) 9 95$          /Sample 855$             3
f Water Analysis - pCBSA (Modified EPA Method 314.0) 9 80$          /Sample 720$             3

Total Lab Analytical (UBA Extraction Wells) 16,695$        
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Appendix J
Table 13.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Electrode Wells (15" HSA Drilling to 105' bgs)
a Drill Rig, Crew, and Support Equipment 1 4,000$     /Each 4,000$          4
b Cement Backfill Material 54 30$          /Foot 1,620$          4
c Sand Backfill Material 51 20$          /Foot 1,020$          4
d Drill Crew per Diem 1 450$        /Night 450$             4
e Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             4
f Plastic Sheeting and Hole Prep 1 25$          /Well 25$               4
g 5% Fuel Surcharge 1 368$        /Day 368$             4
h Vehicle Usage 1 100$        /Day 100$             
i Equipment Rental and Supplies 1 500$        /Day 500$             
j Installation Permit 1 201$        /Well 201$             
k Other Direct Costs 1 300$        /Day 300$             

Cost per Well 8,834$          
Number of Wells (1 Well Installed per Day) 102

Subtotal - Electrode Wells 901,094$      

11 Develop UBA Multi-Phase Extraction Wells
a Development Rig 1 2,000$     /Day 2,000$          2
b Development Crew per Diem 1 200$        /Night 200$             2

Cost per Well 2,200$          
Number of Wells (1 Well Developed per Day) 66

Subtotal - Develop UBA Wells 145,200$      
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Appendix J
Table 13.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Mobilization/Demobilization of  Mud Rotary Drill Rig 1 12,000$   /Each 12,000$       4

13 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 1 2,000$     /Each 2,000$          5
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 220$        /Foot 24,200$        5
c Mud Change-Out and Pit Decon 1 2,000$     /Each 2,000$          5
d 12" Boring Under Conductor 8.5 80$          /Foot 680$             5
e Install 6" Low Carbon Steel Sched. 40 Casing 110.5 88$          /Foot 9,724$          5
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 8 175$        /Foot 1,400$          5
g Type II Cement Grout and Sand Pack 118.5 30$          /Foot 3,555$          5
h Forklift and Hopper Rental for Waste Handling 4 400$        /Day 1,600$          5
i Standby for Cement Curing 6 550$        /Hour 3,300$          5
j Well Development 10 165$        /Hour 1,650$          5
k Vehicle Usage 4 100$        /Day 400$             
l Equipment Rental and Supplies 4 500$        /Day 2,000$          

m Installation Permit 1 201$        /Well 201$             
n Other Direct Costs 4 300$        /Day 1,200$          

Cost per Well 53,910$        
Number of Wells (4 Days per Well for Installation and Development) 0

Subtotal - Hot Floor Multi-Phase Extraction Wells -$                  
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Table 13.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

14 Hot Floor Steam Injecton Wells
a Move Between Well Locations 1 2,000$     /Each 2,000$          5
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$        /Foot 19,800$        5
c Mud Change-Out 1 1,500$     /Each 1,500$          5
d 9" Boring Under Conductor 5.5 75$          /Foot 413$             5
e Install 2" Low Carbon Steel Sched. 40 Casing 110.5 45$          /Foot 4,973$          5
f Install 2" Type 304 Stainless Steel Screen 5 90$          /Foot 450$             5
g Type II Cement Grout and Sand Pack 115.5 20$          /Foot 2,310$          5
h Forklift and Hopper Rental for Waste Handling 4 400$        /Day 1,600$          5
i Standby for Cement Curing 5 550$        /Hour 2,750$          5
j Well Development 6 165$        /Hour 990$             5
k Vehicle Usage 4 100$        /Day 400$             
l Equipment Rental and Supplies 4 500$        /Day 2,000$          

m Installation Permit 1 201$        /Well 201$             
n Other Direct Costs 4 300$        /Day 1,200$          

Cost per Well 40,586$        
Number of Wells (4 Days per Well for Installation and Development) 0

Subtotal - Hot Floor Steam Injecton Wells -$                  
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Appendix J
Table 13.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

15 Temperature Monitoring Points (7" HAS Drilling to 105' bgs)
a Move Between Well Locations 1 4,000$     /Each 4,000$          
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                  
c Mud Change-Out 0 1,500$     /Each -$                  
d 8" Boring Under Conductor 0 75$          /Foot -$                  
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 105 40$          /Foot 4,200$          
f Type II Cement Grout 105 20$          /Foot 2,100$          
g Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             
h Standby for Cement Curing 0 550$        /Hour -$                  
i Vehicle Usage 1 100$        /Day 100$             
j Equipment Rental and Supplies 1 500$        /Day 500$             
k Installation Permit 1 201$        /Well 201$             
i Other Direct Costs 1 300$        /Day 300$             

Subtotal 11,651$        
Number of Wells (3 Days per Point - no Development Needed) 14

Subtotal - Temperature Monitoring Points 163,114$      

16 BFS Monitoring Wells
a Well Installation (4 Days per Well for Installation and Development) 2 54,000$   /Well 108,000$      1
b Installation Permit 2 201$        /Well 402$             

Subtotal - BFS Monitoring Wells 108,402$      
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Appendix J
Table 13.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

17 Waste Management
a Waste Tank Rental 290 38$          /Day 11,020$        6
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             6
c Waste Bin Rental 1762 15$          /Day 26,430$        6
d Waste Bin Rental Delivery -  Mob and Demob 58 500$        /Each 29,000$        6
e Transport of Hazardous Soil Cuttings 58 1,100$     /Each 63,800$        6
f Disposal of Hazardous Soil Cuttings 1178 550$        /Ton 647,900$      6
g Transport of Hazardous Mud 0 500$        /Each -$                  6
h Disposal of Hazardous Mud 0 1.1$         /Gal -$                  6
i Transport of Hazardous Water 6 1,100$     /Each 6,600$          6
j Disposal of Hazardous Water 21753 0.8$         /Gal 17,402$        6
k Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 804,052$      
Total Subcontractor Cost w/10% Markup 3,431,640$    

TOTAL WELL CONSTRUCTION COST 3,996,515$    

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Cascade Drilling, Inc. Quote Dated 7/15/08
3 Verbal Quote from Test America
4 Cascade Drilling, Inc. Quote Dated 8/01/08
5 Water Development Corporation Quote Dated 4/25/08
6 Verbal Quote from NRC Environmental
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Appendix J
Table 13.3

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 1 50,000$        LS 50,000$          

2 Natural Gas Pipeline 1 200,000$      LS 200,000$        

3 Electrode Well Equipment and Piping
a Electrodes (3 per Electrode Well) 306 1,500$          Each 459,000$        1
b Armored Electrical Cable 2380 4.89$            Foot 11,638$          2
c 1.5-Inch Carbon Steel Pipe and Fittings for Recirc Water Delivery 2380 12.00$          LF 28,560$         

Total Electrode Well Equipment 499,198$        

4  Groundwater Extraction Assemblies
 a Well Head Assemblies 66 1,000$          Each 66,000$          
 b Extraction Pump (High Temperature Hammerhead Pro) 66 3,070$          Each 202,620$        3
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 6600 11$               LF 72,600$          3
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 6600 16$               LF 105,600$        3
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 6600 22$              LF 145,200$       3

Total Groundwater Extraction Assemblies 592,020$        

5  Steam Injection Well Head Assemblies 0 7,000$          Each -$                   

6 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 1,370 75$               Hour 102,750$        

7  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 67.65$          LF -$                   4
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 43.45$          LF -$                   4

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 34.10$         LF -$                  4
Total Steam Injection Piping -$                   

8  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 605 94.71$          LF 57,300$          5
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1810 67.65$          LF 122,447$        4
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 677 43.45$         LF 29,416$         4

Total Vapor Extraction Piping 209,162$        

Unit CostItem
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Appendix J
Table 13.3

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

9  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 605 43.45$          LF 26,287$          4
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1810 34.10$          LF 61,721$          4
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 677 31.45$          LF 21,292$          4
 d Total Piping Length 3092 LF
 e Piping Heat Trace, VLBTV Wire 3092 15.75$          LF 48,699$          6
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 47,399.67$  LS 47,400$         

Total Groundwater Extraction Piping 205,399$        

10  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 3092 20.00$          LF 61,840$          4

11  Pipe Supports 309.2 200$             LF 61,840$          

CONSULTANT LABOR COST 102,750$        
DIRECT COSTS w/10% MARKUP 2,067,404$     
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 2,170,154$     

Cost Source Reference
1 Verbal Quote from McMillan-McGee Corp.
2 McMaster-Carr Catalog Price
3 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
4 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
5 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
6 2006 Raychem quote obtained by CH2MHILL

Item Unit Cost
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Appendix J
Table 13.4

 Instrumentation and Controls Installation

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells
a Pressure Gage (0-300 PSI) 0 48$            /Each -$             1
b Temperature Indicator 0 127$          /Each -$             1
c Orifice Plate and Transmitter 0 10,000$     /Each -$            

Total Steam Injection Wells and Piping I&Cs -$             

2 Groundwater Exraction Pressure Gage (0-300 PSI) 66 48$            /Each 3,168$    1

3 Vapor Extraction Vacuum Gage (30 in Hg) 66 50$            /Each 3,326$    1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,400 0.75$         /Foot 1,050$     2
b Analog Decoder 1 500$          /Each 500$        

Cost per Temp Monitoring Point 1,550$     
Number of Temperature Monitoring Points 14

Total Thermocouple String 21,700

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 152 75$            /Hour 11,400$   

6 Electrical Allowance (20% of Instrumentation and Controls cost) 1 8,458$        /LS 8,458$    

7 Control System Allowance (30% of Instrumentation and Controls cost) 1 11,278$      /LS 11,278$  

CONSULTANT LABOR COST 11,400$  
DIRECT COSTS w/10% MARKUP 52,724$  

64,124$   

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL INSTRUMENTATION AND CONTROLS INSTALLATION COST

Detailed Cost, ERH (200 kW-hrs/cubic yard)
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Table 13.5

Treatment Equipment Installation

Item Subcontractor Cost Quantity Cost Cost
Ref.

1 Vapor Treatment
a 12,000-gallon Brine Holding Tank 1 18,538$      /Each 18,538$         1
b Fin-Fan Heat Exchanger 1 14,306$      /Each 14,306$         2
c Steam-Regenerable Carbon System

(incl. two 5,000-lb GAC vessels, condenser, separator, and inline stack PID) 1 750,000$    /LS 750,000$       3
d 2MM BTUs/Hr Steam Generator (Gas Fired) 1 5,000$        /Each 5,000$           
e Water Softening Unit for Steam Generator 1 5,000$        /Each 5,000$           
f Interconnecting Piping (20% of Steam-Regen Carbon System cost) 1 150,000$    /LS 150,000$       
g 5000-lb Polishing Vapor-Phase GAC Vessel 2 16,000$      /Each 32,000$         4
h Orifice Plate and Transmitter 2 10,000$      /Each 20,000$         
i 1000 SCFM Liquid Ring Vacuum Blower (standard cast iron construction) 2 80,000$      /Each 160,000$       5
j Moisture Separator 1 4,000$        /Each 4,000$           6
k 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           1
l Transfer Pump (50 gpm) 9 536$           /Each 4,820$           7

Total for Vapor Treatment 1,165,742$    

2 Groundwater Exraction and Treatment
a Shell and Tube Heat Exchanger 1 22,112$      /Each 22,112$         8
b DNAPL/Water Separator 2 56,450$      /Each 112,900$       9
c Groundwater Holding Tank 1 50,000$      /Each 50,000$         
d Two 3,000-lb Liquid-Phase GAC Vessels Each w/Initial Virgin Coconut Shell GAC Fill 1 16,830$      LS 16,830$         10
e Air Compressor 1 20,000$      /Each 20,000$         11
f 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           1
g Cooling Tower (540 gpm Recirculation Rate) 1 37,713$      /Each 37,713$         12
h Transfer Pump (50 gpm) 8 536$           /Each 4,284$           7
i Transfer Pump (540 gpm) 2 2,756$        /Each 5,513$           13
j Transfer Pump (145 gpm) 2 1,348$        /Each 2,696$           7
k HiPOx System (50 gpm) 1 768,750$    /Each 768,750$       14

Total for Groundwater Exraction and Treatment Equipment 1,042,876$    

Unit Cost

Detailed Cost, ERH (200 kW-hrs/cubic yard)
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Table 13.5

Treatment Equipment Installation
Detailed Cost, ERH (200 kW-hrs/cubic yard)

Item Subcontractor Cost Quantity Cost Cost
Ref.

3 Equipment Pads and Containment 1 150,000$    /LS 150,000$      11
4 80' X 110' Treatment Plant Building 1 150,000$    /LS 150,000$      
5 Subcontractor Installation Cost 1 365,000$    /LS 365,000$      15

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 3,160,979$    

Cost Source Reference
1 Harrington Plastic Catalog Price
2 Heat Exchanger Sales and Engineering Company, LLC Quote Dated July 17, 2008
3 MEGTEC Systems, Inc. Quote Dated April 20, 2008
4 BakerCorp Quote Dated July 1, 2008
5 Yardley Pump and Vacuum Quote Dated July 18, 2008
6 Verbal Qoute from Enviro Supply and Services
7 Grainger Catalog Price
8 SEC Heat Exchanger Quote Dated July 1, 2008
9 Pan America Environmental Quote Dated July 28, 2008

10 BakerCorp Quoted Dated July 23, 2008
11 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 34
12 Cooling Tower Systems Quote Dated July 2, 2008
13 McMaster-Carr Catalog Price
14 Unit price scaled down to a 75 gpm system from $2,050,000 quote from Applied Process Technologies (June 6, 2006) for a 200 gpm system. 
15 Verbal Quote from J.C. Palomar Construction, Inc.

Unit Cost
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Table 13.6

Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 195 150$ /Hour 29,250$   
2 Senior Engineer/Geologist 400 125$ /Hour 50,000$   
3 Mid-Level Engineer/Geologist 1,062 100$ /Hour 106,200$ 
4 Junior/Field Engineer/Geologist 1,365 75$   /Hour 102,375$ 
5 Field Technician 1,365 75$   /Hour 102,375$ 
6 Clerical/Drafting 151 50$   /Hour 7,528$    

TOTAL CONSTRUCTION MANAGEMENT COST 397,728$ 

Unit Cost

Detailed Cost, ERH (200 kW-hrs/cubic yard)
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Table 13.7

Detailed Cost, ERH (200 kW-hr/cubic yard)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$         /Hour 78,000$              
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$              
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$         /Hour 208,000$            
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$            
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$           /Hour 468,000$            
6 Clerical/Drafting 520 50$           /Hour 26,000$              

Consultant Labor Cost for Operations 1,001,000$         

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$                
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$              
9 Mid-Level Engineer/Geologist 1,300 100$         /Hour 130,000$            

10 Junior/Field Engineer/Geologist 2,080 75$           /Hour 156,000$            
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 180 50$           /Hour 9,000$                

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 308,000$            

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 12-million BTUs/hr Low NOx Steam Generator (incl. water softening package) 0 18,500$    /Month -$                        1

Total Equipment Rentals -$                        

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 52 100$         /Week 5,200$                
b Virgin Coconut Shell Vapor-Phase Carbon (7,000-lbs of polishing GAC per month plus 10,000 lbs of 

regen system carbon changed-out after six months) 94,000 1.07$        /lb 100,580$            2
c Vapor-Phase Carbon Change-Out Service 10 1,739$      /Change-Out 17,390$              2
d Hydrogen Peroxide for HiPOx 166,650 3.00$        /Gal 499,950$            
e Oxygen for HiPOx 1,165,100 0.35$        /100 SCF 407,785$            
f 3000-lb Liquid-Phase Carbon Change-Out (Includes T&D as Hazardous Waste) 48 6,746$      /Each 323,808$            3

Total Consumables 1,354,713$         

Operations and Maintenance

Unit Cost

Unit Cost

Unit Cost
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Table 13.7

Detailed Cost, ERH (200 kW-hr/cubic yard)
Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration)

(incl. 10,000 lbs of regen system carbon at year end) 80,000 0.71$        /lb 56,800$              4
b Vapor-Phase GAC Transportation 5 4,286$      /Load 21,430$              4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 169,500 0.50$        /lb 84,750$              5
d Carbon Regen System Solvent Waste Transportation - inlcude pre heat transport 5 3,650$      /Load 18,250$              5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 39,300 0.25$        /lb 9,825$                5
f Filtration Generated Waste Transportation 3 2,800$      /Load 8,400$                5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz) 43,526 0.14$        /Gal 6,094$                6
h Boiler Water Pre-Treatment Brine and Blowdown Transportation 5 950$         /10,000 Gals 4,750$                6

Total Waste Management 210,299$            

16 Lab Analytical and Monitoring
a Summa Can Rental 288 40$           /Each 11,520$              7
b Vapor VOCs Analysis (EPA Method TO-15) 288 200$         /Each 57,600$              7
c Liquid Pesticides (EPA Method 8260B) 288 90$           /Each 25,920$              8
d Liquid VOC Analysis (EPA Method 8081A) 288 95$           /Each 27,360$              8
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$                8
f Tedlar Bags 240 10$           /Each 2,400$                
g TVA-1000B PID/FID Rental 12 1,200$      /Month 14,400$              9

Total Lab Analytical and Monitoring 141,120$            

17 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$                10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              10
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$                10
d Temporary Storage Trailer 12 149$         /Month 1,784$                11
e Portable Toilet Delivery 1 22$           /Each 22$                     12
f Portable Toilet Rental 12 76$           /Month 908$                   12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$            13
h Maintenance Parts 12 1,000$      /Month 12,000$              
i Fed Ex and Deliveries 260 150$         /Day 39,000$              
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              

k Operator Truck Usage (One Truck per Operator) 780 100$         /Day/Truck 78,000$              
Total Miscellaneous 266,055$            

Unit Cost
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Table 13.7

Detailed Cost, ERH (200 kW-hr/cubic yard)
Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Steam License for UBA 0 0.50$        /CY Treated -$                       14
Total Subcontractor Cost (O&M Year 1) 1,972,186$         

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage
a Electrodes in UBA 11,680,994 0.1045$    /kWh 1,220,664$         15
b HiPOx and other Treatment Equipment 10,148,151 0.1045$    /kWh 1,060,482$         15

Total Electricity Usage 2,281,146$         

20 Natural Gas for Steam Generation 53,702 1.14$        /Therm 61,220$             16

21 Municipal Water
a Cooling Tower Makeup Water (5 GPM) 2,628,000 0.0029$    /Gal 7,621$                
b Municipal Water for Steam Generation 518,457 0.0029$    /Gal 1,504$                
c water for electrodes 80,416,800 0.0029$    /Gal 233,209$            

Total Municipal Water Usage 242,333$            

Total Utilities 2,584,699$         

FULL SCALE CONSULTANT LABOR COST 1,309,000$        
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP 2,169,405$         
UTILITIES COST (NO MARKUP) 2,584,699$         
TOTAL OPERATIONS AND MAINTENANCE COST 6,063,104$         

Unit Cost

Unit Cost
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Table 13.7

Detailed Cost, ERH (200 kW-hr/cubic yard)
Operations and Maintenance

Cost Source Reference
1 Nationwide Boiler Quote Dated July 30, 2008 
2 BakerCorp Quote Dated June 30, 2008.  Unit price for carbon change-out services is scaled down for a 9,400-lb change-out from BakerCorp quote of $1,850 per change-out for 10,000 lbs.
3 BakerCorp Quote July 23, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33
15 Shedule A-3 LADWP Rate (Second Quarter 2008)
16 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)
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Table 13.8

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 70 150$       /Hour 10,500$          
2 Senior Engineer/Geologist 420 125$       /Hour 52,500$          
3 Mid-Level Engineer/Geologist 170 100$       /Hour 17,000$          
4 Junior/Field Engineer/Geologist 1,872 75$         /Hour 140,400$        
5 Field Technician 70 75$         /Hour 5,250$            
6 Clerical/Drafting 70 50$        /Hour 3,500$           

Total Consultant Labor Cost 229,150$        

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$           1

2 Abandon UBA Multi-Phase Extraction Wells
a Drill out well materials (upper 15 feet) 15 65$         /Foot 975$               1
b Pressure grout well 108 30$         /Foot 3,240$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1
d Abandonment Crew per Diem 1 200$       /Night 200$               
e Vehicle Usage 1 100$       /Day 100$               
f Equipment Rental and Supplies 1 150$       /Day 150$               
g Other Direct Costs 1 150$       /Day 150$               

Cost per Well 5,315$            
Number of Wells (1 Well Abandoned per Day) 66

Total for UBA Multi-Phase Extraction Well Adandonment 350,790
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Table 13.8

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

3 Abandon Electrode Wells
a Drill out well materials (upper 15 feet) 15 65$         /Foot 975$               1
b Pressure Grout Electrodes 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1
d Abandonment Crew per Diem 1 200$       /Night 200$               
e Vehicle Usage 1 100$       /Day 100$               
f Equipment Rental and Supplies 1 150$       /Day 150$               
g Other Direct Costs 1 150$       /Day 150$               

Cost per Well 5,225$            
Number of Wells (1 Well Abandoned per Day) 102

Total for Electode Well Adandonment 532,950

4 Abandon Hot Floor Multi-Phase Extraction Wells
a Pressure grout well 118.5 30$         /Foot 3,555$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,655$            
Number of Wells (1 Well Abandoned per Day) 0

Total for Hot Floor Multi-Phase Extraction Well Abandonment -$                    
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Table 13.8

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

5 Abandon Hot Floor Steam Injection Wells
a Pressure grout well 115.5 30$         /Foot 3,465$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,565$            
Number of Wells (1 Well Abandoned per Day) 0

Total for Hot Floor Steam Injection Well Abandonment -$                    

6 Abandon Temperature Monitoring Points
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 14

Total for Temperature Monitoring Point Abandonment 59,500$          
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Table 13.8

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

7 Waste Management
a Waste Tank Rental 0 38$         /Day -$                    
b Waste Tank Rental Delivery -  Mob and Demob 0 900$       /Each -$                    
c Waste Bin Rental 360 15$         /Day 5,400$            2
d Waste Bin Rental Delivery -  Mob and Demob 12 500$       /Each 6,000$            2
e Transport of Hazardous Soil Cuttings 12 1,100$    /Each 13,200$          2
f Disposal of Hazardous Soil Cuttings 186 550$       /Ton 102,025$        2
g Transport of Hazardous Mud 0 500$       /Each -$                    
h Disposal of Hazardous Mud 0 1.1$        /Gal -$                    
i Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
j Disposal of Hazardous Water 1517 0.8$        /Gal 1,214$            2
k Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 129,939$       
Total Subcontractor Cost w/10% Markup 1,182,696$     

TOTAL WELL ABANDONMENT COST 1,411,846$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Table 13.9

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 55 150$            /Hour 8,250$            
2 Senior Engineer/Geologist 180 125$            /Hour 22,500$          
3 Mid-Level Engineer/Geologist 572 100$            /Hour 57,200$          
4 Junior/Field Engineer/Geologist 720 75$              /Hour 54,000$          
5 Field Technician 380 75$              /Hour 28,500$          
6 Clerical/Drafting 125 50$             /Hour 6,250$           

Consultant Labor Cost 176,700$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 317,000$     /LS 317,000$       

8 Close-Out Borings
a Drilling 9 12,000$       /Boring 108,000$        1
b Waste Disposal 9 5,500$         /Boring 49,500$          2
c Soil Pesticides (EPA Method 8081A) 54 90$              /Sample 4,860$            3
d Soil VOCs (EPA Method 8260B) 54 95$              /Sample 5,130$            3
e Soil pCBSA (Modified EPA Method 314.0) 54 80$              /Sample 4,320$            3
f Liquid Pesticides (EPA Method 8081A) 9 90$              /Sample 810$               3
g Liquid VOCs (EPA Method 8260B) 9 95$              /Sample 855$               3
h Liquid pCBSA (Modified EPA Method 314.0) 9 80$             /Sample 720$              3

Total for Close-Out Borings 174,195$        

Total Subcontractor Cost w/10% Markup 540,315$        

TOTAL DEMOBILIZATION COST 717,015$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Table 14.0

Cost Summary
ERH (400 kW-hrs/cubic yard)

Focused Treatment Area

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted)

DR= 4% DR= 7%

1 Focused Treatment Design J-14.1  Design and Permitting Cost 1,160,300$            1,115,673$        1,084,393$        
J-14.2  Well Construction 3,996,515$            
J-14.3  Well Field Equipment Installation 2,170,154$            
J-14.4  Instrumentation and Controls Installation 64,124$                 
J-14.5  Treatment Equipment Installation 3,160,979$            
J-14.6  Construction Management 397,728$               

3 J-14.7  Operations and Maintenance 6,063,104$            5,390,077$        4,949,299$        
4 J-14.7  Operations and Maintenance 6,063,104$            5,182,767$        4,625,513$        

J-14.8  Well Abandonment 1,411,846$            
J-14.9  Demobilization 717,015$              

Totals 25,204,869$          22,489,229$      20,727,582$      

Notes
DR = Discount rate
NPV = Net present value

 $        8,550,529 

 $        1,517,848  Verification and Abandonment 5

2  Focused Treatment Build 

 Focused Treatment Operation and Maintenance 

 $        9,050,943 

 $        1,749,769 
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Table 14.1

Design and Permitting

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 790 150$        /Hour 118,500$        
2 Senior Engineer/Geologist 1,170 125$        /Hour 146,250$        
3 Mid-Level Engineer/Geologist 4,600 100$        /Hour 460,000$        
4 Junior/Field Engineer/Geologist 3,310 75$          /Hour 248,250$        
5 Field Technician 0 75$          /Hour -$                    
6 Clerical/Drafting 1,106 50$         /Hour 55,300$         

Consultant Labor 1,028,300$     

Item Subcontractor Cost Quantity Cost Cost 
Ref.

1 Outside Thermal Expert 1 120,000$ /LS 120,000$       

132,000$        

TOTAL DESIGN AND PERMITTING COST 1,160,300$     

Subcontractor Cost w/10% Markup

Detailed Cost, ERH (400 kW-hrs/cubic yard)

Unit Cost

Unit Cost
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Table 14.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 507 150$        /Hour 76,050$        
2 Senior Engineer/Geologist 507 125$        /Hour 63,375$        
3 Mid-Level Engineer/Geologist 1,352 100$        /Hour 135,200$      
4 Junior/Field Engineer/Geologist 3,050 75$          /Hour 228,750$      
5 Field Technician 482 75$          /Hour 36,150$        
6 Clerical/Drafting 507 50$          /Hour 25,350$        

Total Consultant Labor Cost 564,875$      

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Abandon Existing Site Wells Prior to Thermal Treatment
a Drill out well materials 90 65$          /Foot 5,850$          1
b Grout resulting boring 90 30$          /Foot 2,700$          1
c Forklift and mini-hopper 1 500$        /Day 500$             1
d Excavate and remove well box 1 2,000$     /LS 2,000$          1
e Abandonment Crew per Diem 1 200$        /Night 200$             
f Vehicle Usage 1 100$        /Day 100$             
g Equipment Rental and Supplies 1 150$        /Day 150$             
h Other Direct Costs 1 150$        /Day 150$             

Cost per Well 11,650$        
Number of Wells 5

Total for Existing Site Well Abandonment 58,250$        
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Table 14.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$   /Each 12,000$        2
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             2
c Drill Crew per Diem 1 450$        /Night 450$             2
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Installation Permit 1 201$        /Well 201$             
g Other Direct Costs 1 300$        /Day 300$             

Cost per Well 13,801$        
Number of Wells (1 Well Installed per Day) 66

Subtotal - UBA Multi-Phase Extraction Wells 910,866$      

9 Lab Analytical (Sixteen UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 54 90$          /Sample 4,860$          3
b Soil Analysis - VOCs (EPA Method 8260B) 54 95$          /Sample 5,130$          3
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 54 80$          /Sample 4,320$          3
d Water Analysis - Pesticides (EPA Method 8081A) 9 90$          /Sample 810$             3
e Water Analysis - VOCs (EPA Method 8260B) 9 95$          /Sample 855$             3
f Water Analysis - pCBSA (Modified EPA Method 314.0) 9 80$          /Sample 720$             3

Total Lab Analytical (UBA Extraction Wells) 16,695$        
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Appendix J
Table 14.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Electrode Wells (15" HSA Drilling to 105' bgs)
a Drill Rig, Crew, and Support Equipment 1 4,000$     /Each 4,000$          4
b Cement Backfill Material 54 30$          /Foot 1,620$          4
c Sand Backfill Material 51 20$          /Foot 1,020$          4
d Drill Crew per Diem 1 450$        /Night 450$             4
e Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             4
f Plastic Sheeting and Hole Prep 1 25$          /Well 25$               4
g 5% Fuel Surcharge 1 368$        /Day 368$             4
h Vehicle Usage 1 100$        /Day 100$             
i Equipment Rental and Supplies 1 500$        /Day 500$             
j Installation Permit 1 201$        /Well 201$             
k Other Direct Costs 1 300$        /Day 300$             

Cost per Well 8,834$          
Number of Wells (1 Well Installed per Day) 102

Subtotal - Electrode Wells 901,094$      

11 Develop UBA Multi-Phase Extraction Wells
a Development Rig 1 2,000$     /Day 2,000$          2
b Development Crew per Diem 1 200$        /Night 200$             2

Cost per Well 2,200$          
Number of Wells (1 Well Developed per Day) 66

Subtotal - Develop UBA Wells 145,200$      
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Table 14.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

12 Mobilization/Demobilization of  Mud Rotary Drill Rig 1 12,000$   /Each 12,000$       4

13 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 1 2,000$     /Each 2,000$          5
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 220$        /Foot 24,200$        5
c Mud Change-Out and Pit Decon 1 2,000$     /Each 2,000$          5
d 12" Boring Under Conductor 8.5 80$          /Foot 680$             5
e Install 6" Low Carbon Steel Sched. 40 Casing 110.5 88$          /Foot 9,724$          5
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 8 175$        /Foot 1,400$          5
g Type II Cement Grout and Sand Pack 118.5 30$          /Foot 3,555$          5
h Forklift and Hopper Rental for Waste Handling 4 400$        /Day 1,600$          5
i Standby for Cement Curing 6 550$        /Hour 3,300$          5
j Well Development 10 165$        /Hour 1,650$          5
k Vehicle Usage 4 100$        /Day 400$             
l Equipment Rental and Supplies 4 500$        /Day 2,000$          

m Installation Permit 1 201$        /Well 201$             
n Other Direct Costs 4 300$        /Day 1,200$          

Cost per Well 53,910$        
Number of Wells (4 Days per Well for Installation and Development) 0

Subtotal - Hot Floor Multi-Phase Extraction Wells -$                  
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Table 14.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

14 Hot Floor Steam Injecton Wells
a Move Between Well Locations 1 2,000$     /Each 2,000$          5
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 110 180$        /Foot 19,800$        5
c Mud Change-Out 1 1,500$     /Each 1,500$          5
d 9" Boring Under Conductor 5.5 75$          /Foot 413$             5
e Install 2" Low Carbon Steel Sched. 40 Casing 110.5 45$          /Foot 4,973$          5
f Install 2" Type 304 Stainless Steel Screen 5 90$          /Foot 450$             5
g Type II Cement Grout and Sand Pack 115.5 20$          /Foot 2,310$          5
h Forklift and Hopper Rental for Waste Handling 4 400$        /Day 1,600$          5
i Standby for Cement Curing 5 550$        /Hour 2,750$          5
j Well Development 6 165$        /Hour 990$             5
k Vehicle Usage 4 100$        /Day 400$             
l Equipment Rental and Supplies 4 500$        /Day 2,000$          

m Installation Permit 1 201$        /Well 201$             
n Other Direct Costs 4 300$        /Day 1,200$          

Cost per Well 40,586$        
Number of Wells (4 Days per Well for Installation and Development) 0

Subtotal - Hot Floor Steam Injecton Wells -$                  
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Table 14.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

15 Temperature Monitoring Points (7" HAS Drilling to 105' bgs)
a Move Between Well Locations 1 4,000$     /Each 4,000$          
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                  
c Mud Change-Out 0 1,500$     /Each -$                  
d 8" Boring Under Conductor 0 75$          /Foot -$                  
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 105 40$          /Foot 4,200$          
f Type II Cement Grout 105 20$          /Foot 2,100$          
g Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             
h Standby for Cement Curing 0 550$        /Hour -$                  
i Vehicle Usage 1 100$        /Day 100$             
j Equipment Rental and Supplies 1 500$        /Day 500$             
k Installation Permit 1 201$        /Well 201$             
i Other Direct Costs 1 300$        /Day 300$             

Subtotal 11,651$        
Number of Wells (3 Days per Point - no Development Needed) 14

Subtotal - Temperature Monitoring Points 163,114$      

16 BFS Monitoring Wells
a Well Installation (4 Days per Well for Installation and Development) 2 54,000$   /Well 108,000$      1
b Installation Permit 2 201$        /Well 402$             

Subtotal - BFS Monitoring Wells 108,402$      
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Table 14.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

17 Waste Management
a Waste Tank Rental 290 38$          /Day 11,020$        6
b Waste Tank Rental Delivery -  Mob and Demob 1 900$        /Each 900$             6
c Waste Bin Rental 1762 15$          /Day 26,430$        6
d Waste Bin Rental Delivery -  Mob and Demob 58 500$        /Each 29,000$        6
e Transport of Hazardous Soil Cuttings 58 1,100$     /Each 63,800$        6
f Disposal of Hazardous Soil Cuttings 1178 550$        /Ton 647,900$      6
g Transport of Hazardous Mud 0 500$        /Each -$                  6
h Disposal of Hazardous Mud 0 1.1$         /Gal -$                  6
i Transport of Hazardous Water 6 1,100$     /Each 6,600$          6
j Disposal of Hazardous Water 21753 0.8$         /Gal 17,402$        6
k Waste Characterization/Profiling 2 500$        /Each 1,000$          

Subtotal - Waste Management 804,052$      
Total Subcontractor Cost w/10% Markup 3,431,640$    

TOTAL WELL CONSTRUCTION COST 3,996,515$    

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Cascade Drilling, Inc. Quote Dated 7/15/08
3 Verbal Quote from Test America
4 Cascade Drilling, Inc. Quote Dated 8/01/08
5 Water Development Corporation Quote Dated 4/25/08
6 Verbal Quote from NRC Environmental
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Table 14.3

Detailed Cost, ERH
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrical Service Upgrade 1 50,000$        LS 50,000$          

2 Natural Gas Pipeline 1 200,000$      LS 200,000$        

3 Electrode Well Equipment and Piping
a Electrodes (3 per Electrode Well) 306 1,500$          Each 459,000$        1
b Armored Electrical Cable 2380 4.89$            Foot 11,638$          2
c 1.5-Inch Carbon Steel Pipe and Fittings for Recirc Water Delivery 2380 12.00$          LF 28,560$         

Total Electrode Well Equipment 499,198$        

4  Groundwater Extraction Assemblies
 a Well Head Assemblies 66 1,000$          Each 66,000$          
 b Extraction Pump (High Temperature Hammerhead Pro) 66 3,070$          Each 202,620$        3
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 6600 11$               LF 72,600$          3
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 6600 16$               LF 105,600$        3
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 6600 22$              LF 145,200$       3

Total Groundwater Extraction Assemblies 592,020$        

5  Steam Injection Well Head Assemblies 0 7,000$          Each -$                   

6 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 1,370 75$               Hour 102,750$        

7  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 67.65$          LF -$                   4
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 43.45$          LF -$                   4

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 34.10$         LF -$                  4
Total Steam Injection Piping -$                   

8  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 605 94.71$          LF 57,300$          5
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1810 67.65$          LF 122,447$        4
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 677 43.45$         LF 29,416$         4

Total Vapor Extraction Piping 209,162$        

Unit CostItem
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Table 14.3

Detailed Cost, ERH
Well Field Equipment Installation

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

9  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 605 43.45$          LF 26,287$          4
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 1810 34.10$          LF 61,721$          4
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 677 31.45$          LF 21,292$          4
 d Total Piping Length 3092 LF
 e Piping Heat Trace, VLBTV Wire 3092 15.75$          LF 48,699$          6
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 47,399.67$  LS 47,400$         

Total Groundwater Extraction Piping 205,399$        

10  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 3092 20.00$          LF 61,840$          4

11  Pipe Supports 309.2 200$             LF 61,840$          

CONSULTANT LABOR COST 102,750$        
DIRECT COSTS w/10% MARKUP 2,067,404$     
TOTAL WELL FIELD EQUIPMENT INSTALLTION COST 2,170,154$     

Cost Source Reference
1 Verbal Quote from McMillan-McGee Corp.
2 McMaster-Carr Catalog Price
3 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
4 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
5 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
6 2006 Raychem quote obtained by CH2MHILL

Item Unit Cost
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Table 14.4

 Instrumentation and Controls Installation

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells
a Pressure Gage (0-300 PSI) 0 48$            /Each -$             1
b Temperature Indicator 0 127$          /Each -$             1
c Orifice Plate and Transmitter 0 10,000$     /Each -$            

Total Steam Injection Wells and Piping I&Cs -$             

2 Groundwater Exraction Pressure Gage (0-300 PSI) 66 48$            /Each 3,168$    1

3 Vapor Extraction Vacuum Gage (30 in Hg) 66 50$            /Each 3,326$    1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,400 0.75$         /Foot 1,050$     2
b Analog Decoder 1 500$          /Each 500$        

Cost per Temp Monitoring Point 1,550$     
Number of Temperature Monitoring Points 14

Total Thermocouple String 21,700

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 152 75$            /Hour 11,400$   

6 Electrical Allowance (20% of Instrumentation and Controls cost) 1 8,458$        /LS 8,458$    

7 Control System Allowance (30% of Instrumentation and Controls cost) 1 11,278$      /LS 11,278$  

CONSULTANT LABOR COST 11,400$  
DIRECT COSTS w/10% MARKUP 52,724$  

64,124$   

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL INSTRUMENTATION AND CONTROLS INSTALLATION COST

Detailed Cost, ERH (400 kW-hrs/cubic yard)
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Table 14.5

Treatment Equipment Installation

Item Subcontractor Cost Quantity Cost Cost
Ref.

1 Vapor Treatment
a 12,000-gallon Brine Holding Tank 1 18,538$      /Each 18,538$         1
b Fin-Fan Heat Exchanger 1 14,306$      /Each 14,306$         2
c Steam-Regenerable Carbon System

(incl. two 5,000-lb GAC vessels, condenser, separator, and inline stack PID) 1 750,000$    /LS 750,000$       3
d 2MM BTUs/Hr Steam Generator (Gas Fired) 1 5,000$        /Each 5,000$           
e Water Softening Unit for Steam Generator 1 5,000$        /Each 5,000$           
f Interconnecting Piping (20% of Steam-Regen Carbon System cost) 1 150,000$    /LS 150,000$       
g 5000-lb Polishing Vapor-Phase GAC Vessel 2 16,000$      /Each 32,000$         4
h Orifice Plate and Transmitter 2 10,000$      /Each 20,000$         
i 1000 SCFM Liquid Ring Vacuum Blower (standard cast iron construction) 2 80,000$      /Each 160,000$       5
j Moisture Separator 1 4,000$        /Each 4,000$           6
k 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           1
l Transfer Pump (50 gpm) 9 536$           /Each 4,820$           7

Total for Vapor Treatment 1,165,742$    

2 Groundwater Exraction and Treatment
a Shell and Tube Heat Exchanger 1 22,112$      /Each 22,112$         8
b DNAPL/Water Separator 2 56,450$      /Each 112,900$       9
c Groundwater Holding Tank 1 50,000$      /Each 50,000$         
d Two 3,000-lb Liquid-Phase GAC Vessels Each w/Initial Virgin Coconut Shell GAC Fill 1 16,830$      LS 16,830$         10
e Air Compressor 1 20,000$      /Each 20,000$         11
f 500-Gallon Collection Tank 1 2,078$        /Each 2,078$           1
g Cooling Tower (540 gpm Recirculation Rate) 1 37,713$      /Each 37,713$         12
h Transfer Pump (50 gpm) 8 536$           /Each 4,284$           7
i Transfer Pump (540 gpm) 2 2,756$        /Each 5,513$           13
j Transfer Pump (145 gpm) 2 1,348$        /Each 2,696$           7
k HiPOx System (50 gpm) 1 768,750$    /Each 768,750$       14

Total for Groundwater Exraction and Treatment Equipment 1,042,876$    

Unit Cost

Detailed Cost, ERH (400 kW-hrs/cubic yard)
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Appendix J
Table 14.5

Treatment Equipment Installation
Detailed Cost, ERH (400 kW-hrs/cubic yard)

Item Subcontractor Cost Quantity Cost Cost
Ref.

3 Equipment Pads and Containment 1 150,000$    /LS 150,000$      11
4 80' X 110' Treatment Plant Building 1 150,000$    /LS 150,000$      
5 Subcontractor Installation Cost 1 365,000$    /LS 365,000$      15

TOTAL TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 3,160,979$    

Cost Source Reference
1 Harrington Plastic Catalog Price
2 Heat Exchanger Sales and Engineering Company, LLC Quote Dated July 17, 2008
3 MEGTEC Systems, Inc. Quote Dated April 20, 2008
4 BakerCorp Quote Dated July 1, 2008
5 Yardley Pump and Vacuum Quote Dated July 18, 2008
6 Verbal Qoute from Enviro Supply and Services
7 Grainger Catalog Price
8 SEC Heat Exchanger Quote Dated July 1, 2008
9 Pan America Environmental Quote Dated July 28, 2008

10 BakerCorp Quoted Dated July 23, 2008
11 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 34
12 Cooling Tower Systems Quote Dated July 2, 2008
13 McMaster-Carr Catalog Price
14 Unit price scaled down to a 75 gpm system from $2,050,000 quote from Applied Process Technologies (June 6, 2006) for a 200 gpm system. 
15 Verbal Quote from J.C. Palomar Construction, Inc.

Unit Cost
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Appendix J
Table 14.6

Construction Management

Item Consultant Labor Quantity Cost
1 Project Manager 195 150$ /Hour 29,250$   
2 Senior Engineer/Geologist 400 125$ /Hour 50,000$   
3 Mid-Level Engineer/Geologist 1,062 100$ /Hour 106,200$ 
4 Junior/Field Engineer/Geologist 1,365 75$   /Hour 102,375$ 
5 Field Technician 1,365 75$   /Hour 102,375$ 
6 Clerical/Drafting 151 50$   /Hour 7,528$    

TOTAL CONSTRUCTION MANAGEMENT COST 397,728$ 

Unit Cost

Detailed Cost, ERH (400 kW-hrs/cubic yard)
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Appendix J
Table 14.7

Detailed Cost, ERH (400 kW-hrs/cubic yard)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$         /Hour 78,000$              
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$              
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$         /Hour 208,000$            
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$            
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$           /Hour 468,000$            
6 Clerical/Drafting 520 50$           /Hour 26,000$              

Consultant Labor Cost for Operations 1,001,000$         

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$                
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$              
9 Mid-Level Engineer/Geologist 1,300 100$         /Hour 130,000$            

10 Junior/Field Engineer/Geologist 2,080 75$           /Hour 156,000$            
11 Field Technician 0 75$           /Hour -$                        
12 Clerical/Drafting 180 50$           /Hour 9,000$                

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 308,000$            

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 12-million BTUs/hr Low NOx Steam Generator (incl. water softening package) 0 18,500$    /Month -$                        1

Total Equipment Rentals -$                        

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 52 100$         /Week 5,200$                
b Virgin Coconut Shell Vapor-Phase Carbon (7,000-lbs of polishing GAC per month plus 10,000 lbs of 

regen system carbon changed-out after six months) 94,000 1.07$        /lb 100,580$            2
c Vapor-Phase Carbon Change-Out Service 10 1,739$      /Change-Out 17,390$              2
d Hydrogen Peroxide for HiPOx 166,650 3.00$        /Gal 499,950$            
e Oxygen for HiPOx 1,165,100 0.35$        /100 SCF 407,785$            
f 3000-lb Liquid-Phase Carbon Change-Out (Includes T&D as Hazardous Waste) 48 6,746$      /Each 323,808$            3

Total Consumables 1,354,713$         

Operations and Maintenance

Unit Cost

Unit Cost

Unit Cost
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Appendix J
Table 14.7

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration)

(incl. 10,000 lbs of regen system carbon at year end) 80,000 0.71$        /lb 56,800$              4
b Vapor-Phase GAC Transportation 5 4,286$      /Load 21,430$              4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 169,500 0.50$        /lb 84,750$              5
d Carbon Regen System Solvent Waste Transportation - inlcude pre heat transport 5 3,650$      /Load 18,250$              5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 39,300 0.25$        /lb 9,825$                5
f Filtration Generated Waste Transportation 3 2,800$      /Load 8,400$                5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz) 43,526 0.14$        /Gal 6,094$                6
h Boile Water Pre-Treatment Brine and Blowdown Transportation 5 950$         /10,000 Gals 4,750$                6

Total Waste Management 210,299$            

16 Lab Analytical and Monitoring
a Summa Can Rental 288 40$           /Each 11,520$              7
b Vapor VOCs Analysis (EPA Method TO-15) 288 200$         /Each 57,600$              7
c Liquid Pesticides (EPA Method 8260B) 288 90$           /Each 25,920$              8
d Liquid VOC Analysis (EPA Method 8081A) 288 95$           /Each 27,360$              8
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$                8
f Tedlar Bags 240 10$           /Each 2,400$                
g TVA-1000B PID/FID Rental 12 1,200$      /Month 14,400$              9

Total Lab Analytical and Monitoring 141,120$            

17 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$                10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$              10
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$                10
d Temporary Storage Trailer 12 149$         /Month 1,784$                11
e Portable Toilet Delivery 1 22$           /Each 22$                     12
f Portable Toilet Rental 12 76$           /Month 908$                   12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$            13
h Maintenance Parts 12 1,000$      /Month 12,000$              
i Fed Ex and Deliveries 260 150$         /Day 39,000$              
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$              

k Operator Truck Usage (One Truck per Operator) 780 100$         /Day/Truck 78,000$              
Total Miscellaneous 266,055$            

Unit Cost
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Table 14.7

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Steam License for UBA 0 0.50$        /CY Treated -$                       14
Total Subcontractor Cost (O&M Year 1) 1,972,186$         

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage
a Electrodes in UBA 11,680,994 0.1045$    /kWh 1,220,664$         15
b HiPOx and other Treatment Equipment 10,148,151 0.1045$    /kWh 1,060,482$         15

Total Electricity Usage 2,281,146$         

20 Natural Gas for Steam Generation 53,702 1.14$        /Therm 61,220$             16

21 Municipal Water
a Cooling Tower Makeup Water (5 GPM) 2,628,000 0.0029$    /Gal 7,621$                
b Municipal Water for Steam Generation 518,457 0.0029$    /Gal 1,504$                
c water for electrodes 80,416,800 0.0029$    /Gal 233,209$            

Total Municipal Water Usage 242,333$            

Total Utilities 2,584,699$         

FULL SCALE CONSULTANT LABOR COST 1,309,000$        
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP 2,169,405$         
UTILITIES COST (NO MARKUP) 2,584,699$         
TOTAL OPERATIONS AND MAINTENANCE COST 6,063,104$         

Unit Cost

Unit Cost
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Table 14.7

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Operations and Maintenance

Cost Source Reference
1 Nationwide Boiler Quote Dated July 30, 2008 
2 BakerCorp Quote Dated June 30, 2008.  Unit price for carbon change-out services is scaled down for a 9,400-lb change-out from BakerCorp quote of $1,850 per change-out for 10,000 lbs.
3 BakerCorp Quote July 23, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33
15 Shedule A-3 LADWP Rate (Second Quarter 2008)
16 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)
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Table 14.8

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 70 150$       /Hour 10,500$          
2 Senior Engineer/Geologist 420 125$       /Hour 52,500$          
3 Mid-Level Engineer/Geologist 170 100$       /Hour 17,000$          
4 Junior/Field Engineer/Geologist 1,872 75$         /Hour 140,400$        
5 Field Technician 70 75$         /Hour 5,250$            
6 Clerical/Drafting 70 50$        /Hour 3,500$           

Total Consultant Labor Cost 229,150$        

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$           1

2 Abandon UBA Multi-Phase Extraction Wells
a Drill out well materials (upper 15 feet) 15 65$         /Foot 975$               1
b Pressure grout well 108 30$         /Foot 3,240$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1
d Abandonment Crew per Diem 1 200$       /Night 200$               
e Vehicle Usage 1 100$       /Day 100$               
f Equipment Rental and Supplies 1 150$       /Day 150$               
g Other Direct Costs 1 150$       /Day 150$               

Cost per Well 5,315$            
Number of Wells (1 Well Abandoned per Day) 66

Total for UBA Multi-Phase Extraction Well Adandonment 350,790
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Table 14.8

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

3 Abandon Electrode Wells
a Drill out well materials (upper 15 feet) 15 65$         /Foot 975$               1
b Pressure Grout Electrodes 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1
d Abandonment Crew per Diem 1 200$       /Night 200$               
e Vehicle Usage 1 100$       /Day 100$               
f Equipment Rental and Supplies 1 150$       /Day 150$               
g Other Direct Costs 1 150$       /Day 150$               

Cost per Well 5,225$            
Number of Wells (1 Well Abandoned per Day) 102

Total for Electode Well Adandonment 532,950

4 Abandon Hot Floor Multi-Phase Extraction Wells
a Pressure grout well 118.5 30$         /Foot 3,555$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,655$            
Number of Wells (1 Well Abandoned per Day) 0

Total for Hot Floor Multi-Phase Extraction Well Abandonment -$                    
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Table 14.8

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

5 Abandon Hot Floor Steam Injection Wells
a Pressure grout well 115.5 30$         /Foot 3,465$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,565$            
Number of Wells (1 Well Abandoned per Day) 0

Total for Hot Floor Steam Injection Well Abandonment -$                    

6 Abandon Temperature Monitoring Points
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1
c Abandonment Crew per Diem 1 200$       /Night 200$               
d Vehicle Usage 1 100$       /Day 100$               
e Equipment Rental and Supplies 1 150$       /Day 150$               
f Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 14

Total for Temperature Monitoring Point Abandonment 59,500$          
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Table 14.8

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

7 Waste Management
a Waste Tank Rental 0 38$         /Day -$                    
b Waste Tank Rental Delivery -  Mob and Demob 0 900$       /Each -$                    
c Waste Bin Rental 360 15$         /Day 5,400$            2
d Waste Bin Rental Delivery -  Mob and Demob 12 500$       /Each 6,000$            2
e Transport of Hazardous Soil Cuttings 12 1,100$    /Each 13,200$          2
f Disposal of Hazardous Soil Cuttings 186 550$       /Ton 102,025$        2
g Transport of Hazardous Mud 0 500$       /Each -$                    
h Disposal of Hazardous Mud 0 1.1$        /Gal -$                    
i Transport of Hazardous Water 1 1,100$    /Each 1,100$            2
j Disposal of Hazardous Water 1517 0.8$        /Gal 1,214$            2
k Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 129,939$       
Total Subcontractor Cost w/10% Markup 1,182,696$     

TOTAL WELL ABANDONMENT COST 1,411,846$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Table 14.9

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 55 150$            /Hour 8,250$            
2 Senior Engineer/Geologist 180 125$            /Hour 22,500$          
3 Mid-Level Engineer/Geologist 572 100$            /Hour 57,200$          
4 Junior/Field Engineer/Geologist 720 75$              /Hour 54,000$          
5 Field Technician 380 75$              /Hour 28,500$          
6 Clerical/Drafting 125 50$             /Hour 6,250$           

Consultant Labor Cost 176,700$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 317,000$     /LS 317,000$       

8 Close-Out Borings
a Drilling 9 12,000$       /Boring 108,000$        1
b Waste Disposal 9 5,500$         /Boring 49,500$          2
c Soil Pesticides (EPA Method 8081A) 54 90$              /Sample 4,860$            3
d Soil VOCs (EPA Method 8260B) 54 95$              /Sample 5,130$            3
e Soil pCBSA (Modified EPA Method 314.0) 54 80$              /Sample 4,320$            3
f Liquid Pesticides (EPA Method 8081A) 9 90$              /Sample 810$               3
g Liquid VOCs (EPA Method 8260B) 9 95$              /Sample 855$               3
h Liquid pCBSA (Modified EPA Method 314.0) 9 80$             /Sample 720$              3

Total for Close-Out Borings 174,195$        

Total Subcontractor Cost w/10% Markup 540,315$        

TOTAL DEMOBILIZATION COST 717,015$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Table 15.0

Cost Summary
ERH (200 kW-hrs/cubic yard)

Entire Treatment Area

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted) DR= 4% DR= 7%

J-15.1  Pilot Test Design 124,375$                
J-15.2  Pilot Test Well Construction 1,250,237$             
J-15.3  Pilot Test Well Field Equipment Installation 965,385$                
J-15.4  Pilot Test Instrumentation and Controls Installation 27,255$                  

2 Pilot Test Implementation, Data Evaluation, and Reporting J-15.5  Pilot Test Implementation 2,622,496$             2,424,645$        2,290,589$        
3 Full-Scale Design and Permitting J-15.6  Full Scale Design and Permitting 1,301,243$             1,156,800$        1,062,202$        

J-15.7  Full Scale Well Construction 13,232,021$           
J-15.8  Full Scale Well Field Equipment Installation 6,038,984$             
J-15.9  Full Scale Instrumentation and Controls Installation 275,993$                
J-15.10  Full Scale Treatment Equipment Installation 4,646,745$             
J-15.11  Construction Management 463,750$                

5 Full-Scale O&M J-15.13  Annual Operations and Maintenance (Year 1) 13,079,327$           10,750,254$      9,325,380$        
6 Full-Scale O&M J-15.13  Annual Operations and Maintenance (Year 2) 10,607,161$           8,382,993$        7,067,999$        

J-15.14  Well Abandonment 5,496,261$             
J-15.15  Demobilization and Project Close Out 979,398$               

Totals 61,110,632$           50,989,194$       44,802,354$       

Notes
DR = Discount rate
NPV = Net present value

 $      21,077,329 

 $        4,920,969 

 $        2,212,385 

 $      18,811,084 

 $        4,032,715 

1  Pilot Test Design and Build 

7  Verification and Abandonment 

 Full-Scale Build and Hot Floor Pre-Heat 4

 $        2,276,204 
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Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Design

Item Consultant Labor Quantity Cost
1 Project Manager 40 150$   /Hour 6,000$        
2 Senior Engineer/Geologist 75 125$   /Hour 9,375$        
3 Mid-Level Engineer/Geologist 480 100$   /Hour 48,000$      
4 Junior/Field Engineer/Geologist 780 75$     /Hour 58,500$      
5 Field Technician 0 75$     /Hour -$                
6 Clerical/Drafting 50 50$     /Hour 2,500$       

TOTAL PRE-DESIGN COST 124,375$    

Table 15.1

Unit Cost
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Table 15.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 100 150$        /Hour 15,000$      
2 Senior Engineer/Geologist 100 125$        /Hour 12,500$      
3 Mid-Level Engineer/Geologist 180 100$        /Hour 18,000$      
4 Junior/Field Engineer/Geologist 1,005 75$          /Hour 75,375$      
5 Field Technician 260 75$          /Hour 19,500$      
6 Clerical/Drafting 105 50$         /Hour 5,250$       

Total Consultant Labor Cost 145,625$    

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$   /Each 12,000$      1
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$           1
c Drill Crew per Diem 1 450$        /Night 450$           1
d Vehicle Usage 1 100$        /Day 100$           
e Equipment Rental and Supplies 1 500$        /Day 500$           
f Other Direct Costs 1 300$        /Day 300$           

Cost per Well 13,600$      
Number of Wells (1 Well Installed per Day) (see Note 1) 21

Subtotal - UBA Multi-Phase Extraction Wells 285,600$    
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Table 15.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 Lab Analytical (Six UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 36 90$          /Sample 3,240$        2
b Soil Analysis - VOCs (EPA Method 8260B) 36 95$          /Sample 3,420$        2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 36 80$          /Sample 2,880$        2
d Water Analysis - Pesticides (EPA Method 8081A) 6 90$          /Sample 540$           2
e Water Analysis - VOCs (EPA Method 8260B) 6 95$          /Sample 570$           2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 6 80$         /Sample 480$          2

Total Lab Analytical (UBA Extraction Wells) 11,130$      

9 Electrode Wells (15" HSA Drilling to 105' bgs)
a Drill Rig, Crew, and Support Equipment 1 4,000$     /Day 4,000$        3
b Cement Backfill Material 54 30$          /Foot 1,620$        3
c Sand Backfill Material 51 20$          /Foot 1,020$        3
d Drill Crew per Diem 1 450$        /Night 450$           3
e Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$           3
f Plastic Sheeting and Hole Prep 1 25$          /Well 25$             3
g 5% Fuel Surcharge 1 368$        /Well 368$           3
h Vehicle Usage 1 100$        /Day 100$           
i Equipment Rental and Supplies 1 500$        /Day 500$           
j Installation Permit 1 201$        /Each 201$           
k Other Direct Costs 1 300$        /Day 300$           

Cost per Well 8,834$        
Number of Wells (1 Well Installed per Day) (see Note 1) 30

Subtotal - Electrode Wells 265,028$    
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Table 15.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Develop UBA Multi-Phase Extraction Wells
a Development Rig 1 2,000$     /Day 2,000$        1
b Development Crew per Diem 1 200$        /Night 200$           1

Cost per Well 2,200$        
Number of Wells (1 Well Developed per Day) 21

Subtotal - Develop UBA Multi-Phase Extraction Wells 46,200$      

11 Mobilization/Demobilization of  Mud Rotary Drill Rig 0 12,000$   LS -$               4

12 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 0 2,000$     /Each -$                4
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 220$        /Foot -$                4
c Mud Change-Out and Pit Decon 0 2,000$     /Each -$                4
d 12" Boring Under Conductor 0 80$          /Foot -$                4
e Install 6" Low Carbon Steel Sched. 40 Casing 0 88$          /Foot -$                4
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 0 175$        /Foot -$                4
g Type II Cement Grout and Sand Pack 0 30$          /Foot -$                4
h Forklift and Hopper Rental for Waste Handling 0 400$        /Day -$                4
i Standby for Cement Curing 0 550$        /Hour -$                4
j Well Development 0 165$        /Hour -$                4
k Vehicle Usage 0 100$        /Day -$                
l Equipment Rental and Supplies 0 500$        /Day -$                

m Installation Permit 0 201$        /Each -$                
n Other Direct Costs 0 300$        /Day -$                

Cost per Well -$                
Number of Wells (4 Days per Well for Installation and Development) 3

Subtotal - Hot Floor Multi-Phase Extraction Wells -$                
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Appendix J
Table 15.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

13 Hot Floor Steam Injection Wells
a Move Between Well Locations 0 2,000$     /Each -$                4
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                4
c Mud Change-Out 0 1,500$     /Each -$                4
d 9" Boring Under Conductor 0 75$          /Foot -$                4
e Install 2" Low Carbon Steel Sched. 40 Casing 0 45$          /Foot -$                4
f Install 2" Type 304 Stainless Steel Screen 0 90$          /Foot -$                4
g Type II Cement Grout and Sand Pack 0 20$          /Foot -$                4
h Forklift and Hopper Rental for Waste Handling 0 400$        /Day -$                4
i Standby for Cement Curing 0 550$        /Hour -$                4
j Well Development 0 165$        /Hour -$                4
k Vehicle Usage 0 100$        /Day -$                
l Equipment Rental and Supplies 0 500$        /Day -$                

m Installation Permit 0 201$        /Each -$                
n Other Direct Costs 0 300$        /Day -$                

Cost per Well -$                
Number of Wells (4 Days per Well for Installation and Development) 9

Subtotal - Hot Floor Steam Injecton Wells -$                
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Appendix J
Table 15.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

14 Temperature Monitoring Points
a Move Between Well Locations 1 4,000$     /Each 4,000$        
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                
c Mud Change-Out 0 1,500$     /Each -$                
d 8" Boring Under Conductor 0 75$          /Foot -$                
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 105 40$          /Foot 4,200$        
f Type II Cement Grout 105 20$          /Foot 2,100$        
g Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$           
h Standby for Cement Curing 0 550$        /Hour -$                
i Vehicle Usage 1 100$        /Day 100$           
j Equipment Rental and Supplies 1 500$        /Day 500$           
k Installation Permit 1 201$        /Each 201$           
l Other Direct Costs 1 300$        /Day 300$           

Subtotal 11,651$      
Number of Wells (3 Days per Point - no Development Needed) 6

Subtotal - Temperature Monitoring Points 69,906$      
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Appendix J
Table 15.2

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

15 Waste Management
a Waste Tank Rental 350 38$          /Day 13,300$      5
b Waste Tank Rental Delivery -  Mob and Demob 2 900$        /Each 1,800$        5
c Waste Bin Rental 1072 15$          /Day 16,080$      5
d Waste Bin Rental Delivery -  Mob and Demob 20 500$        /Each 10,000$      5
e Transport of Hazardous Soil Cuttings 20 1,100$     /Each 22,000$      5
f Disposal of Hazardous Soil Cuttings 399 550$        /Ton 219,450$    5
g Transport of Hazardous Mud 0 500$        /Each -$                5
h Disposal of Hazardous Mud 0 1.1$         /Gal -$                5
i Transport of Hazardous Water 9 1,100$     /Each 9,900$        5
j Disposal of Hazardous Water 40999 0.8$         /Gal 32,799$      5
k Waste Characterization/Profiling 2 500$       /Each 1,000$       

Subtotal - Waste Management 326,329$    
Total Subcontractor Cost w/10% Markup 1,104,612$

TOTAL PILOT TEST WELL CONSTRUCTION COST 1,250,237$ 

Cost Source Reference Notes
1 Cascade Drilling, Inc. Quote Dated 7/15/08
2 Verbal Quote from Test America
3 Cascade Drilling, Inc. Quote Dated 8/01/08
4 Water Development Corporation Quote Dated 4/25/08
5 Verbal Quote from NRC Environmental

1  Twenty one (21) multi-phase extraction wells and 30 electrodes 
will be installed during the pilot testing phase.  An additional 182 
extraction wells and 426 electrodes will be installed during the full-
scale phase for a total of 203 extraction wells and 456 electrodes 
available for use during full-scale O&M.   
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Table 15.3

Detailed Cost, ERH (200 kW-hrs/cubic yard)

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1  Electrical Service Upgrade 1 50,000$        LS 50,000$      

2  Natural Gas Pipeline 1 200,000$      LS 200,000$    

3 Electrode Well Equipment and Piping
a Electrodes (3 per Electrode Well) 90 1,500$          Each 135,000$   1
b Armored Electrical Cable 1300 4.89$            Foot 6,357$       2
c 1.5-Inch Carbon Steel Pipe and Fittings for Recirc Water Delivery 1300 12.00$         LF 15,600$     

Total Electrode Well Equipment 156,957$   

4  Groundwater Extraction Assemblies
 a Well Head Assemblies 21 1,000$          Each 21,000$      
 b Extraction Pump (High Temperature Hammerhead Pro) 21 3,070$          Each 64,470$      3
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 2100 11$               LF 23,100$      3
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 2100 16$               LF 33,600$      3
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 2100 22$               LF 46,200$      3

Total Groundwater Extraction Assemblies 188,370$    

5  Steam Injection Well Head Assemblies 0 7,000$          Each -$                

6 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 216 75$               Hour 16,200$      

7  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 67.65$          LF -$                4
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 43.45$          LF -$                4

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 34.10$          LF -$                4
Total Steam Injection Piping -$                

Pilot Test Well Field Equipment Installation

Unit CostItem
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Table 15.3

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Well Field Equipment Installation

Direct Costs Quantity Cost Cost 
Ref.

8  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 560 94.71$          LF 53,038$      5
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 470 67.65$          LF 31,796$      4
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 370 43.45$          LF 16,077$      4

Total Vapor Extraction Piping 100,910$    

9  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 560 43.45$          LF 24,332$      4
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 470 34.10$          LF 16,027$      4
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 370 31.45$          LF 11,637$      4
 d Total Piping Length 1400 LF
 e Piping Heat Trace, VLBTV Wire 1400 15.75$          LF 22,050$      6
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 22,213.65$   LS 22,214$      

Total Groundwater Extraction Piping 96,259$      

10  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 1400 20.00$          LF 28,000$      4

11  Pipe Supports 212 200$             LF 42,400$      

CONSULTANT LABOR COST 16,200$     
DIRECT COSTS w/10% MARKUP 949,185$   
TOTAL PILOT TEST WELL FIELD EQUIPMENT INSTALLATION COST 965,385$    

Cost Source Reference
1 Verbal Quote from McMillan-McGee Corp.
2 McMaster-Carr Catalog Price
3 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
4 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
5 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
6 2006 Raychem quote obtained by CH2MHILL

Item Unit Cost
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Table 15.4

Detailed Cost, ERH (200 kW-hrs/cubic yard)

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells and Piping
a Pressure Gage (0-300 PSI) 0 48.00$              /Each -$             1
b Temperature Indicator 0 127.00$            /Each -$             1
c Orifice Plate and Transmitter 0 10,000.00$       /Each -$             

Total Steam Injection Wells and Piping I&Cs -$             

2 Groundwater Exraction Pressure Gage (0-300 PSI) 21 48.00$              /Each 1,008$     1

3 Vapor Extraction Vacuum Gage (30 in Hg) 21 50.40$              /Each 1,058$     1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,400 0.75$                /Foot 1,050$      2
b Analog Decoder 1 500$                 /Each 500$         

Cost per Temp Monitoring Point 1,550$      
Number of Temperature Monitoring Points 6

Total Thermocouple String 9,300

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 80 75$                   /Hour 6,000$      

6 Electrical Allowance (30% of Instrumentation and Controls cost) 1 3,410$              /LS 3,410$     

7 Control System Allowance (40% of Instrumentation and Controls cost) 1 4,547$              /LS 4,547$     

CONSULTANT LABOR COST 6,000$     
DIRECT COSTS w/10% MARKUP 21,255$   

27,255$    

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL PILOT TEST INSTRUMENTATION AND CONTROLS INSTALLATION COST

Pilot Test Instrumentation and Controls Installation
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Table 15.5

Detailed Cost, ERH (200 kW-hrs/cubic yard)

Item Consultant Labor (Conduct Pilot Test) Quantity Cost Cost
Ref.

1 Project Manager 260 150$         /Hour 39,000$         
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$         
3 Mid-Level Engineer/Geologist 1,040 100$         /Hour 104,000$       
4 Junior/Field Engineer/Geologist 1,040 75$           /Hour 78,000$         
5 Field Technician 2,080 75$           /Hour 156,000$       
6 Clerical/Drafting 260 50$          /Hour 13,000$        

Consultant Labor Cost to Conduct Pilot Test 455,000$       

Item Consultant Labor (Data Evaluation and Reporting) Quantity Cost Cost
Ref.

7 Project Manager 300 150$         /Hour 45,000$         
8 Senior Engineer/Geologist 300 125$         /Hour 37,500$         
9 Mid-Level Engineer/Geologist 240 100$         /Hour 24,000$         
10 Junior/Field Engineer/Geologist 150 75$           /Hour 11,250$         
11 Field Technician 0 75$           /Hour -$                   
12 Clerical/Drafting 335 50$          /Hour 16,750$        

Consult Labor Cost for Data Evaluation And Reporting 134,500$       

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Purchases (To Be Used During Full-Scale Treatment as Well)
a Inline Stack PID (will serve as spare during full-scale treatment) 1 3,775$      /Each 3,775$           1
b Vapor - Phase Heat Exchanger 1 14,306$    /Each 14,306$         2
c Clarifier 1 12,000$    /Each 12,000$         3
d 500-Gallon Collection Tank 3 2,078$      /Each 6,234$           4
e Liquid - Phase Heat Exchanger 1 22,112$    /Each 22,112$         5
f Cooling Tower 1 37,713$    /Each 37,713$         6
g DNAPL/Water Separator 1 124,365$  /Each 124,365$       7
h 50 GPM Transfer Pump 12 638.50$   /Each 7,662$          8

Total Equipment Purchases 228,167$       

Pilot Test Implementation

Unit Cost

Unit Cost

Unit Cost
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Table 15.5

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Implementation

Item Subcontractor Cost Quantity Cost Cost
Ref.

14 Equipment Rentals
a 8-million BTUs/hr Low Nox Steam Generator (incl. water softening package) 0 15,000$    /Month -$                   9
b Rental - 500 SCFM Blower Skid (incl. Knock-Out Tank) 6 3,500$      /Month 21,000$         10
c Rental - Four 5,000-lb Vapor-Phase GAC Vessels 6 1,800$      /Month 10,800$         10
d Mobilization and Initial Fill of Two 2,000-lb Liquid-Phase GAC Vessels

(4000 lbs Virgin Coconut Shell) 1 4,660$      /Each 4,660$           11
e Rental - Two 2,000-lb Liquid-Phase GAC Vessels 6 600$         /Month 3,600$           11
f Air Compressor Rental 6 1,000$      /Month 6,000$           
g HiPOx Sytem Rental 6 7,000$     /Month 42,000$        

Total Equipment Rentals 88,060$         

15 Consumables (Excludes Utilities)
a Salt for Steam Generator Feed Water Treatment 0 100$         /Month -$                   
b Virgin Coconut Shell Vapor-Phase Carbon

(40,000-lbs per Month for Six Months; Spent Carbon T&D Not Included) 240,000 1.07$        /lb 256,800$       10
c Vapor-Phase Carbon Change-Out Service (Spent Carbon T&D Not Included) 24 1,850.00$ /Change-Out 44,400$         10
d Hydrogen Peroxide for HiPOx 35,596 3$             /Gal 106,789$       
e Oxygen for HiPOx 248,865 0.35$       /100 SCF 87,103$        

Total Consumables 495,092$       

16 Waste Management
a Liquid-Phase GAC Change-Outs

(Assumes Two 2000-lb Change-Outs per Month for 6 Months; T&D Included) 24,000 1.61$        /lb 38,640$         11
b Vapor-Phase GAC Disposal (Listed Waste for Incineration) 240,000 0.71$        /lb 170,000$       12
c Vapor-Phase GAC Transportation 14 4,286$      /Load 60,000$         12
d Filtration Generated Waste Disposal (Listed Waste for Incineration) 3,930 0.25$        /lb 983$              13
e Filtration Generated Waste Transportation 1 2,800$      /Load 2,800$           13
f Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (Non-Haz) 0 0.14$        /Gal -$                   14
g Boiler Water Pre-Treatment Brine and Blowdown Transportation 0 950$        /10,000 Gals -$                  14

Total Waste Management 272,422$       

Unit Cost
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Table 15.5

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Implementation

Item Subcontractor Cost Quantity Cost Cost
Ref.

17 Lab Analytical and Monitoring
a Summa Can Rental 174 40$           /Each 6,960$           15
b Vapor VOCs Analysis (EPA Method TO-15) 174 200$         /Each 34,800$         15
c Liquid Pesticides (EPA Method 8260B) 174 90$           /Each 15,660$         16
d Liquid VOC Analysis (EPA Method 8260B) 174 95$           /Each 16,530$         16
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 174 80$           /Each 13,920$         16
f Tedlar Bags 552 10$           /Each 5,520$           
g TVA-1000B PID/FID Rental 6 1,200$     /Month 7,200$          17

Total Lab Analytical and Monitoring 100,590$       

18 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$           18
b Temporary Office 24'x60' Rental 6 1,030$      /Month 6,178$           18
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$           18
d Temporary Storage Trailer 6 149$         /Month 892$              19
e Portable Toilet Delivery 1 22$           /Each 22$                20
f Portable Toilet Rental 6 76$           /Month 454$              20
g Standby Generator (800 kW) 6 3,000$      /Month 18,000$         21
h Maintenance Parts 6 1,000$      /Month 6,000$           
i Fed Ex and Deliveries 130 150$         /Day 19,500$         
j Temporary office comm. (internet, telephone, fax) 6 1,000$      /Month 6,000$           
k Steam License 0 0.50$        /CY Treated -$                   21
l Operator Truck Usage (One Truck per Operator) 260 100$        /Day/Truck 26,000$        

Total Miscellaneous 87,731$         
0

Steam License for Hot Floor 0 0.50$       /CY Treated -$                  
Total Subcontractor Cost 1,272,062$    

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage
a Electrodes in UBA 3,700,000 0.1045$    /kWh 386,650$       22
b HiPOx System and other Treatment Equipment 2,029,630 0.1045$   /kWh 212,096$      22

Total Electricity Usage 598,746$       

20 Natural Gas for Steam Generation (Hot Floor) 0 1.14$        /Therm -$                   23
21 Municipal Water for Steam Generation (Hot Floor) 0 0.0029$   /Gal -$                  

Municipal Water for electrodes 11,826,000 0.0029$    /Gal 34,295$         
Municipal Water for Cooling Tower Makeup 236,520 0.0029$    /Gal 686$              
Total Utilities 633,728$       

Unit Cost

Unit Cost
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Appendix J
Table 15.5

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Implementation

PILOT TEST CONSULTANT LABOR COST 589,500$       
PILOT TEST SUBCONTRACTOR COST w/10% MARKUP 1,399,268$    
UTILITIES COST (NO MARKUP) 633,728$       

TOTAL PILOT TEST IMPLEMENTATION COST 2,622,496$    

Cost Source Reference
1 Verbal Quote from RAE Systems
2 Heat Exchanger Sales and Engineering Company, LLC Quote Dated July 17, 2008
3 Verbal Quote from Geotech Environmental Equipment, Inc.
4 Harrington Plastics Catalog Price
5 SEC Heat Exchanger Quote Dated July 1, 2008
6 Cooling Tower Systems, Inc. Quote Dated July 2, 2008
7 Pan America Environmental Quote Dated July 18, 2008
8 Grainger Catalog Price
9 Nationwide Boiler Quote Dated July 24, 2008
10 BakerCorp Quote Dated July 1, 2008
11 BakerCorp Quote Dated April 30, 2008
12 NRC Environmental Services, Inc. Quote Dated June 30, 2008
13 Clean Harbors Quote Dated October 10, 2007
14 NRC Environmental Services, Inc. Quote Dated July 18, 2008
15 Verbal Quote from Calscience Environmental Laboratories, Inc.
16 Verbal Quote from Test America, Inc.
17 Verbal Quote from Ashtead Technology Rentals
18 Mobile Mini, Inc. Quote Dated October 11, 2007
19 Verbal Quote from Mobile Mini, Inc.
20 Verbal Quote from A-1 Coast Port-A-Toilet
21 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33
22 Shedule A-3 LADWP Rate (Second Quarter 2008)
23 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)
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Table 15.6

Detailed Cost, ERH (200 kW-hs/cubic yard)

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 790 150$        /Hour 118,500$        
2 Senior Engineer/Geologist 1,170 125$        /Hour 146,250$        
3 Mid-Level Engineer/Geologist 4,600 100$        /Hour 460,000$        
4 Junior/Field Engineer/Geologist 3,310 75$          /Hour 248,250$        
5 Field Technician 0 75$          /Hour -$                   
6 Clerical/Drafting 1,106 50$         /Hour 55,300$        

Consultant Labor 1,028,300$     

Item Subcontractor Cost Quantity Cost Cost 
Ref.

1 Outside Thermal Expert 1 150,000$ /LS 150,000$       

2 UBA Post-Pilot Test DNAPL Recon Borings
a Drilling 6 12,000$   /Boring 72,000$         1
b Waste Disposal 6 2,500$     /Boring 15,000$         2
c Soil Analysis - Pesticides (EPA Method 8081A) 36 90$          /Sample 3,240$           3
d Soil Analysis - VOCs (EPA Method 8260B) 36 95$          /Sample 3,420$           3
e Soil Analysis - pCBSA (Modified EPA Method 314.0) 36 80$          /Sample 2,880$           3
f Water Analysis - Pesticides (EPA Method 8081A) 6 90$          /Sample 540$              3
g Water Analysis - VOCs (EPA Method 8260B) 6 95$          /Sample 570$              3
h Water Analysis - pCBSA (Modified EPA Method 314.0) 6 80$         /Sample 480$             3

Total UBA Post-Pilot Test DNAPL Recon Borings 98,130$         

272,943$        

TOTAL FULL-SCALE DESIGN AND PERMITTING COST 1,301,243$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Clean Harbors
3 Verbal Quote from Test America

Full-Scale Design and Permitting

Unit Cost

Unit Cost

Subcontractor Cost w/10% Markup
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Table 15.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 507 150$        /Hour 76,050$        
2 Senior Engineer/Geologist 507 125$        /Hour 63,375$        
3 Mid-Level Engineer/Geologist

1,870 100$        /Hour 187,000$      
4 Junior/Field Engineer/Geologist 9,330 75$          /Hour 699,750$      
5 Field Technician 482 75$          /Hour 36,150$        
6 Clerical/Drafting 507 50$         /Hour 25,350$       

Total Consultant Labor Cost 1,087,675$    

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Abandon Existing Site Wells Prior to Thermal Treatment
a Drill out well materials 90 65$          /Foot 5,850$          1
b Grout resulting boring 90 30$          /Foot 2,700$          1
c Forklift and mini-hopper 1 500$        /Day 500$             1
d Excavate and remove well box 1 2,000$     /LS 2,000$          1

Cost per Well 11,050$        
Number of Wells 25

Total for Existing Site Well Abandonment 276,250$      
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Appendix J
Table 15.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$   /Each 12,000$        2
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             2
c Drill Crew per Diem 1 450$        /Night 450$             2
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Installation Permit 1 201$        /Each 201$             
g Other Direct Costs 1 300$        /Day 300$             

Cost per Well 13,801$        
Number of Wells (1 Well Installed per Day) (see note 1) 182

Subtotal - UBA Multi-Phase Extraction Wells 2,511,782$    

9 Lab Analytical (Sixteen UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 96 90$          /Sample 8,640$          3
b Soil Analysis - VOCs (EPA Method 8260B) 96 95$          /Sample 9,120$          3
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 96 80$          /Sample 7,680$          3
d Water Analysis - Pesticides (EPA Method 8081A) 16 90$          /Sample 1,440$          3
e Water Analysis - VOCs (EPA Method 8260B) 16 95$          /Sample 1,520$          3
f Water Analysis - pCBSA (Modified EPA Method 314.0) 16 80$         /Sample 1,280$         3

Total Lab Analytical (UBA Extraction Wells) 29,680$        
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Appendix J
Table 15.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Electrode Wells (15" HSA Drilling to 105' bgs)
a Drill Rig, Crew, and Support Equipment 1 4,000$     /Day 4,000$          4
b Cement Backfill Material 54 30$          /Foot 1,620$          4
c Sand Backfill Material 51 20$          /Foot 1,020$          4
d Drill Crew per Diem 1 450$        /Night 450$             4
e Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             4
f Plastic Sheeting and Hole Prep 1 25$          /Well 25$               4
g 5% Fuel Surcharge 1 368$        /Well 368$             4
h Vehicle Usage 1 100$        /Day 100$             
i Equipment Rental and Supplies 1 500$        /Day 500$             
j Installation Permit 1 201$        /Each 201$             
k Other Direct Costs 1 300$        /Day 300$             

Cost per Well 8,834$          
Number of Wells (1 Well Installed per Day) (see note 1) 426

Subtotal - Shallow UBA Steam Injection Wells 3,763,391$    

11 Develop UBA Multi-Phase Extraction Wells
a Development Rig 1 2,000$     /Day 2,000$          2
b Development Crew per Diem 1 200$        /Night 200$             2

Cost per Well 2,200$          
Number of Wells (1 Well Developed per Day) 182

Subtotal - Develop UBA Multi-Phase Extraction Wells 400,400$      

12 Mobilization/Demobilization of  Mud Rotary Drill Rig 0 12,000$  /Each -$                 5
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Table 15.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

13 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 0 2,000$     /Each -$                  5
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 220$        /Foot -$                  5
c Mud Change-Out and Pit Decon 0 2,000$     /Each -$                  5
d 12" Boring Under Conductor 0 80$          /Foot -$                  5
e Install 6" Low Carbon Steel Sched. 40 Casing 0 88$          /Foot -$                  5
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 0 175$        /Foot -$                  5
g Type II Cement Grout and Sand Pack 0 30$          /Foot -$                  5
h Forklift and Hopper Rental for Waste Handling 0 400$        /Day -$                  5
i Standby for Cement Curing 0 550$        /Hour -$                  5
j Well Development 0 165$        /Hour -$                  5
k Vehicle Usage 0 100$        /Day -$                  
l Equipment Rental and Supplies 0 500$        /Day -$                  

m Installation Permit 0 201$        /Each -$                  
n Other Direct Costs 0 300$        /Day -$                  

Cost per Well -$                  
Number of Wells (4 Days per Well for Installation and Development) 19

Subtotal - Hot Floor Multi-Phase Extraction Wells -$                  
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Table 15.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

14 Hot Floor Steam Injecton Wells
a Move Between Well Locations 0 2,000$     /Each -$                  5
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                  5
c Mud Change-Out 0 1,500$     /Each -$                  5
d 9" Boring Under Conductor 0 75$          /Foot -$                  5
e Install 2" Low Carbon Steel Sched. 40 Casing 0 45$          /Foot -$                  5
f Install 2" Type 304 Stainless Steel Screen 0 90$          /Foot -$                  5
g Type II Cement Grout and Sand Pack 0 20$          /Foot -$                  5
h Forklift and Hopper Rental for Waste Handling 0 400$        /Day -$                  5
i Standby for Cement Curing 0 550$        /Hour -$                  5
j Well Development 0 165$        /Hour -$                  5
k Vehicle Usage 0 100$        /Day -$                  
l Equipment Rental and Supplies 0 500$        /Day -$                  

m Installation Permit 0 201$        /Each -$                  
n Other Direct Costs 0 300$        /Day -$                  

Cost per Well -$                  
Number of Wells (4 Days per Well for Installation and Development) 46

Subtotal - Hot Floor Steam Injecton Wells -$                  
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Table 15.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

15 Temperature Monitoring Points (7" HSA Drilling to 105' bgs)
a Move Between Well Locations 1 4,000$     /Each 4,000$          
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                  
c Mud Change-Out 0 1,500$     /Each -$                  
d 8" Boring Under Conductor 0 75$          /Foot -$                  
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 105 40$          /Foot 4,200$          
f Type II Cement Grout 105 20$          /Foot 2,100$          
g Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             
h Standby for Cement Curing 0 550$        /Hour -$                  
i Vehicle Usage 1 100$        /Day 100$             
j Equipment Rental and Supplies 1 500$        /Day 500$             
k Installation Permit 1 201$        /Each 201$             
l Other Direct Costs 1 300$        /Day 300$             

Subtotal 11,651$        
Number of Wells (3 Days per Point - no Development Needed) 64

Subtotal - Temperature Monitoring Points 745,664$      

16 BFS Monitoring Wells
a Well Installation (4 Days per Well for Installation and Development) 4 54,000$   /Well 216,000$      1
b Installation Permit 4 201$       /Well 804$            

Subtotal - BFS Monitoring Wells 216,804$      
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Table 15.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

17 Waste Management
a Waste Tank Rental 350 38$          /Day 13,300$        6
b Waste Tank Rental Delivery -  Mob and Demob 2 900$        /Each 1,800$          6
c Waste Bin Rental 5032 15$          /Day 75,480$        6
d Waste Bin Rental Delivery -  Mob and Demob 211 500$        /Each 105,500$      6
e Transport of Hazardous Soil Cuttings 211 1,100$     /Each 232,100$      6
f Disposal of Hazardous Soil Cuttings 4209 550$        /Ton 2,314,950$    6
g Transport of Hazardous Mud 0 500$        /Each -$                  6
h Disposal of Hazardous Mud 0 1.1$         /Gal -$                  6
i Transport of Hazardous Water 101 1,100$     /Each 111,100$      6
j Disposal of Hazardous Water 301393 0.8$         /Gal 241,114$      6
k Waste Characterization/Profiling 2 500$       /Each 1,000$         

Subtotal - Waste Management 3,096,344$    
Total Subcontractor Cost w/10% Markup 12,144,346$  

TOTAL FULL SCALE WELL CONSTRUCTION COST 13,232,021$  

Cost Source Reference Notes
1 Verbal Quote from Water Development Corporation
2 Cascade Drilling, Inc. Quote Dated 7/15/08
3 Verbal Quote from Test America
4 Cascade Drilling, Inc. Quote Dated 8/01/08
5 Water Development Corporation Quote Dated 4/25/08
6 Verbal Quote from NRC Environmental

1  Twenty one (21) multi-phase extraction wells and 30 electrodes will 
be installed during the pilot testing phase.  An additional 182 
extraction wells and 426 electrodes will be installed during the full-
scale phase for a total of 203 extraction wells and 456 electrodes 
available for use during full-scale O&M.   
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Table 15.8

Detailed Cost, ERH (200 kW-hrs/cubic yard)

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrode Well Equipment and Piping
a Electrodes ( 3 per Electrode Well) 1278 1,500$          Each 1,917,000$     1
b Armored Electrical Cable 8870 4.89$            Foot 43,374$         2
c 1.5-Inch Carbon Steel Pipe and Fittings for Recirc Water Delivery 8870 12.00$          LF 106,440$       

Total Electrode Well Equipment 2,066,814$    

2  Groundwater Extraction Assemblies
 a Well Head Assemblies 182 1,000$          Each 182,000$        
 b Extraction Pump (High Temperature Hammerhead Pro) 182 3,070$          Each 558,740$        3
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 18200 11$               LF 200,200$        3
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 18200 16$               LF 291,200$        3
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 18200 22$              LF 400,400$       3

Total Groundwater Extraction Assemblies 1,632,540$     

3  Steam Injection Well Head Assemblies 0 7,000$          Each -$                   

4 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 5,000 75$               Hour 375,000$        

5  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 67.65$          LF -$                   4
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 43.45$          LF -$                   4

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 34.10$         LF -$                  4
Total Steam Injection Piping -$                   

6  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 70 94.71$          LF 6,630$           5
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 3730 67.65$          LF 252,335$        4
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 6380 43.45$         LF 277,211$       4

Total Vapor Extraction Piping 536,175$        

Unit CostItem

Full Scale Well Field Equipment Installation
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Table 15.8

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Full Scale Well Field Equipment Installation

Direct Costs Quantity Cost Cost 
Ref.

7  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 70 43.45$          LF 3,042$           4
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 3730 34.10$          LF 127,193$        4
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 6380 31.45$          LF 200,651$        4
 d Total Piping Length 10180 LF
 e Piping Heat Trace, VLBTV Wire 10180 15.75$          LF 160,335$        6
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 147,366.15$ LS 147,366$       

Total Groundwater Extraction Piping 638,587$        

8  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 10180 20.00$          LF 203,600$        4

9  Pipe Supports 356.8 200$             LF 71,360$         

CONSULTANT LABOR COST 375,000$        
DIRECT COSTS w/10% MARKUP 5,663,984$     
TOTAL FULL SCALE WELL FIELD EQUIPMENT INSTALLTION COST 6,038,984$     

Cost Source Reference
1 Verbal Quote from McMillan-McGee Corp.
2 McMaster-Carr Catalog Price
3 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
4 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
5 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
6 2006 Raychem quote obtained by CH2MHILL

Item Unit Cost
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Table 15.9

Detailed Cost, ERH (200 kW-hrs)

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells and Piping
a Pressure Gage (0-300 PSI) 0 48$             /Each -$              1
b Temperature Indicator 0 127$           /Each -$              1
c Orifice Plate and Transmitter 0 10,000$     /Each -$             

Total Steam Injection Wells and Piping I&Cs -$              

2 Groundwater Exraction Pressure Gage (0-300 PSI) 182 48$             /Each 8,736$     1

3 Vapor Extraction Vacuum Gage (30 in Hg) 182 50$             /Each 9,173$     1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,400 0.75$          /Foot 1,050$      2
b Analog Decoder 1 500$           /Each 500$         

Cost per Temp Monitoring Point 1,550$      
Number of Temperature Monitoring Points 64

Total Thermocouple String 99,200

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 760

75$             /Hour 57,000$    

6 Electrical Allowance (20% of Instrumentation and Controls cost) 1 35,133$      /LS 35,133$   

7 Control System Allowance (30% of Instrumentation and Controls cost) 1 46,844$      /LS 46,844$   

CONSULTANT LABOR COST 57,000$   
DIRECT COSTS w/10% MARKUP 218,993$ 

275,993$  

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL INSTRUMENTATION AND CONTROLS INSTALLATION COST w/10% SUBCONTRACTOR MARKUP

Full Scale Instrumentation and Controls Installation
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Table 15.10

Detailed Cost, ERH (200 kW-hrs/cubic yard)

Item Subcontractor Cost Quantity Cost Cost
Ref.

1 Vapor Treatment
a Steam-Regenerable Carbon System

(incl. two 10,000-lb GAC vessels, condenser, separator, and inline stack PID) 1 796,000$    /LS 796,000$       1
b Interconnecting Piping (20% of Steam-Regen Carbon System cost) 1 159,200$    /LS 159,200$       
c 5000-lb Polishing Vapor-Phase GAC Vessel 2 16,000$      /Each 32,000$         2
d Orifice Plate and Transmitter 10,000$      /Each -$                   
e 1000 SCFM Liquid Ring Vacuum Blower (standard cast iron construction) 3 80,000$      /Each 240,000$       3
f Moisture Separator 1 4,000$        /Each 4,000$           4

Transfer Pump (50 gpm) 3 536$           /Each 1,607$           5
2MM BTUs/Hr Steam Generator (gas fired) 1 5,000$        /Each 5,000$           
Water Softening System for Steam Generator 1 5,000$        /Each 5,000$          

Total for Vapor Treatment 1,242,807$    

2 Groundwater Exraction and Treatment
a DNAPL/Water Separator 1 124,365$    /Each 124,365$       6
b Groundwater Holding Tank 1 50,000$      /Each 50,000$         
c Liquid-Phase GAC Vessel (6,000 lb) 2 25,000$      /Each 50,000$         
d Air Compressor 2 20,000$      /Each 40,000$         7
e Transfer Pump (50 gpm) 4 536$           /Each 2,142$           5
f HiPOx System 1 2,050,000$ /Each 2,050,000$   8

Total for Groundwater Exraction and Treatment Equipment 2,316,507$    

3 Equipment Pads and Containment 1 150,000$    /LS 150,000$       7
4 80' X 110' Treatment Plant Building 1 150,000$    /LS 150,000$       
5 Subcontractor Installation Cost 1 365,000$    /LS 365,000$       9

TOTAL FULL-SCALE TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 4,646,745$    

Cost Source Reference
1 MEGTEC Systems, Inc. Quote Dated April 20, 2008 and Email from MEGTEC Dated May 16, 2008
2 BakerCorp Quote Dated July 1, 2008
3 Yardley Pump and Vacuum Quote Dated July 18, 2008
4 Verbal Qoute from Enviro Supply and Services
5 Grainger Catalog Price
6 Pan America Environmental Quote Dated July 18, 2008
7 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 34
8 Based on Applied Process Technology, Inc. Quote Dated June 6, 2005
9 Verbal Quote from J.C. Palomar Construction, Inc.

Unit Cost

Full-Scale Treatment Equipment Installation
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Table 15.11

Detailed Cost, ERH (200 kW-hts/cubic yard)

Item Consultant Labor Quantity Cost
1 Project Manager 230 150$ /Hour 34,500$   
2 Senior Engineer/Geologist 462 125$ /Hour 57,750$   
3 Mid-Level Engineer/Geologist 1,240 100$ /Hour 124,000$ 
4 Junior/Field Engineer/Geologist 1,590 75$   /Hour 119,250$ 
5 Field Technician 1,590 75$   /Hour 119,250$ 
6 Clerical/Drafting 180 50$   /Hour 9,000$    

TOTAL CONSTRUCTION MANAGEMENT COST 463,750$ 

Unit Cost

Construction Management
(Full-Scale System)
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Table 15.12

Detailed Cost, ERH (200 kW-hrs/cubic yard)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$         /Hour 78,000$             
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$             
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$         /Hour 208,000$           
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$           
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$           /Hour 468,000$           
6 Clerical/Drafting 520 50$          /Hour 26,000$            

Consultant Labor Cost for Operations 1,001,000$        

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$               
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$             
9 Mid-Level Engineer/Geologist 1,300 100$         /Hour 130,000$           

10 Junior/Field Engineer/Geologist 2,080 75$           /Hour 156,000$           
11 Field Technician 0 75$           /Hour -$                       
12 Clerical/Drafting 180 50$          /Hour 9,000$              

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 308,000$           

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 28.8-million BTUs/hr, Low NOx, Steam Generator (incl. feed water treatment package) 0 70,000$   /Month -$                      1

Total Equipment Rentals -$                       

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 52 196$         /Week 10,192$             
b Virgin Coconut Shell Vapor-Phase Carbon 160,000 1.07$        /lb 171,200$           2
c Vapor-Phase Carbon Change-Out Service 16 1,850.00$ /Change-Out 29,600$             2
d Hydrogen Peroxide for HiPOx 333,300 3.00$        /Gal 999,900$           
e Oxygen for HiPOx 2,330,200 0.35$        /100 SCF 815,570$           
f Liquid-Phase Carbon Change-Outs (Includes T&D) 288,000 1.61$       /lb 464,256$          3

Total Consumables 2,490,718$        

Annual Operations and Maintenance

Unit Cost

Unit Cost

Unit Cost
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Detailed Cost, ERH (200 kW-hrs/cubic yard)
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 160,000 0.71$        /lb 113,600$           4
b Vapor-Phase GAC Transportation 12 4,286$      /Load 51,432$             4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 130,000 0.50$        /lb 65,000$             5
d Carbon Regen System Solvent Waste Transportation 3 3,650$      /Load 10,950$             5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 78,600 0.25$        /lb 19,650$             5
f Filtration Generated Waste Transportation 3 2,800$      /Load 8,400$               5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz 90,102 0.14$        /Gal 12,614$             6
h Boiler Water Pre-Treatment Brine and Blowdown Transportation 9 950$        /10,000 Gals 8,560$              6

Total Waste Management 290,206$           

16 Lab Analytical and Monitoring (O&M Year 1)
a Summa Can Rental 836 40$           /Each 33,440$             7
b Vapor VOCs Analysis (EPA Method TO-15) 836 200$         /Each 167,200$           7
c Liquid Pesticides (EPA Method 8260B) 836 90$           /Each 75,240$             8
d Liquid VOC Analysis (EPA Method 8081A) 836 95$           /Each 79,420$             8
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$               8
f Tedlar Bags 240 10$           /Each 2,400$               
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$            9

Total O&M Year 1 Lab Analytical and Monitoring 374,020$           

17 Lab Analytical and Monitoring (O&M Year 2)
a Summa Can Rental 430 40$           /Each 17,200$             7
b Vapor Analysis - VOCs (EPA Method TO-15) 430 200$         /Each 86,000$             7
c Water Analysis - Pesticides (EPA Method 8081A) 430 90$           /Each 38,700$             8
d Water Analysis - VOCs (EPA Method 8260B) 430 95$           /Each 40,850$             8
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 24 80$           /Each 1,920$               8
f Tedlar Bags 240 10$           /Each 2,400$               
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$            9

Total O&M Year 2 Lab Analytical and Monitoring 201,470$           

Unit Cost
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Detailed Cost, ERH (200 kW-hrs/cubic yard)
Annual Operations and Maintenance

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Miscellaneous (O&M Year 1)
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$               10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             10
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                       10
d Temporary Storage Trailer 12 149$         /Month 1,784$               11
e Portable Toilet Delivery 1 22$           /Each 22$                    12
f Portable Toilet Rental 12 76$           /Month 908$                  12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$           13
h Maintenance Parts 12 1,000$      /Month 12,000$             
i Fed Ex and Deliveries 260 150$         /Day 39,000$             
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             

k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$            
Total O&M Year 1 Miscellaneous 264,308$           

19 Miscellaneous (O&M Year 2)
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                       10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             10
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$               10
d Temporary Storage Trailer 12 149$         /Month 1,784$               11
e Portable Toilet Delivery 0 22$           /Each -$                       12
f Portable Toilet Rental 12 76$           /Month 908$                  12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$           13
h Maintenance Parts 12 1,000$      /Month 12,000$             
i Fed Ex and Deliveries 260 150$         /Day 39,000$             
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             

k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$            
Total O&M Year 2 Miscellaneous 263,094$           

Total Subcontractor Cost (O&M Year 1) 3,419,252$        
Total Subcontractor Cost (O&M Year 2) 3,245,488$       

Unit Cost
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Detailed Cost, ERH (200 kW-hrs/cubic yard)
Annual Operations and Maintenance

Item Utilities Quantity Cost Cost
Ref.

20 Electricity Usage (O&M Year 1)
Electrodes in UBA 43,014,000 0.1045$    /kWh 4,494,963$        14
HiPOx System and other Treatment Equipment 20,296,302 0.1045$   /kWh 2,120,964$       14

Total O&M Year 1 Electricity Usage 6,615,927$        

21 Electricity Usage (O&M Year 2)
Electrodes in UBA 21,186,000 0.1045$    /kWh 2,213,937$        14
HiPOx System and other Treatment Equipment 20,296,302 0.1045$   /kWh 2,120,964$       14

Total O&M Year 2 Electricity Usage 4,334,901$        

22 Natural Gas for Steam Generation 143,206 1.14$        /Therm 163,254$          15
Municipal Water for Cooling Tower Makeup 35,583,217 0.0029$   /Gal 103,191$          
Municipal Water for electrodes 359,510,400 0.0029$    /Gal 1,042,580$        

23 Municipal Water for Steam Generation 29,033,567 0.0029$    /Gal 84,197$             
Total Utilities (O&M Year 1) 8,009,150$        
Total Utilities (O&M Year 2) 5,728,124$       

FULL SCALE CONSULTANT LABOR COST 1,309,000$       
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 1) 3,761,177$        
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 2) 3,570,037$        
UTILITIES COST (NO MARKUP) (O&M YEAR 1) 8,009,150$        
UTILITIES COST (NO MARKUP) (O&M YEAR 2) 5,728,124$        

TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 1) 13,079,327$      
TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 2) 10,607,161$      

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 BakerCorp Quote Dated June 30, 2008
3 BakerCorp Quote April 30, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14 Shedule A-3 LADWP Rate (Second Quarter 2008)
15 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost
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Table 15.13

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Full Scale Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 90 150$       /Hour 13,500$          
2 Senior Engineer/Geologist 590 125$       /Hour 73,750$          
3 Mid-Level Engineer/Geologist 500 100$       /Hour 50,000$          
4 Junior/Field Engineer/Geologist 7,900 75$         /Hour 592,500$        
5 Field Technician 250 75$         /Hour 18,750$          
6 Clerical/Drafting 90 50$        /Hour 4,500$           

Total Consultant Labor Cost 753,000$        

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$           1

2 Abandon UBA Multi-Phase Extraction Wells
a Drill out well materials (upper 15 feet) 15 65$         /Foot 975$               1
b Pressure grout well 108 30$         /Foot 3,240$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 5,315$            
Number of Wells 203

Total for UBA Mult-Phase Extraction Well Adandonment 1,078,945

3 Abandon Electrode Wells
a Drill out well materials (upper 15 feet) 15 65$         /Foot 975$               1
b Pressure Grout Electrodes 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 5,225$            
Number of Wells 456

Total for Electrode Well Abandonment 2,382,600
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Table 15.13

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Full Scale Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

4 Abandon Hot Floor Multi-Phase Extraction Wells
a Pressure grout well 0 30$         /Foot -$                   1
b Forklift and mini-hopper 0 500$       /Day -$                   1

Cost per Well -$                   
Number of Wells 22

Total for Hot Floor Multi-Phase Extraction Well Abandonment -$                  

5 Abandon Hot Floor Steam Injection Wells
a Pressure grout well 0 30$         /Foot -$                   1
b Forklift and mini-hopper 0 500$       /Day -$                   1

Cost per Well -$                   
Number of Wells 55

Total for Hot Floor Steam Injection Well Abandonment -$                   

6 Abandon Temperature Monitoring Points
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 70

Total for Temperature Monitoring Point Abandonment 297,500$        

15.13  Full Scale Well Abandonment Page 34 of 36



Final DNAPL Feasibility Study
ERH (200 kW-hrs/cubic yard)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 15.13

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Full Scale Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

7 Waste Management
a Waste Tank Rental 0 38$         /Day -$                   
b Waste Tank Rental Delivery -  Mob and Demob 0 900$       /Each -$                   
c Waste Bin Rental 5490 15$         /Day 82,350$          2
d Waste Bin Rental Delivery -  Mob and Demob 37 500$       /Each 18,500$          2
e Transport of Hazardous Soil Cuttings 37 1,100$    /Each 40,700$          2
f Disposal of Hazardous Soil Cuttings 730 550$       /Ton 401,500$        2
g Transport of Hazardous Mud 0 500$       /Each -$                   
h Disposal of Hazardous Mud 0 1.1$        /Gal -$                   
i Transport of Hazardous Water 2 1,100$    /Each 2,200$            2
j Disposal of Hazardous Water 5951 0.8$        /Gal 4,761$            2
k Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 551,011$        
Total Subcontractor Cost w/10% Markup 4,743,261$     

TOTAL WELL ABANDONMENT COST 5,496,261$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Table 15.14

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Full Scale Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 70 150$            /Hour 10,500$          
2 Senior Engineer/Geologist 200 125$            /Hour 25,000$          
3 Mid-Level Engineer/Geologist 630 100$            /Hour 63,000$          
4 Junior/Field Engineer/Geologist 810 75$              /Hour 60,750$          
5 Field Technician 430 75$              /Hour 32,250$          
6 Clerical/Drafting 145 50$             /Hour 7,250$           

Consultant Labor Cost 198,750$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 400,000$     /LS 400,000$       

8 Close-Out Borings
a Drilling 16 12,000$       /Boring 192,000$        1
b Waste Disposal 16 5,500$         /Boring 88,000$          2
c Soil Pesticides (EPA Method 8081A) 96 90$              /Sample 8,640$            3
d Soil VOCs (EPA Method 8260B) 96 95$              /Sample 9,120$            3
e Soil pCBSA (Modified EPA Method 314.0) 96 80$              /Sample 7,680$            3
f Liquid Pesticides (EPA Method 8081A) 16 90$              /Sample 1,440$            3
g Liquid VOCs (EPA Method 8260B) 16 95$              /Sample 1,520$            3
h Liquid pCBSA (Modified EPA Method 314.0) 16 80$             /Sample 1,280$           3

Total for Close-Out Borings 309,680$        

Total Subcontractor Cost w/10% Markup 780,648$        

TOTAL DEMOBILIZATION AND PROJECT CLOSE-OUT COST 979,398$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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Table 16.0

Cost Summary
ERH (400 kW-hrs/cubic yard)

Entire Treatment Area

Cost (NPV)

Year Activity Detailed Cost Table Cost
(Undiscounted) DR= 4% DR= 7%

J-16.1  Pilot Test Design 124,375$                
J-16.2  Pilot Test Well Construction 1,250,237$             
J-16.3  Pilot Test Well Field Equipment Installation 965,385$                
J-16.4  Pilot Test Instrumentation and Controls Installation 27,255$                  

2 Pilot Test Implementation, Data Evaluation, and Reporting J-16.5  Pilot Test Implementation 2,622,494$             2,424,643$        2,290,588$        
3 Full-Scale Design and Permitting J-16.6  Full Scale Design and Permitting 1,301,243$             1,156,800$        1,062,202$        

J-16.7  Full Scale Well Construction 13,232,021$           
J-16.8  Full Scale Well Field Equipment Installation 6,038,984$             
J-16.9  Full Scale Instrumentation and Controls Installation 275,993$                
J-16.10  Full Scale Treatment Equipment Installation 4,646,745$             
J-16.11  Construction Management 463,750$                

5 Full-Scale O&M J-16.12A  Annual Operations and Maintenance (Year 1) 13,039,562$           10,717,570$      9,297,028$        
6 Full-Scale O&M J-16.12A  Annual Operations and Maintenance (Year 2) 12,846,501$           10,152,776$      8,560,166$        
7 Full-Scale O&M J-16.12B  Annual Operations and Maintenance (Year 2) 10,565,499$           8,028,911$        6,579,662$        
8 Full-Scale O&M J-16.12B  Annual Operations and Maintenance (Year 2) 10,567,396$           7,721,492$        6,150,320$        

J-16.13  Well Abandonment 5,496,261$             
J-16.14  Demobilization and Project Close Out 979,398$               

Totals 84,443,100$           68,105,438$       58,485,764$       

Notes
DR = Discount rate
NPV = Net present value

 $      21,077,329 

 $        4,549,712 

 $        2,212,385 

 $      18,811,084 

 $        3,522,330 

1  Pilot Test Design and Build 

9  Verification and Abandonment 

 Full-Scale Build and Hot Floor Pre-Heat 4

 $        2,276,204 
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Detailed Cost, ERH (400 kW-hrs/cubic yard)
Pilot Test Design

Item Consultant Labor Quantity Cost
1 Project Manager 40 150$   /Hour 6,000$        
2 Senior Engineer/Geologist 75 125$   /Hour 9,375$        
3 Mid-Level Engineer/Geologist 480 100$   /Hour 48,000$      
4 Junior/Field Engineer/Geologist 780 75$     /Hour 58,500$      
5 Field Technician 0 75$     /Hour -$                
6 Clerical/Drafting 50 50$     /Hour 2,500$       

TOTAL PRE-DESIGN COST 124,375$    

Table 16.1

Unit Cost
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Table 16.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 100 150$        /Hour 15,000$      
2 Senior Engineer/Geologist 100 125$        /Hour 12,500$      
3 Mid-Level Engineer/Geologist 180 100$        /Hour 18,000$      
4 Junior/Field Engineer/Geologist 1,005 75$          /Hour 75,375$      
5 Field Technician 260 75$          /Hour 19,500$      
6 Clerical/Drafting 105 50$         /Hour 5,250$       

Total Consultant Labor Cost 145,625$    

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$   /Each 12,000$      1
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$           1
c Drill Crew per Diem 1 450$        /Night 450$           1
d Vehicle Usage 1 100$        /Day 100$           
e Equipment Rental and Supplies 1 500$        /Day 500$           
f Other Direct Costs 1 300$        /Day 300$           

Cost per Well 13,600$      
Number of Wells (1 Well Installed per Day) (see Note 1) 21

Subtotal - UBA Multi-Phase Extraction Wells 285,600$    
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Table 16.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 Lab Analytical (Six UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 36 90$          /Sample 3,240$        2
b Soil Analysis - VOCs (EPA Method 8260B) 36 95$          /Sample 3,420$        2
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 36 80$          /Sample 2,880$        2
d Water Analysis - Pesticides (EPA Method 8081A) 6 90$          /Sample 540$           2
e Water Analysis - VOCs (EPA Method 8260B) 6 95$          /Sample 570$           2
f Water Analysis - pCBSA (Modified EPA Method 314.0) 6 80$         /Sample 480$          2

Total Lab Analytical (UBA Extraction Wells) 11,130$      

9 Electrode Wells (15" HSA Drilling to 105' bgs)
a Drill Rig, Crew, and Support Equipment 1 4,000$     /Day 4,000$        3
b Cement Backfill Material 54 30$          /Foot 1,620$        3
c Sand Backfill Material 51 20$          /Foot 1,020$        3
d Drill Crew per Diem 1 450$        /Night 450$           3
e Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$           3
f Plastic Sheeting and Hole Prep 1 25$          /Well 25$             3
g 5% Fuel Surcharge 1 368$        /Well 368$           3
h Vehicle Usage 1 100$        /Day 100$           
i Equipment Rental and Supplies 1 500$        /Day 500$           
j Installation Permit 1 201$        /Each 201$           
k Other Direct Costs 1 300$        /Day 300$           

Cost per Well 8,834$        
Number of Wells (1 Well Installed per Day) (see Note 1) 30

Subtotal - Electrode Wells 265,028$    
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Table 16.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Develop UBA Multi-Phase Extraction Wells
a Development Rig 1 2,000$     /Day 2,000$        1
b Development Crew per Diem 1 200$        /Night 200$           1

Cost per Well 2,200$        
Number of Wells (1 Well Developed per Day) 21

Subtotal - Develop UBA Multi-Phase Extraction Wells 46,200$      

11 Mobilization/Demobilization of  Mud Rotary Drill Rig 0 12,000$   LS -$               4

12 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 0 2,000$     /Each -$                4
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 220$        /Foot -$                4
c Mud Change-Out and Pit Decon 0 2,000$     /Each -$                4
d 12" Boring Under Conductor 0 80$          /Foot -$                4
e Install 6" Low Carbon Steel Sched. 40 Casing 0 88$          /Foot -$                4
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 0 175$        /Foot -$                4
g Type II Cement Grout and Sand Pack 0 30$          /Foot -$                4
h Forklift and Hopper Rental for Waste Handling 0 400$        /Day -$                4
i Standby for Cement Curing 0 550$        /Hour -$                4
j Well Development 0 165$        /Hour -$                4
k Vehicle Usage 0 100$        /Day -$                
l Equipment Rental and Supplies 0 500$        /Day -$                

m Installation Permit 0 201$        /Each -$                
n Other Direct Costs 0 300$        /Day -$                

Cost per Well -$                
Number of Wells (4 Days per Well for Installation and Development) 3

Subtotal - Hot Floor Multi-Phase Extraction Wells -$                
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Table 16.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

13 Hot Floor Steam Injection Wells
a Move Between Well Locations 0 2,000$     /Each -$                4
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                4
c Mud Change-Out 0 1,500$     /Each -$                4
d 9" Boring Under Conductor 0 75$          /Foot -$                4
e Install 2" Low Carbon Steel Sched. 40 Casing 0 45$          /Foot -$                4
f Install 2" Type 304 Stainless Steel Screen 0 90$          /Foot -$                4
g Type II Cement Grout and Sand Pack 0 20$          /Foot -$                4
h Forklift and Hopper Rental for Waste Handling 0 400$        /Day -$                4
i Standby for Cement Curing 0 550$        /Hour -$                4
j Well Development 0 165$        /Hour -$                4
k Vehicle Usage 0 100$        /Day -$                
l Equipment Rental and Supplies 0 500$        /Day -$                

m Installation Permit 0 201$        /Each -$                
n Other Direct Costs 0 300$        /Day -$                

Cost per Well -$                
Number of Wells (4 Days per Well for Installation and Development) 9

Subtotal - Hot Floor Steam Injecton Wells -$                
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Table 16.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

14 Temperature Monitoring Points
a Move Between Well Locations 1 4,000$     /Each 4,000$        
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                
c Mud Change-Out 0 1,500$     /Each -$                
d 8" Boring Under Conductor 0 75$          /Foot -$                
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 105 40$          /Foot 4,200$        
f Type II Cement Grout 105 20$          /Foot 2,100$        
g Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$           
h Standby for Cement Curing 0 550$        /Hour -$                
i Vehicle Usage 1 100$        /Day 100$           
j Equipment Rental and Supplies 1 500$        /Day 500$           
k Installation Permit 1 201$        /Each 201$           
l Other Direct Costs 1 300$        /Day 300$           

Subtotal 11,651$      
Number of Wells (3 Days per Point - no Development Needed) 6

Subtotal - Temperature Monitoring Points 69,906$      
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Table 16.2

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Pilot Test Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

15 Waste Management
a Waste Tank Rental 350 38$          /Day 13,300$      5
b Waste Tank Rental Delivery -  Mob and Demob 2 900$        /Each 1,800$        5
c Waste Bin Rental 1072 15$          /Day 16,080$      5
d Waste Bin Rental Delivery -  Mob and Demob 20 500$        /Each 10,000$      5
e Transport of Hazardous Soil Cuttings 20 1,100$     /Each 22,000$      5
f Disposal of Hazardous Soil Cuttings 399 550$        /Ton 219,450$    5
g Transport of Hazardous Mud 0 500$        /Each -$                5
h Disposal of Hazardous Mud 0 1.1$         /Gal -$                5
i Transport of Hazardous Water 9 1,100$     /Each 9,900$        5
j Disposal of Hazardous Water 40999 0.8$         /Gal 32,799$      5
k Waste Characterization/Profiling 2 500$       /Each 1,000$       

Subtotal - Waste Management 326,329$    
Total Subcontractor Cost w/10% Markup 1,104,612$

TOTAL PILOT TEST WELL CONSTRUCTION COST 1,250,237$ 

Cost Source Reference Notes
1 Cascade Drilling, Inc. Quote Dated 7/15/08
2 Verbal Quote from Test America
3 Cascade Drilling, Inc. Quote Dated 8/01/08
4 Water Development Corporation Quote Dated 4/25/08
5 Verbal Quote from NRC Environmental

1.  Twenty one (21) multi-phase extraction wells and 30 
electrodes will be installed during the pilot testing phase.  An 
additional 182 extraction wells and 426 electrodes will be installed 
during the full-scale phase for a total of 203 extraction wells and 
456 electrodes available for use during full-scale O&M.   
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Table 16.3

Detailed Cost, ERH (400 kW-hrs/cubic yard)

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1  Electrical Service Upgrade 1 50,000$        LS 50,000$      

2  Natural Gas Pipeline 1 200,000$      LS 200,000$    

3 Electrode Well Equipment and Piping
a Electrodes (3 per Electrode Well) 90 1,500$          Each 135,000$   1
b Armored Electrical Cable 1300 4.89$            Foot 6,357$       2
c 1.5-Inch Carbon Steel Pipe and Fittings for Recirc Water Delivery 1300 12.00$         LF 15,600$     

Total Electrode Well Equipment 156,957$   

4  Groundwater Extraction Assemblies
 a Well Head Assemblies 21 1,000$          Each 21,000$      
 b Extraction Pump (High Temperature Hammerhead Pro) 21 3,070$          Each 64,470$      3
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 2100 11$               LF 23,100$      3
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 2100 16$               LF 33,600$      3
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 2100 22$               LF 46,200$      3

Total Groundwater Extraction Assemblies 188,370$    

5  Steam Injection Well Head Assemblies 0 7,000$          Each -$                

6 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 216 75$               Hour 16,200$      

7  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 67.65$          LF -$                4
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 43.45$          LF -$                4

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 34.10$          LF -$                4
Total Steam Injection Piping -$                

Pilot Test Well Field Equipment Installation

Unit CostItem
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Table 16.3

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Pilot Test Well Field Equipment Installation

Direct Costs Quantity Cost Cost 
Ref.

8  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 560 94.71$          LF 53,038$      5
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 470 67.65$          LF 31,796$      4
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 370 43.45$          LF 16,077$      4

Total Vapor Extraction Piping 100,910$    

9  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 560 43.45$          LF 24,332$      4
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 470 34.10$          LF 16,027$      4
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 370 31.45$          LF 11,637$      4
 d Total Piping Length 1400 LF
 e Piping Heat Trace, VLBTV Wire 1400 15.75$          LF 22,050$      6
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 22,213.65$   LS 22,214$      

Total Groundwater Extraction Piping 96,259$      

10  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 1400 20.00$          LF 28,000$      4

11  Pipe Supports 212 200$             LF 42,400$      

CONSULTANT LABOR COST 16,200$     
DIRECT COSTS w/10% MARKUP 949,185$   
TOTAL PILOT TEST WELL FIELD EQUIPMENT INSTALLATION COST 965,385$    

Cost Source Reference
1 Verbal Quote from McMillan-McGee Corp.
2 McMaster-Carr Catalog Price
3 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
4 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
5 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
6 2006 Raychem quote obtained by CH2MHILL

Item Unit Cost
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Appendix J
Table 16.4

Detailed Cost, ERH (400 kW-hrs/cubic yard)

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells and Piping
a Pressure Gage (0-300 PSI) 0 48.00$              /Each -$             1
b Temperature Indicator 0 127.00$            /Each -$             1
c Orifice Plate and Transmitter 0 10,000.00$       /Each -$             

Total Steam Injection Wells and Piping I&Cs -$             

2 Groundwater Exraction Pressure Gage (0-300 PSI) 21 48.00$              /Each 1,008$     1

3 Vapor Extraction Vacuum Gage (30 in Hg) 21 50.40$              /Each 1,058$     1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,400 0.75$                /Foot 1,050$      2
b Analog Decoder 1 500$                 /Each 500$         

Cost per Temp Monitoring Point 1,550$      
Number of Temperature Monitoring Points 6

Total Thermocouple String 9,300

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 80 75$                   /Hour 6,000$      

6 Electrical Allowance (30% of Instrumentation and Controls cost) 1 3,410$              /LS 3,410$     

7 Control System Allowance (40% of Instrumentation and Controls cost) 1 4,547$              /LS 4,547$     

CONSULTANT LABOR COST 6,000$     
DIRECT COSTS w/10% MARKUP 21,255$   

27,255$    

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL PILOT TEST INSTRUMENTATION AND CONTROLS INSTALLATION COST

Pilot Test Instrumentation and Controls Installation
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Appendix J
Table 16.5

Detailed Cost, ERH (200 kW-hrs/cubic yard)

Item Consultant Labor (Conduct Pilot Test) Quantity Cost Cost
Ref.

1 Project Manager 260 150$         /Hour 39,000$         
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$         
3 Mid-Level Engineer/Geologist 1,040 100$         /Hour 104,000$       
4 Junior/Field Engineer/Geologist 1,040 75$           /Hour 78,000$         
5 Field Technician 2,080 75$           /Hour 156,000$       
6 Clerical/Drafting 260 50$          /Hour 13,000$        

Consultant Labor Cost to Conduct Pilot Test 455,000$       

Item Consultant Labor (Data Evaluation and Reporting) Quantity Cost Cost
Ref.

7 Project Manager 300 150$         /Hour 45,000$         
8 Senior Engineer/Geologist 300 125$         /Hour 37,500$         
9 Mid-Level Engineer/Geologist 240 100$         /Hour 24,000$         
10 Junior/Field Engineer/Geologist 150 75$           /Hour 11,250$         
11 Field Technician 0 75$           /Hour -$                   
12 Clerical/Drafting 335 50$          /Hour 16,750$        

Consult Labor Cost for Data Evaluation And Reporting 134,500$       

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Purchases (To Be Used During Full-Scale Treatment as Well)
a Inline Stack PID (will serve as spare during full-scale treatment) 1 3,775$      /Each 3,775$           1
b Vapor - Phase Heat Exchanger 1 14,306$    /Each 14,306$         2
c Clarifier 1 12,000$    /Each 12,000$         3
d 500-Gallon Collection Tank 3 2,078$      /Each 6,234$           4
e Liquid - Phase Heat Exchanger 1 22,112$    /Each 22,112$         5
f Cooling Tower 1 37,713$    /Each 37,713$         6
g DNAPL/Water Separator 1 124,365$  /Each 124,365$       7
h 50 GPM Transfer Pump 12 638.50$   /Each 7,662$          8

Total Equipment Purchases 228,167$       

Pilot Test Implementation

Unit Cost

Unit Cost

Unit Cost
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Final DNAPL Feasibility Study
ERH (400 kW-hrs/cubic yard)
Entire Treatment Area
June 2013

Montrose Superfund Site
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Appendix J
Table 16.5

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Implementation

Item Subcontractor Cost Quantity Cost Cost
Ref.

14 Equipment Rentals
a 8-million BTUs/hr Low Nox Steam Generator (incl. water softening package) 0 15,000$    /Month -$                   9
b Rental - 500 SCFM Blower Skid (incl. Knock-Out Tank) 6 3,500$      /Month 21,000$         10
c Rental - Four 5,000-lb Vapor-Phase GAC Vessels 6 1,800$      /Month 10,800$         10
d Mobilization and Initial Fill of Two 2,000-lb Liquid-Phase GAC Vessels

(4000 lbs Virgin Coconut Shell) 1 4,660$      /Each 4,660$           11
e Rental - Two 2,000-lb Liquid-Phase GAC Vessels 6 600$         /Month 3,600$           11
f Air Compressor Rental 6 1,000$      /Month 6,000$           
g HiPOx Sytem Rental 6 7,000$     /Month 42,000$        

Total Equipment Rentals 88,060$         

15 Consumables (Excludes Utilities)
a Salt for Steam Generator Feed Water Treatment 0 100$         /Month -$                   
b Virgin Coconut Shell Vapor-Phase Carbon

(40,000-lbs per Month for Six Months; Spent Carbon T&D Not Included) 240,000 1.07$        /lb 256,800$       10
c Vapor-Phase Carbon Change-Out Service (Spent Carbon T&D Not Included) 24 1,850.00$ /Change-Out 44,400$         10
d Hydrogen Peroxide for HiPOx 35,596 3$             /Gal 106,788$       
e Oxygen for HiPOx 248,865 0.35$       /100 SCF 87,103$        

Total Consumables 495,091$       

16 Waste Management
a Liquid-Phase GAC Change-Outs

(Assumes Two 2000-lb Change-Outs per Month for 6 Months; T&D Included) 24,000 1.61$        /lb 38,640$         11
b Vapor-Phase GAC Disposal (Listed Waste for Incineration) 240,000 0.71$        /lb 170,000$       12
c Vapor-Phase GAC Transportation 14 4,286$      /Load 60,000$         12
d Filtration Generated Waste Disposal (Listed Waste for Incineration) 3,930 0.25$        /lb 983$              13
e Filtration Generated Waste Transportation 1 2,800$      /Load 2,800$           13
f Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (Non-Haz) 0 0.14$        /Gal -$                   14
g Boiler Water Pre-Treatment Brine and Blowdown Transportation 0 950$        /10,000 Gals -$                  14

Total Waste Management 272,422$       

Unit Cost
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Appendix J
Table 16.5

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Implementation

Item Subcontractor Cost Quantity Cost Cost
Ref.

17 Lab Analytical and Monitoring
a Summa Can Rental 174 40$           /Each 6,960$           15
b Vapor VOCs Analysis (EPA Method TO-15) 174 200$         /Each 34,800$         15
c Liquid Pesticides (EPA Method 8260B) 174 90$           /Each 15,660$         16
d Liquid VOC Analysis (EPA Method 8260B) 174 95$           /Each 16,530$         16
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 174 80$           /Each 13,920$         16
f Tedlar Bags 552 10$           /Each 5,520$           
g TVA-1000B PID/FID Rental 6 1,200$     /Month 7,200$          17

Total Lab Analytical and Monitoring 100,590$       

18 Miscellaneous
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$           18
b Temporary Office 24'x60' Rental 6 1,030$      /Month 6,178$           18
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$           18
d Temporary Storage Trailer 6 149$         /Month 892$              19
e Portable Toilet Delivery 1 22$           /Each 22$                20
f Portable Toilet Rental 6 76$           /Month 454$              20
g Standby Generator (800 kW) 6 3,000$      /Month 18,000$         21
h Maintenance Parts 6 1,000$      /Month 6,000$           
i Fed Ex and Deliveries 130 150$         /Day 19,500$         
j Temporary office comm. (internet, telephone, fax) 6 1,000$      /Month 6,000$           
k Steam License 0 0.50$        /CY Treated -$                   21
l Operator Truck Usage (One Truck per Operator) 260 100$        /Day/Truck 26,000$        

Total Miscellaneous 87,731$         
0

Steam License for Hot Floor 0 0.50$       /CY Treated -$                  
Total Subcontractor Cost 1,272,061$    

Item Utilities Quantity Cost Cost
Ref.

19 Electricity Usage
a Electrodes in UBA 3,700,000 0.1045$    /kWh 386,650$       22
b HiPOx System and other Treatment Equipment 2,029,630 0.1045$   /kWh 212,096$      22

Total Electricity Usage 598,746$       

20 Natural Gas for Steam Generation (Hot Floor) 0 1.14$        /Therm -$                   23
21 Municipal Water for Steam Generation (Hot Floor) 0 0.0029$   /Gal -$                  

Municipal Water for electrodes 11,826,000 0.0029$    /Gal 34,295$         
Municipal Water for Cooling Tower Makeup 236,520 0.0029$    /Gal 686$              
Total Utilities 633,728$       

Unit Cost

Unit Cost
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Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 16.5

Detailed Cost, ERH (200 kW-hrs/cubic yard)
Pilot Test Implementation

PILOT TEST CONSULTANT LABOR COST 589,500$       
PILOT TEST SUBCONTRACTOR COST w/10% MARKUP 1,399,267$    
UTILITIES COST (NO MARKUP) 633,728$       

TOTAL PILOT TEST IMPLEMENTATION COST 2,622,494$    

Cost Source Reference
1 Verbal Quote from RAE Systems
2 Heat Exchanger Sales and Engineering Company, LLC Quote Dated July 17, 2008
3 Verbal Quote from Geotech Environmental Equipment, Inc.
4 Harrington Plastics Catalog Price
5 SEC Heat Exchanger Quote Dated July 1, 2008
6 Cooling Tower Systems, Inc. Quote Dated July 2, 2008
7 Pan America Environmental Quote Dated July 18, 2008
8 Grainger Catalog Price
9 Nationwide Boiler Quote Dated July 24, 2008
10 BakerCorp Quote Dated July 1, 2008
11 BakerCorp Quote Dated April 30, 2008
12 NRC Environmental Services, Inc. Quote Dated June 30, 2008
13 Clean Harbors Quote Dated October 10, 2007
14 NRC Environmental Services, Inc. Quote Dated July 18, 2008
15 Verbal Quote from Calscience Environmental Laboratories, Inc.
16 Verbal Quote from Test America, Inc.
17 Verbal Quote from Ashtead Technology Rentals
18 Mobile Mini, Inc. Quote Dated October 11, 2007
19 Verbal Quote from Mobile Mini, Inc.
20 Verbal Quote from A-1 Coast Port-A-Toilet
21 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 33
22 Shedule A-3 LADWP Rate (Second Quarter 2008)
23 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)
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Table 16.6

Detailed Cost, ERH (400 kW-hs/cubic yard)

Item Consultant Labor Quantity Cost Cost 
Ref.

1 Project Manager 790 150$        /Hour 118,500$        
2 Senior Engineer/Geologist 1,170 125$        /Hour 146,250$        
3 Mid-Level Engineer/Geologist 4,600 100$        /Hour 460,000$        
4 Junior/Field Engineer/Geologist 3,310 75$          /Hour 248,250$        
5 Field Technician 0 75$          /Hour -$                   
6 Clerical/Drafting 1,106 50$         /Hour 55,300$        

Consultant Labor 1,028,300$     

Item Subcontractor Cost Quantity Cost Cost 
Ref.

1 Outside Thermal Expert 1 150,000$ /LS 150,000$       

2 UBA Post-Pilot Test DNAPL Recon Borings
a Drilling 6 12,000$   /Boring 72,000$         1
b Waste Disposal 6 2,500$     /Boring 15,000$         2
c Soil Analysis - Pesticides (EPA Method 8081A) 36 90$          /Sample 3,240$           3
d Soil Analysis - VOCs (EPA Method 8260B) 36 95$          /Sample 3,420$           3
e Soil Analysis - pCBSA (Modified EPA Method 314.0) 36 80$          /Sample 2,880$           3
f Water Analysis - Pesticides (EPA Method 8081A) 6 90$          /Sample 540$              3
g Water Analysis - VOCs (EPA Method 8260B) 6 95$          /Sample 570$              3
h Water Analysis - pCBSA (Modified EPA Method 314.0) 6 80$         /Sample 480$             3

Total UBA Post-Pilot Test DNAPL Recon Borings 98,130$         

272,943$        

TOTAL FULL-SCALE DESIGN AND PERMITTING COST 1,301,243$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from Clean Harbors
3 Verbal Quote from Test America

Full-Scale Design and Permitting

Unit Cost

Unit Cost

Subcontractor Cost w/10% Markup
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Table 16.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 507 150$        /Hour 76,050$        
2 Senior Engineer/Geologist 507 125$        /Hour 63,375$        
3 Mid-Level Engineer/Geologist

1,870 100$        /Hour 187,000$      
4 Junior/Field Engineer/Geologist 9,330 75$          /Hour 699,750$      
5 Field Technician 482 75$          /Hour 36,150$        
6 Clerical/Drafting 507 50$         /Hour 25,350$       

Total Consultant Labor Cost 1,087,675$    

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Abandon Existing Site Wells Prior to Thermal Treatment
a Drill out well materials 90 65$          /Foot 5,850$          1
b Grout resulting boring 90 30$          /Foot 2,700$          1
c Forklift and mini-hopper 1 500$        /Day 500$             1
d Excavate and remove well box 1 2,000$     /LS 2,000$          1

Cost per Well 11,050$        
Number of Wells 25

Total for Existing Site Well Abandonment 276,250$      

16.7  Full Scale Well Construction Page 17 of 40



Final DNAPL Feasibility Study
ERH (400 kW-hrs/cubic yard)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 16.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

8 UBA Multi-Phase Extraction Wells (12" HSA Drilling to 108' bgs)
a Install Well Constructed of 6" LCS Casing w/ 60' of 

SS Screen and 3-foot Sump, Type II Cement Grout, and Sand Pack 1 12,000$   /Each 12,000$        2
b Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             2
c Drill Crew per Diem 1 450$        /Night 450$             2
d Vehicle Usage 1 100$        /Day 100$             
e Equipment Rental and Supplies 1 500$        /Day 500$             
f Installation Permit 1 201$        /Each 201$             
g Other Direct Costs 1 300$        /Day 300$             

Cost per Well 13,801$        
Number of Wells (1 Well Installed per Day) (see Note 1) 182

Subtotal - UBA Multi-Phase Extraction Wells 2,511,782$    

9 Lab Analytical (Sixteen UBA Multi-Phase Extraction Well Borings)
a Soil Analysis - Pesticides (EPA Method 8081A) 96 90$          /Sample 8,640$          3
b Soil Analysis - VOCs (EPA Method 8260B) 96 95$          /Sample 9,120$          3
c Soil Analysis - pCBSA (Modified EPA Method 314.0) 96 80$          /Sample 7,680$          3
d Water Analysis - Pesticides (EPA Method 8081A) 16 90$          /Sample 1,440$          3
e Water Analysis - VOCs (EPA Method 8260B) 16 95$          /Sample 1,520$          3
f Water Analysis - pCBSA (Modified EPA Method 314.0) 16 80$         /Sample 1,280$         3

Total Lab Analytical (UBA Extraction Wells) 29,680$        
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Table 16.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

10 Electrode Wells (15" HSA Drilling to 105' bgs)
a Drill Rig, Crew, and Support Equipment 1 4,000$     /Day 4,000$          4
b Cement Backfill Material 54 30$          /Foot 1,620$          4
c Sand Backfill Material 51 20$          /Foot 1,020$          4
d Drill Crew per Diem 1 450$        /Night 450$             4
e Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             4
f Plastic Sheeting and Hole Prep 1 25$          /Well 25$               4
g 5% Fuel Surcharge 1 368$        /Well 368$             4
h Vehicle Usage 1 100$        /Day 100$             
i Equipment Rental and Supplies 1 500$        /Day 500$             
j Installation Permit 1 201$        /Each 201$             
k Other Direct Costs 1 300$        /Day 300$             

Cost per Well 8,834$          
Number of Wells (1 Well Installed per Day) (see Note 1) 426

Subtotal - Shallow UBA Steam Injection Wells 3,763,391$    

11 Develop UBA Multi-Phase Extraction Wells
a Development Rig 1 2,000$     /Day 2,000$          2
b Development Crew per Diem 1 200$        /Night 200$             2

Cost per Well 2,200$          
Number of Wells (1 Well Developed per Day) 182

Subtotal - Develop UBA Multi-Phase Extraction Wells 400,400$      

12 Mobilization/Demobilization of  Mud Rotary Drill Rig 0 12,000$  /Each -$                 5
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Table 16.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

13 Hot Floor Multi-Phase Extraction Wells
a Move Between Well Locations 0 2,000$     /Each -$                  5
b Install 14", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 220$        /Foot -$                  5
c Mud Change-Out and Pit Decon 0 2,000$     /Each -$                  5
d 12" Boring Under Conductor 0 80$          /Foot -$                  5
e Install 6" Low Carbon Steel Sched. 40 Casing 0 88$          /Foot -$                  5
f Install 6" Type 304 Stainless Steel Screen with 3' Sump 0 175$        /Foot -$                  5
g Type II Cement Grout and Sand Pack 0 30$          /Foot -$                  5
h Forklift and Hopper Rental for Waste Handling 0 400$        /Day -$                  5
i Standby for Cement Curing 0 550$        /Hour -$                  5
j Well Development 0 165$        /Hour -$                  5
k Vehicle Usage 0 100$        /Day -$                  
l Equipment Rental and Supplies 0 500$        /Day -$                  

m Installation Permit 0 201$        /Each -$                  
n Other Direct Costs 0 300$        /Day -$                  

Cost per Well -$                  
Number of Wells (4 Days per Well for Installation and Development) 19

Subtotal - Hot Floor Multi-Phase Extraction Wells -$                  
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Appendix J
Table 16.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

14 Hot Floor Steam Injecton Wells
a Move Between Well Locations 0 2,000$     /Each -$                  5
b Install 10", .25" Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                  5
c Mud Change-Out 0 1,500$     /Each -$                  5
d 9" Boring Under Conductor 0 75$          /Foot -$                  5
e Install 2" Low Carbon Steel Sched. 40 Casing 0 45$          /Foot -$                  5
f Install 2" Type 304 Stainless Steel Screen 0 90$          /Foot -$                  5
g Type II Cement Grout and Sand Pack 0 20$          /Foot -$                  5
h Forklift and Hopper Rental for Waste Handling 0 400$        /Day -$                  5
i Standby for Cement Curing 0 550$        /Hour -$                  5
j Well Development 0 165$        /Hour -$                  5
k Vehicle Usage 0 100$        /Day -$                  
l Equipment Rental and Supplies 0 500$        /Day -$                  

m Installation Permit 0 201$        /Each -$                  
n Other Direct Costs 0 300$        /Day -$                  

Cost per Well -$                  
Number of Wells (4 Days per Well for Installation and Development) 46

Subtotal - Hot Floor Steam Injecton Wells -$                  
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Table 16.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

15 Temperature Monitoring Points (7" HSA Drilling to 105' bgs)
a Move Between Well Locations 1 4,000$     /Each 4,000$          
b Install 10", .25 Wall, Low Carbon Steel Conductor Casing with Type II Cement Grout 0 180$        /Foot -$                  
c Mud Change-Out 0 1,500$     /Each -$                  
d 8" Boring Under Conductor 0 75$          /Foot -$                  
e Install 1.5" Low Carbon Steel Casing with Bottom Cap 105 40$          /Foot 4,200$          
f Type II Cement Grout 105 20$          /Foot 2,100$          
g Forklift and Hopper Rental for Waste Handling 1 250$        /Day 250$             
h Standby for Cement Curing 0 550$        /Hour -$                  
i Vehicle Usage 1 100$        /Day 100$             
j Equipment Rental and Supplies 1 500$        /Day 500$             
k Installation Permit 1 201$        /Each 201$             
l Other Direct Costs 1 300$        /Day 300$             

Subtotal 11,651$        
Number of Wells (3 Days per Point - no Development Needed) 64

Subtotal - Temperature Monitoring Points 745,664$      

16 BFS Monitoring Wells
a Well Installation (4 Days per Well for Installation and Development) 4 54,000$   /Well 216,000$      1
b Installation Permit 4 201$       /Well 804$            

Subtotal - BFS Monitoring Wells 216,804$      
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Table 16.7

Detailed Cost, HER (200 kW-hrs/cubic yard)
Full Scale Well Construction

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

17 Waste Management
a Waste Tank Rental 350 38$          /Day 13,300$        6
b Waste Tank Rental Delivery -  Mob and Demob 2 900$        /Each 1,800$          6
c Waste Bin Rental 5032 15$          /Day 75,480$        6
d Waste Bin Rental Delivery -  Mob and Demob 211 500$        /Each 105,500$      6
e Transport of Hazardous Soil Cuttings 211 1,100$     /Each 232,100$      6
f Disposal of Hazardous Soil Cuttings 4209 550$        /Ton 2,314,950$    6
g Transport of Hazardous Mud 0 500$        /Each -$                  6
h Disposal of Hazardous Mud 0 1.1$         /Gal -$                  6
i Transport of Hazardous Water 101 1,100$     /Each 111,100$      6
j Disposal of Hazardous Water 301393 0.8$         /Gal 241,114$      6
k Waste Characterization/Profiling 2 500$       /Each 1,000$         

Subtotal - Waste Management 3,096,344$    
Total Subcontractor Cost w/10% Markup 12,144,346$  

TOTAL FULL SCALE WELL CONSTRUCTION COST 13,232,021$  

Cost Source Reference Notes
1 Verbal Quote from Water Development Corporation
2 Cascade Drilling, Inc. Quote Dated 7/15/08
3 Verbal Quote from Test America
4 Cascade Drilling, Inc. Quote Dated 8/01/08
5 Water Development Corporation Quote Dated 4/25/08
6 Verbal Quote from NRC Environmental

1.  Twenty one (21) multi-phase extraction wells and 30 electrodes 
will be installed during the pilot testing phase.  An additional 182 
extraction wells and 426 electrodes will be installed during the full-
scale phase for a total of 203 extraction wells and 456 electrodes 
available for use during full-scale O&M.   
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Table 16.8

Detailed Cost, ERH (400 kW-hrs/cubic yard)

Consultant Labor and Direct Costs Quantity Cost Cost 
Ref.

1 Electrode Well Equipment and Piping
a Electrodes ( 3 per Electrode Well) 1278 1,500$          Each 1,917,000$     1
b Armored Electrical Cable 8870 4.89$            Foot 43,374$         2
c 1.5-Inch Carbon Steel Pipe and Fittings for Recirc Water Delivery 8870 12.00$          LF 106,440$       

Total Electrode Well Equipment 2,066,814$    

2  Groundwater Extraction Assemblies
 a Well Head Assemblies 182 1,000$          Each 182,000$        
 b Extraction Pump (High Temperature Hammerhead Pro) 182 3,070$          Each 558,740$        3
 c Downwell Air Supply Hose (3/8" SS Brainded, Teflon Lined) 18200 11$               LF 200,200$        3
 d Downwell Air Exhaust Hose (1/2" SS Brainded, Teflon Lined) 18200 16$               LF 291,200$        3
 e Downwell Discharge Hose (1/4" SS Brainded, Teflon Lined) 18200 22$              LF 400,400$       3

Total Groundwater Extraction Assemblies 1,632,540$     

3  Steam Injection Well Head Assemblies 0 7,000$          Each -$                   

4 Field Technician - Pump and Well Head Assembly Construction and Installation
(Consultant Labor - Not Subject to Markup) 5,000 75$               Hour 375,000$        

5  Steam Injection Piping
 a 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 67.65$          LF -$                   4
 b 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 43.45$          LF -$                   4

  c 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 0 34.10$         LF -$                  4
Total Steam Injection Piping -$                   

6  Vapor Extraction Piping
 a 8-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 70 94.71$          LF 6,630$           5
 b 6-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 3730 67.65$          LF 252,335$        4
 c 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 6380 43.45$         LF 277,211$       4

Total Vapor Extraction Piping 536,175$        

Unit CostItem

Full Scale Well Field Equipment Installation
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Table 16.8

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Full Scale Well Field Equipment Installation

Direct Costs Quantity Cost Cost 
Ref.

7  Groundwater Extraction Piping
 a 4-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 70 43.45$          LF 3,042$           4
 b 2-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 3730 34.10$          LF 127,193$        4
 c 1.5-Inch Carbon Steel Pipe and Fittings (incl. Fiberglass Insulation and Aluminum Jacket) 6380 31.45$          LF 200,651$        4
 d Total Piping Length 10180 LF
 e Piping Heat Trace, VLBTV Wire 10180 15.75$          LF 160,335$        6
 f Misc fittings and heat trace elements (30% of Groundwater Extraction Piping cost) 1 147,366.15$ LS 147,366$       

Total Groundwater Extraction Piping 638,587$        

8  Compressed Air Pipe and Fittings (2-Inch Carbon Steel) 10180 20.00$          LF 203,600$        4

9  Pipe Supports 356.8 200$             LF 71,360$         

CONSULTANT LABOR COST 375,000$        
DIRECT COSTS w/10% MARKUP 5,663,984$     
TOTAL FULL SCALE WELL FIELD EQUIPMENT INSTALLTION COST 6,038,984$     

Cost Source Reference
1 Verbal Quote from McMillan-McGee Corp.
2 McMaster-Carr Catalog Price
3 QED Environmental Systems, Inc. Quote Dated May 16, 2008  
4 2007 RS Means Database.  Unit price shown includes 10% inflation rate and local area cost factor.
5 Unit rate assumed to be approximately 40% higher than rate for 6-inch carbon steel pipe and fittings with fiberglass insulation and aluminum jacket.
6 2006 Raychem quote obtained by CH2MHILL

Item Unit Cost
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Table 16.9

Detailed Cost, ERH (400 kW-hrs)

Item Consultant Labor and Direct Costs Quantity Cost Cost
Ref.

1 Steam Injection Wells and Piping
a Pressure Gage (0-300 PSI) 0 48$             /Each -$              1
b Temperature Indicator 0 127$           /Each -$              1
c Orifice Plate and Transmitter 0 10,000$     /Each -$             

Total Steam Injection Wells and Piping I&Cs -$              

2 Groundwater Exraction Pressure Gage (0-300 PSI) 182 48$             /Each 8,736$     1

3 Vapor Extraction Vacuum Gage (30 in Hg) 182 50$             /Each 9,173$     1

4 Thermocouple String
a Type T Thermocouple Wire (24 Gauge w/Fiberglass Insulation and Jacket) 1,400 0.75$          /Foot 1,050$      2
b Analog Decoder 1 500$           /Each 500$         

Cost per Temp Monitoring Point 1,550$      
Number of Temperature Monitoring Points 64

Total Thermocouple String 99,200

5 Field Technician - Installation of Items 1 Through 4 (Instrumentation and Controls)
(Consultant Labor - Not Subject to Markup) 760

75$             /Hour 57,000$    

6 Electrical Allowance (20% of Instrumentation and Controls cost) 1 35,133$      /LS 35,133$   

7 Control System Allowance (30% of Instrumentation and Controls cost) 1 46,844$      /LS 46,844$   

CONSULTANT LABOR COST 57,000$   
DIRECT COSTS w/10% MARKUP 218,993$ 

275,993$  

Cost Source Reference
1 Grainger Catalog Price
2 McMaster-Carr Catalog Price

Unit Cost

TOTAL INSTRUMENTATION AND CONTROLS INSTALLATION COST w/10% SUBCONTRACTOR MARKUP

Full Scale Instrumentation and Controls Installation
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Table 16.10

Detailed Cost, ERH (400 kW-hrs/cubic yard)

Item Subcontractor Cost Quantity Cost Cost
Ref.

1 Vapor Treatment
a Steam-Regenerable Carbon System

(incl. two 10,000-lb GAC vessels, condenser, separator, and inline stack PID) 1 796,000$    /LS 796,000$       1
b Interconnecting Piping (20% of Steam-Regen Carbon System cost) 1 159,200$    /LS 159,200$       
c 5000-lb Polishing Vapor-Phase GAC Vessel 2 16,000$      /Each 32,000$         2
d Orifice Plate and Transmitter 10,000$      /Each -$                   
e 1000 SCFM Liquid Ring Vacuum Blower (standard cast iron construction) 3 80,000$      /Each 240,000$       3
f Moisture Separator 1 4,000$        /Each 4,000$           4

Transfer Pump (50 gpm) 3 536$           /Each 1,607$           5
2MM BTUs/Hr Steam Generator (gas fired) 1 5,000$        /Each 5,000$           
Water Softening System for Steam Generator 1 5,000$        /Each 5,000$          

Total for Vapor Treatment 1,242,807$    

2 Groundwater Exraction and Treatment
a DNAPL/Water Separator 1 124,365$    /Each 124,365$       6
b Groundwater Holding Tank 1 50,000$      /Each 50,000$         
c Liquid-Phase GAC Vessel (6,000 lb) 2 25,000$      /Each 50,000$         
d Air Compressor 2 20,000$      /Each 40,000$         7
e Transfer Pump (50 gpm) 4 536$           /Each 2,142$           5
f HiPOx System 1 2,050,000$ /Each 2,050,000$   8

Total for Groundwater Exraction and Treatment Equipment 2,316,507$    

3 Equipment Pads and Containment 1 150,000$    /LS 150,000$       7
4 80' X 110' Treatment Plant Building 1 150,000$    /LS 150,000$       
5 Subcontractor Installation Cost 1 365,000$    /LS 365,000$       9

TOTAL FULL-SCALE TREATMENT EQUIPMENT INSTALLATION COST w/10% MARKUP 4,646,745$    

Cost Source Reference
1 MEGTEC Systems, Inc. Quote Dated April 20, 2008 and Email from MEGTEC Dated May 16, 2008
2 BakerCorp Quote Dated July 1, 2008
3 Yardley Pump and Vacuum Quote Dated July 18, 2008
4 Verbal Qoute from Enviro Supply and Services
5 Grainger Catalog Price
6 Pan America Environmental Quote Dated July 18, 2008
7 McMillan-McGee November 2006 Feasibility Study for Steam Injection, Page 34
8 Based on Applied Process Technology, Inc. Quote Dated June 6, 2005
9 Verbal Quote from J.C. Palomar Construction, Inc.

Unit Cost

Full-Scale Treatment Equipment Installation

16.10  Full-Scale Treatment Equipment Installation Page 27 of 40



Final DNAPL Feasibility Study
ERH (400 kW-hrs/cubic yard)
Entire Treatment Area
June 2013

Montrose Superfund Site
Los Angeles, California

Appendix J
Table 16.11

Detailed Cost, ERH (400 kW-hts/cubic yard)

Item Consultant Labor Quantity Cost
1 Project Manager 230 150$ /Hour 34,500$   
2 Senior Engineer/Geologist 462 125$ /Hour 57,750$   
3 Mid-Level Engineer/Geologist 1,240 100$ /Hour 124,000$ 
4 Junior/Field Engineer/Geologist 1,590 75$   /Hour 119,250$ 
5 Field Technician 1,590 75$   /Hour 119,250$ 
6 Clerical/Drafting 180 50$   /Hour 9,000$    

TOTAL CONSTRUCTION MANAGEMENT COST 463,750$ 

Unit Cost

Construction Management
(Full-Scale System)
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Table 16.12A

Detailed Cost, ERH (400 kW-hrs/cubic yard)

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$         /Hour 78,000$             
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$             
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$         /Hour 208,000$           
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$           
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$           /Hour 468,000$           
6 Clerical/Drafting 520 50$          /Hour 26,000$            

Consultant Labor Cost for Operations 1,001,000$        

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$               
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$             
9 Mid-Level Engineer/Geologist 1,300 100$         /Hour 130,000$           

10 Junior/Field Engineer/Geologist 2,080 75$           /Hour 156,000$           
11 Field Technician 0 75$           /Hour -$                       
12 Clerical/Drafting 180 50$          /Hour 9,000$              

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 308,000$           

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 28.8-million BTUs/hr, Low NOx, Steam Generator (incl. feed water treatment package) 0 70,000$   /Month -$                      1

Total Equipment Rentals -$                       

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 52 196$         /Week 10,192$             
b Virgin Coconut Shell Vapor-Phase Carbon 160,000 1.07$        /lb 171,200$           2
c Vapor-Phase Carbon Change-Out Service 16 1,850.00$ /Change-Out 29,600$             2
d Hydrogen Peroxide for HiPOx 333,300 3.00$        /Gal 999,900$           
e Oxygen for HiPOx 2,330,200 0.35$        /100 SCF 815,570$           
f Liquid-Phase Carbon Change-Outs (Includes T&D) 288,000 1.61$       /lb 464,256$          3

Total Consumables 2,490,718$        

Annual Operations and Maintenance (Years 1 and 2)

Unit Cost

Unit Cost

Unit Cost
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Table 16.12A

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Annual Operations and Maintenance (Years 1 and 2)

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 160,000 0.71$        /lb 113,600$           4
b Vapor-Phase GAC Transportation 12 4,286$      /Load 51,432$             4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 65,000 0.50$        /lb 32,500$             5
d Carbon Regen System Solvent Waste Transportation 2 3,650$      /Load 7,300$               5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 78,600 0.25$        /lb 19,650$             5
f Filtration Generated Waste Transportation 3 2,800$      /Load 8,400$               5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz) 90,102 0.14$        /Gal 12,614$             6
h Boile Water Pre-Treatment Brine and Blowdown Transportation 9 950$        /10,000 Gals 8,560$              6

Total Waste Management 254,056$           

16 Lab Analytical and Monitoring (O&M Year 1)
a Summa Can Rental 836 40$           /Each 33,440$             7
b Vapor VOCs Analysis (EPA Method TO-15) 836 200$         /Each 167,200$           7
c Liquid Pesticides (EPA Method 8260B) 836 90$           /Each 75,240$             8
d Liquid VOC Analysis (EPA Method 8081A) 836 95$           /Each 79,420$             8
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$               8
f Tedlar Bags 240 10$           /Each 2,400$               
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$            9

Total O&M Year 1 Lab Analytical and Monitoring 374,020$           

17 Lab Analytical and Monitoring (O&M Year 2)
a Summa Can Rental 430 40$           /Each 17,200$             7
b Vapor Analysis - VOCs (EPA Method TO-15) 430 200$         /Each 86,000$             7
c Water Analysis - Pesticides (EPA Method 8081A) 430 90$           /Each 38,700$             8
d Water Analysis - VOCs (EPA Method 8260B) 430 95$           /Each 40,850$             8
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 24 80$           /Each 1,920$               8
f Tedlar Bags 240 10$           /Each 2,400$               
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$            9

Total O&M Year 2 Lab Analytical and Monitoring 201,470$           

Unit Cost
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Table 16.12A

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Annual Operations and Maintenance (Years 1 and 2)

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Miscellaneous (O&M Year 1)
a Temporary Office 24'x60' Delivery and Setup 1 2,939$      /Each 2,939$               10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             10
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                       10
d Temporary Storage Trailer 12 149$         /Month 1,784$               11
e Portable Toilet Delivery 1 22$           /Each 22$                    12
f Portable Toilet Rental 12 76$           /Month 908$                  12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$           13
h Maintenance Parts 12 1,000$      /Month 12,000$             
i Fed Ex and Deliveries 260 150$         /Day 39,000$             
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             

k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$            
Total O&M Year 1 Miscellaneous 264,308$           

19 Miscellaneous (O&M Year 2)
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                       10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             10
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                       10
d Temporary Storage Trailer 12 149$         /Month 1,784$               11
e Portable Toilet Delivery 0 22$           /Each -$                       12
f Portable Toilet Rental 12 76$           /Month 908$                  12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$           13
h Maintenance Parts 12 1,000$      /Month 12,000$             
i Fed Ex and Deliveries 260 150$         /Day 39,000$             
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             

k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$            
Total O&M Year 2 Miscellaneous 261,348$           

Total Subcontractor Cost (O&M Year 1) 3,383,102$        
Total Subcontractor Cost (O&M Year 2) 3,207,592$       

Unit Cost
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Table 16.12A

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Annual Operations and Maintenance (Years 1 and 2)

Item Utilities Quantity Cost Cost
Ref.

20 Electricity Usage (O&M Year 1)
Electrodes in UBA 43,014,000 0.1045$    /kWh 4,494,963$        14
HiPOx System and other Treatment Equipment 20,296,302 0.1045$   /kWh 2,120,964$       14

Total O&M Year 1 Electricity Usage 6,615,927$        

21 Electricity Usage (O&M Year 2)
Electrodes in UBA 43,014,000 0.1045$    /kWh 4,494,963$        14
HiPOx System and other Treatment Equipment 20,296,302 0.1045$   /kWh 2,120,964$       14

Total O&M Year 2 Electricity Usage 6,615,927$        

22 Natural Gas for Steam Generation 143,206 1.14$        /Therm 163,254$          15
Municipal Water for Electrodes 359,510,400 0.0029$    /Gal 1,042,580$       
Municipal Water for Cooling Tower Makeup 35,583,217 0.0029$    /Gal 103,191$          

23 Municipal Water for Steam Generation 29,033,567 0.0029$   /Gal 84,197$            
Total Utilities (O&M Year 1) 8,009,150$        
Total Utilities (O&M Year 2) 8,009,150$       

FULL SCALE CONSULTANT LABOR COST 1,309,000$       
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 1) 3,721,412$        
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 2) 3,528,351$        
UTILITIES COST (NO MARKUP) (O&M YEAR 1) 8,009,150$        
UTILITIES COST (NO MARKUP) (O&M YEAR 2) 8,009,150$        

TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 1) 13,039,562$      
TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 2) 12,846,501$      

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 BakerCorp Quote Dated June 30, 2008
3 BakerCorp Quote April 30, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14 Shedule A-3 LADWP Rate (Second Quarter 2008)
15 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost
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Table 16.12B
Detailed Cost

Item Consultant Labor  (Operations) Quantity Cost Cost
Ref.

1 Project Manager 520 150$         /Hour 78,000$             
2 Senior Engineer/Geologist 520 125$         /Hour 65,000$             
3 Mid-Level Engineer/Geologist (One Full Time Mid-Level Engineer) 2,080 100$         /Hour 208,000$           
4 Junior/Field Engineer/Geologist (One Full Time Junior Engineer) 2,080 75$           /Hour 156,000$           
5 Field Technician (Three Full Time Operators - 40 Hours per Week Each) 6,240 75$           /Hour 468,000$           
6 Clerical/Drafting 520 50$          /Hour 26,000$            

Consultant Labor Cost for Operations 1,001,000$        

Item Consultant Labor (Reporting, H&S, Data Mngt, and Website Maintenance) Quantity Cost Cost
Ref.

7 Project Manager 20 150$         /Hour 3,000$               
8 Senior Engineer/Geologist 80 125$         /Hour 10,000$             
9 Mid-Level Engineer/Geologist 1,300 100$         /Hour 130,000$           

10 Junior/Field Engineer/Geologist 2,080 75$           /Hour 156,000$           
11 Field Technician 0 75$           /Hour -$                       
12 Clerical/Drafting 180 50$          /Hour 9,000$              

Consultant labor for Reporting, H&S, Data Mngt, and Website Maintenance 308,000$           

Item Subcontractor Cost Quantity Cost Cost
Ref.

13 Equipment Rentals
a 28.8-million BTUs/hr, Low NOx, Steam Generator (incl. feed water treatment package) 0 70,000$   /Month -$                      1

Total Equipment Rentals -$                       

14 Consumables (Excluding Utilities)
a Salt for Steam Generator Feed Water Treatment 52 196$         /Week 10,192$             
b Virgin Coconut Shell Vapor-Phase Carbon 160,000 1.07$        /lb 171,200$           2
c Vapor-Phase Carbon Change-Out Service 16 1,850.00$ /Change-Out 29,600$             2
d Hydrogen Peroxide for HiPOx 333,300 3.00$        /Gal 999,900$           
e Oxygen for HiPOx 2,330,200 0.35$        /100 SCF 815,570$           
f Liquid-Phase Carbon Change-Outs (Includes T&D) 288,000 1.61$       /lb 464,256$          3

Total Consumables 2,490,718$        

Annual Operations and Maintenance (Years 3 and 4)

Unit Cost

Unit Cost

Unit Cost
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Table 16.12B
Detailed Cost

Annual Operations and Maintenance (Years 3 and 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

15 Waste Management
a Vapor-Phase GAC Disposal (Listed Waste for Incineration) 160,000 0.71$        /lb 113,600$           4
b Vapor-Phase GAC Transportation 12 4,286$      /Load 51,432$             4
c Carbon Regen System Solvent Waste Disposal (Listed Waste for Incineration) 65,000 0.50$        /lb 32,500$             5
d Carbon Regen System Solvent Waste Transportation 2 3,650$      /Load 7,300$               5
e Filtration Generated Waste Disposal (Listed Waste for Incineration) 78,600 0.25$        /lb 19,650$             5
f Filtration Generated Waste Transportation 3 2,800$      /Load 8,400$               5
g Boiler Water Pre-Treatment Brine and Blowdown Off-Site Disposal (non-Haz 90,102 0.14$        /Gal 12,614$             6
h Boile Water Pre-Treatment Brine and Blowdown Transportation 9 950$        /10,000 Gals 8,560$              6

Total Waste Management 254,056$           

16 Lab Analytical and Monitoring (O&M Year 3)
a Summa Can Rental 430 40$           /Each 17,200$             7
b Vapor VOCs Analysis (EPA Method TO-15) 430 200$         /Each 86,000$             7
c Liquid Pesticides (EPA Method 8260B) 430 90$           /Each 38,700$             8
d Liquid VOC Analysis (EPA Method 8081A) 430 95$           /Each 40,850$             8
e Liquid pCBSA Analysis (Modifed EPA Method 314.0) 24 80$           /Each 1,920$               8
f Tedlar Bags 240 10$           /Each 2,400$               
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$            9

Total O&M Year 1 Lab Analytical and Monitoring 201,470$           

17 Lab Analytical and Monitoring (O&M Year 4)
a Summa Can Rental 430 40$           /Each 17,200$             7
b Vapor Analysis - VOCs (EPA Method TO-15) 430 200$         /Each 86,000$             7
c Water Analysis - Pesticides (EPA Method 8081A) 430 90$           /Each 38,700$             8
d Water Analysis - VOCs (EPA Method 8260B) 430 95$           /Each 40,850$             8
e Water Analysis - pCBSA (Modifed EPA Method 314.0) 24 80$           /Each 1,920$               8
f Tedlar Bags 240 10$           /Each 2,400$               
g TVA-1000B PID/FID Rental 12 1,200$     /Month 14,400$            9

Total O&M Year 2 Lab Analytical and Monitoring 201,470$           

Unit Cost
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Table 16.12B
Detailed Cost

Annual Operations and Maintenance (Years 3 and 4)

Item Subcontractor Cost Quantity Cost Cost
Ref.

18 Miscellaneous (O&M Year 3)
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                       10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             10
c Temporary Office 24'x60' Demobilization 0 1,746$      /Each -$                       10
d Temporary Storage Trailer 12 149$         /Month 1,784$               11
e Portable Toilet Delivery 1 22$           /Each 22$                    12
f Portable Toilet Rental 12 76$           /Month 908$                  12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$           13
h Maintenance Parts 12 1,000$      /Month 12,000$             
i Fed Ex and Deliveries 260 150$         /Day 39,000$             
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             

k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$            
Total O&M Year 1 Miscellaneous 261,370$           

19 Miscellaneous (O&M Year 4)
a Temporary Office 24'x60' Delivery and Setup 0 2,939$      /Each -$                       10
b Temporary Office 24'x60' Rental 12 1,030$      /Month 12,356$             10
c Temporary Office 24'x60' Demobilization 1 1,746$      /Each 1,746$               10
d Temporary Storage Trailer 12 149$         /Month 1,784$               11
e Portable Toilet Delivery 0 22$           /Each -$                       12
f Portable Toilet Rental 12 76$           /Month 908$                  12
g Standby Generator (800 kW) 12 8,775$      /Month 105,300$           13
h Maintenance Parts 12 1,000$      /Month 12,000$             
i Fed Ex and Deliveries 260 150$         /Day 39,000$             
j Temporary office comm. (internet, telephone, fax) 12 1,000$      /Month 12,000$             

k Operator Truck Usage (One Truck per Operator) 780 100$        /Day/Truck 78,000$            
Total O&M Year 2 Miscellaneous 263,094$           

Total Subcontractor Cost (O&M Year 3) 3,207,614$        
Total Subcontractor Cost (O&M Year 4) 3,209,338$       

Unit Cost
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Table 16.12B
Detailed Cost

Annual Operations and Maintenance (Years 3 and 4)

Item Utilities Quantity Cost Cost
Ref.

20 Electricity Usage (O&M Year 3)
Electrodes in UBA 21,186,000 0.1045$    /kWh 2,213,937$        14
HiPOx System and other Treatment Equipment 20,296,302 0.1045$   /kWh 2,120,964$       14

Total O&M Year 3 Electricity Usage 4,334,901$        

21 Electricity Usage (O&M Year 4)
Electrodes in UBA 21,186,000 0.1045$    /kWh 2,213,937$        14
HiPOx System and other Treatment Equipment 20,296,302 0.1045$   /kWh 2,120,964$       14

Total O&M Year 4 Electricity Usage 4,334,901$        

22 Natural Gas for Steam Generation 143,206 1.14$        /Therm 163,254$          15
Municipal Water for Electrodes 359,510,400 0.0029$    /Gal 1,042,580$       
Municipal Water for Cooling Tower Makeup 35,583,217 0.0029$    /Gal 103,191$          

23 Municipal Water for Steam Generation 29,033,567 0.0029$   /Gal 84,197$            
Total Utilities (O&M Year 3) 5,728,124$        
Total Utilities (O&M Year 4) 5,728,124$       

FULL SCALE CONSULTANT LABOR COST 1,309,000$       
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 3) 3,528,375$        
FULL SCALE SUBCONTRACTOR COST w/10% MARKUP (O&M YEAR 4) 3,530,272$        
UTILITIES COST (NO MARKUP) (O&M YEAR 3) 5,728,124$        
UTILITIES COST (NO MARKUP) (O&M YEAR 4) 5,728,124$        

TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 3) 10,565,499$      
TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST FOR FULL SCALE TREATMENT (YEAR 4) 10,567,396$      

Cost Source Reference
1 Nationwide Boiler Quote Dated May 16, 2008 
2 BakerCorp Quote Dated June 30, 2008
3 BakerCorp Quote April 30, 2008
4 NRC Environmental Services, Inc. Quote Dated June 30, 2008
5 Clean Harbors Quote Dated October 10, 2007
6 NRC Environmental Services, Inc. Email Quote Dated July 18, 2008
7 Verbal Quote from Calscience Environmental Laboratories, Inc.
8 Verbal Quote from Test America
9 Verbal Quote from Ashtead Technology Rentals

10 Mobile Mini, Inc. Quote Dated October 11, 2007
11 Verbal Quote from Mobile Mini, Inc.
12 Verbal Quote from A-1 Coast Port-A-Toilet
13 Kohler Rental Quote Dated June 30, 2008
14 Shedule A-3 LADWP Rate (Second Quarter 2008)
15 GN-10, Tier III, SoCal Gas Co. Rate (Effective May 1, 2008)

Unit Cost
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Table 16.13

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Full Scale Well Abandonment

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 90 150$       /Hour 13,500$          
2 Senior Engineer/Geologist 590 125$       /Hour 73,750$          
3 Mid-Level Engineer/Geologist 500 100$       /Hour 50,000$          
4 Junior/Field Engineer/Geologist 7,900 75$         /Hour 592,500$        
5 Field Technician 250 75$         /Hour 18,750$          
6 Clerical/Drafting 90 50$        /Hour 4,500$           

Total Consultant Labor Cost 753,000$        

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

1 Mobilization/Demobilization of Drill Rig 1 2,000$    /LS 2,000$           1

2 Abandon UBA Multi-Phase Extraction Wells
a Drill out well materials (upper 15 feet) 15 65$         /Foot 975$               1
b Pressure grout well 108 30$         /Foot 3,240$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 5,315$            
Number of Wells 203

Total for UBA Mult-Phase Extraction Well Adandonment 1,078,945

3 Abandon Electrode Wells
a Drill out well materials (upper 15 feet) 15 65$         /Foot 975$               1
b Pressure Grout Electrodes 105 30$         /Foot 3,150$            1
c Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 5,225$            
Number of Wells 456

Total for Electrode Well Abandonment 2,382,600
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Table 16.13

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Full Scale Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

4 Abandon Hot Floor Multi-Phase Extraction Wells
a Pressure grout well 0 30$         /Foot -$                   1
b Forklift and mini-hopper 0 500$       /Day -$                   1

Cost per Well -$                   
Number of Wells 22

Total for Hot Floor Multi-Phase Extraction Well Abandonment -$                  

5 Abandon Hot Floor Steam Injection Wells
a Pressure grout well 0 30$         /Foot -$                   1
b Forklift and mini-hopper 0 500$       /Day -$                   1

Cost per Well -$                   
Number of Wells 55

Total for Hot Floor Steam Injection Well Abandonment -$                   

6 Abandon Temperature Monitoring Points
a Pressure grout well 105 30$         /Foot 3,150$            1
b Forklift and mini-hopper 1 500$       /Day 500$               1

Abandonment Crew per Diem 1 200$       /Night 200$               
Vehicle Usage 1 100$       /Day 100$               
Equipment Rental and Supplies 1 150$       /Day 150$               
Other Direct Costs 1 150$       /Day 150$               

Cost per Well 4,250$            
Number of Wells 70

Total for Temperature Monitoring Point Abandonment 297,500$        
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Table 16.13

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Full Scale Well Abandonment

Item Subcontractor Cost Quantity  Unit Cost  Cost Cost
Ref.

7 Waste Management
a Waste Tank Rental 0 38$         /Day -$                   
b Waste Tank Rental Delivery -  Mob and Demob 0 900$       /Each -$                   
c Waste Bin Rental 5490 15$         /Day 82,350$          2
d Waste Bin Rental Delivery -  Mob and Demob 37 500$       /Each 18,500$          2
e Transport of Hazardous Soil Cuttings 37 1,100$    /Each 40,700$          2
f Disposal of Hazardous Soil Cuttings 730 550$       /Ton 401,500$        2
g Transport of Hazardous Mud 0 500$       /Each -$                   
h Disposal of Hazardous Mud 0 1.1$        /Gal -$                   
i Transport of Hazardous Water 2 1,100$    /Each 2,200$            2
j Disposal of Hazardous Water 5951 0.8$        /Gal 4,761$            2
k Waste Characterization/Profiling 2 500$       /Each 1,000$            

Total Waste Management 551,011$        
Total Subcontractor Cost w/10% Markup 4,743,261$     

TOTAL WELL ABANDONMENT COST 5,496,261$     

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
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Table 16.14

Detailed Cost, ERH (400 kW-hrs/cubic yard)
Full Scale Demobilization

Item Consultant Labor Quantity Unit Cost Cost Cost
Ref.

1 Project Manager 70 150$            /Hour 10,500$          
2 Senior Engineer/Geologist 200 125$            /Hour 25,000$          
3 Mid-Level Engineer/Geologist 630 100$            /Hour 63,000$          
4 Junior/Field Engineer/Geologist 810 75$              /Hour 60,750$          
5 Field Technician 430 75$              /Hour 32,250$          
6 Clerical/Drafting 145 50$             /Hour 7,250$           

Consultant Labor Cost 198,750$        

Item Subcontractor Cost Quantity Unit Cost Cost Cost
Ref.

7 Remove Purchased Treatment Equipment 1 400,000$     /LS 400,000$       

8 Close-Out Borings
a Drilling 16 12,000$       /Boring 192,000$        1
b Waste Disposal 16 5,500$         /Boring 88,000$          2
c Soil Pesticides (EPA Method 8081A) 96 90$              /Sample 8,640$            3
d Soil VOCs (EPA Method 8260B) 96 95$              /Sample 9,120$            3
e Soil pCBSA (Modified EPA Method 314.0) 96 80$              /Sample 7,680$            3
f Liquid Pesticides (EPA Method 8081A) 16 90$              /Sample 1,440$            3
g Liquid VOCs (EPA Method 8260B) 16 95$              /Sample 1,520$            3
h Liquid pCBSA (Modified EPA Method 314.0) 16 80$             /Sample 1,280$           3

Total for Close-Out Borings 309,680$        

Total Subcontractor Cost w/10% Markup 780,648$        

TOTAL DEMOBILIZATION AND PROJECT CLOSE-OUT COST 979,398$        

Cost Source Reference
1 Verbal Quote from Water Development Corporation
2 Verbal Quote from NRC Environmental Services
3 Verbal Quote from Test America
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	Expertise 
Matters. ENVIRONMENT & NATURAL RESOURCES | PRODUCT LIABILITY & MASS TORTS | ECONOMIC ANALYSIS

 
 
10/12/2012 
 
Mr.	Joseph	C.	Kelly	
Montrose	Chemical	Corporation	of	California	
600	Ericksen	Avenue	NE,	Suite	380	
Bainbridge	Island,	WA	98110	
 
 
RE: Montrose Superfund Site DNAPL Revised FS Discount Rate 
 
Dear	Mr.	Kelly,	
 
I	 have	been	 asked	 to	 review	 the	discount	 rate	 employed	 in	 the	Revised	DNAPL	Feasibility	
Study	 (FS)	 for	 the	Montrose	Chemical	 Corporation	of	California	 Superfund	Site,1	in	 light	of	
comments	provided	by	the	California	 	Department	of	Toxic	Substances	Control	(DTSC)	and	
the	 Water	 Replenishment	 District	 of	 Southern	 California	 (WRD).	 As	 part	 of	 my	 review,	 I	
outline	the	basic	 framework	for	discounting,	analyze	U.S.	Environmental	Protection	Agency	
(EPA)	policy	on	 the	subject,	 review	and	address	criticisms	raised	by	DTSC,	and	provide	an	
opinion	on	the	rate	employed	in	the	FS.	

I	 am	 a	 director	 at	 Gnarus	 Advisors	 LLC,	 and	 a	 member	 of	 its	 environment	 and	 natural	
resources	practice	area.	 I	have	a	B.A.	 from	Williamette	University	and	a	Masters	Degree	 in	
Public	Policy	(M.P.P.)	from	Harvard	University.		I	have	previously	provided	testimony	on	the	
topic	of	discounting	and	discount	rates	 for	 future	environmental	costs.	 I	have	served	as	an	
expert	witness	in	both	the	ASARCO	and	Tronox	cases,	where	my	testimony	dealt	with	a	range	
of	 issues	 including	discounting	 and	 related	 financial	 adjustments.2	A	 copy	of	my	 resume	 is	
provided	as	Attachment	1.	

	

																																																								
1		 Montrose	Chemical	Corporation	of	California	Superfund	Site.	20201	S.	Normandie	Avenue,	Los	Angeles	CA.	

EPA	#:	CAD008242711.	

2		 These	two	cases	are	generally	recognized	as	the	largest	environmental	bankruptcy	cases	in	U.S.	history.	
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A.	 Introduction:	Real	versus	Nominal	Discount	Rates	

The	 process	 of	 “discounting”	 is	 a	 standard	 financial	 calculation	 that	 examines	 future	 cash	
flows	to	determine	an	equivalent	value	today	(or	at	some	other	specified	point	in	time)	–	a	
calculation	that	effectively	removes	“time”	from	the	estimate.	The	result	of	this	calculation,	a	
“Present	Value”	 (PV)	or	 “Net	Present	Value”	 (NPV),	 is	determined	by	adjusting	 future	 cash	
flows	 by	 a	 time‐specific	 discount	 factor.	 	 The	 discount	 factor	 itself	 is	 determined	 by	
calculating	a	discount	rate.	

The	standard	formula	for	calculating	the	discounted	value	of	a	cost	is:	

	

	 PV	=	 FV
	 (1	+	DISCOUNT RATE) (t)

	 	

Where:	

PV	=	Present	Value	
FV	=	Future	Value	at	t	
t	=	time	period		
Discount	Rate	=	Discount	Rate	

For	example,	a	cost	of	$102,	to	be	incurred	one	year	from	now	(t	=	1),	at	a	discount	rate	of	
6.08%,	would	have	a	present	value	of	$96.15:	

	 $96.15	=	 $102
	 (1.0608)	(1)

	 	

Here	the	future	cost	of	$102	has	been	inflated	so	that	if	reflects	the	actual	amount	of	money	
“when	the	check	 is	written.”	This	 is	referred	to	a	nominal	cost.	The	discount	rate	 is	also	 in	
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nominal	terms,	that	is,	it	likewise	includes	inflation,	and	is	referred	to	as	a	nominal	discount	
rate.	3	

One	 common	 adjustment	 made	 to	 these	 calculations	 is	 to	 remove	 inflation	 from	 the	
calculation	 entirely	 so	 that	 estimating	 a	 future	 inflation	 rate	 becomes	 unnecessary.	 To	 do	
this,	inflation	is	removed	from	both	the	future	cost	(in	the	numerator)	and	from	the	discount	
rate	 (in	 the	 denominator)	 such	 that	 inflation	 “cancels	 out.”	 Future	 costs	with	 the	 inflation	
removed	 are	 costs	 in	 “base	 year”	 dollars,	 and	 a	 discount	 rate	 with	 inflation	 removed	 is	
referred	to	as	a	“real”	discount	rate.	

For	example,	in	the	example	above,	if	the	base	year	cost	is	$100,	and	inflation	is	estimated	at	
2%,	 the	 cost	 at	 t=1	 (one	 year	 from	now)	will	 be	 $102.	 The	 discount	 rate	 at	 6.08%	also	 is	
nominal,	so	it	likewise	has	inflation	it	in,	again	at	2%.	Thus	the	“real”	discount	rate	is	1.0608	
/	1.02	=	1.04	or	4%.4		

Whether	 discounting	 is	 based	 on	 nominal	 estimates,	 or	 on	 real	 estimates,	 the	 results	 are		
identical,	but	care	must	be	taken	to	select	which	discount	rate	(real	or	nominal)		matches	up	
to	 the	 type	of	 costs	being	examined.	This	 is	 shown	 in	Table	1,	which	 shows	nominal	 costs	
discounted	with	a	nominal	discount	rate,	and	the	same	identical	result	discounting	base	year	
(non‐inflated)	costs	with	a	real	(net	of	inflation)	discount	rate.	

																																																								
3		 The	financial	factors	used	to	develop	a	discount	rate	are	typically	provided	in	nominal	terms.	For	example,	

20	year	treasury	rates	are	listed	in	nominal	terms.	To	move	from	a	nominal	to	a	real	rate,	the	rate	must	be	
adjusted	for	inflation.	

4		 A	common	rule‐of‐thumb	is	that	the	real	rate	is	approximately	the	nominal	rate	minus	inflation.	However,	
this	is	only	an	approximation	since	these	factors	are	multiplicative.	For	example,	1.04	+	1.02	=	1.06	or	6%	
nominal	(with	4%	real	rate,	2%	inflation).	However,	the	precise	result	is	1.04	x	1.02	=	1.0608	or	6.08%.	
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*		 Note	 that	 in	 the	 table	 above	 the	 “discount	 rate”	 added	 to	 1	 for	 purposes	 of	 multiplication	 (so	 a	
discount	rate	of	6.08%	is	shown	as	1.0608)	and	the	discount	factor	is	estimated	as	1/discount	rate.	

Future	 environmental	 costs	 are	 frequently	 estimated	 as	 base	 year	 costs,	 and	 therefore	
discounted	 with	 a	 “real”	 discount	 rate.	 With	 respect	 to	 environmental	 remediation	 costs,	
USEPA	policy	on	discounting	 is	described	 in	 the	National	Contingency	Plan	(NCP)	and	EPA	
Agency	Guidance,	citing	OMB	Circular	A‐94:		

Based	on	the	NCP	and	this	directive,	a	discount	rate	of	7%	should	be	used	in	
developing	 present	 value	 cost	 estimates	 for	 remedial	 action	 alternatives	
during	the	FS.	This	specified	rate	of	7%	represents	a	“real”	discount	rate	in	that	

Time (t)
Cost From 

Prior Period
Inflation

Future Value 

(FV)

Discount 

Rate*

Discount 

Factor

Present 

Value (PV)

1 100.00$           2.00$                102.00$           106.08% 94.2685% 96.15$            

2 102.00$           2.04$                104.04$           112.53% 88.8655% 92.46$            

3 104.04$           2.08$                106.12$           119.37% 83.7721% 88.90$            

4 106.12$           2.12$                108.24$           126.63% 78.9707% 85.48$            

5 108.24$           2.16$                110.41$           134.33% 74.4445% 82.19$            

6 110.41$           2.21$                112.62$           142.50% 70.1777% 79.03$            

7 112.62$           2.25$                114.87$           151.16% 66.1554% 75.99$            

8 114.87$           2.30$                117.17$           160.35% 62.3637% 73.07$            

9 117.17$           2.34$                119.51$           170.10% 58.7893% 70.26$            

10 119.51$           2.39$                121.90$           180.44% 55.4198% 67.56$            

811.09$          

1 100.00$           ‐$                  100.00$           104.00% 96.1538% 96.15$            

2 100.00$           ‐$                  100.00$           108.16% 92.4556% 92.46$            

3 100.00$           ‐$                  100.00$           112.49% 88.8996% 88.90$            

4 100.00$           ‐$                  100.00$           116.99% 85.4804% 85.48$            

5 100.00$           ‐$                  100.00$           121.67% 82.1927% 82.19$            

6 100.00$           ‐$                  100.00$           126.53% 79.0315% 79.03$            

7 100.00$           ‐$                  100.00$           131.59% 75.9918% 75.99$            

8 100.00$           ‐$                  100.00$           136.86% 73.0690% 73.07$            

9 100.00$           ‐$                  100.00$           142.33% 70.2587% 70.26$            

10 100.00$           ‐$                  100.00$           148.02% 67.5564% 67.56$            

811.09$          

(A) Nominal Costs & Nominal Discount Rate

(A) Base Year Costs & Real Discount Rate

TABLE 1

Demonstrating that Nominal and Real Discounting Provides Identical Results
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it	approximates	the	marginal	pretax	rate	of	return	on	an	average	investment	in	
the	private	sector	in	recent	years	and	has	been	adjusted	to	eliminate	the	effect	
of	 expected	 inflation.	 Therefore,	 this	 rate	 should	 be	 used	with	 “constant”	 or	
“real”	 dollars	 that	 have	 not	 been	 adjusted	 for	 inflation	 (i.e.,	 a	 dollar	 spent	 in	
future	years	is	worth	the	same	as	a	dollar	spent	in	the	present	year),	which	is	
the	typical	situation	for	RI/FS	cost	analyses.5	

These	analyses	are	a	required,	standard	element	of	Feasibility	Studies	for	federal	Superfund	
sites,	and	form	the	cost	support	for	subsequent	remedy	determination	in	Records	of	Decision	
(RODs).	

In	practice,	while	the	use	of	a	real	discount	rate	of	7%	is	not	universally	applied	to	all	sites	
(the	 guidance	 provides	 for	 developing	 alternative	 discount	 rate	 calculations	 where	
appropriate)	the	most	commonly	employed	discount	rate	is	7%	real,	and	an	analysis	of	EPA	
RODs	shows	that	the	average	rate	across	all	sites	in	recent	years	is	approximately	6%	(with	
few	sites	employing	a	rate	less	than	5%	real).	

When	 estimating	 environmental	 costs,	 standard	 practice	 is	 to	 fully	 eliminate	 the	 issue	 of	
inflation	by	examining	costs	in	base	year	dollars	(without	inflation)	and,	as	noted	above,	to	
employ	a	real	discount	rate.	

B.	 The	Discount	Rate	Used	in	the	Montrose	Feasibility	Study	

In	 the	 analysis	 provided	 in	 the	Montrose	 Feasibility	 Study	 (2011	Revised	Montrose	Dense	
Non‐Aqueous	 Phase	 Liquid	 (DNAPL)	 Feasibility	 Study	 (FS))	Montrose	 opted	 to	 use	 	 a	 real	
discount	rate	of	4%.6		This	assumption	is	significantly	lower	and	more	conservative	than	the	
7%	figure	provided	in	the	EPA	guidance.	

																																																								
5		 United	States	Environmental	Protection	Agency,	July	2000	(OSWER	9355.0‐75)	“A	Guide	to	Developing	and	

Documenting	Cost	Estimates	During	the	Feasibility	Study”	at	4‐4	4‐5.	See	also	National	Oil	and	Hazardous	
Substances	Pollution	Contingency	Plan	(NCP)	55	FR	8722	at	preamble.	See	also	U.S.	Office	of	Management	
and	 Budget	 (OMB),	 “Revisions	 to	 OMB	 Circular	 A‐94	 on	 Guideline	 and	 Discount	 Rates	 for	 Benefit‐Cost	
Analysis.”	

6		 By	 conservative,	what	 I	mean	 is	 that	 as	 compared	with	 standard	 guidance	 at	 7%	 real,	 use	 of	 a	 4%	 real	
discount	rate	results	 in	a	significantly	 larger	NPV.	For	example,	 the	post	50	year	O&M	estimate,	which	at	
4%	real	is	$848,999,	would	be	only	$117,043	were	one	to	use	EPA’s	standard	7%	real	rate.	
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While	not	 an	 environmental	 discount	 rate,	 other	potential	 benchmark	 rates	would	 include	
CalPERS	 7.5%	 nominal	 return	 (which	 is	 consistent	 with	 many	 other	 U.S.	 pension	 funds).	
Adjusting	for	inflation,	that	real	rate	is	approximately	5	–	5.5%.7	

Nonetheless,	 in	 its	comments,	DTSC	criticizes	use	of	this	4%	real	rate	as	too	high.	 	Much	of	
that	criticism	 is	misguided,	however,	as	 it	 fails	 to	 recognize	 that	 this	FS	calculation	uses	 	a	
real	discount	rate	–	one	specifically	net	of	 inflation	and	likewise	necessitated	by	examining	
base	year	(non‐inflated	costs).	

Specifically,	 	DTSC	claims	that	“AECOM	used	a	simple	Net	Present	Value	(NPV)	calculation”	
and	that	“while	it	may	be	customary	for	short	durations,	there	is	no	evidence	it	is	sufficient	
for	 hundreds	 or	 thousands	 of	 years”	 and	 that	 small	 changes,	 “such	 as	 assuming	 inflation	
equals	 the	 discount	 rate”	 changes	 the	 result	 by	 “several	 orders	 of	magnitude.”8	DTSC	 then	
provides	calculations	(See	Table	5	in	DTSC	Comments)	where	inflation	is	added	equal	to,	or	
even	exceeding,	the	discount	rate	to	show	numerically	the	impact	of	these	criticisms.9	

DTSC’s	 comments	 imply	 that	 developing	NPV	 calculations	 is	 somehow	 innappropriate	 and	
unrealistic	 for	 long	 term	 cash	 flows.	 Neither	 implication	 is	 accurate:	 the	 process	 of	
discounting	is	standard	financial	analysis	and	applies	irrespective	of	duration.	EPA	analyses	
of	cash	flows,	while	commonly	30	years	in	duration,	 frequently	examine	longer	timeframes	
as	well,	and	the	analysis	necessarily	remains	the	same.	

The	principal	error	in	DTSC’s	criticism,	however,	is	that	it	fails	to	acknowledge	(or	perhaps	
understand)	 that	Montrose’s	 calculations	 employ	 a	 real	 discount	 rate	 and	measure	 future	
cash	flows	(costs)	in	base	year	dollars,	as	is	common	in	calculating	present	value	for	future	
environmental	costs.	As	such,	uncertainty	around	the	inflation	rate	is	not	relevant,	because	it	
has	already	been	accounted	for	in	both	the	cash	flows	and	the	discount	rate.	Moreover,	the	
calculations	provided	in	Table	5	(of	DTSC	Comments)	are	simply	erroneous	–	changes	in	the	
inflation	rate	would	not	affect	the	real	discount	rate,	and	certainly	would	not	turn	it	negative	

																																																								
7		 Note	that	while	CalPERS	has	a	current	forecast	of	7%	nominal,	 its	10	year	average	(for	the	period	ending	

8/31/12)	was	6.9%	and	its	3	year	average	(for	the	period	ending	8/31/12)	as	8.6%.	See	CalPERS,	“Facts	at	
a	Glance”	October	2012.	

8		 Memorandum,	 Dated	 August	 21,	 2012,	 from	 Scott	 Warren	 to	 Safouh	 Sayad,	 transmitting	 CA	 DTSC	
comments	on	the	Revised	Montrose	DNAPL	FS	(“DTSC	Comments”).	

9		 I	note	that	some	of	the	calculations	shown	in	the	CA	DTSC	comments	appear	to	be	in	error.	These	errors	do	
not	 reflect	 the	 DTSC	 criticism	with	 regard	 to	 the	 discount	 rate,	 but	 appear	 to	 be	more	mathematical	 in	
nature.	 In	 my	 review	 I	 have	 focused	 on	 their	 criticism	 of	 the	 discount	 rate	 employed,	 and	 have	
independently	developed	the	relevant	discounting	calculations.	
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as	 some	 calculations	 imply.10	Calculations	 employing	 the	 DTSC’s	 suggested	 long‐term	 real	
discount	rate	of	0.1%	to		1.0%	(as	shown	in	Table	5	of	DTSC	Comments)	are	far	below	even	
long	 term	 risk‐free	 rates	 of	 return	 and	 are	 therefore	 “out	 of	 bounds”	 in	 any	 such	 analysis	
since	risk	free	rates	form	the	lower	bound	of	a	discount	rate	calculation.	

Acknowledging	 that	 the	 rate	 employed	 in	 Montrose’s	 DNAPL	 FS	 is	 intentionally	
conservatively	low,	I	would	note	that	the	principal	criticism	of	EPA’s	standard	7%	rate	is	that	
it	is	“static”	and	is	not	subject	to	frequent	reevaluation	when	U.S.	financial	conditions	change	
from	year	to	year.	Given	recent	financial	conditions,	Montrose’s	more	conservative	estimate	
is	perfectly	appropriate.		

A	common	method	for	developing	a	discount	rate	is	by	using	the	Capital	Asset	Pricing	Model	
(CAPM)	and	can	be	approximated	as	an	equity	rate	(with	unlevered	beta).	The	appropriate	
“risk	 free”	 rate	 element	 is	 U.S.	 Government	 20	 year	 treasury	 bond	 rates.	 These	 rates	 are	
reported	 daily	 by	 the	 U.S.	 Federal	 Reserve.	 Although	 current	 economic	 conditions	 have	
depressed	treasury	bond	returns,	over	the	last	nearly	20	years	(since	late	1993)	the	average	
20	Treasury	rate	has	averaged	approximately	5.33%	(nominal).	Adjusting	 for	 inflation	 this	
results	 in	 a	 real	 risk	 free	 rate	 of	 approximately	 2.8%.11	This	 real	 risk	 free	 rate	 effectively	
creates	 a	 “floor”	 for	 any	 real	 discount	 rate	 because	 it	 is	 based	 on	 U.S.	 Treasuries,	 by	
definition,	 a	 risk‐less	 financial	 instrument,	 backed	 by	 the	 full	 faith	 and	 credit	 of	 the	 U.S.	
Government.12	

																																																								
10		 For	example,	the	O&M	annual	cost	(in	base	year	dollars)	is	estimated	at	$241,343	(See	Table	4).	If	that	cost	

were	viewed	as	“nominal”	one	year	out	into	the	future,	it	would	be	inflated.	If	the	inflation	rate	was	3%,	the	
resulting	nominal	cost	would	become	[($241,343)	x	(1.03)]	$248,583.	The	corresponding	nominal	discount	
rate	would	be	[(1.04)	[the	real	discount	rate]	x	(1.03)	[the	inflation	rate]]	or	1.071	(7.1%),	and	the	discount	
factor	 would	 be	 1/1.071	 or	 93.35325%.	 The	 resulting	 NPV	 for	 that	 payment	 would	 be	 [($248,583)	 x	
(.9335325)]	$232,061.	

By	 comparison,	 using	 a	 base	 year	 cost	 and	 a	 real	 discount	 rate	 would	 yield	 [($241,343)	 x	 (1/1.04)]	 =	
$232,061.	With	inflation	in	both	the	numerator	and	denominator,	they	“cancel	each	other	out”	which	is	why	
a	real	discount	rate	used	with	base	year	costs	is	always	equivalent	to	nominal	costs	with	a	nominal	discount	
rate.	

11		 The	“floor”	is	a	risk‐free	rate,	which	is	the	rate	based	on	government	risk‐free	notes	and	similar	financial	
instruments.	While	the	rate	can	vary	from	day	to	day,	over	a	long	period	this	is	the	rate	of	return	on	this	
riskless	assets.	A	private	party	is	not	constrained	to	only	risk‐free	instruments,	and	as	such,	the	typical	rate	
a	private	party	will	obtain	 is	higher.	Since	the	 long‐term	risk	free	rate	 is	2.8%,	use	of	real	rates	at	1%	or	
0.1%	are	not	appropriate	and	do	not	reflect	a	party’s	ability	to	obtain	a	risk‐free	rate	of	return	–	or	in	the	
case	of	a	private	party	a	significantly	higher	rate	than	simply	a	risk‐free	rate	of	return.	

12		 The	current	OMB	forecast	for	the	20	year	tresasury	real	(net	of	inflation)	yield	as	of	2012	is	1.7%.	(See	OMB	
A‐94	2012	Update	to	Appendix	C).	The	20	year	treasury	is	typically	the	risk‐free	component	to	a	discount	
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Because	 government	 agencies	 (i.e.,	 states,	 EPA)	 can	 be	 constrained	 in	 their	 investment	
opportunities,	their	returns	may	mirror	these	long‐term	risk‐free	rates	because	they	have	to	
invest	 in	 the	 equivalent	 of	 treasury	 bonds.13	Private	 parties,	 however,	 face	 no	 such	
restriction,	and	their	broader	ability	to	invest	in	the	market	is	what	accounts	for	the	higher	
discount	 rate.	 In	 fact,	 EPA	 specifically	 notes	 this:	 the	 discount	 rate	 used	 “[the	 7%	 real	
discount	rate]	approximates	the	marginal	pretax	rate	of	return	on	an	average	investment	in	
the	private	sector	in	recent	years”.14	Taking	this	adjustment	into	account,	a	real	discount	rate	
of	4%	for	 these	 long‐term	cash	 flows	 is	certainly	appropriate,	even	conservative,	given	the	
economic	data	and	the	very	long‐term	timeframe	to	which	these	costs	apply.	

For	convenience	 I	have	calculated	 the	O&M	costs	at	a	range	of	 real	discount	rate	values	 to	
show	the	sensitivity	of	the	calculations.	See	Table	2.	My	range	(2.8%	on	the	low	side,	7%	on	
the	high	side)	is,	in	my	opinion,	the	reasonable	range	for	evaluation,	with	a	floor	at	long‐term	
risk‐free	rates,	and	a	ceiling	at	EPA’s	default	guidance	rate.	Table	2	highlights	the	result	used	
in	 the	 FS.	 Note	 that	 these	 estimates	 are	 for	 the	 “tail	 value”	 or	 post‐50	 year	 timeframe,	
consistent	with	those	made	in	the	FS.15	

																																																																																																																																																																																																				
rate.		While	this	rate	reflects	conditions	today,	the	long‐term	average	better	represents	a	risk‐free	rate	for	
making	these	calculations	due	to	their	lengthy	timeframe.	

13		 This	position	was	taken	by	the	United	States	in	ASARCO.	Yet	even	the	U.S.	witness	acknowledged	the	unique	
circumstances	and	noted	that	a	private	party	would	face	a	very	different	discount	rate.	

14		 United	States	Environmental	Protection	Agency,	July	2000	(OSWER	9355.0‐75)	“A	Guide	to	Developing	and	
Documenting	Cost	Estimates	During	the	Feasibility	Study”	at	4‐4	4‐5.	

15		 Typically,	the	bulk	of	a	“present	value”	is	made	by	the	values	in	the	first	30‐40	years.	For	example,	at	EPA’s	
7%	rate,	 an	annual	 cost	of	$100	per	year	would	have	a	perpetuity	value	of	 $1429.	Values	 in	 the	 first	30	
years	would	account	for	fully	86.9%	of	that	value,	and	values	post‐50	years	would	account	for	only	3.4%	of	
the	perpetuity	value.	As	the	discount	rate	rises,	the	value	of	the	“tail”	rises.	At	a	4%	rate,	the	value	post‐50	
years	is	14.1%	of	the	perpetuity	value.		
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The	 values	 estimated	 above	 reflect	 the	 reasonable	 range	 of	 value	 –	 today	 –	 for	 cash	 flows	
incurred	 post‐50	 years.	 As	 compared	 with	 DTSC’s	 estimates	 provided	 in	 their	 comments,	
these	values	 show	 that	 there	 is	 relatively	 little	 variation	 (in	 absolute	 terms)	depending	on	
which	discount	rate	Montrose	uses.	The	estimates	provided	by	DTSC,	using	such	net	discount	
rates	 of	 1%	 or	 even	 0.1%,	 do	 not	 reflect	 long	 term	 financial	 conditions	 and	 are	 not	
supportable	as	they	are	well	below	even	risk‐free	rates.	In	my	opinion,	the	use	of	a	4%	real	
discount	 rate,	 as	 is	provided	 in	 the	FS,	 reflects	a	 reasonable	basis	 for	estimate	 the	present	
value	of	these	future	cash	flows.	

 
 

	 	

Real 

Discount 

Rate

Net Present 

Value

(Post‐50 Years)

2.80% 2,166,807$             

3.00% 1,835,066$             

3.50% 1,234,663$             

4.00% 848,999$                 

4.50% 593,755$                 

5.00% 420,920$                 

5.50% 301,751$                 

6.00% 218,368$                 

6.50% 159,309$                 

7.00% 117,043$                 

SENSITIVITY ANALYSIS: 

IMPACT OF CHANGES TO THE 

REAL DISCOUNT RATE

Table 2
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SUMMARY 

Rick White  is  a Director with Gnarus Advisors LLC  and has more 

than  two  decades  of  experience  consulting  to  private  clients  on  a 

range of environmental and insurance coverage issues.  

 

One of Mr. White’s areas of  focus  regards  the allocation of  costs at 

hazardous waste sites. Mr. White  is an expert  in  the evaluation and 

analysis of  liability, allocation and  related  issues  faced by parties at 

Superfund sites. He has served as a neutral allocation consultant, an 

allocation expert for contribution cases, and has directed a number of 

allocation engagements on behalf of clients. Mr. White  is a  frequent 

contributor to environmental journals where he discusses a variety of 

cost allocation issues.  

 

Another area of Mr. White’s focus regards cost estimation techniques 

used to forecast future environmental cleanup. Mr. White is an expert 

in the development and application of probabilistic cost models and 

frequently  works  with  other  Gnarus  experts  on  issues  related  to 

forecasting future site cleanup costs. Mr. White has provided expert 

testimony in this area. 

 

Another  area  of Mr. White’s  focus  regards  the  evaluation  of NRD 

claims. Mr. White  is  an  expert  in  the  evaluation  of  economic  and 

financial  modeling  issues  related  to  NRD  claims.  Mr.  White  has 

provided expert testimony in this area. 

 

Another area of Mr. White’s focus regards the analysis of cost claims 

and allocation of  those claims  to  insurance policies  in  the context of 

environmental and product  liability  insurance coverage matters. He 

has  written  on  a  range  of  insurance  allocation  topics,  presented 

insurance  allocation  methodologies  for  seminars,  and  provided 

expert testimony on insurance allocation issues. 

 

PROJECT EXPERIENCE 

Cost Allocation at Superfund and Hazardous Waste Sites 

Mr. White  has  served  as  a  neutral  allocation  consultant  and  as  an 

expert in contribution suits. He has worked on sites in every region of 
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the country and on a range of sites (e.g., landfills, groundwater plumes, 

battery  breaking  operations,  manufactured  gas  operations,  tolling 

operations, pesticide plants, mining operations, and incinerator sites). 

 For  a  coalition  of  industrial  parties  at  the  Beacon  Heights 

landfill  (Region  I),  he  has  served  as  the  neutral  allocation 

consultant  and  the  allocation  expert  for  the  contribution  suit 

(B.F. Goodrich  v. Murtha) where  he  recently  provided  expert 

testimony on cost allocation issues. As part of his analysis, he 

has  prepared  a multi‐volume  allocation  report  and  assisted 

litigation  counsel  with  its  cash‐out  settlement  offers.  The 

Murtha  suit  involved more  than  300 municipal,  commercial 

and industrial waste generators. 

 For the industrial parties at the Chemical Control Corporation 

site (Region 2), he served as  the neutral allocation consultant. 

He worked with  the  committee on  its  federal  settlement and 

internal de minimis buyout proposal and conducted an audit of 

USEPAʹs waste‐in list to determine whether it could be used as 

a basis for adding additional volumetric data supplied by the 

PRPs. As a result of his work, an additional 50 parties and new 

sources of documents were identified. 

 For  the  industrial parties at Operating  Industries,  Inc.  landfill 

(Region 9), he managed the team that developed a waste‐in list 

and  conducted  a  separate  analysis  of  the  waste  streams 

generated by a number of municipalities as a part of a  third‐

party  contribution  suit  (Transportation Leasing v. Caltrans). He 

worked  closely  with  counsel  on  the  de  minimis  settlement 

negotiations. 

 For  a  private  party  he  directed  the  allocation  analysis  at  a 

major Region III groundwater NPL site  in a contribution case 

with cleanup costs exceeding $125 million.  

 On behalf of ASARCO LLC he has provided testimony on cost 

allocation  issues  at  many  of  the  sites  in  the  ASARCO 

Bankruptcy proceeding. 

 He has been reviewed and approved by USEPA to serve as an 

allocation  expert  in  the  ongoing  USEPA  Allocation  Pilot 

project. 

Environmental Cost Estimation 

Mr. White frequently works with other Gnarus experts whose primary 

role is the development of future cost estimates at environmental sites. 

Mr.  White  frequently  assists  those  experts  with  related  economic, 
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finance and modeling issues. 

 

In the ASARCO bankruptcy, for example, Mr. White provided expert 

testimony on the appropriateness and application of probabilistic cost 

analysis  and  Monte  Carlo  simulation  modeling,  as  well  as  related 

issues as  to  timing and discounting, which were being employed by 

another  Gnarus  expert  whose  role  was  to  forecast  future 

environmental liabilities. 

Natural Resource Damages 

Mr. White  has worked  on  the  evaluation  and  development  of NRD 

claims.  In  the  ASARCO  bankruptcy,  for  example,  he  served  as 

ASARCO’s  expert  on  NRD  where  he  evaluated  NRD  claims  at 

numerous  sites  and  provided  deposition  and  trial  testimony  on 

potential NRD claims. 

Environmental and Products Liability Insurance Coverage 

Mr. White’s work focuses on the development of allocation models to 

evaluate  complex  multi‐year,  multi‐policy  insurance  coverage 

programs. He has worked on the allocation of asbestos, environmental, 

silicone breast implant and other product liability claims. 

 For a Fortune 100 client, he has developed the allocation of 

more than $1 billion in costs at more than 45 sites across 15 

states  among  60  insurance  carriers.  He  is  currently 

working with the client team on settlement, in advance of 

trial  where  he  is  expected  to  present  testimony  on 

allocation. 

 For a variety of clients involved in potential litigation with 

their insurance carriers, he has evaluated site remediation 

issues,  including  cleanup  technologies  and  allocation 

issues, at a number of NPL sites in Regions V and VI. 

 For  a  major  asbestos  products  manufacturer,  he  has 

evaluated  the potential  global  liability  that  the  company 

faces  from current and  future asbestos claims  in order  to 

estimate  the  future claims  that party might make against 

its primary insurance policies, and modeled exhaustion of 

those policies in preparation for settlement with insurance 

carriers. 

 For  a major  defense  contractor,  he managed  the  project 

team  that  developed  the  cost  estimates  and  allocation 

analysis for their multi‐site environmental insurance claim. 
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He  also  provided  testimony  on  an  allocation  of 

environmental  liability  claims  to  various  insurance 

carriers.  

 For  a Fortune  100  company, he directed  the  analysis  for 

estimating  and  allocating  claims  in  a  major  products 

liability  case  where  the  manufacturer  sought  recovery 

from its insurers. This work involved estimating the size of 

the  product  implant  pool,  payouts  to  claimants  and 

allocation of  costs  incurred  to various  insurance  carriers. 

As  part  of  this  work,  he  also  evaluated  asbestos, 

environmental, and other products claims for purposes of 

estimating  future  costs  and  allocation  of  these  costs  to 

responding  carriers.  He  provided  testimony  on  the 

allocation at deposition and trial. 

 For a domestic subsidiary of a multi‐national corporation, 

he evaluated the allocation of site costs at three New Jersey 

facilities  and worked with  the  trial  team  to  develop  its 

allocation  methodology  and  its  responses  to  insurers’ 

arguments  and  analysis  from  a  special  insurance master 

retained by the court. 

 
CONFERENCES, PRESENTATIONS, AND SEMINARS 

Allocations  in  Superfund  Settlements  Workshop,  USEPA,  Office  of 

Enforcement, Superfund Division  (January 23‐24, 1992, Washington, 

DC). 

Information  Network  for  Superfund  Settlements,  INSS  and  Morgan, 

Lewis & Bockius, LLP (Various, 1990‐2002). 

“Insurance Allocation Methodologies: Approaches  and  Implications 

for  Coverage,”  IBC  Conference:  Optimizing Manufactured  Gas  Plant 

Insurance Recovery: Pursuing an Effective Settlement Strategy (November 

12‐13, 1997, Chicago, Ill.).  

Successfully  Resolving  Multi‐Party  Hazardous  Waste  Disputes: 

Alternatives to Litigation, American Arbitration Association and Clean 

Sites, Inc. (December 1, 1988, New York, NY). 

“Anatomy  of  an  Insurance  Coverage  Dispute,”  American  Bar 

Association:  Environmental  Litigation  Midyear  Meeting  (February  3, 
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2000, Steamboat Springs, CO). 

“Cost  Allocation  in  Private  Cost  Recovery  Cases,”  The  IBC  Third 

Annual  Executive  Forum  on  Environmental  Forensics: 

Understanding  the  Private  Cost  Recovery  Litigation  Process 

Workshop (June 6, 2000, Washington, DC). 

“Order Out of Chaos: Basic Rules of Superfund Cost Allocation,” The 

Villanova Environmental Law  Journal Twelfth Annual  Symposium: 

Allocation – Litigating Response Cost Contribution Claims Under the 

Federal Superfund Act (November 4, 2000, Villanova, PA). 

Mealey’s  All  Sums:  Reallocation  and  Settlement  Credits  Conference, 

Mealeys Conference (November 8, 2004, Boston, MA). 

PUBLICATIONS 

“Second Circuit Reaffirms Key CERCLA Liability Principles,” Mealey’s 

Litigation Report: Superfund, Vol. 10, No. 1 (April 10, 1997). 

“Examining  Risk  And  Risk  Premiums  In  The  Buy‐Out  Of 

Environmental Insurance Coverage,” with John C. Butler III, Charles J. 

Queenan  III  and  Shameek  Konar,  Mealey’s  Litigation  Report: 

Insurance, Vol. 11, No. 33 (July 1, 1997). 

“The Debate Over Orphan  Share Allocation,” with  Allen  Kezsbom, 

Chemical Waste Litigation Reporter, Vol. 34, No. 3 (August 1997). 

“EPA’s  New  Municipal  Liability  Proposal  Sidesteps  Equitable 

Allocation By Courts,” Toxics Law Reporter, Vol. 12, No. 11  (August 

13, 1997). 

Comments on USEPA’s “Municipal Solid Waste Settlement Proposal,” 
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