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TABLE 1

SODIUM PERMANGANATE LOADING CALCULATIONS (ELECTRIC SHOP AREA)
Burlington Northern Livingston Shop Complex

Item Parameter
Calculated 

Value Unit Source/Equation

Dimensions

A Area 14,700 square feet
B Saturated Thickness 5 feet Target treatment zone thickness.
C Effective Porosity 0.25 percent
D Groundwater Pore Volume 137,445 gallon A * B * C * (7.48 gallon / cubic feet)
E 520,229 Liter D * (3.785 liter / gallon)

NaMnO4 Loading Based on SOD(a)

F Mass Soil (based on 5-foot saturated thickness) 3,675,000 killogram A * B * (110 pound / cubic feet) / (2.2 pound / kilogram)
G NaMnO4 Loading 0.5 gram NaMnO4/kilogram soil Bench-scale testing soil oxidant demand (SOD).  Utilized for initial pilot test mass loading.
H NaMnO4 Required 4,047 pounds NaMnO4 F * G / (454 gram / pound)
I 40% Mass NaMnO4 Required 10,120 pound NaMnO4 H / 0.4
J 40% Solution NaMnO4 Required(b) 890 gallon I / (11.43 pound / gallon)

Notes:
(a)  Sodium permanganate (NaMnO4) demand associated with dissolved phase chlorinated hydrocarbons were neglected in mass calculations.  Mass loading calculated using bench-scale soil oxidant demand (SOD).
(b)  Density of 40 percent (%) sodium permanganate stock solution is approximately 11.43 pound per gallon.
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TABLE 2

SODIUM PERMANGANATE LOADING CALCULATIONS (LOCOMOTIVE SHOP AREA)
Burlington Northern Livingston Shop Complex

Item Parameter
Calculated 

Value Unit Source/Equation

Dimensions

A Area 13,000 square feet
B Saturated Thickness 5 feet Target treatment zone thickness.
C Effective Porosity 0.25 percent
D Groundwater Pore Volume 121,550 gallon A * B * C * (7.48 gallon / cubic feet)
E 460,067 Liter D * (3.785 liter / gallon)

NaMnO4 Loading Based on SOD(a)

F Mass Soil (based on 5-foot saturated thickness) 3,250,000 killogram A * B * (110 pound / cubic feet) / (2.2 pound / kilogram)
G NaMnO4 Loading 0.5 gram NaMnO4/kilogram soil Bench-scale testing soil oxidant demand (SOD).  Utilized for initial pilot test mass loading.
H NaMnO4 Required 3,579 pounds NaMnO4 F * G / (454 gram / pound)
I 40% Mass NaMnO4 Required 8,950 pound NaMnO4 H / 0.4
J 40% Solution NaMnO4 Required(b) 790 gallon I / (11.43 pound / gallon)

Notes:
(a)  Sodium permanganate (NaMnO4) demand associated with dissolved phase chlorinated hydrocarbons were neglected in mass calculations.  Mass loading calculated using bench-scale soil oxidant demand (SOD).
(b)  Density of 40 percent (%) sodium permanganate stock solution is approximately 11.43 pound per gallon.
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TABLE 3

FIELD MONITORING 
Burlington Northern Livingston Shop Complex

Well Type Location (Relative To 
Treatment Area)

Screen Interval (feet below 
ground surface)(a) Instrumentation(b) Field Monitoring(c)

07-16 Monitoring Within 15 - 30 In Situ 9500
07-2A Monitoring Within 15 - 25 X
07-2B(d) Monitoring Within 28.5 - 33.5 X
07-13 Monitoring Perimeter 16.5 - 31.5 X
IW-05 Monitoring Within 26.5 - 31.5 X
IW-06 Monitoring Within 26.7 - 31.7 X
IW-07 Injection Within 27 - 32 In Situ 9500
89-3 Monitoring Within 16.5 - 31.5 X
09-1 Monitoring Within 18 - 33 X
09-2 Monitoring Within 16.3 - 31.3 X
E-1 Monitoring Within 27.5 - 32.5 X
E-2 Monitoring Within 25.5 - 30.5 In Situ 9500
E-3 Monitoring Within 26.8 - 31.8 X
E-4 Extraction, Newly Installed Within TBD Pressure Transducer
E-5 Extraction, Newly Installed Within TBD Pressure Transducer
07-15 Monitoring Within 18 - 33 In Situ 9500
07-14 Monitoring Downgradient 16 -31 X
08-2 Monitoring Downgradient 14.9 - 29.9 X
08-1 Monitoring Downgradient 16 - 31 X
89-9 Monitoring Downgradient 14 - 34 X
L-87-5 Monitoring Downgradient 17 - 27 X
ISCO-11 Monitoring Downgradient 27 - 32 X
ISCO-12 Monitoring Downgradient 27 - 32 X
ISCO-13 Extraction Within 25.5 - 30.5 Pressure Transducer
ISCO-14 Injection Within 26.5 - 31.5 X
ISCO-15 Monitoring Within 28 - 33 In Situ 9500
ISCO-16 Injection Within 26 - 31 Pressure Transducer
ISCO-17 Injection Within 28 - 33 Pressure Transducer
ISCO-18 Injection Within 26 - 31 Pressure Transducer
ISCO-19 Injection Within 31.5 - 36.5 Pressure Transducer
ISCO-23 Monitoring Within 25.5 - 30.5 X
ISCO-24 Extraction Within 29 - 34 Pressure Transducer
ISCO-25 Extraction Within 31 - 36 Pressure Transducer
ISCO-26 Monitoring Downgradient 26.5 - 31.5 X
ISCO-34 Monitoring Within 27 - 32 X
ISCO-35 Extraction Within 31.5 - 36.5 Pressure Transducer

ISCO-1 Monitoring Within 25 -30 In Situ 9500
ISCO-2 Monitoring Within 27 - 32 In Situ 9500
ISCO-3 Injection Within 24 - 29 In Situ 9500
ISCO-5 Monitoring Within 26 - 31 In Situ 9500
ISCO-6 Monitoring Within 27 - 32 X
ISCO-7 Injection Within 27.5 - 32.5 Pressure Transducer
ISCO-8 Monitoring Upgradient 30 - 35 X
ISCO-9 Monitoring Upgradient 30.5 - 35.5 X
IW-8 Injection, Newly Installed Within TBD Pressure Transducer
E-6 Extraction or Monitoring, Newly Installed Within TBD Pressure Transducer for extraction, In Situ 9500 for monitoring
E-7 Extraction, Newly Installed Within TBD Pressure Transducer
E-8 Extraction, Newly Installed Within TBD Pressure Transducer
92-1 Monitoring Downgradient 23.8 - 33.8 X
L-88-12 Monitoring Downgradient 31 - 41 X

Notes:
(a)   For candidate ISCO wells, screen interval provided for lower section only.  Lower screen isolated using packer system.
(b)   Instrumentation includes installation of pressure transducer or combination pressure transducer with oxidation-reduction potential (ORP)/electrical conductivity(EC) sensor (In Situ 9500).
(c)   Field monitoring includes periodic collection of groundwater samples for visual presence and/or measuring sodium permanganate (NaMnO4) concentrations (i.e., hand-held colorimeter).
(d)   Bold indicates wells selected for tetrachloroethene (PCE) chemical analyses using EPA Method 8260 or gas chromatography (see Table 4).
(e)   Other:
             ORP and EC measured for collected groundwater samples.

TBD - To be determined.  Lower screen interval to be constructed at the bottom 5 feet of well.  

Locomotive Shop Area Wells

Electric Shop Area Wells
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TABLE 4

INITIAL GROUNDWATER SAMPLING SCHEDULE
Burlington Northern Livingston Shop Complex
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07-16 Monitoring Within 15 - 30
07-2A Monitoring Within 15 - 25
07-2B Monitoring Within 28.5 - 33.5 X X
07-13 Monitoring Perimeter 16.5 - 31.5
IW-05 Monitoring Within 26.5 - 31.5
IW-06 Monitoring Within 26.7 - 31.7
IW-07 Injection Within 27 - 32
89-3 Monitoring Within 16.5 - 31.5 X X X X
09-1 Monitoring Within 18 - 33
09-2 Monitoring Within 16.3 - 31.3
E-1 Monitoring Within 27.5 - 32.5
E-2 Monitoring Within 25.5 - 30.5
E-3 Monitoring Within 26.8 - 31.8
E-4 Extraction, Newly Installed Within TBD X X X X X
E-5 Extraction, Newly Installed Within TBD X X X X X
07-15 Monitoring Within 18 - 33 X X
07-14 Monitoring Downgradient 16 -31
08-2 Monitoring Downgradient 14.9 - 29.9
08-1 Monitoring Downgradient 16 - 31
89-9 Monitoring Downgradient 14 - 34
L-87-5 Monitoring Downgradient 17 - 27
ISCO-11 Monitoring Downgradient 27 - 32
ISCO-12 Monitoring Downgradient 27 - 32
ISCO-13 Extraction Within 25.5 - 30.5 X X X X X X X X X
ISCO-14 Injection Within 26.5 - 31.5 X X X X X
ISCO-15 Monitoring Within 28 - 33 X X
ISCO-16 Injection Within 26 - 31 X X
ISCO-17 Injection Within 28 - 33 X X
ISCO-18 Injection Within 26 - 31 X X
ISCO-19 Injection Within 31.5 - 36.5 X X X X
ISCO-23 Monitoring Within 25.5 - 30.5
ISCO-24 Extraction Within 29 - 34 X X X X X X X
ISCO-25 Extraction Within 31 - 36 X X X X X X X
ISCO-26 Monitoring Downgradient 26.5 - 31.5 X X
ISCO-34 Monitoring Within 27 - 32
ISCO-35 Extraction Within 31.5 - 36.5 X X X X X

ISCO-1 Monitoring Within 25 -30 X X
ISCO-2 Monitoring Within 27 - 32 X X X X X X X
ISCO-3 Injection Within 24 - 29 X X X X
ISCO-5 Monitoring Within 26 - 31 X X
ISCO-6 Monitoring Within 27 - 32 X X
ISCO-7 Injection Within 27.5 - 32.5 X X
ISCO-8 Monitoring Upgradient 30 - 35
ISCO-9 Monitoring Upgradient 30.5 - 35.5
IW-8 Injection, Newly Installed Within TBD
E-6 Extraction or Monitoring, Newly Installed Within TBD X X X X X
E-7 Extraction, Newly Installed Within TBD X X X X X X X
E-8 Extraction, Newly Installed Within TBD X X X X X X X
92-1 Monitoring Downgradient 23.8 - 33.8
L-88-12 Monitoring Downgradient 31 - 41

Notes:
(a)   For candidate ISCO wells, screen interval provided for lower section only.  Lower screen isolated using packer system.
(b)   Baseline - sampling event conducted prior to start-up of the groundwater recirculation system(s).
(c)   Active Treatment - sampling conducted during groundwater recirculation system operation.
(d)   Post-Application - sampling event conducted following oxidant recirculation.
(e)   Final - sampling event conducted at the conclusion of pilot study activities.
(f)   PCE - Tetrachloroethene using EPA Method 8260.
(g)   Dissolved manganese using EPA Method 6020.
(h)   Chloride using EPA Method 300.0.
(i)   Other:
             Oxidation-reduction potential (ORP) and electrical conductivity (EC) measured for collected groundwater samples.
             Collected groundwater with visual presence of sodium permanganate (NaMnO4) will be measured using a hand-held colorimeter.

Type

Electric Shop Area Wells

Locomotive Shop Area Wells

Final(e)

Well Location (Relative To 
Treatment Area)

Baseline(b) Active Treatment(c)

Screen Interval (feet 
below ground 

surface)(a)
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