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Project Objectives – Summary of Scoped Work

Objective 1 -

Objective 2 -



Model Overview and Package Information

• MODFLOW groundwater model constructed for groundwater flow
• Full 3-D based on site-specific information
• Steady-state model utilized (time-independent)

• MT3D Utilized for fate and transport analysis of groundwater contamination for
four contaminants – TCE, 1,2-DCB, 1,4-Dioxane, MTBE

• Model constructed in Windows-based program Groundwater Vistas®



Model Domain (Physical Extents) and Grid Size

• Based on the Scoped Modeling Objectives, initially, a simplified model domain
centered around the Hoff VC Site was envisioned.
• Model would extend below Hoffmansville Road several hundred feet

• However, based on discussions with PADEP during the Project Kickoff
Conference Call (April 4th), the model domain was expanded to fully
incorporate the downgradient area of the Gibraltar Rock Quarry.

• Model domain was selected to center the Hoff VC Site and Gibraltar Rock
Quarry and correspond to natural boundary conditions such as higher
elevations, streams (though no hydraulic connection to system)

• Model Domain is approximately –
• 10,000 feet east-west
• 15,000 feet north-south

• Variable grid size employed –
• 50 feet by 50 feet at Hoff VC Site and most of Gibraltar Rock Quarry
• 200 feet by 200 feet at model edges



Model Domain – Area – USGS Topo Background
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Gibraltar
Rock Quarry



Final Model Domain & Grid – Variable Spacing Centered on Hoff Site and Quarry

Variable Grid Spacing –

50 feet by 50 feet
centered on Hoff Site and
Quarry to 200 feet by 200
feet near Model edges

Hoff VC Site

Gibraltar
Rock Quarry



General Geology and Hydrogeology

• Geology of the Hoff VC Site and Gibraltar Rock Quarry consists of clayey silt (likely
residuum) overlying siltstones, hornfels and diabase.

• Based on Leidos Report (August 2014) and Gibraltar Rock Quarry reports (Appendix D
of Leidos Report), groundwater flow is –

• Within secondary openings - fractures and joints
• Most groundwater occurs through vertically intersecting joints

• Surface water (streams) are not hydraulically connected to groundwater
• Permeability is generally low in all units and not distinct within any unit

• Geology does not control groundwater flow – fractures and interconnectedness of
the fractures controls groundwater flow

• Wells are generally in three zones at the Hoff VC Site –
• Surface wells – Approximately 30 feet bgs (soil and uppermost rock)
• Shallow bedrock wells – between 50 to 100 feet bgs
• Deep bedrock wells – between 100 to 200 feet bgs

• Wells at Gibraltar Rock Quarry are open borehole wells to approximately 400 feet bgs



Model Domain – Geology – Brunswick Formation
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Model Domain – Geology – Diabase Intrusion
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Model Domain and Layering – Geology and Cross-Section Locations



Model Domain – Geology – Cross Section A-A’



Model Domain – Geology – Cross Section B-B’



Model Domain – Geology – Cross Sections Quarry



Model Domain – Geology – Cross Sections Quarry



Model Layering

• Model Layer based on groundwater monitoring wells at Hoff VC Site and open
borehole wells at Gibraltar Rock Quarry

• Additionally, water bearing zones versus well depth was considered (Figure 4 of
Appendix D)
• Most productive water bearing zones are –

• 40 to 79 feet bgs
• 160 to 199 feet bgs
• 200 to 239 feet bgs

• Upper 40 feet least productive water bearing zone!
• Five model layers were used

• Layer 1 – Ground surface to 50 feet bgs
• Layers 2 through 4 – 100 feet thick
• Layer 5 – Bottom set to -150 feet MSL (variable thickness)

• Ground Surface estimated from PA LIDAR data sets (2 foot contours)



Water Bearing Zones Versus Well Depth – from Gibraltar Report
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Model Layering – North South Transect through Hoff Site

No Flow Cells



Physical Properties – Hydraulic Conductivity

• Permeability is generally low in all units and not distinct within any unit
• Geology does not control groundwater flow
• Interconnectedness of bedrock fractures controls groundwater flow, as wells

as changes in potentiometric head.

• Hydraulic conductivity estimated from –
• Slug testing
• 72-Hour pumping test

• Hydraulic conductivity partitioned by model layer based on water bearing zones
• Accounts for results obtained in open borehole wells to individual model

layers



All Quarry Wells – Hydraulic Conductivity Results
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Partitioned Hydraulic Conductivity based on Water Bearing Zones



Hydraulic Conductivity Zonation – Layer 1

No Flow Cells (Black)



Hydraulic Conductivity Zonation – Layer 2

No Flow Cells (Black)



Hydraulic Conductivity Zonation – Layer 3

No Flow Cells (Black)



Hydraulic Conductivity Zonation – Layer 4

No Flow Cells (Black)



Hydraulic Conductivity Zonation – Layer 5

No Flow Cells (Black)



Hydraulic Conductivity Zonation – Layers 1 to 5 – South-North Through Site

No Flow Cells (Black)



Groundwater Potentiometrics

• Groundwater monitoring wells from Hoff VC Site and Gibraltar Rock Quarry
utilized for understanding area wide groundwater potentiometrics and flow
(direction and magnitude)

• July 2014 data set used for Hoff VC Site
• Most recent data set with comprehensive site-wide coverage
• Based on Leidos Report, flow fields are consistent with previous

potentiometric events

• July 2001 data set used for Gibratar Rock Quarry
• Static levels prior to 72 hour aquifer testing
• Appear to be generally consistent with July 2014 data set

• Overall range of heads from 300 feet MSL to 420 feet MSL



Hoff Site Wells – Construction Table



Hoff Site Wells – Site Area and Features



Shallow Groundwater Potentiometrics – July 2014



Deep Groundwater Potentiometrics – July 2014



Static Groundwater Potentiometrics – Pre-72 Hour Test (July 2001)
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Site-Specific Boundary Conditions – Constant Heads and No Flow Cells

• Constant Heads
• Utilized potentiometrics from July 2001 and July 2014 to assign heads based

on interpreted potentiometric levels
• Was able to account for complex flow patterns and magnitudes in shallow

zone (Layer 1 – top 50 feet bgs)
• Unique flow fields for Layers 1 through 4

• Accurately reflect flow direction and magnitude
• Accurately reflect vertical gradients (flow between zones)

• Important since transport is along vertical fractures

• No Flow Cells
• Used for areas of model where large changes in surface elevations occur
• Assigned to areas where surface elevations –

• Above 450 feet MSL – areas higher than highest WLs observed
• Below 300 feet MSL – areas lower than lowest WLs observed



Shallow Groundwater Potentiometrics – July 2014 – BCs Layer 1



Deep Groundwater Potentiometrics – July 2014 – BCs Layers 2 to 5 – Hoff Site Only



Deep Groundwater Potentiometrics – July 2014 – BCs Layers 2 to 5 – Hoff and Quarry Sites



Model Layer 1 – Boundary Conditions – No Flows, Constant Heads

With Top of Model Elevations



Model Layer 2 – Boundary Conditions – No Flows, Constant Heads

With Top of Model Elevations



Model Layer 3 – Boundary Conditions – No Flows, Constant Heads

With Top of Model Elevations



Model Layer 4 – Boundary Conditions – No Flows, Constant Heads

With Top of Model Elevations



Model Layer 5 – Boundary Conditions – No Flows, Constant Heads

With Top of Model Elevations



Model “Calibration” – Comparison to Observed Conditions

• While the groundwater model was not formally calibrated, constant heads were
adjusted from initial estimates based on potentiometric maps in order to
provide a more precise match to observed groundwater elevations on a layer by
layer basis.

• Calibration focused on matching calculated groundwater elevations compared
to observed groundwater elevations
• Difference between two is “residual”
• Residuals can be positive (not enough water) or negative (too much water)

• Standard model calibration protocols were considered –
• Residual mean close to zero (balance of positive and negative residuals)
• Absolute residual mean less than 10% of observed head range



Model Layer 1 – Computed Groundwater Potentiometrics – Residuals with Radius



Model Layer 2 – Computed Groundwater Potentiometrics – Residuals with Radius



Model Layer 3 – Computed Groundwater Potentiometrics – Residuals with Radius



Model Layer 4 – Computed Groundwater Potentiometrics – Residuals with Radius



Comparison of Observed versus Computed Groundwater Elevations



Fate and Transport Analysis

• Groundwater chemistry from July 2014 data utilized for fate and transport
analysis
• Most recent comprehensive sampling event
• TCE, 1,2-Dichlorobenzene, 1,4-Dioxane, MTBE analyzed

• Geochemical and parameter specific transport input utilized from Leidos Report
(Section 8.3)

• Initial concentrations entered specifically for Layers 1, 2 and 3

• Model grid reduced to 25 feet by 25 feet across Hoff VC Site and most of
Gibraltar Rock Quarry to aid in site-specific entry of initial conditions.

• Porosity set to 0.01 which is typical for fracture dominated groundwater flow



Fate and Transport Analysis – Input Data from Leidos Report Section 8.3

TCE Fate and Transport Input



Fate and Transport Analysis – Input Data from Leidos Report Section 8.3

MTBE Fate and Transport Input



Fate and Transport Analysis – Input Data from Leidos Report Section 8.3

1,4-Dioxane Fate and Transport Input



Fate and Transport Analysis – Input Data from Leidos Report Section 8.3

1,2-DCB Fate and Transport Input

Modified 1,2-DCB Fate and Transport Input – Used in MT3D



Shallow Bedrock Groundwater and Chemistry – July 2014



Deep Bedrock Groundwater and Chemistry – July 2014



Fate and Transport Model Domain & Grid – Variable Spacing Centered on Hoff Site and Quarry

Variable Grid Spacing with
further refinements at Hoff Site
for Fate and Transport
Modeling–

25 feet by 25 feet centered on
Hoff Site and Quarry to 200 feet
by 200 feet near Model edges

Hoff VC Site

Gibraltar
Rock Quarry



Model TCE Initial Concentrations – Based on July 2014 – Model Layers 1 to 3

Model Layer 1

Model Layer 2 Model Layer 3

5 ug/L

50 ug/L

100 ug/L

120 ug/L

1 ug/L

100 ug/L

150 ug/L

300 ug/L

440 ug/L

5 ug/L

20 ug/L

85 ug/L

180 ug/L



Model 1,2-DCB Initial Concentrations – Based on July 2014 – Model Layers 1 to 3

Model Layer 1

Model Layer 2 Model Layer 3

1 ug/L

20 ug/L

500 ug/L

1100 ug/L

1700 ug/L

1 ug/L

1000 ug/L

1300 ug/L

1 ug/L

10 ug/L

35 ug/L

220 ug/L

40 ug/L



Model 1,4-Dioxane Initial Concentrations – Based on July 2014 – Model Layers 1 to 3

Model Layer 1

Model Layer 2 Model Layer 3

1 ug/L

5 ug/L

10 ug/L

100 ug/L

250 ug/L

1 ug/L

5 ug/L

40 ug/L

75 ug/L

1 ug/L

5 ug/L

30 ug/L

65 ug/L



Model MTBE Initial Concentrations – Based on January 2012 – Model Layer 1

1 ug/L

25 ug/L

1000 ug/L

6000 ug/L



Fate and Transport Analysis – Future Predictions by Chemical and Layer

• Geochemical and parameter specific transport input utilized from Leidos Report
(Section 8.3)

• Calibrated groundwater flow model based on July 2014 potentiometrics utilized
for flow component of fate and transport modeling
• Assumes flow does not change over time

• Initially ran for 30 years, but modified based on Leidos Report Section 8.3
output
• Most chemicals persistent for more than 30 years

• Chemical output written on 25 year intervals for 100 years



Modeled TCE Concentrations – Model Layer 1

25 years from Present 50 years from Present

75 years from Present 100 years from Present

5 ug/L

10 ug/L

50 ug/L

60 ug/L

> 100 ug/L

20 ug/L



Modeled TCE Concentrations – Model Layer 2

25 years from Present 50 years from Present

75 years from Present 100 years from Present

5 ug/L

10 ug/L

50 ug/L

60 ug/L

> 100 ug/L

20 ug/L



Modeled TCE Concentrations – Model Layer 3

25 years from Present 50 years from Present

75 years from Present 100 years from Present

5 ug/L

10 ug/L

50 ug/L

60 ug/L

> 100 ug/L

20 ug/L



Modeled 1,2-DCB Concentrations – Model Layer 1

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

100 ug/L

700 ug/L

800 ug/L

> 1100 ug/L

500 ug/L



Modeled 1,2-DCB Concentrations – Model Layer 2

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

100 ug/L

700 ug/L

800 ug/L

> 1100 ug/L

500 ug/L



Modeled 1,2-DCB Concentrations – Model Layer 3

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

100 ug/L

700 ug/L

800 ug/L

> 1100 ug/L

500 ug/L



Modeled 1,2-DCB Concentrations – Model Layer 4

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

100 ug/L

700 ug/L

800 ug/L

> 1100 ug/L

500 ug/L



Modeled 1,4-DIOX Concentrations – Model Layer 1

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

3 ug/L

30 ug/L

> 75 ug/L

10 ug/L



Modeled 1,4-DIOX Concentrations – Model Layer 2

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

3 ug/L

30 ug/L

> 75 ug/L

10 ug/L



Modeled 1,4-DIOX Concentrations – Model Layer 3

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

3 ug/L

30 ug/L

> 75 ug/L

10 ug/L



Modeled 1,4-DIOX Concentrations – Model Layer 4

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

3 ug/L

30 ug/L

> 75 ug/L

10 ug/L



Modeled MTBE Concentrations – Model Layer 1

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

5 ug/L

250 ug/L

500 ug/L

> 1500 ug/L

25 ug/L



Modeled MTBE Concentrations – Model Layer 2

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

5 ug/L

250 ug/L

500 ug/L

> 1500 ug/L

25 ug/L



Modeled MTBE Concentrations – Model Layer 3

25 years from Present 50 years from Present

75 years from Present 100 years from Present

1 ug/L

5 ug/L

250 ug/L

500 ug/L

> 1500 ug/L

25 ug/L



Summary of Fate and Transport Analysis – Future Predictions by Chemical and Layer

• TCE
• Minor advancement of plume in Layers 1 and 2 (across Hoffmansville Road

in Layer 2)

• 1,2-Dicholorbenzene
• Minor advancement of plume noted in Layers 3 across Hoffmansville Road

and migration into Layer 4 on Hoff VC Site

• 1,4-Dioxane
• No advancement of plume however downward migration to Layer 4 is

predicted

• MTBE
• No advancement of plume however downward migration to Layers 2 and 3 is

predicted



Summary of PADEP Hoff VC Site Groundwater Modeling and Fate and Transport Analysis

• Groundwater Model
• Constructed accurate representation of the hydrogeological system at the

Hoff VC Site and adjacent Gibraltar Rock Quarry
• MODFLOW model has “upward” mobility for more advanced and typical

model application

• Fate and Transport Model
• Most contaminants only show minor advancement in future years to on or

offsite locations and migration into lower groundwater zones

• Future Work?
• Translation of MODFLOW model into model not based on boundary

conditions
• Evaluation of additional fate and transport output based on ranges in

contaminant and geochemistry input


