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Morris County, New Jersey
Land area: 469 mi?
39 Municipalities
Population: 470,000 (2000 Census)
11% Growth from 1990
Top 10 Fastest Growing in the NE

Water Supply Sources:

Mainly Groundwater

Surface Water Imports
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Technical Approach




Schematic View of SWMM

Legend:

— Model Conduit

. Model Junction




Percent Impervious Values for Various Land Uses




Curve Number (Infiltration) Values for Various Land Uses




Watershed Database Development

Surface Water
Model: EPA SWMM 5
Base DEM: USGS 10m
90 HUC14s
8 Waterbodies
82 Conduits/Links

90 Junctions
16 WWTP Discharges
7 Outfalls




Watershed Database Development

Landuse Data
6 Major Categories
68 Sub-Categories
% Impervious/CN Assigned
Weighted by HUC14 Area
% Impervious/CN for HUC14



Watershed Database Development

Ground Water
Model: MODFLOW
66,676 Cells (750ft x 750ft)

3 Layers/Aquifers (1-Buried
valley, 2-Sedimentary East of
Ramapo Fault, 3-Bedrock)

River Package

Well Package: 637 Public
Wells for years — 1993,
1995, 1996 and 2005




SWMM & MODFLOW Model
Calibration

Compare model-computed results with field
measurements

— Stream flow
— Monitoring well level

Model parameters adjusted to obtain good fit
1990’s: data-rich decade

Precipitation and flow data reviewed to select
average, dry and wet years
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SWMM Calibration - Example

Lamington River near Pottersville (USGS Gage 139950 0)




MODFLOW Calibration - Example
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Water Balance Components (Actual)

Model Boundary
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Morris County Boundary



Water Balance Components (Model)

Population

Model Boundary



Existing Conditions or Baseline
Scenario
Latest Available Data

e Land Use — 2002 data

« WWTP Flows — 2006 data
— 32% reduction in total flow from mid-1990s

 Well Pumping — 2005 data
— 22% reduction in total pumping from mid-1990s



Locations of Impervious Area Change
1995-2002




Impervious Area Change
1995-2002




MORRIS COUNTY WATER BALANCE MODEL

WATER BALANCE REPORT
SCENARIO: BaseLine1993

COMPID COMPONENT VOLUMEBG| TYPE SOURCE DESCRIPTION
0 RAINFALL 589.04 INFLOW SWMM Rainfall contirbution to the SW system
1 EXTERNAL FLOWS 79 INFLOW SWMM Ramapo/Wanaque R flows into SW system
2 WWTP DISCHARGE 21.14 INFLOW SWMM Flow from WWTPs
3 TOTAL INFLOW (SW) 689.18 Total flow into the SW System
4 EVAPORATION -163.57 |OUTFLOW| SWMM Evaporation from SW system
5 INFILTRATION -224.9 OUTFLOW| SWMM Infiltration (or recharge) to GW system
6 OUTFALLS -230.87 |OUTFLOW| SwWMM Flow out of the Morris County watershed
7 RESERVOIR STORAGE -6.99 OUTFLOW| SWMM Total change in reservoir storage
8 EXPORT WATER SUPPLY -33.62 OUTFLOW| SWMM | Total withdrawal from all reservoirs combined
9 TOTAL OUTFLOW (SW) -659.95 Total flow out of the SW  System
10 RECHARGE 223.47 INFLOW |MODFLOW Recharge (infiltration) from SW system
11 GEN HEAD BNDRY 0.27 INFLOW |MODFLOW Flow from specified constant head cells
12 RIVER LEAKAGE 164.92 INFLOW |MODFLOW Flow from rivers to GW system
13 CONST HEAD BNDRY 0.24 INFLOW |MODFLOW Flow from specified constant head cells
14 HEAD DEP BOUNDS 56.76 INFLOW |MODFLOW
15 TOTAL INFLOW (GW) 445.66 Total flow into the GW System
16 EVAPOTRANSPIRATION -110.74 |OUTFLOW|MODFLOW ET loss from GW system
17 RIVER LEAKAGE -304.58 |OUTFLOW|MODFLOW Flow from GW system to rivers
18 WELLS -21.14 OUTFLOW|MODFLOW Well pumpage
19 CONST HEAD BNDRY -0.92 OUTFLOW|MODFLOW Flow out of specified constant head cells
20 HEAD DEP BOUNDS -8.08 OUTFLOW|MODFLOW
21 TOTAL OUTFLOW (GW) -445.46 Total flow out of the GW  System
SYSTEM INFLOW 1134.84
SYSTEM OUTFLOW -1105.41
VOLUME DIFF 29.43
% DIFF 2.59




Primary Surface Water Inflows
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Primary Water Outflows
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Planning Scenario - Increased
Well Pumping Projection

Uniformly increased well pumping across
entire model domain

20% increase above 2005 pumping rates
50% Iincrease above 2005 pumping rates

Model predicted changes in groundwater
components of water budget summarized

Groundwater level change in 3 aquifers
(model layers) shown




MORRIS COUNTY WATER BALANCE
WATER BALANCE REPORT
SCENARIO: BaseLine1993

MODEL

COMPID COMPONENT VOLUMEBG| TYPE SOURCE DESCRIPTION
10 RECHARGE 223.47 INFLOW |MODFLOW Recharge (infiltration) from SW system
11 GEN HEAD BNDRY 0.27 INFLOW [MODFLOW Flow from specified constant head cells
12 RIVER LEAKAGE 164.92 INFLOW [MODFLOW Flow from rivers to GW system
13 CONST HEAD BNDRY 0.24 INFLOW | MODFLOW Flow from specified constant head cells
14 HEAD DEP BOUNDS 56.76 INFLOW | MODFLOW
15 TOTAL INFLOW (GW) 445.66 Total flow into the GW System
16 EVAPOTRANSPIRATION -110.74 |OUTFLOW|MODFLOW ET loss from GW system
17 RIVER LEAKAGE -304.58 |OUTFLOW|MODFLOW Flow from GW system to rivers
18 WELLS -21.14 |OUTFLOW[MODFLOW Well pumpage
19 CONST HEAD BNDRY -0.92 OUTFLOW|MODFLOW|  Flow out of specified constant head cells
20 HEAD DEP BOUNDS -8.08 OUTFLOW| MODFLOW
21 TOTAL OUTFLOW (GW) | -445.46 Total flow out of the GW ~ System

PROJECTION 2 - INCREASED WELL PUMPING BY ~20%
10 RECHARGE 223.47 INFLOW | MODFLOW Recharge (infiltration) from SW system
11 GEN HEAD BNDRY 0.27 INFLOW | MODFLOW Flow from specified constant head cells
12 RIVER LEAKAGE 166.72 INFLOW [MODFLOW Flow from rivers to GW system
13 CONST HEAD BNDRY 0.24 INFLOW |MODFLOW Flow from specified constant head cells
14 HEAD DEP BOUNDS 56.78 INFLOW | MODFLOW
15 TOTAL INFLOW (GW) 447.48 Total flow into the GW System
16 EVAPOTRANSPIRATION -110.74 |OUTFLOW[MODFLOW ET loss from GW system
17 RIVER LEAKAGE -301.96 |[OUTFLOW|MODFLOW Flow from GW system to rivers
18 WELLS -25.58 |OUTFLOW|MODFLOW Well pumpage
19 CONST HEAD BNDRY -0.92 OUTFLOW|MODFLOW|  Flow out of specified constant head cells
20 HEAD DEP BOUNDS -8.08 OUTFLOW| MODFLOW
21 TOTAL OUTFLOW (GW) | -447.28 Total flow out of the GW ~ System
PROJECTION 3 - INCREASED WELL PUMPING BY 50%

10 RECHARGE 223.47 INFLOW [MODFLOW Recharge (infiltration) from SW system
11 GEN HEAD BNDRY 0.27 INFLOW |MODFLOW Flow from specified constant head cells
12 RIVER LEAKAGE 169.31 INFLOW [MODFLOW Flow from rivers to GW system
13 CONST HEAD BNDRY 0.24 INFLOW |MODFLOW Flow from specified constant head cells
14 HEAD DEP BOUNDS 56.81 INFLOW | MODFLOW
15 TOTAL INFLOW (GW) 450.1 Total flow into the GW System
16 EVAPOTRANSPIRATION -110.74 |OUTFLOW|MODFLOW ET loss from GW system
17 RIVER LEAKAGE -298.45 |OUTFLOW|MODFLOW Flow from GW system to rivers
18 WELLS -31.72 |OUTFLOW|MODFLOW Well pumpage
19 CONST HEAD BNDRY -0.92 |OUTFLOW|MODFLOW| Flow out of specified constant head cells
20 HEAD DEP BOUNDS -8.08 OUTFLOW|MODFLOW
21 TOTAL OUTFLOW (GW) | -449.91 Total flow out of the GW ~ System




Impacts of Increased Pumping on GW Level
(Layer 1)

20% Tncrease i Pumping o0 % Increase n Pumping




Impacts of Increased Pumping on GW Level
(Layer 2)
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Impacts of Increased Pumping on GW Level
(Layer 3)
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Conclusions

WBM developed on a HUC14 scale

Planning tool to evaluate effects on water resources of:
— Land use and zoning policies
— Well pumping (population projections)
Water supply use by well pumping accounts for 3% of
total outflow from County

Water supply use by reservoir withdrawal accounts for
5% of total outflow from County

Increased well pumping will reduce baseflow in rivers

Groundwater level in bedrock aquifer decreases more
than upper aquifers due to well pumping



Recommendations

ldentify inter-basin infrastructure and evaluate
Inter-basin water transfers

Estimate ISDS flows from public water supply

ldentify customers in WWTP areas on private
wells

Convert MODFLOW to transient (seasonal)
conditions

Use WBM to address water deficit areas in
Highlands Preservation Area

Evaluate climate change effects using WBM



Questions




